


The Oxford Handbook of Interdisciplinarity



This page intentionally left blank 



THE OXFORD HANDBOOK OF

Interdisciplinarity

Editor-in-Chief

Robert Frodeman
University of North Texas

Associate Editors

Julie Thompson Klein
Wayne State University

Carl Mitcham
Colorado School of Mines

Managing Editor

J. Britt Holbrook
University of North Texas

1



3
Great Clarendon Street, Oxford ox2 6dp

Oxford University Press is a department of the University of Oxford.
It furthers the University’s objective of excellence in research, scholarship,
and education by publishing worldwide in

Oxford New York

Auckland Cape Town Dar es Salaam Hong Kong Karachi
Kuala Lumpur Madrid Melbourne Mexico City Nairobi
New Delhi Shanghai Taipei Toronto

With offi ces in

Argentina Austria Brazil Chile Czech Republic France Greece
Guatemala Hungary Italy Japan Poland Portugal Singapore
South Korea Switzerland Thailand Turkey Ukraine Vietnam

Oxford is a registered trade mark of Oxford University Press
in the UK and in certain other countries

Published in the United States
by Oxford University Press Inc., New York
© Oxford University Press 2010

The moral rights of the authors have been asserted
Database right Oxford University Press (maker)

First edition published 2010

All rights reserved. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means,
without the prior permission in writing of Oxford University Press,
or as expressly permitted by law, or under terms agreed with the appropriate
reprographics rights organization. Enquiries concerning reproduction
outside the scope of the above should be sent to the Rights Department,
Oxford University Press, at the address above

You must not circulate this book in any other binding or cover
and you must impose the same condition on any acquirer

British Library Cataloguing in Publication Data

Data available

Library of Congress Cataloging in Publication Data

The oxford handbook of interdisciplinarity / editor in chief, Robert Frodeman . . . [et al.].
p. cm.
ISBN 978–0–19–923691–6 (hardback)
1. Interdisciplinary approach to knowledge. 2. Interdisciplinary research.
3. Congnitive science—Research. I. Frodeman, Robert.
BD255.094 2010
001—dc22 2010014847

Typeset by SPI Publisher Services, Pondicherry, India
Printed in Great Britain
on acid-free paper by
CPI Antony Rowe, Chippenham, Wiltshire

ISBN 978–0–19–923691–6

1 3 5 7 9 10 8 6 4 2



Editorial Board

Jose Antonio Lopez Cerezo
Universidad de Oviedo

Wolfgang Krohn
University of Bielefeld

William Newell
Miami University

Nancy Tuana
Penn State University

Peter Weingart
University of Bielefeld



This page intentionally left blank 



Preface

The Oxford handbook of interdisciplinarity (HOI) has been nearly 10 years in the making. 
By way of preface, it is useful to tell part of this history.

While the editors of this volume have been involved in interdisciplinary research—and 
research into interdisciplinarity—for decades, our active collaboration dates from 2001. 
During the 2001–02 academic year Frodeman served as the Hennebach Visiting Profes-
sor in the Humanities at the Colorado School of Mines (CSM), where Mitcham was (and 
remains) a professor within the Division of Liberal Arts and International Studies. Their 
common interests in interdisciplinarity led to the creation of a project entitled ‘New Direc-
tions in the Earth Sciences and the Humanities’, launched with seed money from CSM. 
Soon thereafter, familiarity with her work led to an invitation to Klein to join these early 
efforts. Together with HOI advisory board member Nancy Tuana, in 2002 New Directions 
went live with the stated goal of conducting ‘experiments in interdisciplinarity’.

New Directions began by issuing a request for interdisciplinary teams to propose 
projects at the intersection of the earth sciences and the humanities. Projects were to be 
focused on environmental questions relating to the theme of water. After receiving 31 
proposals, six were chosen for funding of $10,000 each, contingent on the raising of a 
1:1 match. Over the next few years New Directions attracted several hundred thousand 
dollars of funding from a number of entities—most prominently the National Science 
Foundation (NSF), but also the National Endowment for the Humanities (NEH), the 
National Aeronautics and Space Administration (NASA), the Environmental Protection 
Agency (EPA), the Cooperative Institute for Research in Environmental Sciences (CIRES), 
the National Center for Atmospheric Research (NCAR), the Geological Survey of Canada 
(GSC), and two universities, the Columbia University Earth Institute and the Pennsylva-
nia State University Rock Ethics Institute.

The six teams also agreed to meet regularly to exchange insights arising from their projects. 
The fi rst workshop was held at Biosphere 2 near Tucson, Arizona in the spring of 2002, at the 
site of a failed idealistic interdisciplinary and transdisciplinary experiment—that is, Biosphere 
2. The lessons recounted there highlighted the need for some type of summary account of 
interdisciplinary research. A second workshop took place at CSM in the fall of 2002. New 
Directions continued its case-based approach to interdisciplinarity by including a fi eld trip 
to the nearby Rocky Flats nuclear weapons production facility. This meeting also led to the 
2003 publication of a special issue of the CSM Quarterly collecting papers on the theory and 
practices in interdisciplinarity, multidisciplinarity, cross-disciplinarity, and more.
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New Directions researchers continued to sort out meanings and opportunities in inter-
disciplinary experience, for instance at a third workshop hosted by Tuana at Pennsylvania 
State University in the fall of 2003. With Frodeman’s move to the University of North 
Texas (UNT) in the fall of 2004, New Directions expanded its remit to ‘New Directions: 
Science, Humanities, Policy’. New Directions 2.0 received substantial sustaining funding 
from UNT, which served as the occasion for expanding our base concerns to refl ect on 
larger issues. Indeed, in different combinations we were now reaching out to the fi elds of 
science, technology, and society studies as well as science policy to promote discussions on 
the differences between narrow and broader forms of interdisciplinarity, interdisciplinar-
ity as critical assessment of knowledge production, and the needs for a humanities policy 
that might complement science policy.

With this rebranding New Directions 2.0 turned its focus to a series of larger, the-
matic workshops that drew in specifi c groups of researchers and scholars. The fi rst 
of these was held in St Petersburg, Russia in the summer 2004. Entitled ‘Cities and 
Rivers: St Petersburg and the Neva River’, this week-long NSF-funded research looked 
at the inter- and transdisciplinary challenges faced by St Petersburg in addressing its 
water quality and quantity issues (<http://enspire.syr.edu/nevaworkshop/>). Then, in 
the aftermath of hurricane Katrina, New Directions 2.0 received NSF funding for ‘Cit-
ies and Rivers 2: New Orleans, the Mississippi Delta, and Katrina’, held in March 2006 
(<http://www.ndsciencehumanitiespolicy.org/katrina/>). This workshop focused on 
the breakdown between knowledge producers and users that clearly contributed to 
this disaster. Other workshops where held at NASA Ames (on environmental ethics 
and space policy, spring 2007) and in southern Chile (on the challenges facing frontier 
ecosystems, also spring 2007). Information about all of these workshops can be found 
at <http://www.csid.unt.edu/>.

About this time we approached Oxford University Press (OUP) about the creation of 
a handbook that would pull together disparate strands of insight concerning inter- and 
transdisciplinarity. Once the proposal was accepted by OUP, workshop meetings centered 
on efforts not to simply explore interdisciplinary in particular case studies and projects 
but to take interdisciplinarity itself as a project. Klein argued for expanding our links to 
Europe and for contacting a network developed around the concept of transdisciplinarity. 
One result was a meeting hosted by Peter Weingart and Wolfgang Krohn at the Center for 
Interdisciplinary Research (ZIF) in the fall of 2006. Efforts were also made to engage the 
leading group for the study of interdisciplinarity in the United States, the Association for 
Integrated Studies.

In our proposal to OUP we described the goal as:

to introduce a greater degree of order into the fi eld of interdisciplinary research, education, and 

practice by creating a work that will become a basic reference for all future attempts at interdiscipli-

narity. . . . This handbook will offer a historical survey of attempts at interdisciplinarity, a review of 

successes and failures within both research and education and across the sciences and the humani-

ties, and identify a set of best practices that will serve as the launching point for future explorations 

of interdisciplinarity.

Finally, institutional support of New Directions 2.0 at the University of North Texas 
increased by an order of magnitude in the fall of 2008, when New Directions 2.0 was 

http://www.ndsciencehumanitiespolicy.org/katrina/
http://www.csid.unt.edu/
http://enspire.syr.edu/nevaworkshop/
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absorbed by the Center for the Study of Interdisciplinarity (CSID, <http://www.csid.
unt.edu/>). Interdisciplinary centers for the study of one or another issue are common 
throughout higher education. But in the Anglophone world at least there have been few, 
if any, that focused on interdisciplinarity itself. In association with CSID (directed by 
Frodeman and J. Britt Holbrook, managing editor of HOI, with Klein and Mitcham as 
senior fellows), the Oxford Handbook project outgrew its concern for bridging the geo-
sciences and the humanities and was transformed into broader fi eld of university teach-
ing, research, and public outreach.

Interdisciplinarity takes place at multiple sites and on multiple levels, and in multiple 
types and forms. Ironically, interdisciplinarity is divided into scientifi c, humanistic, social 
scientifi c, and forms which not even its most ardent practitioners and proponents can eas-
ily transcend. But by creating a base understanding of interdisciplinarity across its many 
forms and articulating the issues that repeatedly arise on different levels, we hope that this 
handbook can contribute to critical assessment of a vibrant new dimension of knowledge 
production and use.

Robert Frodeman
Julie Thompson Klein

Carl Mitcham

http://www.csid.unt.edu/
http://www.csid.unt.edu/
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Introduction

In an introduction to a volume such as this it is standard to offer a synoptic account of the 
contents, with a general statement of the goals of the volume and summaries of the mate-
rial contained within. The tone taken is scholarly and impersonal, emodying accepted 
academic standards.

A book on interdisciplinarity raises the possibility of a different approach. Examin-
ing the current methods and goals of knowledge production—at its core, the remit 
of a volume on interdisciplinarity—challenges the academic status quo. Conventions 
concerning the proper depth of inquiry or degree of academic rigor tend to marginalize 
unconventional claims or approaches, which are often hard to document or measure. 
And so interdisciplinary work is often accused of dilettantism and shoddy standards. 
These dangers are real enough. But at its best, interdisciplinarity represents an innova-
tion in knowledge production—making knowledge more relevant, balancing incom-
mensurable claims and perspectives, and raising questions concerning the nature and 
viability of expertise.

Rather than simply a summary of what is contained within the volume, this introduc-
tion also constitutes a refl ection on interdisciplinarity and the future of knowledge.

* * *

Most people think of knowledge like they think of money—that they can never have 
enough of it. But the benefi cial nature of continued, indeed infi nite, knowledge produc-
tion is the great unexamined premise of our justly named ‘knowledge society’. It is a belief 
that has guided the progress of Western civilization since the Enlightenment.

This despite the fact that it is evident that knowledge can sometimes do more harm than 
good. After all, even robust knowledge can be misapplied: its introduction ill-timed, or its 
variant forms need the counter-weight of other kinds of knowledge in order to answer a 
question or solve a problem. The pursuit of knowledge also carries a variety of personal or 
moral dangers. Seeking knowledge to exercise greater control over the world can, for instance, 
betray a lack of control over oneself. Or it can become dysfunctional, obsessive, or escapist, 
hindering effective action. These are obvious dangers, familiar to all lovers of knowledge.

But our fundamental assumption is rarely questioned. Knowledge—rather than, say, 
moderating our desires—is seen as the answer to all of our quandaries. And so we are 
awash in all the cognates of knowledge: data, facts, information, statistics, and records. 
Has this cornucopia of knowledge led to an increase in wisdom? Has it led to happier, 
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more fulfi lled lives? Research on happiness (e.g. Lane 2000) indicates that beyond a certain 
point additional wealth leads to no increase in felt satisfaction with one’s life. Could the 
same be true for knowledge? Should knowledge also be subject to an Aristotelian mean?

Still the data keep pouring in, from university think-tanks, biotech labs, space probes, and 
the reaches of the Internet. NASA’s latest project is called the Lunar Reconnaissance Orbiter 
(LRO). In round numbers it will return 200 megabytes of data a day of ‘spectral image 
cubes’. A book may total 1 megabyte of data, so the LRO will return the equivalent of 200 
books a day of data. This is, of course, only a drop in our ocean of data: a recent IBM com-
mercial announced that each day we generate eight times the knowledge contained in all the 
world’s libraries—as if this were something to celebrate rather than be concerned about.

To one degree or another, the contributors to this volume share the intuition that the 
solution to our social, political, intellectual, and economic problems does not simply lie in 
the accumulation of more and more knowledge. What is needed today is a better under-
standing of the relations between fi elds of knowledge, a better grasp of the ways knowl-
edge produced in the academy moves into society, and a better sense of the dangers as well 
as the opportunities of continued knowledge production.

As a whole, then, this volume focuses on the question of what is pertinent knowledge. It also 
implicitly raises the question of whether, in a given situation, knowledge is pertinent at all.

* * *

The Oxford handbook of interdisciplinarity (HOI) surveys the state of interdisciplinary 
knowledge today—knowledge that spans the disciplines and interdisciplinary fi elds and 
crosses the space between the academy and society at large. Its 37 chapters and 14 boxes 
provide both a snapshot and a critique of the state of knowledge integration as interdisci-
plinarity approaches its century mark. Despite the limitations inherent to such a project 
we hope that it fulfi lls the goal of all handbooks: to supply a ready and concise compen-
dium of information about a topic of increasing importance.

Of course, when the subject is interdisciplinarity the very idea of a compendium 
becomes problematic. One may ask whether the editors are latter-day Encyclopedists—or 
unreconstructed positivists—who propose to offer a unifi ed account of all knowledge. Or 
perhaps to provide a mathesis universalis of postmodern culture, summarizing all learn-
ing within the bounds of a single volume. The Oxford HOI harbors no such ambitions. 
It does not offer a synthesis of the disciplines, an overarching theory of interdisciplinary 
education, or a universal methodology of inter- or transdisciplinary research—although 
some of its individual authors may harbor such aspirations.

What, then, are the goals of this handbook? First, it provides a picture of current efforts of 
knowledge production that cross or bridge disciplinary boundaries (‘interdisciplinarity’), and 
of the growing effort to make knowledge products more pertinent to non- academic actors 
(‘transdisciplinarity’).1 Building from previous such efforts,2 HOI offers the most synoptic and 

1 In the title of this volume, following US generic usage, ‘interdisciplinarity’ covers both the integration of 
knowledge across disciplines, narrow and wide, and the intercourse between (inter)disciplines and society. 
The latter often goes by the name of transdisciplinarity, particularly in Europe. Where further distinctions are 
needed they will be made.
2 Among those who have preceded us, there have been monographs (e.g., Lattuca, 2001; Stehr, 2006; Klein, 
1990, and 2005, and 2010; Fuller, S. and J. Collier, 2004; Repko, 2008); anthologies of reprinted articles (Newell, 
1998); and collections of original essays (e.g., Weingart and Stehr, 2002; Hirsch Hadorn, et al., 2008).
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broad-based account of interdisciplinarity to date. Its original essays bring together many of the 
leading thinkers on interdisciplinarity and its resonances in particular subject domains, includ-
ing—crucially—accounts of the institutional and administrative aspects of interdisciplinarity.

Second, and more to the point here, HOI heralds the centrality of philosophic refl ection 
for twenty-fi rst century society. Not, it must be immediately stated, philosophy as it was 
done across the last century. From the perspective of the history of philosophy, twentieth-
century philosophy was an aberration—a fi eld disciplined, and a specialist’s domain, one 
more regional expression of knowledge in principle no different from other fi elds such as 
geology or chemistry. (The point applies generally across the humanities, which embraced 
specialization rather than seeing their role as at heart integrative in nature.) While phi-
losophers have always had a fraught relationship with their community, in the last half of 
the twentieth century the connection was broken: academic philosophy was characterized 
by great technical acumen wedded to societal irrelevance (Kuklick 2000).

Interdisciplinarity represents the resurgence of interest in a larger view of things. As 
such, interdisciplinarity is inherently philosophical, in the non-professionalized and non-
disciplined sense of the term. The impetus for this was in the fi rst instance extra-academic 
in origin. As knowledge production expanded, with much of it since World War II funded 
by public funds, demands for accountability have grown. The assumption of a linear or 
automatic connection between knowledge and social benefi t has given way to sharp ques-
tions about the usefulness of knowledge. The power of knowledge to constantly overturn 
society (Marx: all that is solid melts into air) calls for a fi eld of study, or an antidiscipline, 
devoted to the examination of knowledge in the largest possible compass. An antidisci-
pline, because it is crucial that such a study resist being once again drawn in by the gravi-
tational pull of disciplinary approaches and standards.

The fi elds of social epistemology, science and technology studies, and science pol-
icy have each made important efforts in this direction. However, philosophy and 
the  humanities—before they became exercises in logic chopping and nook-dwelling 
 expertise—had the best claim and pedigree to being broad and incisive studies of the 
relation between knowledge and the good life. It is a twentieth-century irony that just 
when antidisciplines were most needed the humanities withdrew into specialization. To 
be clear: this is not to place the discipline of philosophy over other disciplines. It is rather 
to state that, in an ex post facto manner, the very search for and challenging of disciplinary 
standards is (or at least, was) philosophy. The corollary is that insofar as a fi eld becomes 
disciplined it cannot offer the peculiar kind of insights that our times require.

To state it again: this volume does not seek to somehow constitute a unifi ed fi eld theory 
or methodology of all knowledge. Such dreams are chimerical: there never will be the inter-
disciplinary method any more than there exists the scientifi c method. Interdisciplinarity 
represents a new word for a perennial challenge which will never be fully answered. Expe-
rienced hands can offer hints and rules of thumb constituting a rough theory and prac-
tice of interdisciplinarity. The chapters presented here provide a number of such insights. 
But success at integrating different perspectives and types of knowledge—whether for 
increased insight, or for greater purchase on a societal problem—is a matter of manner 
rather than of method, requiring a sensitivity to nuance and context, a fl exibility of mind, 
and an adeptness at navigating and translating concepts.
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In aggregate, the 51 essays presented here represent a snapshot of the current and evolving 
state of academia-based knowledge production in the early years of the twenty-fi rst century.

* * *

In her chapter Julie Thompson Klein offers a masterful set of defi nitions of ‘interdisci-
plinarity’ and other cognate terms. But the term may be approached in another, more 
 psychological and archeological manner, where we are alive to more obscurely felt res-
onances. ‘Interdisciplinarity’ often functions apophatically: it announces an absence, 
expressing our dissatisfaction with current modes of knowledge production. It contains a 
collective unconscious of worries about the changing place of knowledge in society, and 
expresses a feeling that the academy has lost its way. Excessive specialization, the lack of 
societal relevance, and the loss of the sense of the larger purpose of things are tokens of 
these concerns.

The assumptions that we have relied on—that knowledge is inherently benefi cial, or that 
scientists and scholars can justify the pursuit of knowledge in terms of ‘curiosity’ or the 
innate love of knowledge—now have the faint, yet unmistakable, scent of anachronism. In 
a similar manner, academic research programs are often badly out of step with our needs 
on the ground. Climate research within the United States continues to be funded at $2 
billion a year, though it is unclear what further insights are likely to result. Climate change 
is almost certainly occurring, and it is almost certainly caused by human activities; but 
greater certainty or greater specifi city than that is unlikely. Similarly, within the humani-
ties, the philosophy of science has been ‘pure’ for decades, built on the assumption that 
the epistemological aspects of scientifi c research can be separated from the social, ethical, 
political, economic, and religious causes and consequences of science. Only the former 
counted as ‘the philosophy of science’—while all around us, science and technology were 
transforming our lives. The philosophy of science was disciplined, when it needed to be 
interdisciplinary.3

‘Interdisciplinarity’ should not be treated as a shibboleth or a sign of one’s advanced 
thinking. Neither is it an incantation that will magically solve our problems. Interdiscipli-
narity is simply a means. But to what end? Pragmatically put, toward the ends of greater 
insight and greater success at problem solving. More fundamentally, however, interdisci-
plinarity is a means toward the end of preserving or achieving the good life in a complex, 
global, rapidly innovating society. That is, interdisciplinarity constitutes an implicit phi-
losophy of knowledge—not an ‘epistemology’, but rather a general refl ection on whether 
and to what degree knowledge can help us achieve the perennial goal of living the good 
life. It is the newest expression of a very old question.

This point needs to be stated squarely, because in a global age when pluralism and relativ-
ism have become default positions, means (such as new technologies, or new techniques 
of knowledge production) have a tendency to become ends. Despite the riches that it has 
brought us, disciplinary knowledge has tacitly functioned as an abdication. By focusing on 

3 One can fi nd tentative moves in a new direction, for instance in the 2006 formation of the Society for the 
Philosophy of Science in Practice. 
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standards of excellence internal to a discipline academics have been able to avoid larger 
responsibilities of how knowledge contributes to the creation of a good and just society.

The worst abdication has been by the humanities. Intimidated by success across the 
sciences, the humanities also embraced an analytic model of knowledge production. 
A few protested: at the beginning of the twentieth century William James spoke of the 
‘plaster-grey temperament of our balding young PhDs boring each other in seminar-
ies, and writing those direful reports of the literature in the “Philosophical Review” ’. 
But most interpreted the change in positive terms as an increase in rigor. Making a 
point so obvious that he places it in rhetorical parentheses, University of Chicago phi-
losopher Brian Leiter stated in 2006 that we must aim for the highest possible pitch of 
philosophical rigor: ‘(Which “camp” of philosophy could possibly be committed to less 
careful analysis, less thorough argumentation?)’. But rigor should not be our paramount 
value. It must be balanced with other virtues such as timeliness, cost, and pertinence to 
one’s audience. Rigor of argumentation—like knowledge production itself—should be 
subject to a mean.

One discerns a growing movement to refl ect on such matters, which sometimes goes by 
the name of the philosophy of interdisciplinarity. This is a positive development, but we 
should be alive to the dangers of disciplinary capture, where new questions become just one 
more regional study or specialist’s nook, as has happened with most new attempts to make 
connections across varied domains. At the very least, if we are going to have a philosophy of 
interdisciplinarity, it should be complemented by philosophy as interdisciplinarity.

The former would be given over to philosophical specialists who address questions such 
as whether ‘interdisciplinarity’ carries any distinctive epistemic content and whether there 
are specifi cally interdisciplinary objects or methodologies. It would be another ‘philoso-
phy of . . . ’—another species of the philosophic enterprise. Rigor would be a paramount 
intellectual virtue. The philosophy of interdisciplinarity would treat refl ections on inter-
disciplinarity in a disciplinary manner, as a discrete domain of refl ection. In time this 
study would result in a scholarly, peer-reviewed literature, conferences, and journals.

In contrast, philosophy as interdisciplinarity points toward something closer to what 
Heidegger called fundamental ontology, or in his later writings, Denken. It strikes a bal-
ance between breadth, depth, timeliness, and societal relevance. Moreover, it constitutes a 
philosophical practice where philosophers and humanists work as much outside as within 
the study. Call it fi eld philosophy, in analogy with fi eld rather than lab science: philosophical 
spirits (with or without a PhD in philosophy) participate at the project level with others such 
as scientists, engineers, and policy makers, community groups or NGOs, helping to draw 
out the philosophic dimensions of controversies that stymie progress (Frodeman 2008). 
Philosophy as interdisciplinarity would not eschew theoretical questions; quite the opposite. 
But its theory would be rooted in and always return to extra-philosophic practices.

More particularly, the nature and possibility of expertise would be central to its con-
cerns. The literature on expertise has grown signifi cantly in recent years,4 but it has not 
connected its points to questions of interdisciplinarity. It is noteworthy, but rarely noted, 
that the pursuit of specialization today lacks epistemological warrant. Specialization and 

4 See, for instance, Crease and Selinger, 2006, Ericsson, et al, 2006, and Collins and Evans, 2007.
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expertise are built upon two assumptions—that it is possible to get down to the bottom 
of things, and that it is possible to study parts of the world in isolation from the world at 
large. The fi rst of these is undercut by the work of modern physics, which suggests that 
there are no Newtonian ‘simples’ or irreducible pieces of matter to be found. (And if there 
is no bottom to things, how deep is deep enough?) More generally, however, this is the eve-
ryday experience of those in academic life. Every question raises another question, every 
argument a counter-argument, ad infi nitum.

Secondly, our assumptions concerning the viability of expertise have been guided by 
the metaphorics of the laboratory, where the separation of a bench experiment from 
the world at large has been thought to be relatively epistemologically unproblematic. 
 Certainty becomes possible when we make conditions and results replicable by  controlling 
the  materials used and constraining the parameters of the experiment. The upshot: robust 
results, but within a self-contained bubble. When those results enter the larger world we 
lose our controls, with often quite unexpected results.

It turns out that the world is more ecological than we had hoped. The epistemological 
pretensions of laboratory science have been dashed: rather than it being possible to study 
phenomena in isolation, everything is implicated with everything else, at least potentially. 
We can go deeper into a given subject only by passing over examination of the lateral 
connections between that subject and the rest of the universe of thought and action. But 
this bias for the deep rather than for the broad is rarely defended. It is in fact indefensible. 
Nonetheless, specialization and expertise remain the coin of the academic realm, for rea-
sons of ease of measurement rather than any inherent virtue to the approach.

Although greater clarity and depth of insight are always possible, life is lived in media res.
Every topic of research is infi nite; there is no fi nal or unimpeachable answer that does not give 
rise to another question. Current standards for what counts as expertise in a given domain are 
as much a refl ection of political and sociological factors such as societal relevance, funding 
streams, or intellectual fashion as they are of inherent epistemological standards. If this point 
is not yet refl ected in disciplinary peer review and standards for tenure and promotion, it has 
been recognized by institutional bodies such as the National Research Council, which recently 
has depicted a profusion of interdisciplinary activity that challenges conventional notions of 
the static nature of expertise (Committee on Facilitating Interdisciplinary Research 2004).

Reality does not allow us to control its parameters. There is no beginning or end to think-
ing, no straightforward path to scholarly relevance. It is as if, in our drilling down into the 
bedrock of knowledge, our drill bit strikes open air—revealing a cavern with a variety of 
wonders, but with no imperative concerning which direction we should head. Of course it is 
possible to know things: airplanes fl y because they are competently designed; certain inter-
pretations of Plato are better than others; we trust our physician’s interpretation more than 
our own. But these cases are proximate. The densely imbricated nature of existence means 
that expertise has limits—and that these limits cannot be defi ned beforehand.

Confucius claimed: ‘to know that you know what you know, and to know that you don’t 
know what you don’t know, is true wisdom’. The problem with this dictum is that it is very 
hard to draw the boundary between one and the other. Any knowledge that we possess—
with the obvious exception of those domains we construct ourselves, such as the deduc-
tive world of geometry—is intrinsically fallible, proximate, and unbounded. Attempts to 
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understand the world or any part of it need to be inter- and transdisciplinary in nature—
even if this means that we lose the comfort of disciplinary guarantees of expertise.

* * *

Identifying the optimal structure for a handbook of interdisciplinarity raises a number 
of ontological and taxonomic issues. Disciplines are not simply mirrors held up to real-
ity. They are economic devices and psychological supports as much as refl ections of the 
way things are. Their boundaries are permeable and subject to movement. From the 
outside disciplines can appear conceptually unifi ed, but those within often fi nd them-
selves in internecine confl ict. Analytic and continental philosophers argue over who is a 
‘real’ philosopher; geology and biology departments house both systematic and historical 
approaches; the social sciences struggle over qualitative versus quantitative methods. In 
response, an account of interdisciplinarity needs to be tentative and fl exible in nature.

The sections and chapters included here try to mark out the major boundary crossings between 
disciplines and between academia and society. Nonetheless, diffi cult judgments abound. Should 
there be a single article on interdisciplinary social science, or individual chapters on geography, 
sociology, and economics? A chapter on the transdisciplinary nature of environmental concerns, 
or one more tightly focused on, say, climate change? Individual authors were chosen through 
a combination of stature, the editors’ knowledge and contacts, and availability. The result is a 
collection of authors—many of whom are scholars of international reputation—whose views 
on interdisciplinarity are often quite at variance with one another.

The chapters themselves are ordered in terms of a fi vefold division. Part 1, ‘The terrain of 
knowledge’, offers a set of historical, taxonomic, and philosophic accounts of the genesis and 
development of disciplinary knowledge. The chapters of this section constitute the most synop-
tic of the fi ve divisions. In ‘A short history of knowledge formations’ Peter Weingart provides a 
summary account of the development of the disciplines. Julie Thompson Klein’s ‘A taxonomy 
of interdisciplinarity’ provides the defi nitions of terms relied on by the rest of the authors of 
this volume. And Wolfgang Krohn’s ‘Interdisciplinary cases and disciplinary knowledge’ frames 
interdisciplinary problem solving in terms of the complexity and contingency of case work.

At turns descriptive and evaluative, the chapters of this section explore the overall land-
scape of interdisciplinarity, providing critical commentaries on the possibility, use, and 
desirability of interdisciplinary knowledge. Thus Steve Fuller challenges the ‘Whig’ sense 
of intellectual history by offering his own account of ‘Deviant interdisciplinarity’, while 
in ‘Against holism’ Daniel Sarewitz points out the limits of interdisciplinary approaches 
to knowledge. All told, this section is likely to be of greatest interest to readers concerned 
with the historical and theoretical dimensions of interdisciplinarity.

Part 2, ‘Interdisciplinarity in the disciplines’, begins from knowledge as we fi nd it today 
in the academy and explores the distinctive manifestations of interdisciplinarity from 
specifi c disciplinary perspectives. The seven chapters of this section make it clear that 
interdisciplinarity manifests itself differently in different disciplinary contexts—that 
‘Interdisciplinary work by an art historian looks markedly different from that by a soci-
ologist of art’.5 Early reviewers of this work pointed to the paradoxical nature of pro-

5 Ken Wissoker, “Negotiating a Passage between Disciplinary Borders,” Items and Issues [Social Science 
Research Council], vol. 1 (Fall 2000), p. 1. 
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viding an account of interdisciplinarity in terms of the disciplines. But the paradox is 
only  apparent: disciplinarity is the precondition for interdisciplinarity. As a self-conscious 
movement interdisciplinarity only arose in the face of academic specialization that so 
markedly accelerated in the late nineteenth century.

While the chapters of this section overlap to some degree, they largely break down 
along discrete disciplinary lines. In ‘Physical sciences’ Robert Crease treats physics as an 
opportunity to explore the challenges of coordination, quality assessment, and com-
munication across different academic cultures—issues that bedevil all interdisciplinary 
work. In ‘Integrating the social sciences: theoretical knowledge, methodological tools, 
and practical applications’ Craig Calhoun and Diana Rhoten examine the two great 
interdisciplinary engagements of the postwar era within the social sciences, the develop-
ment of area  studies and of quantitative research methods. In ‘Biological sciences’ War-
ren Burggren and colleagues take on the daunting task of summarizing the varieties of 
 interdisciplinarity within biology, ranging from biochemistry to medicine to mathemat-
ics to bioengineering. And in their chapter on ‘Art and music research’ Julie Thompson 
Klein and Richard Parncutt emphasize the universality of art and music across cultures 
while reviewing new critical approaches to art and music scholarship and teaching.

In their chapter ‘Engineering’ Patricia J. Culligan and Feniosky Peña-Mora use civil 
engineering to focus their analysis of the future responsibilities of engineers within soci-
ety. Sarah E. Fredericks’ examination of ‘Religious studies’ treats religion as an academic 
discipline distinct from religious practice and explores the play of anthropology, sociol-
ogy, philosophy, and other disciplines in the fi eld. In the fi nal chapter of this section, Car-
ole Palmer’s ‘Information research on interdisciplinarity’ provides an overview of research 
on interdisciplinarity in library and information science and discusses ways to manage the 
problem of information scatter.

Part 3, ‘Knowledge interdisciplined’, examines the development of regions of knowl-
edge that have grown up in the spaces between established disciplines (e.g. Sheila Jasanoff 
on science and technology studies in ‘A fi eld of its own: the emergence of science and 
technology studies’), or have formed as both their own specialty and as a methodology 
or perspective for other domains of knowledge (e.g. Johannes Lenhard on ‘Computation 
and simulation’). Some of these regions are new—see for instance Paul Thagard’s account 
of ‘Cognitive science’—while others are as ancient as the tradition of Western thought 
itself (Anne Balsamo and Carl Mitcham’s account of ‘Ethics’). It remains an open question 
whether these interdisciplines will evolve into disciplines, or whether they embody differ-
ent models for intellectual activity.

The effects of cultural and technological innovation on knowledge also receive attention 
here. Cathy Davidson looks at cross-fertilization effects in ‘Humanities and technology in 
the Information Age’, while in their chapter on ‘Media and communication’ Adam Briggle 
and Clifford Christians offer an account of the consequences of new media on knowledge 
production, dissemination, and consumption. Prasad Boradkar’s chapter on ‘Design as 
problem solving’ examines the transdisciplinary developments of material culture from 
spoons to cities. Finally, in ‘Learning to synthesize: the development of interdisciplinary 
understanding’ Veronica Boix Mansilla utilizes psychological studies of cognition in order 
to develop an account of interdisciplinary learning.
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The nine chapters of Part 4, ‘Institutionalizing interdisciplinarity’, look at the opportuni-
ties and challenges of making higher education more open and supportive of the inter- and 
transdisciplinary dimensions of knowledge. Antiquated administrative forms can strangle 
innovation; but despite this fact the institutional expressions and challenges of interdiscipli-
narity are often neglected. To have a realistic chance of success the reformation of knowledge 
must operate simultaneously at the levels of teaching, research, and administration.

The chapters of this section therefore address a wide range of issues relating to 
assessing, administering, and institutionalizing interdisciplinary work. In ‘Evaluating 
 interdisciplinary research’ Katri Huutoniemi proposes three different perspectives on how 
to appraise interdisciplinary research. J. Britt Holbrook’s chapter on ‘Peer review’ discusses 
the  institution of peer review and the pressures driving it toward inter- and transdiscipli-
narity. Beth Casey’s ‘Administering interdisciplinary programs’ examines the development 
of innovative policies across the United States in support of interdisciplinary programs, 
schools, or colleges. In his chapter on ‘Undergraduate general education’ William H. New-
ell offers an overview of the evolving role of interdisciplinary studies in undergraduate 
education in the United States. The section also includes Deborah DeZure’s ‘Interdisci-
plinary pedagogies in higher education’, which surveys the array of instructional methods 
now available for promoting interdisciplinary learning outcomes.

Other chapters in this section look at these institutional questions from the perspec-
tive of individual researchers. Stephanie Pfi rman and Paula Martin’s ‘Facilitating inter-
disciplinary scholars’ identifi es means for better facilitating interdisciplinary scholarship 
within the discipline-based academy. And in their chapter ‘Doctoral student and early 
career academic perspectives’ Jessica Graybill and Vivek Shandas discuss the unique and 
sometimes disconcerting challenges faced by graduate students trained in interdiscipli-
nary approaches once they graduate.

Finally, two essays fall into categories all their own. In ‘Policy challenges and university 
reform’, Clark Miller uses science policy as a prism for thinking about the future of the 
university. And in ‘A memoir of an interdisciplinary career’, Dan Callahan gives a per-
sonal account of the development of an interdisciplinary institute devoted to bioethics, 
the Hastings Center.

Part 5, ‘Knowledge transdisciplined’, presents knowledge integration from an extra-
academic perspective—as starting from societal needs and perspectives. The section 
begins with ‘Solving problems through transdisciplinary research’, where Gertrude 
Hirsch Hadorn, Christian Pohl, and Gabriele Bammer explore two current approaches 
to integrative research—transdisciplinary research from Europe, and integration and 
implementation sciences from Australia—in order to prevent or mitigate problems such 
as violence, disease or environmental pollution. In ‘Systems thinking’, Sytse Strijbos 
explicates this now classic term encompassing postwar developments in fi elds such as 
cybernetics, information theory, game and decision theory, automaton theory, systems 
engineering, and operations research. And in ‘Cross-disciplinary team science initiatives: 
research, training, and translation’, Dan Stokols and a team of researchers at the National 
Cancer Institute look at the unique challenges of large-scale team research projects that 
involve hundreds of scientists from different fi elds and locations working together on a 
common problem.
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Another set of chapters in this section are topically based. In ‘The environment’, J. Baird 
Callicott frames the discussion of interdisciplinarity and the environment in terms of the 
recent development of the transdiscipline of conservation biology. Jennifer Terpstra and 
colleagues show how health outcomes result from the interplay of factors from the cellular 
to the socio-political level in ‘Health science and health services’. Similarly, in her chapter 
‘Law’, Marilyn Averill shows how the development of law has been inherently interdisci-
plinary, transdisciplinary, and problem based, shaping individual and group behavior and 
the distribution of social costs and benefi ts. In his chapter on ‘Risk’ Sven Ove Hansson 
discusses the mix of disciplines (e.g. psychology, epidemiology, statistics) used to access 
risk in areas as wide-ranging as air pollution to airbag regulation. Finally, in ‘Corporate 
innovation’, Bruce A. Vojak and colleagues examine the role of ‘serial innovators’ who are 
adept in repeatedly developing successful corporate innovations through the combination 
of technical skills, insight into customer needs, and political savvy necessary for getting 
their projects accepted for commercialization.

Of course, even with this range of perspectives signifi cant gaps remain. Some of the 
gaps were inadvertent. A planned chapter on interdisciplinarity in economics did not 
quite come to fruition. The same is true for a proposed chapter on literature, history, and 
philosophy (even though the humanities are reasonably well represented), and for specifi c 
chapters within area studies, e.g. gender studies. And the 14 boxes placed throughout the 
volume help to mitigate these gaps. Nonetheless, a volume such as this will always remain 
a work in progress.

Robert Frodeman
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CHAPTER 1

A short history of knowledge 
formations
PETER WEINGART

The scientifi c disciplines such as physics, chemistry, biology, and, in the social sciences, 
psychology, sociology, and economics shape not only our perception of the sciences 
proper but also of the world around us as if they were the given structure of the world. A 
look back in history reveals that they are a fairly recent phenomenon, barely 200 years old 
in their present form (with precursors going back further), and are well on their way to 
yet another transformation.

Long before disciplines emerged, philosophers from Plato onward have sought to categorize 
human knowledge and, thus, to understand how that knowledge was best gained and ordered. 
A superfi cial look at the Greek philosophers’ epistemology best illustrates the historical nature 
of the classifi cations. Aristotle differentiated ‘scientia’ (episteme) as the knowledge about causes 
and reasons from mere opinions (doxa) that are often subjective, and from technology (techne)
and the arts (ars) as the knowledge requisite to create or construct. Only scientifi c knowledge 
can claim to be universally valid. Science is, thus, distinct from practical orientation, a theoreti-
cally oriented activity. Theoretical knowledge is gained by observation and contemplation and 
comprises three areas (or disciplines in the modern sense): mathematics, physics, and (fi rst) 
philosophy. Mathematics consists of geometry, arithmetic optics, and harmonics. Physics is the 
knowledge of the material world and all forms of life (i.e. today’s biology). Philosophy includes 
knowledge of the cosmos and theology. The ancient concept of science excluded the crafts and 
arts as knowledge controlling actions. The Roman Stoa (c. 300 bce) subsequently developed 
a classifi cation of knowledge in opposition to Aristotle’s that included practical knowledge 
and distinguished logics, physics, and ethics. Subsequently Aristotelian and Stoic classifi ca-
tions overlapped and merged with medieval concepts of the ‘artes liberales’ that constituted 
what was then considered the comprehensive system of knowledge: grammar, rhetoric, logic, 
arithmetic, music, geometry, and astronomy (Kambartel 1996).

Since then the ‘classifi cations of the sciences’ as well as the theories of science and 
knowledge production have continued to evolve.1 Such classifi cations, of which modern 

1 One pertinent example of the historical nature of disciplines is the distinction between ‘science’ and the 
‘humanities’ in the Anglo Saxon world as opposed to the term ‘Wissenschaft’ in the German speaking countries. 
Here, ‘scientifi c disciplines’ refers to the embracing notion of ‘Wissenschaft’ unless stated otherwise.
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academic disciplines are but one example, both refl ect and, in turn, structure the produc-
tion as well as the distribution of knowledge, i.e. research and teaching. Beyond that, they 
also shape the application of knowledge. However, they do so only if they become insti-
tutionalized, which is an important difference between the classifi cation of knowledge 
preceding the emergence of disciplines and disciplines proper.

In other words, whether in terms of disciplines or any other type of categorization, 
providing a taxonomy of knowledge is an essential element in the ordering of knowledge. 
Like any other social fact, disciplines are subject to change, albeit usually only gradually 
and at long intervals. Their relative stability is the precondition for societies to be able to 
accumulate knowledge and at the same time to select and forget what is no longer rel-
evant when conditions have changed. Disciplines, like any other classifi catory principle of 
knowledge, therefore have the function of mediating and directing social change.

By tracing the development of modern disciplines from when they fi rst emerged to the 
present, when as some observers claim they seem to be disappearing, the nature of knowl-
edge formations may be captured best.

1.1  Knowledge production in the seventeenth 
and eighteenth centuries

Since the beginning of modern science and knowledge production is generally associ-
ated with Francis Bacon, his survey of the sciences may be taken as a starting point. It 
achieved widespread infl uence and was accepted by the French encyclopedists (Diderot, 
d’Alembert). Bacon differentiated, on the one hand, between Natural and Civil History 
dealing with works of nature and man, respectively. On the other hand, the sciences were 
distinguished into Theology and Philosophy, and Philosophy into a Doctrine of the Deity 
(Natural Theology), a Doctrine of Nature and a Doctrine of Man. These branches of phi-
losophy, while further differentiated, were, according to Bacon, joined in a common trunk, 
the Primary Philosophy (Flint 1904, p. 106). The details of this and subsequent classifi ca-
tions are not important in this context. The point highlighted here is that the underlying 
principle of the classifi cations is the respective approach or method of gaining knowledge 
rather than—as in the case of modern disciplines—an ordering of subject matter. Phi-
losophy is concerned with reasons and causes of (all) things, while history—in Bacon’s 
scheme—is not science but the basis of science, describing and ordering singular things. 
Thus, classifi cations ordered human knowledge in hierarchies, in which mathematics and 
philosophy were considered to be at the top. The (hierarchical) differentiation of natural 
history, philosophy, and mathematics as modes of generating knowledge was primary.

Up to the end of the eighteenth century disciplinary differentiation is only secondary 
(e.g. Medicine as part of Bacon’s Human Philosophy). These disciplines did not have a 
social function of their own but only served as repositories of certifi ed knowledge. Disci-
plines were relatively unimportant until the end of the eighteenth century (Stichweh 1984, 
pp. 14–15). In particular, there was little relation between the classifi cations of knowledge 
and the structure of universities (in terms of ‘faculties’). The hierarchy of faculties as orga-
nizational structures of the universities, institutionalized since the Middle Ages, placed 
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philosophy at the bottom, and medicine, law, and theology above it. Although this hierar-
chy of the faculties had also represented a classifi cation of knowledge, it subsequently lost 
acceptance. At the end of the eighteenth century the notion of a ‘lower’ faculty and ‘higher 
faculties’ counted as past. Nonetheless it continued to have an impact on students and 
professors alike. Philosophy was considered a propaedeutic subject. Students wanted to 
study one of the sciences, instead. Professors perceived their careers as ascending through 
the hierarchy of faculties, accumulating teaching positions in different fi elds (Stichweh 
1984, p. 33).

What led to the change of this premodern order of knowledge? What were the chief 
properties of the ‘new’, disciplinary order of knowledge that emerged around the end of 
the eighteenth century? One chief reason for the change is seen in the growing pressure 
that data collection had on the disciplines. Until this point, data had been collected and 
ordered in ever-growing spatial classifi cation systems. Linnaeus’ Systema naturae con-
tained 549 species in its fi rst edition of 1735 and 7000 in the last edition in 1766–8, hav-
ing grown from 10 to 2300 pages. The growing and unmanageable complexity of these 
systems was felt by contemporary scholars, motivating them to develop new methods in 
order to limit the realm of possible experience. The traditional methods of information 
processing, the classifi cation and spatial ordering of knowledge, had to be given up. At the 
turn from the eighteenth to the nineteenth century the temporalization of complex sets 
of information replaced the spatially conceived classifi cation systems of natural history 
(Lepenies 1976, pp. 16–18). Thinking in terms of development became a new technique 
of systematization.

1.2 The differentiation of knowledge into disciplines

Beginning in the latter half of the seventeenth century and increasingly throughout the 
eighteenth, science became the particular activity of collecting and ordering all available 
knowledge, the delineating and systematic arranging of topics, and the ever more intense 
interaction between participants in scientifi c communities. This resulted in the dramatic 
growth of science in terms of the amount of information produced and communicated. 
Thus, problems of overload and integration arose. This is seen as the antecedent condi-
tion of disciplinary (i.e. internal) differentiation. The number of experiential data and 
theories of science grew to a critical mass which generated innovations and motivated 
further research. At the same time, growth increased the pressure to treat data selectively 
according to criteria specifi c to science. That is the essence of differentiation (Stichweh 
1984, p. 42).

The internal differentiation of scholarly activity into disciplines began gaining momen-
tum through two developments. One was increasing abstraction, for example through the 
mathematical conceptualization of objects. This means that science to a decreasing degree 
gained its information about the world directly from its environment. Instead, ever more 
objects were reconstructed and organized under independent (typically mathematical) 
criteria. A growing stock of concepts, theories, and instruments mediated the experiences 
gathered, i.e. experience was no longer grasped immediately, but rather constructed on 
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the level of the concept. At the same time, and this is the second development, the modern 
scientifi c mode of gaining knowledge was expanded to new subject matters. The percep-
tion of concrete objects as the initial step of discipline formation was replaced by the 
constitution of problems by a discipline, i.e. ultimately by a group of scholars who shared 
common concepts and methods, forming a community. The problems thus defi ned were 
then applied to new objects. This self-referential augmentation of objects of scientifi c 
analysis is the mechanism of specialization. It represents a centrifugal force for science in 
that the scientifi c methods and instruments of analysis become more generalizable, and 
thus more effective in being applied to new objects and phenomena. A pertinent example 
is molecular biology, which emerged from a systematic application of the methods of 
physics to the problem of explaining life (Cairns et al.1966). The result has been the cre-
ation of a new (sub-)discipline devoted to the study of formerly ‘biological’ phenomena 
on the molecular level, requiring new methods and instruments and using new concepts.

The emergence of disciplines in the modern sense, which took place around 1800, 
implied the shift from occasions arising externally to science for the collection of experi-
ence and data to problems for research generated ‘within’ science itself. This meant that 
the judgment of relevance also became subject to control by the respective groups of 
scholars. Their language became gradually more specialized and removed from everyday 
language. Thus, the public reception of scholarly research changed.

Previously, throughout the eighteenth century, books, articles, and even experiments 
were still addressed to the general public. The more specialized communication among 
scholars became, the more it was addressed to themselves. This ‘closure’ of disciplinary 
communication communities was expressed through specialized journals and in the orga-
nization of scholarly associations. As the communication turned inward and became self-
referential the disciplinary community became the relevant public. At the same time this 
process generated a division between specialists and laypersons that has become increas-
ingly pronounced since then. Popularization emerged as a separate activity not intended 
to contribute new knowledge but limited to the translation and mediation of scientifi c 
knowledge to the broader (educated) public. The increasingly esoteric nature of knowl-
edge production led to a growing distance from practical concerns and increased resis-
tance to commercial and technical applications that had previously legitimized the utility 
of the sciences. By 1830 the process of discipline formation, notably with respect to their 
establishment at German universities, had brought about physics and chemistry as fully 
fl edged disciplines (Nye 1993, p. 4). At universities in the United States the differentia-
tion of disciplines took a little longer, not least because of the pragmatic orientation of 
scientists and engineers concerned with the building of a new country. Many of today’s 
universities which have their roots in the Land Grant (Morrill Act) of 1862 started out as 
agricultural schools and testing stations.

The change in the self-perception of science and scientists is apparent in contemporary 
statements deploring the loss of the unity of science. Especially in Germany, the unity of 
science remained an ideal associated with the unity of the academy, particularly the Royal 
Prussian Academy in Berlin, whose founding president, Gottfried Wilhelm Leibniz (died 
1716), counted as the personifi cation of that unity. Nye cites Lothar Meyer in 1864 plead-
ing for the need to reunite ‘the now severed sciences’ (Nye 1993, p. 4). At about the same 
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time Hermann von Helmholtz observed that no one ‘could oversee the whole of science 
and keep the threads in one hand and fi nd orientation. The natural result is that each indi-
vidual researcher is forced to choose an ever smaller area as his workplace and can only 
maintain incomplete knowledge of neighboring areas’ (Helmholtz 1896, p. 162).

The ongoing specialization into disciplines caused a fundamental change in the orien-
tation of scientists. Scholars of the eighteenth century wrote textbooks and compendia. 
Their aspirations and concept of a career was to become knowledgeable in several fi elds 
of science and thereby advance in the hierarchy of sciences. In contrast, in the context of 
the new disciplinary order of science, originality, the discovery of new phenomena and 
explanations, became the primary objective of science. Research became organized on 
the basis of a division of labor into numerous highly specialized activities. Emil Du Bois-
Reymond commented with nostalgia in 1882 that ‘a thousand busy ants are producing 
daily countless details . . . only concerned to attract attention for a moment and obtain the 
best price for their goods’, that the ‘stream of discovery is split into ever more and ever 
more unimportant trickles’ (Du Bois-Reymond 1886, p. 450). Three decades earlier the 
philologist August Boeckh, as cited by Daston, had already characterized the new dynam-
ics of specialization when he declared that ‘no problem was too small not to be worthy of 
a serious scientifi c analysis’ (Daston 1999, p. 74).

The differentiation into disciplines also had a profound institutional impact. Through-
out the eighteenth century the (royal) academies had been the organizational framework 
within which knowledge was accumulated. The academies represented the undifferenti-
ated state of science insofar as they were assemblies of scholars who deliberated on ques-
tions of all fi elds of knowledge. But as a type of institution they became organizationally 
incapable of coping with the growing specialization. By the close of the century research 
had moved out of the academies into the universities. The universities proved to be the 
form of organization better suited for the accommodation of different, quite heteroge-
neous, disciplines with their specifi c ‘cultures’ and the pursuit of research in the modern 
sense. Thus, the two institutions switched roles, the academies becoming the institutional 
place for the collection and conservation of knowledge, while new knowledge was pro-
duced and disseminated at the universities (Stichweh 1984, p. 73).

The decline of the academies was exacerbated by the changes which disciplinary differ-
entiation triggered in communication among scientists. The exchange among scholars in 
the academy began to suffer from the increasing distance between the disciplines. Actual 
investigations, and reports and discussions about new developments, were taken to the 
new specialized scientifi c associations that began to be established at the end of the eigh-
teenth century. Moreover, the academies proved to be too slow for the communicative 
needs of the specialized communities of scholars. The scientifi c associations assumed the 
function of publishing specialized journals which accelerated the speed of communica-
tion relative to the more cumbersome transactions of the academies.

After the turn from the eighteenth to the nineteenth century, knowledge formation 
and dissemination that had been united in the one academy differentiated into a system 
of different interconnected functions. The universities combined the production of new 
knowledge (i.e. research) and teaching, producing young researchers and professionals. 
The academies became increasingly marginalized as honorifi c associations. The actual 
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needs of specialized communication were fulfi lled by the new scientifi c associations that 
formed outside the universities. Although at fi rst they comprised all disciplines, like the 
German Gesellschaft Deutscher Naturforscher und Ärzte (GDNÄ) and subsequently the 
British Association for the Advancement of Science (BAAS) and the American Association 
for the Advancement of Science (AAAS), they soon began to differentiate internally along 
disciplinary lines (see below). They organized conferences and journals and thus became 
the core institutions for disciplinary communication and the construction of disciplinary 
‘identities’ or ‘cultures.’ Disciplinary associations thereby became the structuring principle 
of knowledge formation in the nineteenth and twentieth centuries.

1.3 The nature of disciplines

The essence of discipline formation and evolution is self-referential communication. Self-
referentiality is given when the communication is ‘closed’ towards the environment and 
the evaluation of relevance and quality of research is limited to the members of the respec-
tive disciplinary community. As self-referential communication communities, disciplines 
have a dual identity. Their social identity is constituted by the rules of membership, i.e. 
teaching, examinations, certifi cates, careers, the attribution of reputation, and, thus, the 
formation of a hierarchical social structure. Their factual identity is constituted by the 
contents of communication. It concerns the delineation of a subject matter, a common 
set of problems and theories, concepts and specifi c methods to study it, the criteria of 
quality of achievement which are the basis for the evaluation and attribution of reputa-
tion by peer review. The procedure of peer review, where the members of the particular 
disciplinary community are judged competent to make an evaluation, also constitutes the 
borderline between experts and laymen with reference to the communicated knowledge.

Academic disciplines are not formal organizations but social communities bonded by 
communication. However, they take on different organizational forms with respect to dif-
ferent functions. The most important of these is education, which in universities is orga-
nized in terms of faculties or departments. These are the central structural elements of 
universities, and although they differ somewhat from one system of higher education to 
another they have more in common. The faculties or departments, constituted by chairs 
or professorial positions, represent disciplinary knowledge, and on that basis determine 
the contents of teaching curricula and of formal degrees which certify successful comple-
tion of studies.

As young students become socialized into a respective disciplinary culture, they become 
educated in the disciplinary contents, and they become accredited when they fi nish their 
studies successfully. At the end of this process, and given a disciplinary labor market, the 
interests of a discipline are defended by their members, both within universities and out-
side. The interest at stake is infl uence, i.e. the power of defi ning a fi eld of investigation 
vis-à-vis other competing disciplines, since infl uence can be translated into career oppor-
tunities (Turner 2000).

Disciplines are not only institutionalized in university faculties but also in scholarly associa-
tions. These, in fact, have functions not only internal to the disciplines but also with regard to 
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their economic, political, and social environment. Internally they coordinate the communica-
tion process by staging conferences and running disciplinary journals. To the outside they 
represent the interests of the disciplinary communities in various ways. The certifi cation of 
disciplinary training and formal accreditation are attempts to secure a monopoly for a certain 
sector of the professional or semiprofessional job market. Particularly in Europe, the asso-
ciations have had state support in controlling access to the job market by setting standards, 
thereby keeping competitors out. The virtual monopoly of lawyers in state bureaucracies or 
the exclusion of psychologists from the health system by the medical profession, although now 
past, are cases in point. In this sense, disciplines act like guilds.

Disciplinary associations also represent the disciplines’ interests to politics (and politics 
for science, in particular). This concerns, fi rst, mostly funding programs when decisions 
about large investments into certain research areas are at stake. Second, access to advisory 
bodies which may entail not only political infl uence per se but future funding oppor-
tunities may also be on the agenda. Thus, disciplinary associations also act as lobbying 
groups.

Even though the disciplines have a large degree of autonomy in determining their own 
development, and a virtual monopoly of expertise on their respective subject matter, they 
depend on external resources. Thus, they are dependent on how they are perceived by 
funders, whether these be the state, research councils, or private foundations. Most fund-
ing organizations reserve a certain percentage of their resources to respond to bottom-up 
proposals from the research community, the rationale being that researchers know best 
which problems to tackle. This is funding basic research as it responds to research priori-
ties determined by and within the disciplines themselves. The newly founded European 
Research Council was established explicitly with the intention of supporting ‘frontier 
research’. Under such funding schemes the perception of disciplines by the funding orga-
nizations is largely consonant with that in the universities.

But research councils and foundations (let alone government departments and indus-
try) have their own priorities, their own political or economic goals which they want 
to realize by distributing funds among research fi elds. For this purpose they formulate 
research programs that are not identical with the disciplinary nomenclature of the univer-
sities but that may extend across disciplinary boundaries. ‘Nanotechnology’ and ‘climate 
research’ are such priority areas which encompass several of the traditional disciplines 
such as physics and chemistry as well as more specialized subdisciplines (e.g. biochem-
istry, atmospheric chemistry).These organizations have perceptions of the disciplines 
which may differ considerably from the disciplines’ self-conceptions.

However, the formulation of such funding programs, no matter how focused or how 
general, depends on the advice from (disciplinary) scientists who pass judgment about the 
state of research in the respective fi elds, about the feasibility of a research program, and 
about the delineation of an intended problem area. In other words, funding programs of 
state and private funders have to be connected to the disciplinary structure (i.e. the reality 
of research), but they may set different priorities from those that would emanate from the 
disciplines themselves.

The second half of the twentieth century has seen a notable shift in science policy. 
As resources for research have grown continuously, not only has the share of industrial 
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expenditures for R&D increased relative to public funds, but also the relative impact of 
political funding programs has become stronger relative to the funding of basic research. 
The willingness of political and economic players to let the disciplines determine their 
own research priorities has evidently decreased.

1.4 Growth and disciplinary specialization

Disciplines were a new organizational mode for the production and ordering of knowledge 
that responded to the limitations of the classifi catory systems of knowledge at the end of the 
eighteenth century. By extending scientifi c analysis to every subject matter and by opening up 
a potentially unlimited succession of abstractions, disciplines seemed to be a social mechanism 
for knowledge production without foreseeable constraints. The dramatic growth of science 
that had been unleashed by the emergence of disciplines in the early nineteenth century con-
tinued at an exponential rate for almost 200 years and only started to level off somewhat in the 
1980s. Growth rates (usually measured in number of publications) differ somewhat between 
different disciplines and from country to country and time period to time period, indicating 
that both disciplinary methodological conditions as well as the external infusion of resources 
determine the dynamics (Schummer 1997, p. 116; Weingart 2003, p. 186). Thus, for example 
the geosciences have a doubling time of about 8 years and mathematics of 20 years. It is obvi-
ous that exponential growth of any system cannot continue forever. In the case of science the 
ultimate limit would be the respective population (Price 1971). Either the growth rate declines, 
the system under observation collapses, or the identity of the unit concerned (here ‘science’) 
changes. But before these signs of crisis occur, the system has two ways to react to growth: 
(1) structuring, i.e. hierarchization of attention, and (2) internal differentiation, i.e. specializa-
tion (Weingart 2003, p. 188).

Selective attention is a well-known phenomenon in communication in general and in 
scientifi c communication in particular. The general rule (the 80/20 rule) is that 20% of 
scientifi c publications draw the attention of 80% of readers (measured in number of cita-
tions). This merely underscores the fact that there are fairly stable reputation structures in 
all disciplines. The second mechanism is connected to the fi rst, however. Although disci-
plines are, in one sense, surprisingly stable, they are subject to continuous change as well, 
namely to internal specialization.

This may be illustrated by one of the very few quantitative studies of the growth of a 
discipline and subsequent specialization. The study of the development of the humani-
ties in Germany from 1954–85 showed that in the discipline of English Language and 
Literature in 1954, 24 professors published 12 books and a smaller number of articles, 
all of which could be easily read by the community including students in the course of a 
year. In 1985, 300 professors published 60 books and 600 articles, too many publications 
to be read by any one member of the community. The consequence of growth: ‘The dis-
ciplinary denomination as a frame of reference for identifi cation and orientation must 
have become more abstract and been replaced by internal, narrower limits’ (Weingart 
et  al. 1991, p. 288). The fi eld which in the mid-1950s could be considered a discipline had 
within three decades grown roughly tenfold and differentiated internally into a multitude 
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of specialties. This is refl ected inter alia in the number of journals and the dispersion of 
articles among them. In 1954, ten articles were published in six journals, fi ve of them 
in the same journal (Anglia). Thirty years later that journal attracted only 11.8% of all 
articles published in the fi eld, whereas 314 articles were published in 135 more specialized 
journals (Weingart et al. 1991, p. 293). It is evident that the practitioners of what used to 
be the discipline ‘English Language and Literature’ (Anglistik) no longer know each other 
personally nor do they even know all of each others’ publications.

The former discipline is no longer a whole community of scholars but is fractured. As 
can be expected, the same process of internal specialization can be observed at the level of 
scholarly associations. The fi rst general scientifi c association encompassing all disciplines 
was the German GDNÄ, founded in 1822, which served as a model for the BAAS, founded 
in 1831. In America the AAAS was founded in 1848 as a re-formation of the Association 
of American Geologists and Naturalists. These associations subsequently differentiated 
into specialized sections which follow largely disciplinary lines. As these associations are 
interdisciplinary and their membership is not limited to scientists—following the model 
of the former academies—the disciplines emigrated and formed specialized associations. 
It has been shown for Germany that their number increased between 1900 and 1999 from 
35 to 275. But the process of specialization does not stop there. These associations dif-
ferentiate further into even more specialized sections. For example the German Physics 
Association (the Deutsche Physikalische Gesellschaft (DPS) ) has formed 29 subsections 
since 1951, seven of which were founded after 1974. Likewise, the Society of German 
Chemists (Gesellschaft Deutscher Chemiker (GDC) ) has split into 21 special groups 
(Schwechheimer and Weingart 2007, p. 188).

Not all such specializations are the result of developments internal to the discipline. 
External motivations and opportunities, changes in contexts of application, economic 
developments, competition between disciplines, demand for expertise, etc., can also play 
a crucial role. So far the process of specialization has not come to an end even if one 
can observe a slowing down. For that reason the original ‘disciplines’ such as physics, 
chemistry, biology, psychology, etc. have long lost their function as communities of com-
munication. However, they are still the common framework for various subdisciplines. 
Depending on the specifi c function, either disciplines or subdisciplines or even so-called 
‘specialties’ become the relevant reference, be it for the organization of research institutes, 
the structuring of university departments, the labeling of a journal, or the demarcation 
of a funding program. But the essential criterion on which such demarcations are based 
is still the same: the boundary of a network of meaningful communication of scientifi c 
substance.

1.5  Interdisciplinarity and transdisciplinarity: new modes 
of knowledge production?

Uneasiness about the loss of unity of science goes back to the very time when that unity 
was lost, i.e. in the early nineteenth century. Since then the call for a reunifi cation or for 
interdisciplinarity has been persistent. In the 1930s the ‘unity of science’ movement was 
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initiated by philosophers of science and natural scientists but remained without impact 
(Neurath, et al. 1938). In the late 1960s and into the 1970s in the contexts of debates about 
technology gaps, technology forecasting, and protection of the environment, the Organi-
sation for Economic Co-operation and Development (OECD) triggered a new debate on 
interdisciplinarity (Apostel et al. 1972). In that publication Erich Jantsch fi rst coined the 
term ‘transdisciplinarity’ which was taken up two decades later by Gibbons et al. (1994) to 
diagnose the emergence of a new mode of knowledge production termed ‘Mode 2’. The 
thesis that the traditional disciplinary ‘Mode 1’ of knowledge production has given way to 
a new transdisciplinary mode of knowledge production has since then initiated animated 
discussions among analysts and the mobilization of confl icting evidence. Together with a 
series of similar pronouncements of a fundamental change in knowledge production, these 
analyses beg the question of whether they truly signal the advent of a new order of knowl-
edge formation or if they only describe surface phenomena (Funtowicz and Ravetz 1993; 
Ziman 1994). Has the disciplinary organizational mode of science really come to an end?

The claims of change (insofar as they are relevant here) can be summarized as fol-
lows: the university has lost its monopoly as the institution of knowledge production 
since many other organizations are also performing that function. Transitory networks 
and contexts are formed which replace traditional disciplines. Knowledge production 
outside disciplines is no longer the search for basic laws (fundamental research) but 
takes place in contexts of application (Funtowicz and Ravetz 1993, p. 121; Gibbons 
et al. 1994, p. 4). Disciplines are no longer the crucial frames of orientation for the 
delineation of subject matters and the formulation of research problems. Research is, 
instead, characterized by transdisciplinarity: solutions to problems appear in contexts 
of application and research results are no longer communicated in journals. The cri-
teria of quality are no longer determined by disciplines alone but additional criteria, 
social, political, and economical, are applied to determine quality (Funtowicz and 
Ravetz 1993, p. 90; Gibbons et al. 1994, p. 8).

The thesis of a new mode of knowledge production has been based on impressionistic 
evidence only, motivated perhaps by the emergence of a ‘knowledge market’ in which 
a multitude of think-tanks and specialized commercial research institutes offer their 
services for governments and industry. The concept of a ‘knowledge society’ which has 
found its way from scholarly discourse into the mass media has probably contributed to 
the plausibility of the thesis. It has not been supported by theoretical considerations or 
by systematic empirical evidence. Theoretically, two reasons could account for the emer-
gence of inter- and transdisciplinary structures that would replace traditional disciplines. 
First, with the continuously growing number of specialties (i.e. research fi elds below the 
level of disciplines) the probability increases that, due to the proximity of such fi elds, 
new recombinations will occur which will result in new ‘interdisciplinary’ research fi elds. 
The organizational status of these fi elds, however, still follows the mode of ‘internal’ spe-
cialization. After a period of emergence they form into another specialized fi eld. Second, 
inter- and transdisciplinary research fi elds are promoted by funding agencies in the inter-
est of directing research to politically desired goals. This process is conditioned by the fact 
that the ‘externally’ defi ned subject matters, research problems, and values or interests 
can trigger sustained research. Examples for the fi rst reason are physical chemistry and 
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molecular biology, examples for the second are climate research and gender studies. The 
latter are combinations of disciplines or subdisciplines that are joined in research centers, 
journals, and funding programs but that remain intellectually independent and continue 
to develop individually.

The replacement of a discipline-based mode of knowledge production by a new mode 
is not corroborated by empirical data either. The commanding role of the universities as 
the core institution of knowledge production, and by implication the role of disciplines as 
their organizational structures, is unfettered. At the same time the expansion and differen-
tiation of courses and degrees has continued unabated (Frank and Meyer 2007, p. 20). Part 
and parcel of this process is the incorporation of ever more observable phenomena and 
social and technical activities into the knowledge producing and diffusing portfolio of the 
university. However, this does not result in parochial curricula and research programs. ‘By 
the end of the twentieth century, science curricula . . . are more differentiated and special-
ized, but the specialization involved can easily be followed and understood by specialists 
anywhere in the world’ (Frank and Meyer 2007, p. 30).

Another indicator of structural changes in the organization of knowledge is scholarly 
associations. Systematic study shows an increase of inter- or multidisciplinary associa-
tions, mostly in the broader fi elds of medicine and biology. Apart from the fact that this 
observation is based on self-descriptions which may refl ect an adaptation to political 
expectations, the emergence of these encompassing associations has primarily occurred 
in applied fi elds (Schwechheimer and Weingart 2007, pp. 194–5).

Thus, disciplines and their derivatives, specialties, and research fi elds, remain the prin-
cipal organizational unit for the production and diffusion of knowledge. However, the 
process of differentiation and the concomitant scientifi cation (i.e. the expansion of the 
perception of the world in terms of scientifi c methods and concepts) soften the once rigid 
boundaries of the disciplines and allow for the emergence of interdisciplinary fi elds and 
the effect of ‘external’ occasions to initiate cross boundary research activities. To postulate 
that disciplines lose their function amounts to claiming that the development of scien-
tifi c knowledge is exclusively directed by ‘external’ societal and political interests. It would 
actually imply a reversal of the differentiation process that has been under way for more 
than two centuries. Since that is unlikely to happen, traditional disciplines and inter-, 
multi-, and transdisciplinary research fi elds will exist side by side.
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CHAPTER 2

A taxonomy of 
interdisciplinarity
JULIE THOMPSON KLEIN

Taxonomies classify entities according to similarities and differences, whether they are 
 animal species, artistic genres, or medical symptoms. Since the late nineteenth century, 
taxonomies of knowledge in the Western intellectual tradition have been dominated 
by a system of disciplinarity that demarcates domains of specialized inquiry. Over the 
latter half of the last century, though, the system was supplemented and challenged 
by an increasing number of interdisciplinary activities. This proliferation gave rise, in 
turn, to new taxonomies that registered expansion of the genus Interdisciplinarity, pro-
pelled by new species of integration, collaboration, complexity, critique, and problem 
solving. The new classifi cation schemes differentiated forms of disciplinary interac-
tion, motivations for teaching and research, degrees of integration and scope, modes of 
interaction, and organizational structures. The fi rst major interdisciplinary typology 
was published in 1972, created for an international conference held in France in 1970 
and co-sponsored by the Organisation for Economic Co-operation and Development 
(OECD) (Apostel et al. 1972). Other labels soon  followed, producing a sometimes 
 confusing array of jargon. However, the three most widely used terms in the OECD 
typology—‘multidisciplinary’,  ‘interdisciplinary’, and ‘transdisciplinary’—constitute a 
core vocabulary for understanding both the genus of Interdisciplinarity and individual 
species within the general  classifi cation.

This chapter distinguishes Multidisciplinarity and Interdisciplinarity (ID) then describes 
species of Methodological ID and Theoretical ID, Bridge Building and Restructuring, Instru-
mental ID and Critical ID. After that, it defi nes major trendlines in the current heightened 
momentum for Transdisciplinarity and closes with the most recent typologies and refl ec-
tions on the problem of taxonomy. Taxonomies construct the ways in which we organize 
knowledge and education. However, they are neither permanent nor complete and their 
boundaries change. A comparative picture of defi ning characteristics is an important 
index of patterns of practice and change. Table 2.1 is an overview of key terms in the 
chapter and the literature it cites.
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Multidisciplinarity Interdisciplinarity

• • integrating • transcending

• • interacting • transgressing

• coordinating • linking • transforming

• focusing

• blending

• complementing • hybridizing

• Encyclopedic ID Systematic Integration

• Indiscriminate ID Transsector Interaction

• Pseudo ID 

Partial Integration - - - - - - - - - - - - - - - - - - - - - - - - - - - -  Full Integration

Contextualizing ID ConceptualID

Auxiliary ID Supplementary ID Structural ID/Unifying ID 

Composite ID Generalizing ID Integrative ID

Degrees of Collaboration

Shared ID - - - - - - - - - - - - -  Cooperative ID

______________________________________________________________________________ 

• Narrow versus Broad or Wide ID

• Methodological versus Theoretical ID

• Bridge Building versus Restructuring

• Instrumental versus Critical ID

• Endogenous versus Exogenous ID

sequencing

juxtaposing

Transdisciplinarity

Table 2.1 Defi ning characteristics in typologies of interdisciplinarity
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2.1 Multidisciplinary juxtaposition and alignment

In a comparative study of taxonomies, Lisa Lattuca found that most defi nitions treat the 
integration of disciplines as the ‘litmus test’ of interdisciplinarity. In fi elds that prioritize 
critique of knowledge over synthesizing existing disciplinary components, the premise 
is disputed, along with the view that disciplinary grounding is the necessary basis for 
interdisciplinary work. Nonetheless, integration is the most common benchmark and, 
combined with degrees of disciplinary interaction, provides a comparative framework for 
understanding differences in types of interdisciplinary work (Lattuca 2001, pp. 78, 109).

In the OECD classifi cation, Multidisciplinarity was defi ned as an approach that juxtaposes 
disciplines. Juxtaposition fosters wider knowledge, information, and methods. Yet, disciplines 
remain separate, disciplinary elements retain their original identity, and the existing structure 
of knowledge is not questioned. This tendency is evident in conferences, publications, and 
research projects that present different views of the same topic or problem in serial order. Simi-
larly, many so-called ‘interdisciplinary’ curricula are actually a multidisciplinary assemblage of 
disciplinary courses, including programs of general education and interdisciplinary fi elds that 
ask students to take a selection of department-based courses. The keywords in Rebecca Craw-
ford Burns’ typology of integrative education provide everyday images of multidisciplinary 
juxtaposition. When disciplines and school subjects are aligned in parallel fashion, they are 
in a Sequencing mode and, when intentionally aligned, in a Coordinating mode (Burns 1999, 
pp. 8–9). In either case, however, integration and interaction are lacking. Several technical 
terms shed further light on the nature of Multidisciplinarity in both education and research.

2.1.1 Encyclopedic, indiscriminate, and pseudo forms

Multidisciplinarity is encyclopedic in character. In a six-part typology, Margaret Boden 
defi ned Encyclopedic ID as a ‘false’ or at best a ‘weak’ form. It is an expansive enterprise 
 typically lacking intercommunication, a trait embodied in joint degrees, the journals Science
and Nature, and collocated information on the World Wide Web (Boden 1999, pp. 14–15). 
Comparably, in the OECD conference Heinz Heckhausen defi ned Indiscriminate ID as an 
encyclopedic form, citing the studium generale of German education, vocational training 
that prepares workers to handle a variety of problems with ‘enlightened common sense’, 
and exposure to multiple disciplines in professional education. A second form, Pseudo ID,
is embodied in the erroneous proposition that sharing analytical tools such as mathemati-
cal models of computer simulation constitutes ‘intrinsic’ interdisciplinarity (Heckhausen 
1972, p. 87). A number of disciplines have also been described as ‘inherently interdisci-
plinary’ because of their broad scope. Philosophy, literary studies, and religious studies 
were early examples, followed by anthropology, geography, and many interdisciplinary 
fi elds. A wide compass alone, however, does not constitute interdisciplinarity.

2.1.2 Contextualizing, informed, and composite relationships

The loose and restricted relationship of disciplines in multidisciplinarity is illustrated by 
the familiar practice of applying knowledge from one discipline in order to contextualize 
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another. For instance, a scholar might use the discipline of history to inform readers about 
a particular movement in philosophy or use philosophy to provide an epistemological 
context for interpreting a particular event. In Contextualizing ID, Boden stipulates, other 
disciplines are taken into account without active cooperation. She cites the engineering 
profession’s effort to include social contexts of practice, and the Academy of Finland Inte-
grative Research (AFIR) team mentions the example of a research proposal for an exten-
sive reference book on Scandinavian history. Authors from multiple disciplines were to 
be involved, but their chapters would be arrayed in encyclopedic sequence (Boden 1999, 
pp. 15–16; Bruun et al. 2005, pp. 112–13).

The label Composite ID names another familiar practice—applying complementary skills 
to address complex problems or to achieve a shared goal. Heckhausen cited major societal 
problems such as war, hunger, delinquency, and pollution. He deemed peace research and 
city planning ‘interdisciplinarities in the making’, because they simulate exploring inter-
dependences among a ‘jigsaw puzzle-like composition’ of adjacent fi elds. He also noted 
the Apollo space project (Heckhausen 1972, p. 88). In Composite ID, the AFIR team found, 
production of knowledge retains a strong disciplinary thrust. However, results are inte-
grated within a common framework. In the biosciences, for instance, technical knowledge 
from many fi elds and expensive instruments are often shared. For example, a research 
proposal for a forest technology project included a large array of approaches in the forest 
sciences. The approaches were dissimilar but did not cause conceptual barriers because of 
their historical coexistence within forestry (Bruun et al. 2005, p. 114).

2.2 Interdisciplinary integration, interaction, and collaboration

When integration and interaction become proactive, the line between multidisciplinar-
ity and interdisciplinarity is crossed. Integrated designs, Burns indicates, restructure 
existing approaches through explicit focusing and blending (Burns 1999, pp. 11–12). Lat-
tuca adds the image of linking issues and questions that are not specifi c to individual 
disciplines. In education, for example, courses achieve a more holistic understanding of 
a cross-cutting question or problem, such as historical and legal perspectives on public 
education or biological and psychological aspects of human communication (Lattuca 
2001, pp. 81–3). Purposes differ, however. A course on the environment does not have 
the same motivation as building the infrastructure of a new interdiscipline such as clini-
cal and translational science or borrowing the concept of imagery from art history in a 
political science research project on visual symbols in election campaigns. Scope varies 
as well. William Newell depicts a spectrum moving from partial to full integration, and 
the focus may be narrow or wide. Narrow ID occurs between disciplines with compat-
ible methods, paradigms, and epistemologies, such as history and literature and the 
AFIR example of forest sciences. Fewer disciplines are typically involved as well, simpli-
fying communication. Broad or Wide ID is more complex. It occurs between disciplines 
with little or no compatibility, such as sciences and humanities. They have different 
paradigms or methods and more disciplines and social sectors may be involved (Newell 
1998, p. 533).
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Many believe that interdisciplinarity is synonymous with collaboration. It is not. 
 However, heightened interest in teamwork to solve complex intellectual and social prob-
lems has reinforced the connection, especially in team teaching and research management. 
Here too, degrees of integration and interaction differ. In Shared ID, Boden designates, dif-
ferent aspects of a complex problem are tackled by different groups. They possess comple-
mentary skills, communicate results, and monitor overall progress. Yet, daily cooperation 
does not necessarily occur. In contrast, Cooperative ID requires teamwork, exemplifi ed 
by the collaboration of physicists, chemists, engineers, and mathematicians in the Man-
hattan Project to build an atomic bomb and in research on public policy issues such as 
energy and law and order (Boden 1999, pp. 17–19). In a four-level typology, Simon and 
Goode (1989, pp. 220–1) sketched the range of interactions that occurs in both research 
and teaching. The least degree is the reductive role of supplying background or contextual 
information to other disciplines. Elaboration or explanation of fi ndings is the next level, 
but is still limited. At higher levels of interaction, joint defi nition of variables or categories 
occurs and, in the greatest degree, fundamental questions are refi ned by integrating the 
approaches of all the participants into the research design. Differing degrees of integra-
tion and interaction are further evident in Methodological ID versus Theoretical ID.

2.2.1 Methodological ID

Methodological ID and Theoretical ID are often differentiated in taxonomies. The typical 
motivation in Methodological ID is to improve the quality of results. The typical activity is 
borrowing a method or concept from another discipline in order to test a hypothesis, to 
answer a research question, or to help develop a theory (Bruun et al. 2005, p. 84). Here, as 
well, degrees of integration and interaction differ. If a borrowing does not result in a sig-
nifi cant change in practice, Heckhausen stipulated, the relationship of disciplines is Auxil-
iary. If the borrowing becomes more sophisticated and an enduring dependence develops, 
the relationship becomes Supplementary, exemplifi ed by incorporation of psychological 
testing in pedagogy and neurophysiological measures in psychology (Heckhausen 1972, 
pp. 87–89). When new laws become the basis for an original discipline, such as electro-
magnetics or cybernetics, a new Structural relationship emerges (Boisot 1972, pp. 94–5). 
Some methodologies have also formed the foundation for recognized specialties such as 
statistics, oral history, and econometrics (Becher 1989, p. 49).

The history of interdisciplinary approaches in the social sciences yields an extended 
illustration. In a six-part typology, Raymond Miller identifi ed two kinds of Methodologi-
cal ID. The fi rst, Shared Components, includes research methods that are shared across 
disciplines, such as statistical inference. The second, Cross-Cutting Organizing Principles, 
are focal concepts or fundamental social processes used to organize ideas and fi ndings 
across disciplines, such as ‘role’ and ‘exchange’ (Miller 1982, pp. 15–19). New engineering 
and technological methods that were developed during World War II stimulated post-
war borrowings of cybernetics, systems theory, information theory, game theory, and new 
conceptual tools of communication theory and decision theory. In addition, the roster of 
shared methods includes techniques of surveying, interviewing, sampling, polling, case 
studies, cross-cultural analysis, and ethnography. In the latter decades of the twentieth 
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century, a ‘third methodological movement’ also emerged, marked by new borrowings 
that combine quantitative and qualitative traditions (Mahan 1970; Tashakkori and Teddlie 
2003; Smelser 2004, p. 60). For a four-part typology of ID social sciences classifi ed as cross-
fertilizations, formal collaborations, topics that catalyze new fi elds, and problem-oriented 
research beyond the academy, see Calhoun and Rhoten in Chapter 7 of this volume.

Relations with the humanities changed as well. In 1980, Clifford Geertz identifi ed a 
broad shift within intellectual life in general and the social sciences in particular. The 
model of physical sciences and a laws-and-instances explanation was being supplanted 
by a case-and-interpretation model and symbolic form analogies borrowed from the 
humanities. Social scientists were increasingly representing society as a game, drama, or 
text, rather than a machine or quasi-organism. They were also borrowing methods of 
speech-act analysis, discourse models, and cognitive aesthetics, crossing the traditional 
boundary of explanation and interpretation. Conventional rubrics remain, but they are 
often jerry-built to accommodate a situation Geertz dubbed increasingly ‘fl uid, plural, 
uncentered, and ineradicably untidy’. Postpositivist, poststructural, constructivist, inter-
pretive, and critical paradigms also stimulated new interactions in the interdisciplinary 
study of culture within and across humanities and social sciences.

2.2.2 Theoretical interdisciplinarity

Theoretical ID connotes a more comprehensive general view and epistemological 
form. The outcomes include conceptual frameworks for analysis of particular prob-
lems, integration of propositions across disciplines, and new syntheses based on con-
tinuities between models and analogies. Individual projects also exhibit theoretical 
imperatives. One research proposal the AFIR team examined sought to develop a 
model of mechanisms that mediate mental stress experiences into physiological reac-
tions and eventually coronary heart disease. Previous studies emphasized correlation 
of single stress factors or separate personal traits associated with the disease. In con-
trast, the project aimed to develop an interdisciplinary theory based on integration 
of psychological and medical elements and testing the conceptual tool of inherited 
‘temperament’ (Bruun et al. 2005, p. 86).

For Boden, the highest levels of the genus Interdisciplinarity are Generalizing ID and 
Integrated ID. In Generalizing ID, a single theoretical perspective is applied to a wide 
range of disciplines, such as cybernetics or complexity theory. In Integrated ID, which 
Boden pronounces ‘the only true interdisciplinarity’, the concepts and insights of one dis-
cipline contribute to the problems and theories of another, manifested in computational 
neuroscience and the philosophy of cognitive science. Individuals may fi nd their original 
disciplinary methods and theoretical concepts modifi ed as a result of cooperation, foster-
ing new conceptual categories and methodological unifi cation (Boden 1999, pp. 19–22). 
Comparably, Lattuca judges Conceptual ID to be a ‘[t]rue or full’ form of interdisciplinar-
ity. The core issues and questions lack a compelling disciplinary basis, and a critique of 
disciplinary understanding is often implied (Lattuca 2001, p. 117). Talk of ‘true’ or ‘full’ 
interdisciplinarity leads to a further distinction—between motivations of Bridge Building 
and Restructuring.
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2.3 Bridge building versus restructuring

The Nuffi eld Foundation in London identifi ed two basic metaphors of  interdisciplinarity—
bridge building and restructuring. Bridge building occurs between complete and fi rm dis-
ciplines. Restructuring detaches parts of several disciplines to form a new coherent whole. 
The Foundation also noted a third possibility that occurs when a new overarching concept or 
theory subsumes the theories and concepts of several existing disciplines, akin to the notion of 
transdisciplinarity (Apostel et al. 1972, pp. 42–5). The difference between bridge building and 
restructuring is illustrated by Landau, Proshansky, and Ittelson’s classifi cation of two phases in 
the history of interdisciplinary approaches in social sciences. The fi rst phase, dating from the 
close of World War I to the 1930s, was embodied in the founding of the Social Science Research 
Council and the University of Chicago school of social science. The interactionist framework 
at Chicago fostered integration, and members of the Chicago school were active in efforts to 
construct a unifi ed philosophy of natural and social sciences. The impacts were widely felt, and 
on occasion disciplinary ‘spillage’ led to the formation of hybrid disciplines such as social psy-
chology and political sociology. However, traditional categories of knowledge and academic 
structures remained intact.

The second phase, dating from the close of World War II, was embodied in ‘integrated’ 
social science courses, a growing tendency for interdisciplinary programs to become ‘inte-
grated’ departments, and the concept of behavioral science. The traditional categories 
that anchored the disciplines were questioned, and lines between them began to blur, 
paving the way toward a new theoretical coherence and alternative divisions of labor. The 
behavioral science movement sought an alternative method of organizing social inquiry, 
rather than tacking imported methods and concepts onto traditional categories. The fi eld 
of area studies is another prominent case. In contrast to earlier ‘interdisciplinary’ borrow-
ing, it was a new ‘integrative’ conceptual category with greater analytic power, stimulating 
a degree of theoretical convergence in the concepts of role, status, exchange, information, 
communication, and decision-making (Landau et al. 1962, pp. 8, 12–17).

2.4 Interdisciplinary fi elds and hybrid specializations

The formation of new interdisciplinary domains is a major instance of restructuring. 
Miller identifi ed four pertinent categories in his typology. Topics are associated with prob-
lem areas. ‘Crime’, for instance, is a social concern that appears in multiple social science 
disciplines and in criminal justice and criminology. ‘Area’, ‘labor’, ‘urban’, and ‘environ-
ment’ also led to new academic programs, and study of the ‘aged’ produced the fi eld of 
gerontology. Life experience became prominent in the late 1960s and 1970s with the emer-
gence of ethnic studies and women’s studies. Hybrids are ‘interstitial cross-disciplines’ 
such as social psychology, economic anthropology, political sociology, biogeography, cul-
ture and personality, and economic history. Professional preparation also led to new fi elds 
with a vocational focus, such as social work and nursing and, Neil Smelser adds, fi elds of 
application to problem areas such as organization and management studies, media studies 
and commercial applications, and planning and public policy (Smelser 2004, p. 61).
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Ursula Hübenthal’s keyword for the formal intersection of topics and objects is ‘Inter-
meshing’, in contrast to ‘Complementing’ interests among disciplines that remain apart 
(Hübenthal 1994, p. 63). Heckhausen called the higher level of formality Unifying ID, an 
outcome that occurred when biology reached the subject matter level of physics, form-
ing biophysics (Heckhausen 1972, pp. 88–9). Within the fi eld of science, technology, and 
society studies, Susan Cozzens also noted a specialized interdisciplinary bridge formed by 
alliances of economists of scientifi c research and technological development with histori-
ans and sociologists of technology interested in technological innovations (Cozzens 2001, 
p. 57). Observing a historical increase in hybrids, Dogan and Pahre identifi ed two stages 
in the process. The fi rst stage is specialization, and the second is continuous reintegration 
of fragments of specialties across disciplines. There are two types of hybrids. The fi rst kind 
becomes institutionalized as a subfi eld of a discipline or a permanent cross-disciplinary 
program. The second kind remains informal. Hybrids often form in the gaps between 
subfi elds. Child development, for example, incorporates developmental psychology, lan-
guage acquisition, and socialization (Dogan and Pahre 1990, pp. 63, 66, 72).

One of the myths of interdisciplinarity is that the ‘inter-discipline’ of today is the ‘dis-
cipline’ of tomorrow (Apostel et al. 1972, p. 9). Their trajectories vary greatly, however. 
Some fi elds remain embryonic, while others develop epistemological strength anchored 
by shared thematic principles, unifying core concepts, and a new community of knowers 
with a common interlanguage. Economic and social capital are powerful determinants in 
the political economy of knowledge. The growth of area studies was enabled by signifi cant 
amounts of funding from the Ford Foundation. Molecular biology also enjoyed a level of 
funding lacking in social psychology, and the same discrepancy is evident today in the dif-
fering status of biomedicine and cultural studies.

Labels are not absolute states of being, either. Richard Lambert (1991) describes area 
studies as a ‘highly variegated, fragmented phenomenon, not a relatively homogeneous 
intellectual tradition’. Much of what may be called ‘genuinely interdisciplinary’ work 
occurred at the juncture of four disciplines that provided the initial bulk of area special-
ists: history, literature and language, anthropology, and political science. In that hybrid 
intellectual space, a historically informed political anthropology developed using material 
in local languages. Blending of disciplinary perspectives occurred most often at profes-
sional meetings and in research by individual specialists. Broadly defi ned themes have 
been the dominant pattern in scholarly papers, creating a collective ‘multidisciplinary’ 
perspective, and the topic of any one event ‘drives the disciplinary mix’. At the same time, 
area studies is ‘subdisciplinary’ in the sense that research by individuals has tended to 
concentrate on particular subdomains, while the fi eld at large is ‘transdisciplinary’ in the 
broad scope of its endeavors.

2.4.1 Instrumental ID versus critical ID

The difference between Instrumental ID and Critical ID is a major faultline in the dis-
course of interdisciplinarity. In an analysis of forms of interdisciplinary explanation, 
Mark Kann identifi ed three political positions. Conservative elites want to solve social and 
economic problems, without concern for epistemological questions. Liberal academics 



ID fi elds and hybrid specializations 23

demand accommodation but maintain a base in the existing structure. Radical dissidents 
challenge the existing structure of knowledge, demanding that interdisciplinarity respond 
to the needs and problems of oppressed and marginalized groups (Kann 1979, pp. 187–8). 
Methodological ID is ‘instrumental’ in serving the needs of a discipline. During the 1980s, 
though, another kind of Instrumental ID gained visibility in science-based areas of eco-
nomic competition, such as computers, biotechnology and biomedicine, manufacturing, 
and high-technology industries. Peter Weingart (2000, p. 39) treats this type of activity 
as Strategic or Opportunistic ID. In this instance, Interdisciplinarity serves the market and 
national needs.

In contrast, Critical ID interrogates the dominant structures of knowledge and educa-
tion with the aim of transforming them, raising questions of value and purpose silent 
in Instrumental ID. New fi elds in Miller’s Life experience category were often imbued 
with a critical imperative, prompting Douglas Bennett to call them a ‘sacred edge’ in the 
reopened battle over inclusion and exclusion (Bennett 1997, p. 144). Older fi elds, such as 
American studies, also took a ‘critical turn’ in the 1960s and 1970s, and a ‘new interdisci-
plinarity’ emerged in the humanities (Klein 2005, pp. 153–75). Salter and Hearn (1996) 
call interdisciplinarity the necessary ‘churn in the system’, aligning it with a dynamic striv-
ing for change that disturbs continuity and routine. This imperative is signifi ed in a new 
rhetoric of ‘anti’, ‘post’, ‘non’, and ‘de-disciplinary’ that is prominent in cultural studies, 
women’s and ethnic studies, literary studies, and postmodern approaches across disci-
plines. An increasing number of faculty in humanities and social sciences, Lattuca reports, 
do interdisciplinary work with an explicit intent to deconstruct disciplinary knowledge 
and boundaries, blurring the boundaries of the epistemological and the political (Lattuca 
2001, pp. 15–16, 100).

The disciplines are also implicated in Critical ID. Giles Gunn’s typology of interdis-
ciplinary approaches to literary studies identifi es multiple approaches to mapping. The 
simplest strategy is on disciplinary grounds, tracing the relationship of one discipline 
to another, such as ‘literature and . . .’ philosophy or psychology, and so forth. The map 
changes, though, if another question is asked. What new subjects and topics have emerged? 
New examples appear, including the history of the book, psychoanalysis of the reader, 
and the ideology of gender, race, and class. Each topic, in turn, projected further lines of 
investigation. ‘The threading of disciplinary principles and procedures’, Gunn found, ‘is 
frequently doubled, tripled, and quadrupled in ways that are not only mixed but, from a 
conventional disciplinary perspective, somewhat off center’. They do not develop in lin-
ear fashion but are characterized by overlapping, underlayered, interlaced, cross-hatched 
affi liations, collations, and alliances with ill-understood and unpredictable feedbacks. 
The fi nal and most diffi cult approach to mapping is rarely acknowledged. Correlate fi elds 
and disciplines have changed, challenging assumptions about the strength of boundaries 
while working to erode them. ‘The inevitable result of much interdisciplinary study, if not 
its ostensible purpose’, Gunn concluded, ‘is to dispute and disorder conventional under-
standings of relations between such things as origin and terminus, center and periphery, 
focus and margin, inside and outside’ (Gunn 1992, pp. 241–3, 248–9).

The distinction between Instrumental and Critical forms is not absolute. Research on 
problems of the environment and health often combines critique and problem  solving. 
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Nonetheless, a clear division appears in the classifi cation of motivations. Observing 
trends in the medical curriculum, Bryan Turner (1990) affi rms that when interdiscipli-
narity is conceived as a short-term solution to economic and technological problems, 
pragmatic questions of reliability, effi ciency, and commercial value take center stage. In 
social medicine and sociology of health, in contrast, interdisciplinarity emerged as an 
epistemological goal. Researchers focused on the complex causality of illness and disease 
that factors in psychological, social, and ethical factors missing from the hierarchical 
biomedical model.

2.4.2 Transdisciplinarity

In the OECD typology, Transdisciplinarity (TD) was defi ned as a common system of axi-
oms that transcends the narrow scope of disciplinary worldviews through an overarching 
synthesis, such as anthropology construed as the science of humans. Conference par-
ticipants Jean Piaget and Andre Lichnerowicz regarded TD as a conceptual tool capable 
of producing interlanguages. Piaget treated it as a higher stage in the epistemology of 
interdisciplinary relationships based on reciprocal assimilations, and Lichnerowicz pro-
moted ‘the mathematic’ as a universal interlanguage. Erich Jantsch embued TD with a 
social purpose in a hierarchical model of the system of science, education, and innovation 
(Jantsch 1972; Lichnerowicz 1972; Piaget 1972). The intellectual climate of the times was 
evident in the organizing languages of the OECD seminar—logic, cybernetics, general 
systems theory, structuralism, and organization theory. Since then, the term has prolifer-
ated, becoming a descriptor of broad fi elds and synoptic disciplines, a team-based holistic 
approach to health care, and a comprehensive integrative curriculum design driven by the 
keyword ‘transcending’. A defi ning essay on the website td-net notes that TD research has 
developed in different contexts, fostering different types with different goals (Transdisci-
plinarity Net 2009). Four major trendlines defi ne the current heightened momentum.

2.5 Current TD trendlines

One trendline is the contemporary version of the historical quest for systematic integra-
tion of knowledge. This quest spans ancient Greek philosophy, the medieval Christian 
summa, the Enlightenment ambition of universal reason, Transcendentalism, the Unity of 
Science movement, the search for unifi cation theories in physics, and E. O. Wilson’s theory 
of consilience. Reviewing the history of discourse on TD, philosopher Joseph Kockelmans 
(1979) found it has tended to center on educational and philosophical dimensions of sci-
ences. The search for unity today, though, does not follow automatically from a pregiven 
order of things. It must be continually ‘brought about’ through critical, philosophical, and 
supra-scientifi c refl ection. It also accepts plurality and diversity, a perspective prominent 
in the Centre International de Recherches et Etudes Transdisciplinaire (CIRET). CIRET 
is a virtual meeting space where a new universality of thought and type of education is 
being developed, informed by the worldview of complexity in science (<http://basarab.
nicolescu.perso.sfr.fr/ciret/>).

http://basarab.nicolescu.perso.sfr.fr/ciret/
http://basarab.nicolescu.perso.sfr.fr/ciret/
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The second trendline is akin to Critical ID. Transdisciplinarity is not just ‘transcendent’ 
but ‘transgressive’. In the 1990s, TD began appearing more often as a label for knowl-
edge formations imbued with a critical imperative, fostering new theoretical paradigms. 
Ronald Schleifer (2002) associated the new interdisciplinarity in humanities with new 
theoretical approaches and transdisciplinary or cultural study of social and intellectual 
formations that have breached canons of wholeness and the simplicity of the Kantian 
architecture of knowledge and art. The transdisciplinary operation of cultural studies, 
Douglas Kellner specifi ed, draws on a range of fi elds to theorize the complexity and con-
tradictions of media/culture/communications. It moves from text to contexts, pushing 
boundaries of class, gender, race, ethnicity, and other identities (Kellner 1995, pp. 27–8). 
Dölling and Hark (2000, pp. 1196–7) associate transdisciplinarity in women’s and gender 
studies with critical evaluation of terms, concepts, and methods that transgress disciplin-
ary boundaries. And, in Canadian studies, Jill Vickers links trans- and antidisciplinarity 
with movements that reject disciplinarity in whole or in part, while raising questions of 
sociopolitical justice (Vickers 1997, p. 41).

The third trendline is an extension of the OECD connotation of overarching synthetic 
paradigms. Miller defi ned TD as ‘articulated conceptual frameworks’ that transcend the 
narrow scope of disciplinary worldviews. Leading examples include general systems, 
structuralism, Marxism, sociobiology, phenomenology, and policy sciences. Holistic in 
intent, these frameworks propose to reorganize the structure of knowledge, metaphori-
cally encompassing the parts of material fi elds that disciplines handle separately (Miller 
1982, p. 21). More recently, a variant of this trendline has emerged in North America in 
the notion of ‘transdisciplinary science’ in broad areas such as cancer research. TD sci-
ence is a collaborative form of ‘transcendent interdisciplinary research’ that creates new 
methodological and theoretical frameworks for defi ning and analyzing social, economic, 
political,  environmental, and institutional factors in health and well-being (Stokols et al.
2008).

The fourth trendline—trans-sector TD problem solving—is prominent in Europe and 
North–South partnerships. A new form of TD was evident in the late 1980s and early 
1990s in Swiss and German contexts of environmental research. By the turn of the cen-
tury case studies were being reported in all fi elds of human interaction with natural sys-
tems and technical innovations as well as the development context. The core premise of 
this trendline is that problems in the Lebenswelt—the life-world—need to frame research 
questions and practices, not the disciplines (Transdisciplinarity Net 2009). Not all prob-
lems are the same, however. One strand of TD problem solving centers on collaborations 
between academic researchers and industrial/private sectors for the purpose of prod-
uct and technology development, prioritizing the design of innovative milieus and the 
involvement of stakeholders in product development. A different type of TD research 
arises when academic experts and social actors contributing local knowledge and contex-
tual interests cooperate in the name of democratic solutions to controversial problems 
such as sustainability and risks of technological modernizations such as nuclear power 
plants (Transdisciplinarity Net 2009).

The fourth trendline also intersects with two prominent concepts—‘Mode 2 knowledge 
production’ and ‘postnormal science’. In 1994, Gibbons, et al. proposed that a new mode 
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of knowledge production is fostering synthetic reconfi guration and  recontextualization 
of knowledge. In contrast to the older Mode 1—characterized by hierarchical, homo-
geneous, and discipline-based work—the defi ning traits of the new Mode 2 include 
complexity, non-linearity, heterogeneity, and transdisciplinarity. New confi gurations of 
research work are being generated continuously, and a new social distribution of knowl-
edge is occurring as a wider range of organizations and stakeholders contribute their skills 
and expertise to problem solving. Gibbons, et al. (1994) initially highlighted instrumental 
contexts of application and use, such as aircraft design, pharmaceuticals, electronics, and 
other industrial and private sectors. In 2001, Nowotny et al. extended the Mode 2 theory 
to argue that contextualization of problems requires participation in the agora of public 
debate, incorporating the discourse of democracy that is also voiced strongly in Critical 
ID. When lay perspective and alternative knowledges are recognized, a shift occurs from 
solely ‘reliable scientifi c knowledge’ to inclusion of ‘socially robust knowledge’ that dis-
mantles the expert/lay dichotomy while fostering new partnerships between the academy 
and society.

Postnormal science, in Funtowicz and Ravetz’s (1993) classic defi nition, breaks free of 
reductionist and mechanistic assumptions about the ways in which things are related and 
how systems operate. ‘Unstructured’ problems are driven by complex cause–effect rela-
tionships, and they exhibit a high divergence of values and factual knowledge. Weingart 
(2000, pp. 36, 38) fi nds a common topos among claims for new modes of knowledge 
production, postnormal and postmodern science, and newer forms of inter- or transdis-
ciplinary research. They are all oscillating between empirical and normative statements, 
positing more democratic and participatory modes while resounding the same theme 
that triggered the escalation of interdisciplinarity in the context of higher education 
reform during the 1960s. Now, though, claims are framed in the context of application 
and involvement of stakeholders in systems that are too complex for limited disciplinary 
modes portrayed as being too linear and narrow for ‘real-world’ problem solving. New 
TD and counterpart ID forms, though, are not without their own ‘blind spots’, failing to 
recognize the opportunistic dimensions of both presumably ‘internal’ academic science 
and strategic research for non-scientifi c goals.

2.6 New implications for taxonomy

The most recent authoritative typology appeared in a report issued by the National 
Academy of Sciences in the United States. Facilitating interdisciplinary research (National 
Academy of Sciences 2004, pp. 2, 40) identifi es four primary drivers of interdisciplinarity 
today:

(1) the inherent complexity of nature and society,
(2)  the desire to explore problems and questions that are not confi ned to a single 

 discipline,
(3) the need to solve societal problems,
(4) the power of new technologies.
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Drivers (1), (2), and (3) are not new. They have intensifi ed, however, in recent decades. 
Driver (3), in particular, escalated with a force anticipated in 1982, when the OECD 
concluded that Exogenous ID had gained priority over Endogenous University ID. The 
Endogenous originates within science, while the Exogenous originates in ‘real problems 
of the community’ and the demand that universities perform their pragmatic social 
mission (OECD 1982, p. 130). Driver (4) has gained force as well. Generative tech-
nologies such as magnetic resonance imaging are enhancing research capabilities in 
many fi elds. New instrumentation and informational analysis are enhancing studies of 
human behavior through brain mapping and cross-fertilizations of cognitive science 
and neuroscience. New quantitative methods and advanced computing power are also 
facilitating the sharing of large quantities of data across disciplinary boundaries (Yates 
2004, pp. 133, 135).

In addition, the growth of interdisciplinary fi elds is being recognized in traditional 
taxonomies. When a committee affi liated with the National Research Council (NRC) 
proposed an updated taxonomy of research–doctorate programs in the United States, it 
recommended an increase in the number of recognized fi elds from 41 to 57. It also recom-
mended that ‘biology’ be renamed ‘life sciences’ and include agricultural sciences, while 
urging that subfi elds be listed to acknowledge their expansion. Mathematics and physical 
sciences, they added, should be merged into a single major group with engineering, and 
the committee called attention to the problem of naming in all fi elds. Despite general 
agreement that interdisciplinary research is widespread, doctoral programs often retain 
traditional names (Ostriker and Kuh 2003). The fi nal 2009 guide to methodology is espe-
cially responsive to change in the category of life sciences and added a fi eld of ‘biology/
integrated biology/integrated biomedical sciences’. Other changes in the guide’s taxon-
omy served to expand disciplines, and programs were added in agricultural fi elds, public 
health, nursing, public administration, and communication. Appendix C also includes the 
‘emerging fi elds’ of bioinformatics, biotechnology, computational engineering, criminol-
ogy and criminal justice, feminist gender and sexuality studies, fi lm studies, information 
science, nanoscience and nanotechnology, nuclear engineering, race ethnicity and postco-
lonial studies, rhetoric and composition, science and technology studies, systems biology, 
urban studies and planning (Ostriker et al. 2009).

Two other recent reports signal changes to come. In 2008, the NRC commissioned a 
Panel on Modernizing the Infrastructure of the National Science Foundation’s  Federal 
Funds for R&D Survey. This survey provides data on R&D spending and policy in the 
United States. However, the taxonomy for fi elds of science and engineering has not been 
updated since 1978. It does not capture the increasingly multi- and interdisciplinary 
character of science. Moreover, related activities are lumped together into a large amor-
phous category of ‘not elsewhere classifi ed’ that includes new subfi elds, single-discipline 
projects without fi eld designations, emergent fi elds, established ID fi elds, cross-cutting 
initiatives, problem-focus areas, and miscellaneous ‘other’. In its fi nal report, the Panel’s 
report (Data) recommends capitalizing on the affordances of new technologies in fed-
erating, navigating, and managing data. It highlights, in particular, the National Insti-
tute of Health’s Research Condition and Disease Classifi cation (RCDC) database. The 
RCDC demonstrates the potential of bottom-up comprehensive systems to  incorporate 
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taxonomic elements while permitting users to construct cross-walks with agency-
 relevant keywords (tags) in particular projects and programs. In a review of the lit-
erature on evaluation of interdisciplinary research, a second taskforce affi liated with 
SRI International’s Science and Technology Policy Program underscored the problem of 
classifi cation systems while calling for greater use of new technologies capable of map-
ping underlying dynamics of relationships among disciplines and specialties (Wagner 
et al. 2009).

Changes of the kind traced in this chapter put pressure on not only conventional tax-
onomy but also on underlying assumptions about knowledge. In an issue of the journal 
Science, Alan Leshner contended that ‘new technologies are driving scientifi c advances as 
much as the other way around’, facilitating new approaches to older questions and posing 
new ones (Leshner 2004, p. 729). New topic-based domains outside or between disciplines 
are also transforming the disciplinary identities of collaborating researchers while foster-
ing new skill sets. ‘Thirty years ago’, Norm Burkhard observed, ‘the difference between a 
physicist and a chemist was obvious. Now we have chemists who are doing quantum-level, 
fundamental studies of material properties, just like solid-state physicists. There’s almost 
no difference’ (National Academy of Sciences 2004, p. 54). Developments in one area are 
stimulating new understandings in multiple fi elds as well, a phenomenon that occurred 
earlier in the theory of plate tectonics and more recently in the Human Genome Project 
and in nanoscience. Conventional taxonomies should not be jettisoned. Yet, they need to 
develop open, dynamic, and transactional approaches capable of depicting research in a 
network representation that is more aligned with changing confi gurations of knowledge 
and education.
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CHAPTER 3

Interdisciplinary cases and 
disciplinary knowledge
WOLFGANG KROHN

This chapter provides an epistemological analysis of interdisciplinary knowledge and 
research. It points at the peculiarities of interdisciplinarity and determines its place in 
the context of modern social epistemology. Interdisciplinary research can be subdivided 
into three kinds. At the center of the following analysis there is interdisciplinary problem 
solving, or better said, interdisciplinary case work. Of no less relevance, but of less epis-
temological concern, there is interdisciplinary communication as it is cultivated by many 
research centers. And fi nally there are a few cases of interdisciplinary fusion creating new 
disciplines. Among the suggested—but contested—examples are biochemistry, cognitive 
science, climate research, and public health.

In the following analysis interdisciplinary fusion is excluded as a mode of discipline 
formation. Even if the relevance of fusion may be underrated compared with disciplinary 
branching, newly fused disciplines leave observers where they started. Interdisciplinary 
communication will also be put aside. It can be described as the ‘irritation’ of disciplinary 
work. It provides scholars with fresh ideas and triggers them to redirect their research. If 
organized around themes and topics by the agendas of interdisciplinary research centers 
(e.g. Princeton, Berlin, Budapest) or foundations (e.g. Gordon Conferences), the effect 
may well go beyond the individual researcher. Most importantly—and opposite to the 
fusion zones—the themes can have this stimulating function even if they are extremely 
disparate. However, the function is to push the disciplines, not interdisciplinarity.

Interdisciplinary case work remains the most important kind. The intuitive conviction 
supporting this view is that most problems when they fi rst appear are too complex for 
just one or two disciplines. The problem-solving power of disciplines is strong only with 
respect to theoretically simplifi ed versions of problems. If complexity is added interdisci-
plinarity is needed. The most complex problems are so-called ‘real-world problems’. The 
simplest way of organizing interdisciplinary research on complex problems is the multi-
disciplinary approach. It resembles the ‘organic division’ of labor in industrial production. 
Every component of a research problem calls for a different science. The integration of 
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results may cause some trouble and require several attempts, but need not lead to excep-
tional diffi culties. The effi ciency of multidisciplinarity can best be observed in industrial 
research. Champions of ‘true’ interdisciplinarity tend to belittle multidisciplinary work, 
perhaps underestimating the quasi-industrial potential of modern knowledge work and 
romanticizing lost ideals of intellectual craftsmanship.

If, however, the organic division of intellectual cooperation presupposes common efforts 
to understand and defi ne a problem, research requires interaction between disciplines. 
Each participant researcher observes the others and makes his or her decisions depen-
dent on theirs. This is time-consuming, and without clear criteria for success. Investments 
without returns are frequent. Whatever drives people into highly complex interdisciplin-
ary projects—curiosity, social responsibility, or money—the need for manageable objects 
and presentable results in their reference community drives them out again. If, however, 
public and political concerns are strong enough to exert a more permanent pressure, the 
diffi cult process of discovering and shaping the components of a complex problem can 
continue and generate a complex fi eld of interactive interdisciplinary research. The prob-
lem, thereby, turns into a case.

The main propositions of this chapter are:

● Interdisciplinary research constitutes a relationship between individual cases and more 
general knowledge bases which is untypical for disciplinary research.

● This relationship demands a new mode of knowledge, in which learning about a case 
is equally as important as understanding causal structures. It calls for a combination 
between the ‘humanistic’ ideal of understanding the individual specifi cities of just one 
case, and the ‘scientifi c’ search for common features of different cases.

● Refl ection on the character of interdisciplinary knowledge supports a critical reassess-
ment of the received concept of scientifi c law and exemplary application.

If it is taken as a point of departure that most interdisciplinary research projects are 
organized around real-world cases, it is implied that these cases have to be understood 
with all their contingent features and circumstantial conditions. Each case is more or less 
different from every other case and has a certain value in itself. A paradigmatic example is 
global climate research. It aims at understanding the climate just exactly as it is, its origins 
and its future, in all its complexity and vagueness. Even if climate change is a broad topic, 
it is a unique one. It needs to be understood by means of a highly specifi c or even unique 
model to which many specialties contribute.

Interdisciplinary research also deals with cases which seemingly exist in several exem-
plars: cities and buildings in urban planning and architecture, prairies, sand dunes, or 
estuaries in restoration ecology and adaptive management, refugees in migration research, 
and prototypes in technological innovation. Here it seems possible to transfer knowledge 
gained in one case to similar cases. However, as will be seen later, relying on similarities 
without respecting differences can be misleading. In any case, reference to real-world cases 
is the essential cognitive and political dimension of interdisciplinary research.

This approach deviates from other approaches in not attempting to defi ne interdisci-
plinarity on the basis of and as a derivative of the disciplinary structure of knowledge. 
Rather, it is assumed that real-world cases necessarily integrate heterogeneous knowledge 
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bases, whether these are gathered under the institutional cover of a discipline or not. Any 
research fi eld or research project that addresses real-world problems is considered to be 
essentially interdisciplinary.

An advantage of this conceptual approach is its independence from unsatisfactory 
attempts to defi ne institutionally or cognitively what a discipline is. In consequence, 
research fi elds which are rhetorically addressed as disciplines can be considered to be 
epistemologically interdisciplinary. Moran (2002) has nicely made this point with respect 
to the humanities—English, literary criticism, cultural studies, feminism, psychoanalysis, 
and the like. They are all interdisciplines, or disciplines with interdisciplinary features, 
because they tend to accept cases in their complexity and contingency.

The same point was made earlier by Donald Campbell with respect to anthropol-
ogy, sociology, psychology, geography, political science, and economics, which he called 
‘hodgepodges’ caused and shaped by real-world problems (Campbell 1969). Later in this 
chapter I suggest that we expand the concept of real-world cases toward a softer defi nition 
focusing on complexity and contingency. However, to start with real-world cases helps 
us to better understand certain features of interdisciplinarity. The main interest is not 
to provide managerial and methodical solutions for cooperation between disciplines but 
to exploit the fruitful tension between understanding a case and searching for general 
knowledge. The main proposition here will be that taking cases seriously implies a kind 
of learning considerably different from received views of inductive or deductive methods. 
Doing research in the context of real-world problems demands and develops types of 
skills and competencies that scholars are not used to.

3.1 Idiographic and nomothetic knowledge

What are ‘real-world’ cases? The concept is meaningful only if contrasted with some ‘ideal’ 
state of something. Every scientifi c experiment makes things simpler than they are and 
theory imagines the world yet simpler. Historically, the paradigm is set by the invention 
of geometry. Since there is no real line, curve, or body that fi ts the demands of math-
ematical defi nition, they are ideally constructed. The ontological status of ideal objects 
has always been controversial, but this is not our point. Real things, those which we can 
point at, are only approximations of ideal objects. The science is still called ‘earth-mea-
suring’ ( geo-metry), though there is not a single place on earth that fi ts its defi nitions of 
objects. Sciences which do care for real-world measurement, such as surveying, align-
ment, and mapping, have developed methods able to determine an area of any shape. 
Limits to precision are not set by the methods but by changing and melting borders—as 
between land and water, forest and prairie, city and suburban sprawl. Open boundaries 
is a very important issue in the analysis of real-world objects or systems. Geometry and 
surveying have fruitfully interacted in history. Surveying is oriented to the real world and 
therefore is in itself an interdiscipline. Geometry is a classical discipline (or subdiscipline 
if mathematics is the discipline). Both come together in the earth sciences, in which on the 
one hand, sites, events, and (hi)stories are important and on the other the objects, models, 
and methods of the lab. Frodeman (2003) has provided an epistemological analysis of the 
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earth sciences showing how diffi cult it is to integrate the interdisciplinary strands into a 
coherent self-understanding of the discipline.

There are numerous other examples where, in a roughly identical segment of reality, 
strategies for grasping peculiar cases as they are coexist with strategies to construct cases 
as they are wanted for theory. The general proposition to be made with respect to this 
distinction is simply this: interdisciplinary research focuses on the peculiarities of given 
cases, while disciplinary research is characterized by substituting ideal features for given 
ones. Basically, many modern research fi elds relate to both foci and, therefore, have a 
tendency to become more of a discipline, as well as a place of integration for potential 
contributors from various disciplines. How this is balanced institutionally—in terms of 
journals, societies, handbooks, curricula, and research sites—is of no concern here.

We can call the specifi c features of a problem, a system, or a case its ‘idiographic component’. 
The more general features gained by taking problems, systems, or cases as exemplifying or 
inducing a more abstract or idealized object of knowledge its are called the ‘nomothetic com-
ponent’. This terminology was introduced by the neo-Kantian philosopher Wilhelm Windel-
band. Idiographic literally means describing the peculiar, singular, and specifi c.1 Nomothetic 
literally means setting the (scientifi c) law. The law-like quality of scientifi c knowledge is asso-
ciated with certain features of knowledge such as the reproducibility of experimental facts, 
prognosis of events, the general validity of propositions, and causal explanations of correla-
tions. The defi nition and relation of these epistemic features are controversial. But undoubt-
edly they contribute to strengthening the difference between something one happens to know 
and theoretically corroborated knowledge. Windelband thought the ideographic structure of 
knowledge was best exemplifi ed in historiography. A historian who specializes in the found-
ing of the United States of America does not usually wish to become a specialist on found-
ings in general, but builds his or her reputation on knowing everything about just this case 
and giving it an original and surprising interpretation. If he or she cared to analyze another 
founding—say of the Roman Empire, Brazil, or the European Union—neither factual knowl-
edge nor interpretation schemata can be transferred from one to the other.

When Windelband introduced this terminology he was not only a famous philosopher 
but also rector of Strasbourg University. He found himself in a position to reconcile a 
heated controversy between the natural/technical and the cultural sciences/humanities. 
The rapid ascent of the natural sciences led to claims that true knowledge would only 
reside in laws. Eventually all knowledge fi elds including the humanities were to be con-
verted into law-seeking disciplines. The counter attack aimed at the assumed weak point 
that the natural sciences are completely unable to develop a coherent understanding of 
something as complex as a culture and its history, or even some part of it, such as a specifi c 
city, not to mention art, literature, and religion.

In his rectorial lecture in 1894 Windelband suggested equal rights for both forms of 
knowledge. Knowledge production is guided either by an interest in identifying laws, which 
implies turning things into variables, or by an interest ‘to describe as complete as possible 
a singular event or chain of events spread over a limited time’. Examples of events worth 
scholarly interest are, according to Windelband, ‘Actions of a person, the character and 

1 The likewise usual wording “ideographic” does not refer to the Greek idios = peculiar, but to idea = poem, 
Gestalt, which is no less appropriate.
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life of a single man, or of an entire people, the character and development of a language, a 
religion, a legal order, of a product of literature, art, or science: and each of these subjects 
demands a treatment corresponding to its peculiarities’. (Windelband 1907, p. 363) For 
Windelband the distinction is not built on different classes of objects—natural events ver-
sus human affairs—but on methods. In principle, everything can become the object of a 
nomothetic as well as an idiographic analysis. His examples are language, physiology, geol-
ogy, and astronomy. If objects in these fi elds are considered in their specifi city, ‘the histori-
cal principle is carried over to the realm of the natural sciences’ (Windelband 1907, p. 365). 
If the objects are taken as types or exemplars the methods of the natural sciences apply.

By the traditional views of philosophy of science it seems obvious that the sciences 
should search for laws, principles, and other forms of generalized explanations. It is less 
obvious why they should care for singular or even unique cases. Windelband assumes 
their relevance with respect to cultural heritage, identity, and value. Admittedly, one can 
never know in advance whether or not a single case will turn out to be culturally relevant. 
But if it is considered to have no potential value at all, research would not be started. 
Or put in more constructive language, a scholarly effort to study a case automatically 
attaches some sort of value to it. Windelband’s neo-Kantian disciple Rickert gave the fol-
lowing equation: ‘There is not only a necessary connection between the generalizing and 
the value-free observation of objects, but also an equally necessary connection between 
the individualizing and value-laden perception of objects’ (Rickert 1924, p. 58). Even if 
this general statement may be doubtful, obviously all real-world problems have a value 
dimension, be it economical, social, cultural, or environmental. Windelband and Rickert 
chose historical research as their paradigmatic fi eld because the preservation of cultural 
goods and values seemed to be even more important in a society that had become exposed 
to dramatic industrial changes. Today we would add to historians’ conversational work 
pressing problems caused by misguided developments. Real-world problems are prob-
lems because values are at stake. Solutions are only accepted if they address these values.

Concern for idiographic cases does not invalidate more general knowledge. Usually, 
interdisciplinary case studies are not only expected to solve single problems but to con-
tribute to stocks of knowledge. However, the epistemic structure of these stocks of knowl-
edge is different from knowledge condensed in theories or paradigms. The relationship 
between idiographic and nomothetic orientations of interdisciplinary research needs to 
be analyzed and interpreted in a new way. The fi rst step will be to better understand the 
nature of cases by looking at variants of the so-called case-study method practiced in pro-
fessional schools. Certainly, higher education of professionals and experts aims at goals 
different from doing research. However, the reasons why the case-study method seems to 
be successful in professional training are important for understanding how cases contrib-
ute to interdisciplinary knowledge.

3.2 Learning based on case studies

The methodology of using case studies in educational programs originated in the pio-
neering achievements of the Harvard University professional schools. As early as 1870, the 
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Harvard Law School shifted the study of law from the classical systematic approach to the 
analysis of case studies. In 1920, the Harvard Business School developed a new curriculum 
based on case studies. In 1985, the Harvard Medical School followed suit with its ‘New 
Pathway Program’, which was considered revolutionary within the fi eld of medical train-
ing. The following presentation is concerned not with an evaluation of this educational 
method, but rather with the question of what can be learned from individual cases.

David Garvin—himself a faculty member of the Harvard Business School—empha-
sizes the three dominant goals of case-study methodology: ‘learning to think like a lawyer; 
developing the courage to act; fostering a spirit of inquiry’ (Garvin 2003). Competencies 
from three professional fi elds merge here: the logical expertise of a lawyer, the decision-
making capacity of a manager, the curiosity of a researcher. Cases that have been of para-
digmatic importance for the development of laws are not central to the training at the 
Harvard Law School. The focus is rather on those cases which are controversial within the 
legal profession, those which were wrongly decided or were revised. Garvin cites another 
member of the faculty: ‘We have confl icting principles and are committed to opposing 
values. Students have to develop some degree of comfort with ambiguity’ (Garvin 2003, 
p. 58). The analysis of individual cases frequently does not lead to a clear result. ‘Students 
often leave class puzzled or irritated, uncertain of exactly what broad lessons they have 
learned’ (Garvin 2003, p. 59). On the contrary, they learn that general legal doctrines are 
rarely unambiguously applicable and that the smallest distinctions can play a role in their 
application. Furthermore, these cases help students practice dealing with unknown and 
unforeseen circumstances, with varying conditions and with surprises.

The description of Stanford Law School’s ‘situational case studies program’ is similar 
to Harvard’s: ‘Case studies and simulations immerse students in real-world problems and 
situations, requiring them to grapple with the vagaries and complexities of these problems 
in a relatively risk-free environment – the classroom’ (Stanford Law School 2008). The 
program emphasizes cases not as legal cases but as true-to-life social confi gurations, for 
which it has yet to be decided whether or not they should be treated within the justice 
system. The aim is to thereby improve the students’ ‘lawyering skills’. Far from introduc-
ing individual cases in Kuhn’s sense as paradigms, these are examined as unsculpted and 
uninterpreted as possible. This methodology is thus quite suited to an academic policy 
which places value on the grasping of complex confi gurations, on the identifi cation of 
possible action, and on the assessment of consequences.

Education at the Harvard Business School is also guided by the principle that greater 
competence can be acquired through constant rehashing of case studies than through 
studying theoretical and methodical knowledge and the intended applications thereof. 
Underlying the choice of these individual cases are the following criteria: ‘Typically, an 
HBS case is a detailed account of a real-life business situation, describing the dilemma 
of the “protagonist”–a real person with a real job who is confronted with a real problem. 
Faculty and their research assistants spend weeks at the company. . . . The resulting case 
presents the story exactly as the protagonist saw it, including ambiguous evidence, shifting 
variables, imperfect knowledge, no obvious right answers, and a ticking clock that impa-
tiently demands action’ (Harvard Business School 2008). The students are presented with 
about 500 of these cases in the course of their studies, the main goal being to school their 
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decision-making behavior. The large number of cases is not seen as an inductive basis for 
statistically generalizable knowledge, but rather as preparation for a maximum number of 
diverse situations. In addition to these case studies, the program offers courses in ‘analyti-
cal tools’. The following list of academic goals is presented in Garvin (2003, p. 62):

● Training of diagnostic skills in a world where markets and technologies are constantly 
changing.

● Assessment of the ambiguity of constellations.
● Consideration of the incompleteness of the information at hand.
● Recognition of the existence of a multitude of possible solutions.
● Preparedness to make decisions in the face of uncertainty and time pressure.
● Development of persuasive skills. Management is a social art; it requires working with 

and through others.

From a critical perspective, the tendency to make a quick decision should be noted. 
‘The case method does little to cultivate caution. . . . Students can become trigger-happy’ 
(Garvin 2003, p. 62).

Inaugurated in 1985, Harvard Medical School’s ‘New Pathway Program’ has sup-
planted the classic basic training in medical fi elds and has with some delay affected 
applications at the sickbed. It also highlights the point that every single case is self-
contained. Garvin quotes Tosteson, the program’s founder, as saying that medicine ‘is a 
kind of problem solving’ and each medical encounter is ‘unique in a personal, social and 
biological sense . . . All these aspects of uniqueness impose on both physician and patient 
the need to learn about the always new situation, to fi nd the plan of action that is most 
likely to improve the health of that particular patient at that particular time’ (Garvin 
2003, p. 63). The program prompts students to identify and correct their knowledge 
defi cits. Garvin quotes Lowenstein as saying that the program’s overriding goal is to 
‘foster a true spirit of inquiry’, and quotes Moore as stating, ‘I want my students to be 
able to identify a gap in their knowledge, feel guilty about not fi lling it, and have the 
nimbleness to learn what they need’ (Garvin 2003, p. 64). Tosteson, as quoted by Garvin, 
adds, ‘They discover that choosing what to learn is the hard part; learning it is a lot 
easier’ (Garvin 2003, p. 64).

Further examples of curricula which have adopted the case-study method entirely or 
partially include engineering, sociology, psychology, education, architecture, and econom-
ics. What constitutes the success if not the superiority of the case-study method in higher 
education? The most notable criterion for the choice of the cases is the insistence on the 
individuality of cases. They are not cases in point, not exemplars of a type—at least not in 
the fi rst place. The didactic concept is not to present a general structure via a number of 
examples, whose special features quickly retreat behind the emerging abstraction. No case 
can be exchanged for another, since one learns something different from each case. Con-
centrating on the idiographic nature of each case means to develop a sense for its details 
and the seemingly incidental aspects that make it special. Every case study of this kind is 
unavoidably connected to defi cits in information, to ambivalent interpretations, and to 
the risky effects of possible interventions. The pressure on making a decision blocks the 
option of completely assembling all the relevant knowledge.
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At variance with a more traditional academic education, the focus is on grasping both 
the differences and the similarities between cases. Identifying case-specifi c gaps in knowl-
edge is as important as applying knowledge gained from other cases. The background phi-
losophy seems to be that professional realities are not determined by general rules or even 
scientifi c laws, but are constituted by a vast network of particular cases. The competency 
of the professional consists in deriving operative gain from comparing similarities as well 
as differences between cases.

Case-study methodology obviously distances itself from both inductive and deduc-
tive learning strategies, which is why it has been closely analyzed here. Traditionally, the 
two pillars of scientifi c methodology are inductive generalization leading to theory and 
deductive specifi cation via application to cases. Here, however, neither is applied, rather 
both are substituted by the expansion of a network of cases, in which the mesh density 
of analogous relationships is continually tightened. Does this indicate a third path that 
avoids the alternative between generalization and specifi cation? Does such professional 
training develop a learning core not contained in the traditional theories of the growth 
of knowledge?

3.3 Knowledge and skills: the professional perspective

The launching point for the educational programs described in the previous section is 
the shortcoming of academic training with respect to professional competencies. The 
criticism is that the academy is unable to deal with the complexities of real life, but must 
reduce these in accord with theoretical concepts. Academic training follows the paradigm 
of alternating theoretical construction and experimental research by which the object of 
study is subjected to the ideal conditions of the laboratory. This is precisely not the reality 
that the professional expert confronts.

The case-study method cultivates certain capacities that are most often termed ‘skills’. 
Skills do encompass rational pieces of knowledge, but equally important are routines, hab-
its, and trained intuitions. These not wholly explicable components come into play not only 
for professional know-how, but also in many fi elds of teaching and learning, like the acqui-
sition of crafts and trades, doing sports, or mastering a musical instrument. More generally, 
all techniques which require the coordination of physical training with the  comprehension 
of rules are based on skills. Here the study of introductory books and instruction manuals 
helps a little. The observation of the masters helps a bit more. However, is the continual 
exercise of physical practices until these become routine is decisive. Situational assessment, 
spontaneous coordination of action, and a repertoire of strategies are all conditions for 
success. The important point in our context is this: Even when skills have been developed, 
each individual case retains its particular meaning. There is no overarching level of com-
petence comparable to theoretical knowledge, in which skillful action could be adequately 
reconstructed as theoretical objects. Although there are attempts in sport and music sci-
ences to construe such levels, what ultimately counts are skills in action.

The Harvard method and teaching methods practiced in the fi elds mentioned have in 
common that they build on the accumulation of analogies between related  confi gurations, 
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Prospects for a philosophy of interdisciplinarity

Jan C. Schmidt

Interdisciplinarity is one of the most popular buzzwords in scientifi c and public discourses. At 

the same time, however, the term is vague.

This vagueness poses challenges to philosophy. Does the term ‘interdisciplinarity’ carry any 

distinctive epistemic content and any differentia specifi ca? In addition to what has been achieved 

in the fi eld of refl ection on interdisciplinarity (ID), the aim of this box is to provide a philosophi-

cal foundation for a classifi cation and criticism of the innumerable usages of ID. A plurality of 

meanings will be shown, without a unifying semantic core. There is not one type of ID, but vari-

ous coexisting types. With regard to established positions in the philosophy of science, different 

types of ID can be distinguished: the object type (‘ontology’), the theory/knowledge type (epis-

temology), the method/process type (methodology), and the problem/purpose type.

This box is intended to foster the debate on ID. It presents elements of a pluralist philosophy 

of interdisciplinarity.

Object interdisciplinarity—entities or objects constitute the central elements of object ID (the 

ontological dimension of ID). The historically established functional differentiation into dis-

ciplines does not seem to be contingent. Rather, it mirrors aspects of the structure of reality. 

Edmund Husserl, Nicolai Hartmann, and Alfred North Whitehead argue in favor of a concept 

of layered reality. Boundaries between the layers separate the micro-, meso-, and macrocosm. 

Interdisciplinary objects are thought to be located on boundaries between different cosms or 

within border zones between disciplines, for example the brain–mind object. In order to sub-

stantiate this position one has to presuppose a minimal ontological realism, interlaced with a 

concept of layered reality, and, based on this, an ontological non-reductionism: Brain–mind 

objects can be reduced neither to the material brain nor to the mental mind but, perhaps, to 

other entities (neutral ontology). Old and ongoing philosophical issues about monism, dualism, 

and  pluralism emerge in this debate. ID here does not refer mainly to knowledge, methods, or 

problems, but to an external, human-independent reality.

The foregoing position is a strong one. It might be called universal object ID. A weaker posi-

tion—which can be named real-constructivist or techno-object ID—does not assert a timeless 

existence of interdisciplinary objects in an unchangeable reality but rather that interdiscipli-

nary objects are created by human action. Examples include the hole in the ozone layer, or 

techno-objects of nanoscience: nano-objects are placed on the boundaries between physics, 

chemistry, biology, and engineering sciences. This ontological position is neither a classic cognitive-

oriented realist’s position nor a constructivist one: it can be called real-constructivism and it can 

be traced back to Bacon. Unfortunately, however, real constructivism is not fully developed in 

the philosophy of science.

Theory ID focuses on knowledge, theories, and concepts, and not primarily on objects and 

reality. It is concerned with whether interdisciplinary theories exist and how they may be speci-

fi ed. Can we demarcate interdisciplinary knowledge from disciplinary knowledge and from non-

scientifi c knowledge? Is there a unique context of justifi cation? Do interdisciplinary models, 

laws, descriptions, and explanations exist? Possible candidates for theory-ID are concepts which 

can be applied to describe objects in different disciplinary domains. They highlight structural 

similarities between properties of these objects. Such theories cannot be reduced to disciplinary 

ones. Theory ID is, therefore, based on an epistemological non-reductionism.

(cont.)
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Prospects for a philosophy of interdisciplinarity (cont.)

Structural sciences such as complex systems theory are prominent examples. Structurally 

similar process phenomena, e.g. pattern formation, self-organization, bifurcations, structure 

breaking, and catastrophes—can be found in different disciplinary branches. The objective is 

an integration of general structures regardless of the disciplinary content. Alike theories are self-

organization theory, dissipative structures, synergetics, chaos theory, and fractal geometry. Her-

mann Haken regards synergetics as an ‘interdisciplinary theory of general interactions’ (Haken 

1980). Most of these interdisciplinary theories were established in the 1960s and 1970s. Basic 

ideas—and the term ‘structural sciences’—however, can be found in works from the 1940s and 

1950s. Structural sciences ‘study their objects regardless of disciplinary domains and in abstrac-

tion from disciplinary content’ (von Weizsäcker 1974, p. 22). Classic examples are cybernetics, 

information theory, or game theory.

Method ID refers to knowledge production, to research processes, to rule-based actions, and 

to languages. The central issue of methodology is how, and by which rule, can and should we 

obtain knowledge? In terms of interdisciplinarity the central questions are: Do interdiscipli-

nary methods and actions exist? Is there a specifi c context of discovery within interdisciplinary 

projects? Interdisciplinary methodologies, however, are thought to be irreducible to a discipli-

nary methodology.

Biomimicry, for example—sometimes used interchangeably with bionics—claims to be an 

interdisciplinary transfer methodology from biology to engineering sciences. The basic idea of 

biomimicry is ‘learning from nature’ in order to ‘inspire technological innovations’. Nature seems 

to provide excellent inventions that can be used to develop effi cient technologies. However, the 

transfer is not a one-way street. Biomimicry constructs models of biological nature based on 

the perspective of engineering sciences. A robot mimics an ant, but at the same time the ant has 

been described from the mechanistic perspective of technology. Besides biomimicry, there are 

other examples of interdisciplinary methodologies. Econophysics methodologically organizes a 

transfer between physics and fi nance/economics. In addition to these transfer methodologies, 

a new kind of non- or meta-disciplinary methodology of knowledge production has emerged 

over the past 50 years: mathematical modeling and computer-based simulations (see Lenhard, 

Chapter 17 this volume).

Problem-oriented ID: we have to add another type of methodology that focuses on the start-

ing points and goals, problems, and purposes of research programs—in other words, the 

problem-framing and agenda-setting type. Erich Jantsch argues in favor of a ‘purposive level of 

interdisciplinarity’ and a ‘purpose-oriented interdisciplinarity’, today sometimes called ‘transdis-

ciplinarity’. An explicit refl ection on, and revision of, purposes should be regarded as the highest 

level of interdisciplinarity (Jantsch 1972, p. 100). Normative premises, such as problem identi-

fi cation and agenda setting, the volition or intention to obtain certain knowledge, precede both 

the context of discovery and the context of justifi cation, i.e. the theories and the methods.

The very fi rst step in scientifi c inquiry is often judged to be a contingent factor; the teleological 

structure in the process of knowledge production is not always acknowledged. In fact, philoso-

phers of science have widely ignored problem identifi cation or agenda setting, although work has 

been done on ‘wicked problems’ (see Boradkar, Chapter 19 this volume). The lack of clarifi cation 

is a disadvantage for specifying problem-oriented ID and demarcating it from disciplinarity. 

Obviously, interdisciplinary problems are external to disciplines and to sciences in general. They 

are primarily societal and are defi ned by society, e.g. lay people, politicians, and stakeholders. To 

contribute to societal problem solving and to ensure societal progress,  disciplinary  limitations 
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have to be overcome. In this sense ID is seen as an instrument for meeting societal demands in 

order to tackle pressing problems. Examples of problem-oriented ID are sustainability research, 

technology assessment, and social ecology (Decker 2001).

One or other of the above-listed types of ID may raise concerns. Underlying philosophical 

convictions determine which type might be considered most important and which of the other 

types will just be viewed as mere inferences.

Regarding well-established positions in the philosophy of science, we can denote:
(1) Realists and real-constructivist refer to given or constructed objects of reality (they prefer the ontological 

dimension of ID).

(2) Rationalists focus on knowledge, theories, and concepts; positivists share the same orientation toward 

theories (epistemological dimension).

(3) Methodological constructivists and many pragmatists refl ect on methods, actions, or cognitive rules 

(methodological dimension).

(4) Critical theorists, together with instrumentalists, utilitarians, and some pragmatists, refer to problems and 

how to handle and solve problems pragmatically. The impact, effect, and consequence of ID are of utmost 

relevance (problem-oriented dimension).

The different approaches to interdisciplinarity depend on underlying philosophical convictions. 

We cannot eliminate this plurality. ‘ID’ is, and will always be, a multifaceted term. Philosophy 

of science is effectively helpful in analyzing and classifying interdisciplinarity. A philosophy of 

interdisciplinarity, however, still remains a desideratum. By the approach presented here some 

elements for a philosophy of ID may have been proposed.

References

Decker, M. (ed.) (2001). Interdisciplinarity in technology assessment. Berlin: Springer.

Haken, H. (1980). Dynamics of synergetic systems. Berlin: Springer.

Jantsch, E. (1972). Towards interdisciplinarity and transdisciplinarity in education and 

innovation. In: L. Apostel, G. Berger, A. Briggs, and G. Michaud (eds) Interdisciplinarity: 

problems of teaching and research in universities, pp. 97–121. Paris: Organization for 

Economic Cooperation and Development.

von Weizsäcker, C.F. (1974). Die Einheit der Natur, p. 22. Munich: dtv.

whereby it is as important to attend to differences as to similarities. In this way, the 
learner knots together a network of confi gurations that is fed by individual cases and 
used to situate further cases. The common denominator of such networks of pragmatic 
know-how consists in structuring an individual case, for arriving at a decision regarding 
action and for evaluating its effects. This is what defi nes the professional expert (e.g. the 
lawyer, doctor, or manager), the specialized expert (e.g. the craftsman, athlete, musician), 
and even, if one can say so, the everyday expert (e.g. the habitual walker in uneven ter-
rain, the parent, the driver). As applied to interdisciplinary research, one can conclude 
that learning from case studies is suited primarily to expanding the professional know-
how of experts. In keeping with the traditional concept of professions, one could coin 
the term of a ‘professional researcher’. Such a professional would be an expert in the 
investigation of open problems in contingent and complex individual cases, which occur 
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within a certain fi eld of knowledge. Since some interdisciplinary competency is required 
for this type of research, this expert would work in a team with other experts so that the 
professional know-how would consist in the coordination of an overall cognitive under-
standing of the situation distributed among diverse experts.

One of the best analyses of the design of case studies in sociology (also inspired, by the 
way, by the Harvard methodology) confi rms this grounding of research in expertise. ‘Com-
mon to all experts is that they operate in their fi elds of expertise on the basis of an intimate 
understanding of many thousands of concrete cases. Context-dependent knowledge and 
experience constitute the core of expert praxis. . . . Only through experience in dealing with 
cases can one develop from a beginner to an expert.’ (Flyvbjerg 2006, p. 222).

3.4 Individual cases and epistemic knowledge

The idiographic aspects of interdisciplinary research have now been suffi ciently explored. 
It was important to begin with these, since they are quite removed from standard philoso-
phy of science and from learning theories of higher education. However, to end with the 
case-study method would mean to declare theory-based epistemic knowledge a needless 
encumbrance. The important point was that sensitivity to cases cannot be derived from 
theory. This does not imply that theory cannot contribute to understanding cases, nor that 
cases cannot advance theory. The statement that contingency in interdisciplinary research 
cannot be eliminated gains its epistemological value only because important resources of 
knowledge can be tapped into, the validity and applicability of which are accepted, even if 
they do not suffi ce to grasp all the details of a specifi c case.

The question to be raised is how the two paths of nomothetic and ideographic 
research can be commonly pursued, when they are, as Windelband argued, separated 
by diverse explanatory ideals. Windelband showed that nomothetic and idiographic 
knowledge can function as alternate resources for one another. In describing an indi-
vidual case, one must unavoidably reach back to some sort of general knowledge. This 
can even consist in prescientifi c everyday convictions. Among his examples are psy-
chological background assumptions concerning the behavior of historical fi gures. The 
reverse perspective is that every nomothetic statement—as abstract as it may be—must 
be exemplifi ed in a context which unavoidably plays into everyday reality, despite the 
idealization of the objects referred to. Windelband gives the example of an explosion. 
On the one hand, an explosion follows the laws of chemistry, which allow for an expla-
nation of the process; on the other hand, it happens in the here and now under singular 
circumstances, whose tiniest details might possibly interest a criminal detective. The 
core idea derived from Windelband is that interdisciplinary research projects are usually 
set up in such a manner that both ideals are pursued concurrently: the goal of dissolving 
a concrete case down to its smallest detail, and the goal of extracting generalized causal 
knowledge from this case.

The interconnection between law-like causality and the singularity of a case can be 
illustrated using the example of an interdisciplinary research project dealing with the 
 rehabilitation of an atrophied lake in Switzerland (Sempacher Lake, Gross et al. 2005, 
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p. 135 f f ). The starting point was the scientifically ascertained causal knowledge that 
the reduction of phosphate content, either by directly decreasing the input or increas-
ing the output of phosphate, would reduce algal growth. On the basis of this knowl-
edge a theoretical model was developed and an aeration technology implemented 
which already operated successfully in a nearby lake. Surprisingly, the expected effect 
of decreasing phosphate content failed to appear. Careful study of the sediment layers 
and the highly complex seasonal dynamics at the boundary led to a quite different 
view of the relationship between aeration and phosphate concentration. The find-
ings did not completely invalidate the underlying model but suggested protecting it 
through additional assumptions (so-called ‘ceteris paribus’ clauses). If the findings can 
explain the failure of theoretical prognosis for an individual case this unleashes less 
turbulence than debunking the theoretical model. In conjunction with the steadfast 
core of causal knowledge they describe the individual situation all the better. In the 
case of this project it became clear that without measures to reduce the feed charge of 
phosphates the project would fail. Since the intensive agribusiness of the region made 
stakeholders averse to general constrictions, fine-tuned analysis led to the establish-
ment of differential ecobalances. The case shows how an explanatory model of the 
lake satisfactorily capturing its manifold causal interactions was achieved step by step 
over a period of 20 years.

Obviously, the procedure of this rehabilitation project is opposed to the radical 
version of the case-study method. Interdisciplinary cooperation rests upon bringing 
together reliable knowledge from independent disciplines into case-specific modeling. 
The current status of scientific knowledge as organized within disciplines presents an 
enormous potential for interdisciplinary work and especially for modeling a specific 
case. Working with the model will probably lead to surprises. It is precisely because 
the individual case counts as such that its investigation leads to surprises, which can-
not be ignored. Only after incorporating these will the model become sufficiently 
fine-tuned in terms of an idiographic understanding of the lake. In turn, surprises 
induce causal analysis and can expand our knowledge about atrophied alpine lakes. 
In the case of the rehabilitation of Sempacher Lake, the specific knowledge gained 
from sediment core analysis can be applied to geologically similar lakes exposed to 
high phosphate input.

3.5  The relevance of concreteness and the questionable 
concept of law

3.5.1 Individual case and unconditional laws

The relationship between the specifi cation of causal knowledge toward individual 
cases and the generalization of on-site fi ndings appears at fi rst sight to be that between 
a  deductive strategy of applying substantiated knowledge and an inductive strategy of 
developing hypotheses for new knowledge. But this distinction does not allow the meth-
odological challenge of interdisciplinary research to come to light. The challenge is to 
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balance the tension between understanding a case in its real-life context and contributing 
to a stock of theoretical knowledge. This section relates this tension to current discussions 
in philosophy of science.

In her infl uential book, How the laws of physics lie (1984), Nancy Cartwright presented 
the thesis that the fundamental laws of physics hold true only for highly idealized theoreti-
cal objects that don’t exist in the real world. Strictly interpreted, these laws are false when 
taken as empirical descriptions of reality. The well-known example is that of Galileo’s law 
of falling bodies. Its real-world validity is modifi ed by friction, wind force, rain drops, and 
the shape of the body. Cartwright loves to illustrate the problem by an example already 
used by the Vienna Circle philosopher Otto Neurath (Cartwright 1999, p. 27): the calcula-
tion of the trajectory of a bill dropped from St Stephan’s dome in Vienna. Even the joint 
forces of mechanics, fl uid dynamics, and computer simulation methods wouldn’t come 
close to a correct prediction.

From a pragmatic point of view, Cartwright’s objection is of no effect. In the laboratory 
objects are stylized to better fi t theory, and theorists acknowledge practical limitations to 
the absolutely perfect realization of causal assumptions. Within these limits, knowledge 
can be put to work. From a philosophical perspective, however, her thesis continues to 
provoke unrest. If under close scrutiny universal laws have no empirical content, then 
the project of interpreting reality through reductionism remains ungrounded. At best, it 
can be played through for simple cases from which one cannot extrapolate, what Cart-
wright (1999 )called ‘the dappled world’. This world can be scientifi cally captured only 
by a broad variety of laws with limited range and with no consistent logical order. In 
describing this world we can better speak of capacities, tendencies, and potentialities 
than of rigid laws.

Cartwright’s strong statement regarding the presence, if not the predominance, of the 
idiographic in the scientifi c description of the world is highly controversial (Earman 
et  al. 2002). It has at least shattered the privileged position of the concept of natural 
law as the standard and compass for scientifi c theorizing. Moving beyond Cartwright’s 
proposal, Giere (1999) suggested that the concept of law should be completely struck 
from the language of philosophy of science. He is of the opinion that we cannot rid 
ourselves of the theological origin of the concept. Only God as the external legislator of 
the world would be in the position to command by general rules completely obedient 
natural things. Since the Kantian project of anchoring fundamental laws in the struc-
ture of reason failed, for Giere no further candidate remains that could guarantee the 
universality and necessity of the laws of nature. In Giere’s reconstruction, lawful regu-
larities become systems of equations that pertain not to reality but rather to imaginary 
models created for their verifi cation—an idea for which Cartwright coined the term 
‘nomological machine’. Real-world constellations cannot be grasped precisely. Whether, 
despite these objections, it will remain meaningful to speak of general and uncondi-
tional laws of nature can be left an open question here. It suffi ces to ascertain that the 
classical notion of a law’s universal validity no longer fully captures the ‘cases’ that fall 
within the law’s domain.

The take-home message of this philosophical discussion concerning the relation-
ship between the nomothetic and idiographic in science is that the tension between 
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universal validity and exemplary cases is already contained within the unconditional 
laws of physics.

3.5.2 Individual case and conditional laws

Some laws of physics still possess the elevated status of being general. Laws typical for sci-
ences such as biology, psychology, and economics are burdened from the beginning with 
the acknowledgement that their predictions and causal explanations are valid only under 
specifi c conditions or to a certain degree. The two central problems of such laws are:

(1) that the respective specifi c conditions cannot be listed completely and defi nitively,
(2)  that exceptions to the rule can always be included in the collection of excluded condi-

tions.

The difference with regard to the laws discussed in the above section is this: although the 
mutual attraction of bodies and the conservation of energy and entropy are considered 
unavoidably and eternally valid, intervening factors arise in the calculation of concrete 
cases. These factors are not part of the models and are incompletely understood. For con-
ditional laws such as Mendel’s laws of heredity in genetics, the law of diminishing return 
in economics, or the Gestalt laws in psychology, the lawful connections are defi ned for 
objects whose uniformity, continuity of existence in time, and independence from their 
environment are not guaranteed.

Following in the footsteps of the evolutionary biologist Stephen Jay Gould, Sandra 
Mitchell asserted the following for biological regularities: ‘if we rewound the history of 
life and “played the tape again”, the species, body plans, and phenotypes that would evolve 
could be entirely different. The intuition is that small changes in initial “chance” condi-
tions can have dramatic consequences downstream. . . . Biological contingency denotes the 
historical chanciness of evolved systems, the “frozen accidents” that populate our planet, 
the lack of necessity about it all’ (Mitchell 2002, p. 332). Conditional laws can be investi-
gated only in tandem with the historical development of the objects and their contingent 
context. In this manner, the idiographic is offi cially granted entrance into the grasp of the 
law-like generalization under consideration. The conjecture of a conditional empirical 
law usually emerges with the reservation that intervening contingencies are to remain 
irrelevant (the ceteris paribus clause). If and when they do become relevant, the question 
must be confronted whether they dissolve the assumed law or alter the set of conditions.

It is possible to reinterpret the epistemological problem of the validity of contingent laws as 
an answer to the question of how the tense relationship between the nomothetic and the idio-
graphic can be combined. Within the realm of biological research, it is as productive to search 
for conditional laws as it is to identify confi gurations of restricted validity. It is as interesting to 
reduce contingency through ceteris paribus clauses—thereby expanding the effective domain 
of a law—as it is to increase contingency—thereby pursuing the relevance of confi gurations 
not yet understood. Mitchell writes, ‘In systems that depend on specifi c confi gurations of events 
and properties, . . . which include the interaction of multiple, weak causes rather than the domi-
nation of a single, determining force, what laws we can garner will have to have accompany-
ing them much more information if we are to use that knowledge in new contexts. Thus the 
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central problem of laws . . . is shifted . . . to how do we detect and describe the causal structure of 
complex, highly contingent, interactive systems and how do we export that knowledge to other 
similar systems.’ (Mitchell 2002, p. 335). It is in this manner that the analysis of the concept of 
law within these specifi c sciences approximates learning from case studies.

3.5.3 Individual case and ideal type

The diverse efforts within the social and historical sciences to formulate diachronic 
and synchronic generalizations have never led to results that are in any way compa-
rable with the status of the conditional causal laws in the natural sciences. The only 
exception is in modern economics, which since its origins in the eighteenth century has 
attempted to formulate qualitative laws (like, for example, Marx’s law of falling profi ts) 
and quantitative laws of market behavior (starting with Leon Walras). All such attempts 
remain controversial within the economic sciences and even more as applied to political 
economy. In the other social sciences (such as historical sciences, cultural anthropology, 
and sociology), the generalizations of empirical fi ndings have not achieved the status 
of recognized laws. Despite this, generalizations are being considered. The concept of 
‘ideal type’ developed by Max Weber has gained widespread recognition. Weber formu-
lated this concept in the context of the ongoing discussion of Windelband’s and Rick-
ert’s ideas. His goal was to justify that social sciences can also search for objectively valid 
and controllable propositions in attempting understand highly specifi c and complex 
constellations in which elements of culture, politics, religion, and economics merge. In 
Weber’s words, an ideal type ‘is a conceptual construct which is neither historical reality 
nor even the “true” reality. It is even less fi tted to serve as a schema under which a real 
situation or action is to be subsumed as one instance. It has the signifi cance of a purely 
ideal limiting concept with which the real situation or action is compared and surveyed 
for the explication of certain of its signifi cant components. . . . In this function especially, 
the ideal-type is an attempt to analyze historically unique confi gurations or their indi-
vidual components by means of categorical concepts’ (Weber 1922, p. 194).

3.6 Summary: epistemic qualities of interdisciplinary research

The preceding analyses of the relationships between law-like universality and concrete cases 
support the conclusion that this rapport may indeed be fraught with tension, but that it in 
various ways contributes to the scientifi cally rooted description and construction of reality.

Our starting point was the observation that interdisciplinary projects are often tied to 
fi eld-specifi c phenomena and expectations. Whereas disciplinary research too often aims at 
eliminating incidental factors in order to achieve concise models and causal explanations, 
interdisciplinary research is forced to recognize and incorporate details. Generally, these 
pressures are imposed by the respective interdisciplinary programs. In some cases even 
the voices of local actors are infl uential. Even when the motivation for  interdisciplinary 
research originates with inner-scientifi c concerns, it aims to master a higher degree of 
complexity than a disciplinary research agenda would allow.
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I have tried to demonstrate that the study of cases is essential in the learning of capaci-
ties and skills. The most important claim here is that learned know-how encompasses 
the recognition of both similarities and differences between relevant cases. Based on 
the presented examples, this holds true for professional training in existing fi elds such 
as business/management, law, and medicine. Modifi cations result when this fi nding is 
transferred from professional training to scientifi c research. The safety-rails of curricular 
regulation fall by the wayside. Research works without corrective instruction from those 
who have already mastered the matter at hand. Nevertheless, an important attribute of 
interdisciplinary research can be extracted from the comparison with professional case-
study training—namely that of professional expertise.

The next step was to investigate the role allotted to the individual case within phi-
losophy of science. Surprisingly enough, the individual case is present everywhere, even 
though it has been traditionally overlooked or dismissed. The confl ict between the all-
encompassing and simultaneously exact grasp of an individual case and its inadequate 
description through general laws is demonstrable deep down to the most fundamental 
laws of physics. The individual case becomes more and more relevant for the conditional 
laws of the specialized sciences and the ideal types of the social sciences until, in the end, 
a symmetrical balance between the investigation of universal cognitions and localized 
idiosyncrasies is achieved.

The goal here has been to integrate nomothetic potential and idiographic description 
into a model that correlates a causal explanation of reality (nomothetics) with the situ-
ational, local specifi cs of a case (idiography) as far as possible. In closing, this point can 
be briefl y illustrated using the example with which this chapter began. Modern research 
into the effects of climate change has taken the form of a giant worldwide project. It 
forces the participating researchers to comprehend the singular, extraordinarily improb-
able case of earth’s climate in its specifi c state and its developmental dynamic. This is 
an extremely idiographic situation. Enormous constraints arise from being tied into a 
heterogenic confi guration of political and scientifi c actors—the Intergovernmental Panel 
on Climate Change, whose ultimate goal is not cognition, but rather science-based cop-
ing with climate change. The background for this effort is the consensus that a certain 
state of climate constitutes a principle value for life on earth. From this idiographic value 
component (in Rickert’s sense), it follows that research into the effects of climate change 
does not only deliver analysis and prognosis, but also participates in articulating local and 
global strategies for controlling and adapting to climate change. The research is integrated 
into social transformation while it is being carried out, even though its conclusive end 
results are still out of sight. This merger of research and innovation seems to become a 
decisive characteristic of the so-called knowledge society. Interdisciplinary projects play 
a leading role in it.

The example of research into the effects of climate change furthermore demonstrates 
the relevance of developing methods for integrating core disciplinary knowledge. The 
method of choice here is integration within simulation models. The interdisciplinary goal 
is fi tting to the singular case of earth’s climatic dynamics into the most widely accepted 
simulation model. The process of model development mirrors the tension between 
the nomothetic (core disciplinary knowledge) and the idiographic (unique features of 
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our current climate). The optimization of the model’s fi t resulted from integrating research 
results from rather heterogeneous disciplines and from an almost arbitrary model tweak-
ing with the help of empirically non-interpretable factors. All this happens for the purpose 
of keeping the individual case in focus. Because of its complexity and contingency the cur-
rently accepted model could probably no longer be programmed by a single researcher. 
Its prognostic power can no longer be identifi ed as stemming from certain disciplinary 
explanations. The unique dynamics of the individual case has been translated into the 
unique dynamics of the model (Lenhard et al. 2007).

The example of the giant project of research into the effects of climate change is used 
here because it explicitly brings together the case-study aspect and the disciplinary knowl-
edge core aspect of interdisciplinary research. More than that, given its public status, it 
is of paradigmatic importance for the interfacing of societal innovation with scientifi c 
research. Interdisciplinary projects of all magnitudes exhibit a similar structure: Research 
results are expected to provide expert knowledge for case analysis and problem solving. 
The know-how of the researchers consists in establishing networks of individual cases, 
within which their similarities and differences are worked out. (This applies within cli-
mate research to comparative cases from geological history.) Their resources consist of 
core disciplinary knowledge. Their instruments are models, which fi t together substan-
tiated core knowledge from various disciplines and elaborate scenarios for structuring 
new cases.
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CHAPTER 4

Deviant interdisciplinarity
STEVE FULLER

‘Deviant interdisciplinarity’ refers to a set of interdisciplinary projects that aim to recover 
a lost sense of intellectual unity, typically by advancing a heterodox sense of intellectual 
history that questions the soundness of our normal understanding of how the disciplines 
have come to be as they are. After contrasting the normal ‘Whig’ sense of intellectual his-
tory with the deviant’s ‘Tory’ sense, I briefl y present six versions of deviant interdiscipli-
narity that have been prominent in the twentieth century, each of which has enjoyed a 
hybrid existence both inside and outside the academy.

Deviant interdisciplinarity has been historically fueled by an imaginative use of math-
ematics to bring together seemingly different fi elds of knowledge under a common set 
of principles. In the early modern period, physics and theodicy represented two forms of 
deviant interdisciplinarity, the former becoming arguably the most successful of all nor-
mal disciplines, the latter consigned to a more shadowy existence in theology, philosophy, 
and the social sciences. Over the past 200 years, thermodynamics has spawned several 
forms of deviant interdisciplinarity, especially once its conservation and entropy prin-
ciples were seen as equally applicable to energy and information. Molecular biology and 
general systems theory were two of its twentieth-century offspring, the former becoming 
much more mainstream than the latter. The chapter ends with a brief refl ection on post-
modernism as the ideology of deviant interdisciplinarity.

4.1  The parallax view: deviant interdisciplinarity 
as Tory intellectual history

The Slovenian philosopher and cultural critic Slavoj Žižek (2006) recently published a 
book entitled The parallax view, a reference to the 1974 Alan J. Pakula fi lm that opens with 
the assassination of a US presidential candidate, apparently by one gunman, yet a second 
gunman fl ees the crime scene unnoticed. The fi lm then follows a reporter’s attempt to 
resolve the situation, by analogy with how our minds reconcile the somewhat different 
sensory inputs registered by our two eyes, aka the parallax view.



Deviant interdisciplinarity as Tory intellectual history 51

Deviant interdisciplinarity presupposes a ‘parallax view’ of intellectual history, whereby 
the normal account by which disciplines develop and give rise to interdisciplinary inquiry 
is taken to be only part of the whole story. There is at least one other side, which refl ects a 
different sense of how things came to be as they are and how they might turn out to be in 
the future. A subgenre of science fi ction, ‘alternate history’, is dedicated to this prospect, 
though in the form of ‘counterfactual history’ it has become a mainstay of economic and 
military history and, increasingly, history of science (Hellekson 2001; Fuller 2008b). But 
how do ‘normal’ and ‘deviant’ accounts of events differ—that is, accounts that respectively 
ignore and recognize the presence of parallax? There is precedent for this question in 
historiography more generally.

Herbert Butterfi eld (1965) famously used the word ‘Whig’ to describe ‘normal’ accounts 
of history. The Whigs were the eighteenth-century English political party that successfully 
championed the cause of Parliament over the King and recounted its victory as the latest 
phase in the long slow progress of liberty over tyranny in the governance of human affairs. 
‘Whig histories’ are thus told from the standpoint of history’s winners. They reveal the good 
reasons why things have happened the way they have, in the order they did, to reach the ends 
they have. Whatever does not fi t into this narrative structure is either ignored or treated as 
an error of an epistemic and/or a moral kind that in the long term is ultimately put right.

However, in the midst of Whig historiography’s polite silences and expressions of righ-
teous indignation vis-à-vis the alleged enemies of progress, one can glimpse alternative 
historical narratives. In these, what the Whig fi nds incidental becomes central and what 
would otherwise seem bad and wrong now appear better and smarter, perhaps even cul-
minating in history’s winners and losers reversing their fates. These counterfactual sce-
narios are the stuff of ‘Tory’ historiography, named for the King’s defenders, who lost the 
struggle with the Whigs but maintain that their defeat was by no means inevitable and 
that in the future their party may be reinstated (Fuller 2003, Ch. 9). Behind every form of 
deviant interdisciplinarity is a version of Tory historiography.

But how exactly does this contrast in attitudes to history bear on how ‘normals’ and 
‘deviants’ conceptualize interdisciplinarity? I shall consider each in turn.

A convenient example of the normal view of interdisciplinarity is provided by the dis-
tinction between ‘Mode 1’ and ‘Mode 2’ knowledge production that has become canoni-
cal in European science policy circles, courtesy of Gibbons et al. (1994). This distinction 
presupposes a model of intellectual history whereby increasingly specialized disciplines 
are seen as the natural outgrowth of the knowledge production process, which is envis-
aged as a kind of organism that develops functionally differentiated parts (aka disciplines 
and subdisciplines) over time as its investigations become more deeply embedded in their 
fi elds of inquiry. Kuhn (1970) has been the most infl uential theorist of this ‘Mode 1’ side 
of the process. It is an internally directed—‘supply driven’, if you will—account of knowl-
edge production.

Interdisciplinarity enters as ‘Mode 2’, a complementary ‘demand-driven’ process. It 
attempts to bridge the epistemic gaps that have emerged between the disciplines as a result 
of their increasing specialization. These gaps are collective blindspots, by-products of an 
otherwise well-ordered Mode 1 process. They emerge because disciplinary practitioners 
pursue the implications of what Kuhn called their ‘paradigm’ for a given fi eld of inquiry 
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until it creates more problems than it solves. Such an intense focus, perhaps inherent 
in the very idea of discipline, can easily leave neglected issues that cut across disciplin-
ary boundaries; hence, the kind of interdisciplinarity associated with Mode 2 knowledge 
production is often called ‘transdisciplinary’ and include topics that are at least initially 
defi ned in categories of broader social relevance than normally found in academia. Never-
theless, presumed in this narrative is that the complementarity between disciplinary depth 
and interdisciplinary breadth is appropriate and even to be expected, since interdisciplin-
ary matters are best addressed by those who can mobilize a range of highly developed 
expertise. In that context, the only controversial feature of Gibbons et al. (1994) is its sug-
gestion that the balance of science policy resources should now be shifted from Mode 1 to 
Mode 2 knowledge production.

The historical narratives associated with deviant disciplinarity and interdisciplinarity 
differ radically from their normal counterparts. What the normal disciplinarian sees as 
progress in the technical mastery of an originally unruly domain of knowledge, the devi-
ant regards as an increasingly unrefl ective adherence to one from among several different 
paths of inquiry that could have been taken—and perhaps may be taken again in the 
future. From the deviant’s standpoint, it is not merely that normal disciplinarians knows 
more and more about less and less but their very narrowness of vision distorts what they 
purport to see. It follows that the deviant tends to treat the very presence of different 
disciplines as prima facie pathological, rather like neuroses, which Freud treated as mere 
coping mechanisms for a reality we cannot fully manage in its entirety. The deviant, for 
whom reality is ‘always already’ interdisciplinary, is a bit more optimistic than Freud. But 
how does one write history that way?

One exemplar, now neglected but highly regarded in the fi rst quarter of the twentieth 
century, is Merz (1965), who gives a comprehensive intellectual history of Europe based on 
the idea that in the nineteenth century a cluster of competing and overlapping metaphysi-
cal world-pictures coalesced—in different ways, places, and times—into the disciplinary 
cartography that by World War I had come to defi ne the structure of the modern univer-
sity. Merz listed the relevant world-pictures as: the astronomical, the atomic, the statisti-
cal, the mechanical, the physical, the morphological, the genetic, the vitalistic, and the 
psychophysical. He seemed to think that a version of the nebular hypothesis for the uni-
verse’s origin governed intellectual history, whereby initially molten states of ideation—
i.e. the metaphysical world-pictures—disperse and cool down into solid disciplines that 
follow predictable trajectories.

What disciplines gain in stability of intellectual focus is lost in sheer energy in terms of 
the overall project of making sense of reality, typically because the ‘molten’ political and 
religious features of the original world-pictures are removed or sublimated in the transi-
tion from metaphysics to ‘science’. Here it is worth noting that Merz, a German engineer 
living in England, conceived of ‘science’ as Wissenschaft, which is now best understood 
as any fi eld of study that is constituted as a systematic mode of inquiry but which origi-
nally referred to the autonomy of critical-historical theology from pastoral theology in the 
modern German university system. In effect, academic theologians were only account-
able to their fellow researchers for the fi ndings, however much they might challenge the 
intuitions of the faith community. Divested of the need to regularly and directly engage 
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with ordinary believers, theologians became increasingly liberal, and even secular, as they 
acquired the mindsets of academic neighbors in history, philosophy, and sociology (Col-
lins 1998, Ch. 12).

4.2  Six twentieth-century visions 
of deviant interdisciplinarity

As an engineer, Merz was an expert in thermodynamics. He understood that the logic of 
the nebular metaphor implies that unless some new energy is injected into the knowl-
edge system, the disciplines will simply wind themselves down over time. Indeed, writing 
before the full force of the relativity and quantum revolutions had been felt in physics, 
Merz shared the widespread fi n de siècle view that academic disciplines had fallen into pre-
dictable patterns of what Kuhn (1970) called ‘normal science,’ the future of which would be 
devoted to technical refi nement and application. Any relevant new energy into this system 
would amount to a deviant interdisciplinarity that revolutionizes knowledge production 
by recovering the original animating political and/or religious impulses that had unifi ed 
fi elds of inquiry before they settled into discrete domains of inquiry. The twentieth century 
witnessed several such deviant interdisciplinarities, each of which struggled for legitimacy 
within the university but commanded a considerable following outside the academy.

4.2.1 Dialectical materialism

Dialectical materialism was the most ambitious and generally successful ideological proj-
ect to unify the natural and social sciences in a single knowledge-and-power package, and 
helped to propel the Soviet Union into the top two nations for science in the third quarter of 
the twentieth century. Dialectical materialism was based on three dynamic principles, what 
Marx and especially Engels called ‘laws of dialectics’, which were designed to update Ger-
man idealism by taking on board ‘energetics’, a nineteenth-century rival to the Newtonian 
worldview that by the end of the century had been reduced to statistical mechanics and is 
now the branch of physics known as thermodynamics. For Engels, this would-be merger of 
philosophy and physics provided a deep structural understanding of the engine of history. It 
was aligned to Hermann von Helmholtz’s attempt to shift the paradigm case of a mechani-
cal system from the celestial body to the human body, which signifi ed a larger epistemic 
transformation in the conduct of science from idealized bodies moving in abstract space to 
humanly relevant material translations between forms of energy (Rabinbach 1990). Here 
Engels, German heir to a Manchester textile fi rm, took linguistic refuge in the equivocal 
meaning of the English word ‘work’ to cover both human labor (Arbeit) and mechanical 
force (Kraft), which in turn refl ected the roots of thermodynamics in engineering.

4.2.2 Socialist feminism

The patriarchal character of mainstream economics and politics appears in their failure 
to cost-account women’s domestic labor as both a factor of production and a form of 
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social security—that is, in the current jargon, a ‘minimizer of transaction costs’. Mothers 
instill values in children that inhibit their tendencies to disrupt the circulation of com-
modities required by the logic of capitalism, as well as provide a relatively stable home life 
for the male ‘bread winner’ to compensate for the volatility of the workplace. Were this 
work subject to proper accounting, the result would provide rational economic grounds 
for the massive redistribution of wealth and power from men to women, and possibly a 
reorientation of capitalist political structures in a more socialist direction (Walby 1990). 
Note, however, that this defense of feminism is based exclusively on the social position 
that women occupy in maintaining the capitalist mode of production. It is not tied to gen-
der per se as a distinctive ‘way of being’. In the future, the same role may be performed by 
some other group, an idea also present in the related ‘standpoint’ feminism, whose name 
alludes to György Lukács’ original designation for the proletariat, which he understood in 
conventionally male factory-based terms (Harding 1986).

4.2.3 Racial hygiene

Racial hygiene, the intellectually most adventurous fi eld of German biomedical science in 
the period from Bismarck to Hitler, aimed to place medicine on a sound scientifi c foot-
ing based on the evolutionary and ecological theories of Darwin and Haeckel. It refused 
to regard the indefi nite extension of human life as an unmitigated good, which was seen 
as a residue of pre-scientifi c Christian thinking. Instead humans would now be treated 
literally as animals—that is, as populations that must remain within certain parameters 
to ensure global sustainability. Racial hygienists treated matters of breeding, culling, and 
migration as cutting across species boundaries to such an extent that ‘disease’ appeared as 
an anthropocentric way of referring to a key modus operandi of natural selection in main-
taining ecological balance. Recall that prior to Hitler’s rise to power, racial hygiene was a 
left-wing anti-imperialist movement dedicated to a naturalistic determination of the opti-
mal size of welfare states—that is, ecologically sustainable populations, which were under-
stood to be genetically homogeneous ones (Proctor 1988). A similar sensibility remains 
today amongst ‘deep ecologists’ who differ from the original racial hygienists in being less 
state-oriented and more sympathetic to ‘bioliberal’ policies of devolving responsibility to 
self-organizing tendencies in individuals that are themselves based on the emergent inter-
disciplinary fi elds of sociobiology and evolutionary psychology (Fuller 2006).

4.2.4 Neo-Thomism

Philipp Frank (1949), the logical positivist exiled at Harvard, regarded neo-Thomism as 
the most serious modern rival to dialectical materialism in unifying scientifi c theory and 
political practice by focusing on the perennial spiritual and secular needs of humanity, as 
originally formulated by the offi cial philosopher of the Roman Catholic Church, Thomas 
Aquinas, and fi ltered through modern developments in the natural sciences, including 
Darwin’s theory of evolution. This ‘unifi cation’ rests on assigning the ‘how’ and the ‘why’ 
of natural law to science and theology, respectively. Neo-Thomism has drawn strength 
from both the mutual non-interference of secular and religious educational authorities in 
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post-1870 Europe and a pervasive lingering cultural antipathy to academic specialization 
(aka value-free science). Its main twentieth-century standard-bearer has been the born-
again Catholic existentialist Jacques Maritain (1882–1973), father fi gure in the Christian 
Democratic movement in European politics who helped to draft the Universal Declara-
tion of Human Rights. Neo-Thomism’s ultimate selling point is its resolute adherence 
to natural law as a fi xed normative standard in terms of which any scientifi c or political 
innovation can be evaluated.

4.2.5 Psychoanalysis

Although psychoanalysis is often portrayed as an exotic hybrid, this interdisciplinary devi-
ant shares a foundation in both philosophy and medicine common to the original schools 
of scientifi c psychology, which led to an interest in mapping psychosomatic relations—
indeed with an eye to how the ‘energetics’ that so fascinated Marxists made its way to 
neurophysiology (Sulloway 1979). The key difference is that Freud failed to be appointed 
to a professorship, which rendered him incapable of developing his nascent science in an 
academically protected market. Instead he was forced to vie in a heterogeneous market for 
patients and readers. This explains the prize-winning literary turn of his writing, which 
like the best popular psychology today appeals in equal measures to perennial humanistic 
themes (e.g. Greek myths and Biblical tales) and clinical evidence but without relying on 
specifi cally academic jargon. The detachment from academic culture also made it easier 
for Freud to debunk the ideology of scientifi c progress as a delusion that psychoanalysis 
could dispel by providing a secular therapeutic replacement for the disappearing pastoral 
mission of the churches (Rieff 1966).

4.2.6 General semantics

In name general semantics was the brainchild of Alfred Korzybski, (1879–1950) Polish 
count and US intelligence offi cer in the two world wars, but in substance it is positivism 
as a popular rather than an academic movement. The founder of positivism, Auguste 
Comte, had already set the precedent. An academic outcast, Comte’s main source of 
income was what we now call ‘management training seminars’ that were attended by 
many of Europe’s academic and political elites. Korzybski followed suit, his most infl u-
ential follower being S. I. Hayakawa (1939), author of Language, truth and action, a US 
best-seller that bears comparison with A. J. Ayer’s (1936) contemporaneous UK best-
seller, Language, truth and logic. Although both decried the tendency to reify language, 
Ayer traced the problem to wayward metaphysicians who then fool an impressionable 
public, whereas Hayakawa saw reifi cation as a universal human liability that propagan-
dists especially turn to their advantage. The former diagnosis led the logical positivists 
to a focus on purifying academic language, while the latter led the general semanticists 
to range over the more broadly binding concerns of therapy and legislation. The two 
strands perhaps reached a happy academic medium in I. A. Richards’ (1930) ‘practical 
criticism,’ which aimed to reconceptualize the humanities as the cultivation of a dis-
criminating response to literature.
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4.3  Deviant interdisciplinarity as the recovery of lost unity: 
the cases of physics and theodicy

Tory leanings notwithstanding, the deviant interdisciplinarian is no mere trader in nostal-
gia. Intellectual history is full of attempts to reset the epistemic clock at zero by proposing 
new foundations for knowledge. These efforts are often taken to be indicative of what it 
means to be ‘modern’, but invariably they veer into deviance because they treat disciplin-
ary differences as barriers—perhaps even deliberately posed—to some lost unifi ed sense 
of knowledge and power. While Descartes’ ‘cogito ergo sum’ and Hobbes’ Leviathan stand 
out for philosophers, more effective both in science and in society at large has been Prin-
cipia mathematica by Isaac Newton, someone obsessed by the need to recover the close-
ness to God that Adam had renounced in the Garden of Eden (Harrison 2007).

Newton is the source of the still popular notion that physicists might get into the ‘mind 
of God’ by adopting the ‘view from nowhere’ (Nagel 1986). He represented an especially 
extreme but fecund version of Protestantism’s ‘back to basics’ approach to Christianity, 
especially the idea that lay Christians could make sense of the Bible for themselves because 
of its ‘univocal’ mode of expression. In particular, divine attributes like omniscience and 
omnipotence were to be understood as not merely analogous to human knowledge and 
power but as infi nite extensions of them. This semantic shift opened the conceptual space 
for measuring the distance between human and divine knowledge, the theological basis 
for modern notions of scientifi c progress (Funkenstein 1986; Harrison 1998).

For Protestants, ideas of ‘univocality’, ‘unity’, and ‘union’ refer to the sense that every-
thing refl ects a common design, itself the result of an intelligence in whose image and like-
ness the human mind was created, and from which our minds differ only by degree not 
kind. Thus, it was common among the Protestant and free-thinking Catholics like Galileo 
who ushered in the seventeenth-century Scientifi c Revolution to interpret the apparent 
diversity of nature as masking a more fundamental unity, the fathoming of which would 
ultimately enable us (in some material and/or spiritual form) to reunite with God. They 
read the offi cial Catholic line, which interpreted diverse knowledge domains as indicative 
of our invariably partial and hence merely analogical understanding of ultimate reality, as 
a conspiracy of priests and experts against an increasingly literate public capable of taking 
the Bible into their own hands and judging epistemic matters for themselves (Eisenstein 
1979).

Mathematics has played a special role in the modern promotion of deviant interdisci-
plinarity, namely, as a vehicle for identifying and modeling isomorphic patterns suggestive 
of a common underlying reality that goes beyond mere analogy. Whereas followers of 
Aristotle, including the Catholic Church, restricted the epistemic range of mathematics 
to domains deemed inherently measurable or countable, those following Plato, whose 
fortunes were revived in the Scientifi c Revolution, detected ontological depth in math 
beyond its surface instrumental value. Here it is worth recalling that prior to Newton’s 
Principia mathematica, the Church routinely dismissed the sort of ‘lateral’ or ‘associative’ 
mode of reasoning fostered by a Platonist approach to mathematics as the stuff of dreams 
and literature but not science. That royal astrologers like Johannes Kepler led the drive to 
unify the materially diverse modes of divine agency under a set of mathematical relations 
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only served to underscore the heretical, if not psychologically deranged, character of the 
enterprise (Koestler 1959).

Nevertheless, all this changed with the introduction of standardized mathemati-
cal notation for discussing physical reality, an outgrowth of the Newtonian revolution 
(Cohen 1980). Newton’s vision of a unifi ed theory of matter and motion encompassing 
the entire physical universe was driven by the prospect that nature would display the same 
mathematical structure at all levels of reality. The apparent differences between disciplines 
would thus disappear. Perhaps the most convincing demonstration of this point came 
in the 1780s with the discovery of Coulomb’s law, whereby the electrical force between 
two charged bodies was shown to be governed by a principle homologous to Newton’s 
law of universal gravitation, which had been grounded in the character of the planetary 
orbits around the sun. Thereafter physicists began to understand their task as unifying all 
the forces of nature under a single set of laws, what continues to be portrayed popularly 
as ‘GUTs’ (grand unifi ed theories; Barrow 1991). In this respect, an important source of 
deviant interdisciplinarity in the modern era has come to be domesticated within the 
standard operating procedures of a single discipline.

However, not all of the original deviance has been so neatly sublimated. At most phys-
ics addresses only half of what is entailed by a literal interpretation of the Biblical claim 
that we are created in the image and likeness of God. Physics may address our capacity 
to understand how the divine plan works as it does, but not why. This latter task was 
taken up in the seventeenth century by what may be the most persistently deviant form 
of interdisciplinarity in the modern era: theodicy. Nowadays theodicy is a boutique topic 
in philosophical theology concerned with explaining the existence of evil and suffering in 
a divinely sanctioned world: If God is so great and good, why is the world so miserable? 
However, theodicy originally stood for a much more general inquiry into nature as the 
expression of intelligent design, operating on the assumption that however imperfect the 
world may appear, it is—as Leibniz notoriously put it—‘the best of all possible worlds’ 
(Nadler 2008).

Nowadays we would say that Leibniz’s robust formulation of theodicy envisages God 
as the ultimate ‘optimizer’, that is, the being who achieves the best overall outcome while 
pursuing multiple goals in a materially limited, if not resistant, environment (Fuller 2008a, 
Ch. 5). It suggests that as we shift our focus on the divine plan from ‘how’ to ‘why’, God 
looks more like an engineer than a physicist—i.e. one who cuts corners when necessary to 
get what he wants. This may explain why theodicy has proved so unpopular with theolo-
gians. From a pastoral standpoint, God would appear to act by an ‘ends justifi es the means’ 
principle that provides cold comfort for the suffering believer. But even from an academic 
standpoint, theodicy presupposes that God struggles against a resistant matter. Although 
the Biblical idea that Creation took 6 days—forget about 6 billion years!—would already 
seem to concede the point, most theologians have been reluctant to distinguish God’s 
will from his intellect as openly as theodicy demands, given its implication that God was 
forced to act to turn an otherwise morally indifferent nature into a wholly good work. 
Unlike the Platonic God, who operates much more like a physicist, the Abrahamic God 
could not simply think things into existence: He had to make them fi t to purpose. The 
version of deviant interdisciplinarity that nowadays most adequately captures the original 
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 comprehensiveness of theodicy strays far from theology to what the social science poly-
math Herbert Simon (1977) christened ‘sciences of the artifi cial’.

While this is not the place to explore everything that has helped to diminish theodicy’s 
signifi cance in the 300 years separating Leibniz and Simon, two key moments are relevant 
to making sense of how this especially ambitious and explosive version of deviant inter-
disciplinarity came to be defused:

(1)  The success of Newtonian mechanics, which is founded on a principle of inertia that 
marked a clear break from its precursor concept, conatus. The difference was sub-
tle but signifi cant: Both concepts refer to the default motion of physical bodies, but 
conatus implies that God at least imparted, if not actively maintains, the capacity 
of bodies for motion. However, Newton showed that a comprehensive understand-
ing of physical reality was possible without introducing any specifi c conception of 
the deity’s causal relevance, let alone motivation (Blumenberg 1987). While conatus 
remains a live concept among those who believe that contemporary events always 
bear the marks of their origins, most notably in the social sciences (Fuller 2008c), the 
overall effect of the ascendancy of inertia over conatus has been to divorce the study 
of divine means from divine ends, which in turn has rendered physics conceptually 
independent of theology (Proctor 1991, Part 1). The visceral unease that philosophers 
and other humanists expressed towards the ascendancy of physics as the foundational 
science in the nineteenth and twentieth centuries arguably refl ects a residual yearning 
for a discipline—or interdisciplinary fi eld—that would address in secular guise the 
fundamental value questions posed by theodicy.

(2)  Many of the defi ning arguments and tropes of theodicy migrated into what became 
the foundation of modern ethics and value theory, such as the utilitarian maxim of 
‘the greatest the good for the greatest number’, which was originally proposed as a 
formula for calculating divine providence vis-à-vis the salvation of souls rather than 
the welfare of bodies (Schneewind 1997, Ch. 22). Either as a branch of theology in the 
eighteenth century or an adjunct to political economy in the nineteenth century, the-
odicy aspired to apply mathematics much more thoroughly than simply to represent 
and measure reality, as physics managed to do: it aimed to put math to use as a tool 
for constructing and calculating reality, very much in the spirit of the social engineers 
who from the eighteenth to the twentieth centuries have most obviously followed up 
its leads (Passmore 1970, Ch. 10, 11).

4.4  Thermodynamics as a source of deviant 
interdisciplinarity in the recent period

From the nineteenth century onward, ambitious forms of deviant interdisciplinarity have 
been inspired by the mathematical formulation of thermodynamic principles, especially 
the conservation of energy and the tendency to entropy. I have already alluded to the 
role of energetics in the formulation of dialectical materialism and psychoanalysis. Not-
withstanding their speculative application to historical forces (Marx) and nerve impulses 
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(Freud), thermodynamic principles have been generally seen as equally relevant to the 
mechanical expenditure of physical force in a steam engine, the application of human 
labor in manufactures, and the transaction of messages across a telegraph line. In all these 
cases, energy was understood as always exacting a cost to achieve a benefi t, which could be 
quantifi ed in the same equations. On this basis, a host of Victorian natural philosophers 
such as William Whewell (who coined the word ‘scientist’ to name a profession), James 
Clerk Maxwell, and Lord Kelvin saw themselves as simultaneously contributing to physics, 
economics, epistemology, and even theology (Smith 1998). However, their uneven reputa-
tions in these areas today testify to the deviant nature of their interdisciplinarity. They are 
all suspected of having overextended the metaphor of ‘work’ in various respects.

Nevertheless, thermodynamic principles were extended still further into information 
and communication in the twentieth century, especially once Claude Shannon and Warren 
Weaver mathematically generalized the entropy principle to capture uncertainty in signal 
detection over a noise-fi lled medium. By the 1950s, the Shannon–Weaver formulation had 
come to function as a lingua franca for ‘molecular biology’, a newly emerging fi eld largely 
populated by recent cross-disciplinary migrants from physics and chemistry like J. D.  Bernal, 
Max Delbrück, Linus Pauling, and Francis Crick. It resulted in the still popular idea of DNA 
as constituting the ‘genetic code’ whose information is transmitted with minor errors (i.e. 
mutations interpreted as biological noise) over generations of organisms (Kay 2000).

Now, more than half a century after the discovery of DNA’s role in the storage of genetic 
information, molecular biology is dominated by a ‘bioinformatic’ worldview that under-
stands its work to be that of testing all possible combinations of ‘letters in the genetic 
code’ (i.e. the nucleotides that constitute DNA) for their biological signifi cance. At fi rst 
this rather literal sense of ‘code cracking’ was criticized for reducing biological research to 
mechanical routines (Gilbert 1991). However, among those who successfully sequenced 
the human genome at the close of the twentieth century, Craig Venter clearly saw the com-
mercial potential of such ‘routines’ for the biomedical industries.

Nevertheless, the jury is out on the long-term viability of bioinformatics as a form of 
deviant interdisciplinarity, especially in terms of its ability to accommodate evolutionary 
biology, a topic that both information theorists and molecular biologists have generally 
avoided until recent times (Morange 1998). Here one fi nds at least three versions of inter-
disciplinarity, each ‘deviant’ in its marginalization of Darwinian natural selection, the cur-
rently dominant evolutionary mechanism. In each case, evolution is identifi ed primarily 
with a process other than natural selection:

(1)  The identifi cation of evolution with entropy, which would explain the pervasive-
ness of species extinction and evolution’s apparent irreversibility (Brooks and Wiley 
1986).

(2)  The identifi cation of evolution with self-organized complexity, what Kauffman (1995) 
calls ‘order for free,’ which builds on pre-Darwinian Epicurean ideas that all species—
old and new—consist of recycled genetic material.

(3)  The identifi cation of evolution with the unfolding of an intelligent design in nature 
that may be detected in terms of the engineering properties of genes as vehicles for the 
storage, transmission, and retrieval of information (Meyer 2009).
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While the deviant position of bioinformatics vis-à-vis modern evolutionary theory is still 
a work in progress, one other interdisciplinary application of thermodynamics deserves 
mention as at once more ambitious, at one time more infl uential but nowadays more 
marginal.

General systems theory (or GST) may be the most ambitious form of deviant interdis-
ciplinarity in recent times. It was the brainchild of Ludwig von Bertalanffy (1901–72), a 
Viennese-trained theoretical biologist who spent most of his academic career in North 
America. Bertalanffy fi rst attracted attention in the late 1920s with his discussion of ‘open 
systems’, namely, physical systems that, strictly speaking, are not closed under ordinary 
conservation principles because they regularly receive new energy/information from out-
side their borders. Bertalanffy had been inspired by nineteenth-century Naturphilosophie,
a version of natural philosophy associated with German idealism that treated nature as 
animate in its own right and not simply something defi ned negatively by its resistance to 
the knowledge and power of humans. This perspective, traceable to Hegel’s Berlin rival 
F. W. J. Schelling, acquired scientifi c credibility through Schelling’s student Gustav Fech-
ner, a founder of experimental psychology and the subject of Bertalanffy’s PhD disser-
tation (Heidelberger 2004). Bertalanffy’s key insight was that Fechner’s ideas about the 
degrees of consciousness in nature could be interpreted in terms of levels of organization 
in systems. In effect, Bertalanffy gave mathematical expression to concepts that had been 
previously treated as purely ‘qualitative’, if not downright subjective.

In most general terms, Bertalanffy saw GST as decisively handling the problem of 
entropy, the inevitable disintegration of order in a classical physical system that main-
tained itself only by recycling its own energy. He called such a system ‘closed’. Much of 
the nineteenth-century scientifi c and literary imagination was dedicated to conquering 
entropy, ideally by the invention of a ‘perpetual motion’ machine. However, repeated 
theoretical and practical failures led to resigned expectations of the ‘heat-death’ of a uni-
verse that in the long term would simply run itself down (Smith 1998). Nevertheless, 
dreams of transcending our current energy/information limitations remain in the con-
tinued talk of ‘open systems’ in the economics of innovation and so-called critical ver-
sions of realism that promise science access to ontologies of potentially limitless depth 
(Bhaskar 1975).

More specifi cally, Bertalanffy also wanted to explain the phenomenon of ‘equifi nality’ 
that had been demonstrated by the embryologist and natural philosopher Hans Driesch 
(Cassirer 1950, Ch. 11). Equifi nality is the tendency of individual organisms to overcome 
any of a variety of environmental obstacles—including those that leave their bodies radi-
cally transformed—in order to reach the developmental goals of their species. Bertalanffy 
did not want to explain this phenomenon by postulating some physically ambiguous vital 
force, or ‘entelechy’, as Driesch had. Instead, Bertalanffy called for a more abstract charac-
terization of the organism as a system, whose proper parts consist of functions that may 
be performed by a variety of replaceable physical units, the identity and effi cacy of which 
are determined by the organism’s energy/information transactions with its environment. 
Thus, an organism ‘lives’ by virtue of its principled exchanges with something outside 
itself, as opposed to its being driven by some mysterious internal principle (Bertalanffy 
1932).



Thermodynamics as a source of recent deviant ID 61

A sense of Bertalanffy’s short-term infl uence may be found in the volume devoted to 
theory construction in the International encyclopedia of unifi ed science, the principal col-
lective logical positivist project in North America (Woodger 1947). GST itself consoli-
dated as a deviant interdisciplinary movement in 1954, when Bertalanffy—along with the 
economist Kenneth Boulding, the game theorist Anatol Rapaport, and the neuroscientist 
Ralph Gerard—were among the fi rst fellows at the newly established Stanford Center for 
Advanced Study in the Behavioral Sciences (Hammond 2003). Soon thereafter most of 
them found a common academic home at the University of Michigan, courtesy of James 
Grier Miller, head of the Institute of Mental Health, following a path that sometimes inter-
sected with the general semantics movement. By the 1960s, GST had joined with Norbert 
Wiener’s cybernetics in the promotion of a ‘science of systems’, in which ‘organization’ is 
proposed as an operational defi nition of life that can be applied across all levels of reality 
from the simplest to most complex system, regardless of its material composition—which 
is to say, it could be applied equally to carbon- and silicon-based organisms, or for that 
matter intermediate ‘cyborg’ entities (Buckley 1968; Heims 1991).

GST’s Achilles’ heel has been its failure to reach agreement on two fundamental aspects 
of its overall interdisciplinary vision: fi rst, the exact nature of the energy/information 
exchanges across systems that reverse entropy, other than that they can be mathematically 
redescribed in terms of the laws of thermodynamics; second, the exact logic that under-
writes the relationship between ‘levels of organization’ in a given system beyond the mere 
stacking of analogies. While advocates of GST (notably Ervin Laszlo) continue to tolerate 
these conceptual ambiguities for the purpose of pronouncing on both global and personal 
matters, the balance of the movement’s infl uence has shifted from academia to the more 
speculative reaches of science policy, futurology, and the New Age movement. As for Ber-
talanffy’s reframing of the ‘problem of life’ in terms of the emergence of open systems, it 
has suffered a threefold fate that is characteristic of deviant interdisciplinarity:

(1)  The reframing was simply ignored by experimental researchers into the ‘origin of 
life’, who abandoned the systems-led perspective to focus instead on identifying the 
specifi c physico-chemical conditions needed for the emergence of a certain kind of 
self-reproducing molecule. In this bottom-up view, ‘system’ is treated as a by-product 
of the emergence of complexity (Kauffman 1995).

(2)  The reframing was actively misunderstood by biologists, who in practice adopted a 
compatible, if not similar, position but mistook GST for its opposite, vitalism. This 
explains the failure of molecular biologists, especially reductionists like Jacques 
Monod, to see systems theorists as kindred spirits (Rosen 2000, Ch. 1). Monod treated 
the process by which gene expression is switched on and off as a ‘mechanism’ whose 
historic emergence he explained in terms of natural selection, whereas GST aimed to 
explain what made gene expression a mechanism in the fi rst place, namely, its being 
part of a larger living system.

(3)  The idea of an open system became scientifi cally domesticated by a narrowed defi ni-
tion that avoided controversies like those in (2) above. Open systems are now rou-
tinely presumed without being theorized. One grants that systems whose energy/
information does not completely dissipate over time must be replenished from the 
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outside, but from where and by what means is left open. Thus, one can methodologi-
cally remain indifferent to whether the design features of systems arose by intelligent 
or unintelligent means.

4.5  Conclusion: postmodernism as the ideology 
of deviant interdisciplinarity

Jean-François Lyotard’s (1983) The postmodern condition is reasonably read as a decon-
struction of the Whig disciplinary narratives that dominate academia’s self-understand-
ing. Lyotard shows that the most innovative and infl uential developments in knowledge 
in the twentieth century have largely come from deviant interdisciplinary formations—
including both molecular biology and GST—that had at least one foot outside the acad-
emy. Much of what has been subsequently described by both friends (e.g. De Landa 1997) 
and foes (e.g. Sokal 2008) as ‘postmodern science’ fi ts very much the pattern of deviant 
interdisciplinarity described in this chapter, not least the rather imaginative extension of 
mathematical modes of reasoning to seemingly unrelated domains of reality.

Just as the Church anathematized fi rst heretics and later Protestants who believed that 
they could take the Bible into their own hands in order to reorient themselves to God and 
nature, something similar has repeatedly occurred in the modern period, as academic 
and, more specifi cally, scientifi c authorities have censured deviant interdisciplinarians for 
their heterodox appropriations and extensions of knowledge derived from several disci-
plines. In this context, postmodernism stands very clearly for the systematic reinterpreta-
tion of undisciplined errors as the realization of otherwise lost potential for thought. Only 
a linear view of intellectual history would immediately damn errors simply because they 
refl ect a lingering attachment to an earlier mindset. What postmodernism promises—and 
the various historic forms of deviant interdisciplinarity have realized—is ample food for 
sustained thought, if one is willing to recover and pursue ‘paths not taken’. But at the very 
least this would involve a commitment to a branching view of time, if not parallel pos-
sible worlds, perhaps blurring the boundary between epistemology and science-fi ctional 
accounts of ‘alternate histories’ (Hellekson 2001).
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CHAPTER 5

Against holism
DANIEL SAREWITZ

‘Holism’, as I will use the term, encompasses those various approaches to scientifi c inquiry 
that investigate complex systems—ecosystems, climate systems, economic systems, social 
systems—whose behavior cannot be understood by studying the individual system com-
ponents in isolation. Holism from this perspective encompasses a wide range of methods 
aimed at characterizing complex system behavior, from mathematical models built up 
from fi rst physical principles (such as the general circulation models used to study the cli-
mate) to neural network approaches, game theoretical and system-dynamics frameworks, 
stochastic, agent-based, and other modeling techniques, and so on. Holistic approaches 
to scientifi c inquiry are inherently interdisciplinary, and offer a response to the familiar 
limits of disciplinary science.

The need to transcend these limits seems almost too apparent to demand justifi cation. 
Reality is not divided up along disciplinary lines; if we are to understand the world that we 
live in, we need to fi nd ways to investigate and portray the world as it actually is, not as it 
is constructed from different, necessarily incomplete, and sometimes competing or even 
contradictory disciplinary perspectives.

Disciplinary views of the world distort as much as they reveal by artifi cially isolating 
and simplifying particular components of natural and social systems—components that 
happen to be amenable to precise measurement, mathematical description, or experimen-
tal replication—and then treating those edited versions as if they are discrete, puzzle- or 
clockwork-like pieces of a reconstructable whole. Disciplinarity is not absolutely synony-
mous with reductionism, but in general the disciplines support an inductive, reductionist 
view of understanding, where larger-scale insight is supposed to arise from the accumula-
tion of facts and insights acquired through inquiry focused at smaller scales. Reductionist, 
disciplinary approaches to knowledge acquisition thus encourage mechanistic views of 
nature and society, views that treat the subjects of reductionist analysis as more signifi cant 
than the interactions among such subjects; views that obscure, for example, the importance 
of emergent (non-reducible) phenomena in real-world systems, and that feed belief in the 
ability to exercise control on nature and society on the basis of knowledge about indi-
vidual components of the whole. At the limit, however, reductionism may  harbor holistic 
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ambitions that go far beyond the scope of individual disciplines. An extreme version of 
this approach has been articulated by the biologist E. O. Wilson, who posited a ‘consil-
ience’ of all knowledge that, building from the ground up, would construct a seamless web 
of causal relations to ultimately connect say, quarks to the creative acts of a painter. But as 
even Wilson (1998) admits, such ambitions are expressions of faith in reductionism that 
cannot be justifi ed by the current state of scientifi c knowledge or method.

Intellectual inquiry—research—has many justifi cations and goals, but this chapter 
focuses on what is certainly the most important modern rationale for pursuing scientifi c 
knowledge about the world: the idea that such knowledge, when formalized, transmit-
ted, and applied, can enhance the capacity of humans to act effectively in the world, to 
achieve the practical goals that they aim to achieve. From this perspective, the tangible 
value of inquiry for society is created along two main paths. The fi rst is the embodiment 
of knowledge within technologies—devices and procedures that allow regularities in the 
behavior of natural phenomena to be exploited for the performance of particular tasks. 
The goal here is to increase the control that humans have over their environment and 
their creations, as in, for example, the use of a weakened or killed polio virus to induce 
immunity to polio, or the use of knowledge about aerodynamics to design a projectile 
or an aircraft. The second path along which knowledge is applied to yield social value 
is in the application of improved understanding about the world to human decisions. 
For example, knowledge about tomorrow’s weather infl uences social planning at scales 
from the picnic to the air transport system. Of course these two paths may be related. 
Knowledge about the effectiveness of a polio vaccine stimulates governments to develop 
policies that encourage people to get vaccinated. As a general matter, reductionist and 
disciplinary approaches are most useful in pursuing the technological path, whereas the 
pursuit of holistic understanding is more often justifi ed for its potential to support deci-
sion making.

5.1 Path number one

Technologies are reductionist; they are manifestations of knowledge-out-of-context. For 
example, projectiles exist in nature (meteorites, volcanic ejecta, and so on), but projectiles 
that go in predetermined ways to particular places at particular speeds (bullets, rockets, 
and so on) do so because the conditions of their production and use are precisely speci-
fi ed in highly controlled settings. The excruciating irony here is that the idea of natural 
science as the explicator of the natural is most powerfully declaimed through its capacity 
to do what is entirely unnatural. A more subtle, deeper irony is that for many, perhaps 
most, important areas of technology, the disciplinary scientifi c explanations come later:
you start with a technological capacity achieved through tinkering (steam engines) or folk 
practices (smallpox variolation), and the promise of this new capacity stimulates the pro-
duction of new, explanatory knowledge (thermodynamics and immunology, respectively) 
in an effort to improve performance. Indeed, to a very considerable extent the advance of 
disciplinary, reductionist inquiry about nature has been driven by the desire to improve 
technological performance outside of nature.
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Disciplinary, reductionist science and its embodiment in technology are the most pow-
erful sources of social transformation in the world today. Technologies are cause-and-
effect machines that allow people to do things with often incredible degrees of control and 
reliability (for example, according to the US National Transportation Safety Board, there 
were 22 million scheduled US commercial air fl ights in 2007 and 2008, fl ying a total of 
about 16 billion miles—and zero fatal crashes). But we all know that the world made and 
continuously remade by technology is hardly a world under control. It is rather a world 
where the social, technological, and natural are increasingly indistinguishable, and the 
cause-and-effect chains that connect the use of a particular technology to a consequence 
are unpredictable beforehand, and extraordinarily diffi cult to fully comprehend, let alone 
manage, afterward. For example, super-reliable passenger jets enable not only rapid trans-
port of humans and artifacts, but also rapid dissemination of disease vectors like the swine 
fl u virus. Passenger jets also provided a convenient and potent weapon for the 9/11 ter-
rorists whose actions provoked an infl ection point in global politics. And jets’ emissions 
contribute to the alteration of the earth’s atmospheric chemistry.

Two things are happening. Humans are increasing the reliability with which they 
achieve their aims, by increasing their control over and manipulation of phenomena that 
formerly were invisible, and which often acted on society with impunity. Yet this very pro-
cess of exercising control over particular natural phenomena also amplifi es complexity, 
contingency, and surprise across virtually all dimensions of human endeavor, due to the 
continual introduction of novelty—of things that never existed before—into the world. 
Technologies are conceived and developed in the socially decontextualized setting of a 
laboratory but are released into a world of complex interconnectivity. This dilemma, or 
tension, is as reasonable a defi nition of modernity as one is likely to fi nd, for it captures 
the connection between the reduced and whole worlds: the former, the venue of increased 
scientifi c knowledge and technological control, continually remaking the latter, the site of 
complexity, contingency, and surprise, where, in the realms of science, only the practitio-
ners of holism dare to tread.

Another way to look at this tension is by revisiting the unfashionable notion of progress. 
Only a crank would claim that technological advance has not enabled huge advances in 
human material well-being, and there should be no embarrassment in describing such 
advance as ‘progress’. Yet it takes a naiveté verging on the mystical to equate the ever-ex-
panding domain of local control at the level of, say, individual human health, agricultural 
productivity, energy generation and distribution, transport, or information-processing 
power, with progress in managing the social and natural systems that contain these more 
parochial examples of technological effectiveness. The dictum ‘think globally, act locally’ 
is all well and good, but its implementation demands some capacity to understand the 
connections between the two levels—technological action and system transformation. 
Yet technological advance, catalyzed by reductionist inquiry, makes those connections 
continually more complex, less comprehensible. Indeed, when one considers the array 
of daunting challenges facing the world as I write these words—an emerging threat of a 
fl u pandemic, the vortex of global economic decline, the rising specter of climate change, 
the geopolitical complexities of the Middle East, and so on—the inability of local actors 
to understand the cumulative and emergent consequences of their actions is revealed as 
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a central cause of the problems to begin with. Notions of individual responsibility [if 
I cover my mouth when I sneeze; if I save more, spend less (or should it be the other way 
around?); if I drive less, or drive a more effi cient vehicle, if I send a pilotless drone to attack 
a terrorist camp] dissolve into quaintness at best. Technology creates a logic for action 
at the local level that virtually no one manages to escape, a logic that cannot carry us far 
outside the context and consequences of our own local actions, even as it creates conse-
quences that can reasonably be thought of as global.

5.2 Path number two

And so, we see decision makers in recent decades increasingly calling upon scientifi c 
research to improve the ability of humans to manage the techno-social complexity world 
that we are always, but unwittingly, creating. The idea is obvious: we will make better 
decisions if they are based upon factual understanding—knowledge of the world as it is, 
rather than as we wish it to be, or fear it might be. And when decisions are being made 
about diffi cult problems—managing the economy; dealing with immigration or drug use; 
fi ghting terrorism; countering global warming; regulating powerful new technologies—
the knowledge that can help is necessarily holistic. We need knowledge about the sys-
tem we are trying to manage (economic; geopolitical; socio-technical), about how all the 
important components interact, about how pushing on one part of the system leads to a 
consequence in another part of it. This type of knowledge is different in its essence from 
reductionist understanding. Reductionism strives for insight that is independent of its 
context in time or space (e.g. projectiles on earth always accelerate downward at the same 
rate; killed polio virus injected into a human induces an immune response regardless of 
where a person lives or what their standard of living might be). This context indepen-
dence of science allows reductionist knowledge to be embodied in engineered artifacts 
that themselves behave predictably, regardless of context. Holistic scientifi c inquiry, in 
stark contrast, strives for insight that embraces and explains context and complexity, that 
enhances comprehension of human and natural systems—the very systems that are con-
tinually being rendered more complex and incomprehensible due to the technological 
fruits of reductionist inquiry.

Holism would seem to be everything that reductionism is not, and yet from a differ-
ent perspective they are the same: a response to the appeal for more and better scientifi c 
understanding as a foundation for improving the effectiveness of human action in the 
world. And who could possibly argue with this call? But there is an empirical embarrass-
ment here. Naïve technological optimism aside (everyone, by now, knows that the artifacts 
we create can often bite back in surprising ways), reductionist science and its technological 
embodiments do, in fact, often do what they claim (plus much more, of course, and not all 
of it desirable; but a vaccine protects you against polio, a jet gets you to your destination). 
Where, in contrast, can we fi nd powerful evidence that holistic approaches to inquiry 
improve our ability to act, to make effective decisions? The body of formal knowledge 
on ecosystems, for example, is housed in something like 160,000 peer-reviewed scientifi c 
publications written between the years 1970 and 2005 (Neff and Corley 2009). We know 
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so much more, and in limited cases have sometimes moved away from bad ecosystem 
management practices (monocropping; fi re suppression)—or at least recognized that they 
are bad. But the return on this knowledge investment seems incredibly modest; one would 
be hard-pressed to demonstrate that humans are, on the whole, doing a better job stem-
ming ecosystem decline than they were in 1970. Nor is there much reason (and perhaps 
there is none) to think that enormous and ever-expanding bodies of formal knowledge on 
other complex systems have translated into general improvement in the practice of such 
crucial human activities as international diplomacy, military intelligence, management of 
 complex organizations and economies, or governance of democratic societies.

The only truly holistic representation of a system would be the system itself. Anything 
else, however mathematically or analytically sophisticated or clever, is incomplete and 
thus in some sense a lie. How good does a lie—or, more delicately put, an approxima-
tion—need to be to provide a useful guide to decision making? This might seem to be the 
key question here: perhaps a truly holistic view of a problem is impossible to achieve, but 
certainly the accumulating insights of a holistic research agenda—systems-level scientifi c 
understanding—must be a contribution not just to science but to the capacity of humans 
to manage their affairs? Literal holism may be impossible, but we can use successive and 
converging approximations, probabilistic distributions, and general insight about system 
dynamics to get better at making decisions about our complex world.

This sensible line of argument seems to fail on several counts. To begin with, we often 
cannot know if the right thing is being approximated; nor can we judge in advance the 
conditions under which the approximation will hold. Climate scientists have been given 
tens of billions of dollars of research support over a period of almost two decades to 
gain a holistic view of the coupled ocean–atmosphere system. The idea was supposed 
to be that scientifi c understanding of climate change would both motivate and enable 
the social action necessary to address the climate problem. Yet it has turned out that 
growing knowledge about the climate system—increasingly holistic knowledge, to be 
sure—is pretty much irrelevant to the problem of managing climate change. The reason 
is that human behavior is deeply embedded in complex, interdependent, non-deter-
ministic socio-technical systems that no one knows how to alter in particular ways to 
yield particular outcomes (e.g. a reduction in greenhouse gas emissions). Similarly, for 
all the prowess that economists display in their complex systems models, these abilities 
could neither anticipate nor forestall the 2007 US mortgage meltdown and simultane-
ous global spike in energy and food prices that blossomed into global economic crisis. 
An important point here is that the tools for managing these crises are the standard 
incremental system tweaks—interest rate adjustments, government stimulus packages, 
institutional bail-outs, and so on. As another poignant example, consider that earth 
scientists have for decades known pretty much everything there is to know about the 
vulnerability of New Orleans (a complex urban–natural system) to a major hurricane 
(including the utter inevitability of such an event) but this knowledge had little if any 
bearing on the consequences of hurricane Katrina when it did occur, or on the response 
to the catastrophe.

A predictable rejoinder to these points is that holistic knowledge should not be held 
accountable for the failings of politics or bureaucracies. If political leaders lack the will to 
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decisively confront climate change, if corporate executives behave irresponsibly, if bureau-
crats fail to carry out their duties, why lay such failure at the door of holistic inquiry? Why 
indeed. But in that case, how whole is holistic? Why are political and social failings outside 
of the systems that constitute the whole? For the fact is that the complex systems of inter-
est to humans are those that are affected by and affect humans. Humans, in turn, tend to 
hold diverse beliefs and values about how the world works and what the appropriate goals 
of action ought to be. Here the problem with approximate holism is that there is always 
room for disagreement, both about what the science means, and about which science is 
relevant. Is nuclear power a viable option for reducing carbon emissions? Well it depends 
(for example) on how you balance the benefi ts of reduced emissions with the risks from 
creating more nuclear waste. Are genetically modifi ed foods too risky to be used? Well 
it depends on whether you are mostly worried about protecting the economic viability 
of small farmers, fi ghting the power of global corporations, preserving ecosystems, or 
increasing agricultural productivity.

There are no right answers to these sorts of questions. Humans bring diverse and often 
confl icting values to complex problems, and such value confl icts are only rarely ame-
nable to resolution through factual arguments. Moreover, even if people agree on a value 
that they would like society to pursue, system complexity means that it often remains 
diffi cult to know what actions to take to actually advance toward that value. Diverse 
values, and uncertainty about cause–effect relations associated with decision options, 
allow questions to be framed in many ways, involving different systems, each of which 
merits a holistic approach. The resulting knowledge will in turn refl ect those framings. 
Knowledge of gene fl ows in ecosystems may help assess the risks of genetically modifi ed 
organism (GMOs) to ecosystem health; knowledge of agro-economic system dynamics in 
developing countries may help assess the potential contribution of GMOs to nourishing 
global population. These bodies of knowledge are not reconcilable through holistic syn-
thesis because they describe different wholes whose boundaries refl ect different human 
concerns, different problem defi nitions. There is, in other words, no whole to be ‘istic’ 
about; there are only subwholes that refl ect various combinations of the (always imper-
fect) research tools available and the (often incommensurable) way the questions are 
framed. To make matters worse, complete knowledge even within a subwhole is impos-
sible anyway, so there is always room for disagreement and confl icting interpretation on 
technical grounds as well.

The point here is not the oft-made one about the need to separate the science from the 
politics, but quite the contrary: when the system is complex—when it, basically, can be 
expanded to include everything—declaring that the science is separate from the politics 
is an arbitrary act of boundary-drawing. The decision about which approximation of the 
whole one seeks to construct—or about which construction one fi nds most compelling—
itself refl ects a preference that helps defi ne both the scientifi c and political framing of the 
problem. Is the western spotted owl a symbol of the decline of old growth forests and 
the rapacious habits of the logging industry? Or is it a symbol of how environmental 
regulations stress and transform local economies? Yes. Plenty of approximately holistic 
knowledge can be mobilized to support either position—and plenty of uncertainty can 
undermine each one, as well.
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5.3 Now consider air transportation

Let us come at this from a different angle. Unlike, say, managing environmental prob-
lems, or the long-term behavior of national economies, there are some apparently diffi cult 
things that society actually manages to do quite well, with clear evidence of improvement 
over time. Consider, for example, the rather chaotic air transport system in the United 
States, which on many levels is associated with the same sorts of dysfunction, inequity, 
and resistance to effective reform that we see in other complex socio-technical systems. 
Most passengers are dissatisfi ed with service, and most airline corporations are continu-
ally fl irting with fi scal disaster. Yet the core function of the system, to move passengers 
safely from one location to another, is carried out with a quite incredible consistency and 
safety, as I’ve already noted. Another crucial attribute of air travel is that the number of 
passengers and fl ights has continued to rise without sacrifi cing overall safety. So the sys-
tem somehow maintains, and even improves, its core reliability even as it becomes more 
complex, and even as other system functions (fl ight delays; lost baggage; food quality) 
may worsen (La Porte 1988).

To a considerable extent this reliability is embedded in a technology—the jet airplane—
and is thus a benefi ciary of technological reductionism. And technology plays a support-
ing role in many other ways, for example through successful weather monitoring and 
forecasting, air traffi c monitoring and warning systems, and the increasing automation 
of the actual fl ying of the aircraft. Nevertheless, fallible and fractious humans remain a 
central component of the air transport system.

Many other ‘systems’ are suffused with technological capacities but do not achieve any-
thing like the reliability of air transport, or its ability to maintain core performance with 
increased complexity. What, then, besides the reliability of the airplane itself, distinguishes 
air transport from human-technical systems that perform less well? Three other attributes 
are crucial. First, when it comes to fl ying in airplanes, people’s primary values and inter-
ests are pretty unitary: the goal is to arrive at one’s destination safely. (Rare exceptions to 
this rule, e.g. terrorists, can introduce major perturbations that the system moves quickly 
to counteract.) Second, the metrics of success are both obvious and easy to measure. Suc-
cess means that planes don’t crash; failure means they do. Negative feedback, and the 
learning it provokes, is thus strong and clear. Third, the consequences of failure are dire. 
Even 10 fatal crashes a year—a one-in-a-million safety record—would likely be deemed 
unacceptable by the public. This means that incentives to maintain excellent performance 
are high.

All four of these conditions are essential to the successful management of the air trans-
port system. The whole is radically constricted not just in terms of the techno-scientifi c 
but also the political. Other permutations of these variables (e.g. strong technical capabil-
ity but divergent values, as with the expanded use of nuclear power; or generally conver-
gent high-level values but weak technical capability, as with the need to improve public 
education) expand the realm of the whole—that is, the defi nition of the system that is rel-
evant to its performance—enormously. Yet it is also the case that the air transport system 
is a complex whole that does not fi t into any disciplinary framework, and cannot be fully 
comprehended by any individual. The types of expertise that can design super-reliable 
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jet engines overlaps little if at all with the expertise that designs cockpit instrumentation, 
provides weather forecasts, guides air traffi c in a crowded urban sky, or pieces together the 
shards of an aircraft after a crash.

The reliability of air transport, that is, does not emerge from holistic theory that can 
guide long-term planning, but from a process of continual learning, leveraged by techni-
cal advance, and made possible by convergent values, all of which are embedded in both 
the organization of the system (as complex as it is) and the engineering of its central 
components.

5.4 Toward Orwellian humility

Now imagine a system that does not possess these qualities of technological reliability, 
convergent human values, and consensus measures of success or failure. Many, perhaps 
most, of the world’s most pressing challenges are characterized by and associated with 
systems that lack these qualities. Such systems therefore also lack a strong internal capacity 
to improve system-wide performance through progressive innovation and learning. How, 
then, is improvement to occur?

If one looks at, say, the American political scene, one striking feature is that big prob-
lems may recede from attention, but they rarely go away for very long or get ‘solved’ in any 
sense that is comparable to the consistently high levels of air traffi c safety. Reform of the 
medical system or tax code, reduction of poverty and racial inequality, improvement of 
citizen literacy or corporate governance, management of immigration, protection of the 
environment, reduction of illicit drug use: these and other diffi cult issues are always sim-
mering on the back burner and every few years one or more of them makes it to the front 
burner due to some confl uence of crisis and publicity. Often some action will be taken—
new legislation or regulations or more research or the rise of new organizations dedicated 
to fi xing the problem—that satisfi es the political pressure to do something, or quells an 
immediate crisis, but in most cases the problem is not solved but merely put back on a 
simmer, awaiting its next boil-over.

Such problems are often described as if they were located within a coherent system. We 
talk about the medical, education, welfare, and fi nancial systems, with some sense that 
we are referring to a particular array of institutions, rules, participants, and practices. 
But managing these systems—that is, intervening in them in particular ways to achieve 
desired system-wide results—seems damnably diffi cult, and is usually associated not only 
with surprising consequences but also widespread disagreement about levels of success. 
New knowledge relevant to the management of these systems does not seem to lead to 
more successful or lastingly satisfying results.

I’ve already offered an empirical and theoretical critique of the expectation that more, 
and more holistic, inquiry is the key to progress in such systems. Now I want to suggest 
that the goal itself is poorly specifi ed. If people hold different values related to system 
performance then there cannot be any single way to talk about, or measure, ‘improve-
ment’, and irreconcilable tensions between alternative objectives are likely. For example, if 
the goal is to ‘reform the medical system’, then maintaining attractive salaries for  doctors, 
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ensuring good health care coverage for all people, and maximizing progress in medical 
technology are probably internally incompatible subgoals. This is the point where we 
must face the politically troubling essence of holism. Any defi nition of the whole is in 
part a refl ection of the preferences that defi ne that particular subwhole. Any description 
of a subwhole is necessarily incomplete in ways that can never be known. We fi nd confl ict 
and indeterminacy everywhere we turn—in the scientifi c descriptions of the whole, in the 
boundaries we place around the whole, in the values about the proper performance of the 
whole, in the metrics for measuring that performance.

No one can know enough about any complex system to accurately assert the connec-
tions between system inputs and outcomes—to claim accurately, based on ‘science’ or 
‘rigorous analysis’, or ‘complex systems models’ or some such, that a particular decision 
made locally will lead to a desired consequence at the system level. This means that experts 
wielding credentials of holistic insight in arguing for action in the human world, experts 
on the medical system, or the climate system, or whatever—anyone who claims to know 
what is to be done—are always in fact political entrepreneurs. Claims of holistic expertise 
are always political claims. They are political claims because they refl ect a choice process—
about how to defi ne the system, about what system functions and outcomes are impor-
tant, about what is to be done to make things better, about what ‘better’ means.

Is this political essence of holistic expertise a bad thing? A cultural commitment to the 
Enlightenment, to notions of rationality and inquiry and their contribution to progress, 
encourages people to see deviations from the world they would like to live in as invita-
tions to make the world better. The promise of rationality and inquiry, that is, seduces us 
into interpreting various states of the world as ‘problems’ amenable to ‘ “solutions’ that 
can be approached through better understanding, more knowledge. Wielders of more 
 knowledge—experts—are given particular privilege in discussions about how to solve 
problems, and the most powerful aspect of this privilege is that it shields knowledge claims 
from being discussed in political terms. Experts may—and usually do—argue over the 
apparently technical aspects of their interpretations of the world, but in political forums 
they are not expected to associate their expert views with their political views. We act as 
if scientifi c rigor can shield inquiry from politics. Indeed, when it seems that an expert 
has mixed their politics with their analysis, we call this ‘bias’ and discount the value of the 
expertise.

When it comes to holism, though, everyone is confl icted. From the Enlightenment per-
spective, this unavoidable politicization of science renders incoherent the notion of action 
based on rationality. If the system cannot be understood in a purely rational manner, and 
translated into prescriptions for action that can reliably lead to desired consequences, 
what good is rationality? Yet can we possibly give up on rationality as the key to solving 
those very problems that rationality allows us to recognize in the fi rst place? All hope of 
a better world would then be lost—or at least all hope that the path to such a world can 
be uncovered by experts bearing special new holistic knowledge about complex system 
dynamics.

The idea that holistic knowledge can defi ne a path towards solving problems that 
are embedded in complex human–natural systems is both the child and the assassin of 
Enlightenment ambition. As problems come to light (often as a result of scientifi c inquiry) 
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we continually seek to create more systemic knowledge to help solve them, and are con-
tinually suffused with a sense of frustration about how much we seem to know, and how 
little progress we seem to make.

Is there a future for holism? Can it be rescued from the expectations of the Enlighten-
ment and the indeterminacy of reality? I’ve recently been reading some essays by George 
Orwell, and besides the enviable clarity of his prose and his thinking, a couple of things 
are noteworthy. First, he is incredibly unscientifi c—his observations and thinking are 
fraught with generalizations and assertions that are at best supported by telling anecdote 
and in any case completely untestable. (‘People can foresee the future only when it coin-
cides with their own wishes, and the most grossly obvious facts can be ignored when they 
are unwelcome. For example, right up to May of this year the more disaffected English 
intellectuals refused to believe that a Second Front [the US invasion of France] would be 
opened. They went on refusing while, bang in front of their faces, the endless convoys of 
guns and landing-craft rumbled through London on their way to the coast. One could 
point to countless other instances of people hugging quite manifest delusions because the 
truth would be wounding to their pride.’ [Orwell 1968, p. 297])

Second, he never shies from making his own biases and preferences totally clear. The 
reader always sees the connections between Orwell’s ruthless logic and his guiding prin-
ciples. (‘Any thinking Socialist will concede to the Catholic that when economic injustice 
has been righted, the fundamental problem of man’s place in the universe will still remain. 
But what the Socialist does claim is that that problem cannot be dealt with while the aver-
age human being’s preoccupations are necessarily economic.’ [Orwell 1968, p. 64])

Third, he nevertheless often conveys an almost mystical capacity to penetrate to the 
essence of what matters, to see things as they are, achieving moments of crystalline insight 
by connecting aspects of the world that might seem to be unrelated. (‘Snobbishness, like 
hypocrisy, is a check upon behaviour whose value from a social point of view has been 
underrated.’ [Orwell 1968, p. 224])

And fourth, Orwell is relentlessly, painfully humble and self-critical. (‘A man who gives 
a good account of himself is probably lying, since any life when viewed from the inside is 
simply a series of defeats.’ [Orwell 1968, p. 156]) This explicit tying together of analytical 
and moral judgment (‘I believe that it is possible to be more objective than most of us are, 
but that it involves a moral effort.’ [Orwell 1968, p. 298]) is of course totally against the 
rules of scientifi c holism, but once we recognize that ‘the whole’ is as much constituted of 
moral (and other subjective) conditions as it is of the facts on the ground, this becomes 
a strength not a fault. Indeed, the most important part of Orwell’s analytical authority 
comes from his moral clarity: we know where he stands, so we understand why he sees 
things as he does. And what makes this clarity most compelling is the soto voce ‘of course 
I may well be wrong about this’ that seems to shadow his every observation.

Scientifi c experts wielding holistic knowledge almost never display such virtues. Their 
claims to authority derive from the unstated assumptions that their analysis is on the 
one hand unsullied by their own individual commitments and on the other beyond criti-
cism of all except equally credentialed experts. Yet in making these assumptions, both 
the expert’s claim to holistic insight, and our reason to have confi dence in the expert’s 
reliability, are vitiated, as the scientifi c and the political collapse into one. We see this 
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phenomenon on stark display in two dominant challenges of our time, global terrorism 
and global climate change. In the former, the strongest holistic expert claims for action 
are associated with the political right; in the latter, expertise lies to the left. Each challenge 
has proven to be a powerful lever for suppressing dissent and driving political agendas. 
Opponents of the dominant expertise on terror are ‘soft on defense’. Opponents of the 
dominant expertise on climate are ‘anti-science’. Various solutions are touted, but progress 
toward them remains elusive.

If progress is the ideal, then perhaps we are consigned to two paths that often seem 
divergent. On the one hand there is the technological fi x, the taming of some part of the 
whole that leaves most of reality in its feral state. On the other there is the slow, frustrating, 
uneven, unpredictable, tortuous pursuit of political change that can, maybe, bring values 
more into alignment and allow better decisions to evolve. In either case, holism is nowhere 
to be found, except in the technocrat’s dreams, and in the opposing corners of the politi-
cal boxing arena. In its place, however, we might recognize a different sort of expertise in 
those that can master the Orwellian synthesis: relentlessly pragmatic, unapologetically 
tendentious, excruciatingly humble, exceedingly patient. Perhaps this is the whole that we 
need to aim for, a whole that emerges from the acceptance of our frailty, rather than the 
pursuit of our hubris.
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CHAPTER 6

Physical sciences
ROBERT P. CREASE

Few more striking sites of interdisciplinary collaboration exist than the experimental hall 
of the National Synchrotron Light Source (NSLS) at Brookhaven National Laboratory 
on Long Island, New York. Synchrotron radiation is light given off by charged particles 
bending in a magnetic fi eld. The light is emitted in a continuous spectrum and can be 
fi nely tuned, giving it a broad range of applications, from imaging biological tissues and 
determining chemical structures to etching computer chips. The NSLS contains two rings 
of electrons that emit such light: an ultraviolet (‘U’) ring with a radius of 51 meters that 
emits light through 17 ports, and an X-ray (‘X’) ring with a radius of 170 meters that spins 
out light from 48 ports. Each port is equipped with devices to customize properties of 
the light for specifi c techniques or purposes, and many ports are subdivided two or three 
times (Fig. 6.1). The researchers who interact on projects there are employed by a variety 
of institutions, including industry, universities, and national laboratories in the United 
States and abroad, and come from branches of physics, biology, chemistry, condensed 
matter, geology, environmental science, and medicine (Fig. 6.2).

Port X5, once the site of an experiment in nuclear physics, is sandwiched between two 
ports used for protein crystallography and for imaging polymers, artifi cial biomembranes, 
and other soft matter. Port X17 was converted from angiography to high-pressure geosci-
ence. A diffraction enhanced imaging device at port X15A allows an optical physicist to 
work with medical researchers on producing sharp, 10-micron resolution images of soft 
tissue such as cartilage and ligaments (the team also works at Brookhaven’s nearby MRI 
facility). An X-ray microfl uorescence facility at port X26A for detecting trace elements is 
used by environmental scientists, Alzheimer’s researchers, and scientists studying samples 
of interstellar dust collected by the Stardust spacecraft as it fl ew through the tail of Comet 
Wild 2 and returned to earth. The Stardust scientists, who include astronomers, chemists, 
physicists, and geologists, also used ports X1A, U10A, U10B, and ports at the other major 
synchrotron radiation sources in the United States. Scientists from Exxon Corporation 
use fi ve ports (U1A, X2B, X10A, X10B, and X10C) to examine proteins, catalysts, and 
minerals. On the corridor wall adjacent to port U10B, used for infrared microspectro-
scopy, a bulletin board displays dozens of snapshots of the diverse international teams 
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Figure 6.1 The National Synchrotron Light Source (NSLS) at Brookhaven National Laboratory. 
Photograph courtesy of Brookhaven National Laboratory.

who have used the port, including forensic scientists, art historians, volcano researchers, 
medical investigators, soil scientists, food scientists, and more.

The NSLS experimental hall thus illustrates a variety of ways that interdisciplinary 
research occurs in the physical sciences. First, it is a single facility that supports multiple 
projects in different fi elds. Second, each project, large or small, requires integration of 
knowledge, techniques, and perspectives from several disciplines or specialized subfi elds. 
Third, in a few instances the projects are helping to create new disciplines. Finally, many 
projects require more than a single instrument, and incorporate knowledge, techniques, 
and perspectives from additional facilities at Brookhaven and other labs.

The NSLS, and its interdisciplinary research progeny, arose not from any desire to be 
interdisciplinary for its own sake, but from the developing interests and specifi c goals of 
solid state researchers. What is distinctive about interdisciplinary research in the physical 
sciences as compared with that in the humanities is that the physical sciences do it more 
and without fanfare or self-congratulation, face the problems practically, and theorize 
about it less. Interdisciplinary research is seductively easy to theorize about, and can give 
rise to high-minded glorifi cations of ‘boundary-crossing’, ‘transgression’, and the produc-
tion of ‘new objects’. Such talk can deliver the impression that boundaries are good to 
cross so long as they are on someone else’s property—NIMBY (‘not in my back yard’) 
interdisciplinarity, one might call it. Interdisciplinarity is more treacherous than it looks. 
The advantage of the case of the physical sciences is that interdisciplinarity can be looked 
at concretely in ways that can help to weed out much posturing and ideology.
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6.1 History

Interdisciplinary research and collaboration is surely as old as science itself. In a three-part 
article in Scientometrics, Beaver and Rosen (1978, 1979) examined the entire history of 
scientifi c collaborations, including interdisciplinary ones, through a co-authorship study. 
Yet the scope and scale of what is done on the NSLS fl oor, and the impact on instruments, 
facilities, and techniques, are of recent vintage.

6.1.1 Emergence of interdisciplines

The beginning of the nineteenth century witnessed a disciplining of modern science, when 
it came to be conceived as consisting of relatively discrete and specifi c bodies of knowl-
edge or ‘logies’. However, this development was also accompanied by the recognition that 
the knowledge embodied in each discipline bore on others, and that understanding any 
particular slice of human life involved a spectrum of fi elds. These two poles are illustrated 
by Humphry Davy’s famous introductory lecture on chemistry at the Royal Institution 
in 1802, in which he extolled the value of chemical knowledge for a multitude of sciences 
and throughout human life and experience, and by Michael Faraday’s equally famous dis-
course at the same institution about half a century later, in which he showed that the com-
plete understanding of a single, simple candle involves many different fundamental laws of 
nature, from capillary action to gravitation. When Auguste Comte propounded his scheme 
of classifi cation of the sciences, he argued that while ‘the division of intellectual labor’ was 
necessary and the disciplines would have to be separately cultivated, he also stressed that 
the sciences all belonged to a ‘greater whole’ and that any division was ‘at bottom artifi -
cial’. He warned against ‘too great a specialization of individual researches’ as ‘pernicious’, 
because the end of science was to understand the world around us, which is inherently 
complex and cannot be addressed by any single discipline (Comte 1988, pp. 16–17).

Early interdisciplinary research projects often took the form either of researchers apply-
ing techniques (whether theoretical or experimental) cultivated in one fi eld to another, 
or of researchers in one fi eld working at the frontier of another. Warren Hagstrom (1964, 
1965) compared early forms of collaborative research in science to medieval forms of 
economic organization. Professor–student relationships, for instance, resembled master–
apprentice relations, while ‘free collaborations’ resembled medieval partnerships. The lat-
ter are initiated informally, and Hagstrom likened their initiation process to courtships 
in which suggestions of interactions are cautiously initiated and explored, often accom-
panied by fear of rejection (Hagstrom 1965, p. 114). But Hagstrom wrote that just as 
modern corporations have come to dominate both apprenticeships and free partnerships, 
so a more complex form of collaboration was arising that would soon dominate scien-
tifi c research. The roots of this more complex and corporate form of collaboration, he 
wrote, were threefold: (1) centralization of authority imposed from above by institutions 
or funding agencies and by large and expensive facilities, access to which was necessar-
ily restricted; (2) a necessary division of labor among various kinds of technicians and 
experts; and (3) interdisciplinarity, which can be contrasted with multidisciplinarity, or 
mere division of labor among disciplines.
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Such more complex collaborations began to emerge early in the twentieth century. As 
Davy had prophesied, chemistry was often a principal ingredient of interdisciplinary col-
laborations in fi elds such as biophysics, physical chemistry, and chemical engineering. 
Other interdisciplinary fi elds to emerge in the early twentieth century included radia-
tion science, which combined elements of physics, chemistry, engineering, biology, and 
medicine; and cybernetics, which brought together pieces of architecture, control systems, 
electronics, game theory, logic, mechanical engineering, neuroscience, psychology, and 
philosophy. Sometimes interdisciplinary projects were a function of the goal of a specifi c 
set of researchers, such as the famous BBFH astrophysics paper, ‘Synthesis of the elements 
in stars’, that sought to explain the formation of heavy elements in stellar interiors (Bur-
bidge et al. 1957). At other times, interdisciplinary research was deliberately cultivated 
by individuals at funding agencies, such as Warren Weaver of the Natural Sciences Divi-
sion of the Rockefeller Foundation (Kohler 1991). Interdisciplinary research often forced 
laboratories such as the Radiation Laboratory at the University of California at Berkeley, 
and projects such as astronomical and space programs, to devise effi cient ways to handle 
it (Everitt 1992; Seidel 1992).

The discovery of the molecular structure of DNA in 1953 was an important landmark, 
and generated a special set of problems for researchers. One was a certain amount of disci-
plinary anxiety that biology was about to be colonized by other fi elds, leading to A. V. Hill’s 
rejoinder that ‘Physics and chemistry will dominate biology only by becoming biology’ 
(cited in Pantin 1968, p. 24). It also inspired some rudimentary refl ection about interdis-
ciplinary research; Carl Pantin, for instance, was moved to propose what he called a ‘real’ 
distinction between restricted and unrestricted sciences, or those (like physics, he thought) 
that do not require investigators ‘to traverse all other sciences’, and those (like biology) 
where the ‘investigator must be prepared to follow their problems into any other science 
whatsoever’ (Pantin 1968, p. 24).

In the 1960s, when Hagstrom wrote, applied research, especially industrial research 
such as DuPont’s, already tended to be interdisciplinary. ‘Better living through chemistry’ 
was then a popular adaptation of an advertising slogan adopted by the DuPont chemical 
company in 1935 and used for almost half a century to market its research and develop-
ment projects across many fi elds (for the past decade the company has used the more 
generic slogan ‘The miracles of science’). But Hagstrom remarked that interdisciplinar-
ity was much less common in basic research. When it did exist, he wrote, it experienced 
strains of the sort that befall ‘inherently heterogenous’ emerging disciplines (Hagstrom 
1965, p. 215), manifested for instance by behaviors such as obsessive celebration of a fi eld’s 
founders. Interdisciplinary work indeed can create not just disciplinary anxiety but also 
an intense kind of personal anxiety. When boundaries that have been taken for granted 
come to appear moveable, it not only opens the question ‘What is the discipline?’ but con-
comitantly the more personal questions ‘What am I doing?’ and ‘Who am I?’.

Today, the situation faced by Hagstrom has changed, and interdisciplinarity is common 
throughout basic research in fi elds such as addiction research, bioengineering, biological 
physics, biophysics, climate change, nanotechnology, and polymers. In 2000, the Nobel 
Prize for Chemistry was awarded to three scientists—two chemists and a physicist—
for ‘the discovery and development of conducting polymers’. In his acceptance speech, 
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Alan J. Heeger, the physicist of the trio, remarked that simply by attempting ‘to under-
stand nature with suffi cient depth’, he had ‘evolved . . . into an interdisciplinary scientist’, 
for the fi eld was ‘inherently interdisciplinary’ (Heeger 2000).

6.1.2 Interdisciplinary instruments, facilities, and techniques

Interdisciplinary research has affected instruments, facilities, and techniques involved in 
experimental research by fostering their deliberate planning and construction. Many new 
devices and techniques, particularly imaging technologies, apply to more than one fi eld. 
X-rays are a classic example; within 3 weeks of their discovery in January 1896, physicians 
had used them to help reset a child’s broken arm. But the scale and expense of modern 
instruments makes it necessary to maximize their constituency and design and promote 
facilities from the outset as dedicated for interdisciplinary use. The NSLS—the fi rst facility 
planned from the outset for synchrotron radiation research—is a classic example (Crease 
2008a). Supercomputers are another.

Yet the impact of interdisciplinarity on research takes still more complex forms. All 
experimentation is a species of performance, for it involves bringing together well-
 understood pieces of equipment and material in staging an event or series of events that 
seek to make some phenomenon appear, and let it be examined, in a way that would 
not otherwise be possible (Crease 1993, 2003). Staging performances requires produc-
tion, or an advance set of behaviors and decisions necessary to assemble elements created 
for other purposes. The production of research equipment thus sometimes requires a 
kind of improvised engineering that John Law has called heterogeneous engineering (Law 
1987). But the equipment of modern interdisciplinary research is of such a scale that not 
just pieces of knowledge and apparatus, but entire fi elds of knowledge are sometimes 
transformed and whole instruments reconstructed for new purposes, resulting in what 
Catherine Westfall has called recombinant science.

Recombinant science does not occur as a natural outgrowth of previous research, but 
involves researchers combining ‘insights and expertise from various subfi elds in new ways 
to create a brand new outlook’ (Westfall 2003; Crease 2008b). In small-scale interdisci-
plinary collaborations, such as those commonly found at the NSLS, the end is gener-
ally a natural outgrowth of traditional interests, and the means require recruiting and 
coordinating researchers from different fi elds. Recombinant science, however, involves an 
untidier story, in which the ends as well as the means have arisen as the result of contin-
gencies and convergences that require researchers to adapt their intentions and methods, 
sometimes awkwardly.

6.1.3 The example of the RHIC

A case study in recombinant science is the construction of the Relativistic Heavy Ion 
 Collider (RHIC), a $486 million nuclear physics facility at Brookhaven, located not far 
from the NSLS but an entirely separate facility. It sprang from a high-energy physics pro-
ton collider named ISABELLE, on which construction began in 1978 (Crease 2005a,b). But 
various problems caused the US physics community to lose enthusiasm for the  ISABELLE 
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project (briefl y renamed the Colliding Beam Accelerator or CBA), and it was terminated 
in 1983. In a remarkable turn of events, the facility was converted into a facility of a new 
sort to explore a new fi eld, relativistic heavy ion physics. To justify this transition, scientifi c 
subfi elds were invoked that did not exist at the time of ISABELLE’s birth, and the transi-
tion was made possible by certain key hardware components that also did not exist when 
ISABELLE was conceived. The new fi eld of heavy ion physics effectively blended, initially 
with diffi culty, nuclear and high-energy physics (Crease 2008b).

6.1.4 The age of interdisciplinarity

Why has interdisciplinarity become so routine in the physical sciences? Several theories 
have been advanced.

One, advanced by Hagstrom, is corporate; the scale of scientifi c projects and facilities 
now requires corporate-style organization and management in which different disciplin-
ary components are coordinated (see Stokols, Chapter 32 this volume). Indeed, such orga-
nizations have now been around long enough that patterns have developed. In their study 
of multi-institutional collaborations, for instance, Shrum et al. (2007) identifi ed fi ve dif-
ferent patterns of collaboration formation and four organizational types of collaboration, 
and note several bureaucratic features that have evolved to stabilize such interdisciplinary 
research.

Another theory, advanced by historian of science Paul Forman (2007), is epochal; the rise 
of interdisciplinarity is tied to the shift from modernity to postmodernity. The assump-
tions of modernity—especially the priority of theory over practice, of basic over applied 
research, and of disinterested over interested knowledge—produced the traditional disci-
plinary borders, and served to reinforce them. These disciplinary structures have all but 
collapsed as an inevitable consequence of the reversal of the priority of science and tech-
nology characteristic of postmodernity, with its ‘pragmatic-utilitarian subordination of 
means to ends, and of the concomitants of that predominant cultural presupposition, 
notably, disbelief in disinterestedness and condescension toward conceptual structures’ 
(Forman 2007, p. 2).

A third theory is historical; that two seminal events—the development of quantum 
mechanics and the massive expansion of computational power—made interdisciplinarity 
all but inevitable. Quantum mechanics forced the reworking of the foundations of phys-
ics, chemistry, biology, materials science, electronics, thermodynamics, and other fi elds. 
It provided scientists with the confi dence to claim that enough was known about the 
structure of matter so that, even if only in principle, large-scale substances and many real-
world behaviors could be traced back to, if not entirely explained by, small-scale structures 
and forces. And the sciences of these large-scale substances and real-world behaviors—
from proteins to superconductors—were not abstract domains like particle physics or 
cosmology but inherently interdisciplinary ‘real-world’ systems.

The expansion of computational power, meanwhile, also transformed nearly all the 
physical sciences not only through codes and calculations—which have often made it pos-
sible to trace back the behaviors of large-scale substances to small-scale structures and forc-
es—but also through data analysis and fi tting, search techniques, simulations,  visualization 
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 methods, and other tools. This has led to what Wilson (1984) called the ‘computerization 
of science’. It also led to the interdisciplinary fi eld (applied mathematics, computer science, 
and science and engineering) of computational science and engineering (CSE) which itself 
is a fi eld that participates in other interdisciplinary fi elds (on its impact just on physics see 
Landau et al. 2008). Computation has also profoundly affected disciplines outside of the 
natural sciences, including art. Recognition of the relevance of mechanics and optics to 
painting dates back at least to Leonardo da Vinci’s Treatise on painting and Hermann von 
Helmholtz’s lectures On the relation of optics to painting. Yet the recent expansion of com-
putational power (plus technological developments such as the development of selective 
laser sintering devices) has transformed the practice of artists in striking ways, such as in 
the recent emergence of the fi eld of ‘mathematical sculpture’ (Grossman and Hart 2008; 
Zalaya and Barrallo 2008), which includes representations of four-dimensional objects—
the creation of a ‘new object’ if there ever was one (Fig. 6.3).

Yet a fourth theory offers a Comtean-style teleological explanation involving the pur-
pose of science itself. The point of science is to allow the prediction and control of nature, 
and if we have divided science into disciplines it is only so that we can better cultivate 
them to the point where we can do this. We have had a learning curve while the disciplines 
were being cultivated, but at last we can bring them together again in interdisciplinary 

Figure 6.3 A ‘mathematical sculpture’. Courtesy George W. Hart.
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research. Any obstacles to so doing are the result of what Comte called the ‘pernicious 
effects of an exaggerated specialism’.

For whatever reason—corporate, epochal, historical, or teleological—interdisciplinarity 
is here to stay. Many people have referred to the ‘frontier of complexity’, whose manifes-
tations include biotechnology and nanotechnology, and which ensures that interdisci-
plinary research will dominate the natural sciences in the twenty-fi rst century, a period 
sometimes referred to as the ‘Age of Interdisciplinarity’ (Marburger 2008).

6.2 Practical issues

Promoting the growth of interdisciplinary research is surely a fi ne goal. But as the Spanish 
proverb says, it is one thing to speak about bulls and another to be in the bullring. For-
tunately, scientists and science administrators have had decades of experience trying to 
meet the concrete and practical challenges of interdisciplinary research. One speaker at a 
2006 American Association for the Advancement of Science (AAAS) workshop on quality 
assessment in interdisciplinary research prefaced his remarks by recalling US President 
Grover Cleveland’s blunt remark, in vetoing a tariff bill, that ‘This is a condition we face, 
not a theory’. Interdisciplinarity is indeed a condition with pressing challenges that often 
do not respond nicely to theory. Its challenges vary throughout the phases of a project 
such as the construction of a big facility—from construction to operation to data analy-
sis—and are also different for theoretical research. Practical challenges of the condition 
of interdisciplinary research in the physical sciences include coordination, quality assess-
ment, communication, and culture.

6.2.1 Coordination

One set of practical issues arises in laying out the conditions in which the various disci-
plines can work comfortably. Again, the example of the RHIC is illustrative. Nuclear and 
high-energy physicists would not only have to learn and adapt techniques from each other, 
but also learn to work comfortably together—yet their existing practices were quite differ-
ent, using different kinds of instruments and different sized teams, with nuclear physicists 
used to working with a handful of collaborators, and high-energy physicists used to col-
laborations of dozens or even hundreds. At a key meeting at the beginning of the project, 
Arthur Schwartzchild, the chairman of Brookhaven’s physics department, outlined a plan 
to address the problem by initiating an interim program of heavy ion physics at existing 
facilities at the lab that would run while RHIC was under construction. This, Schwarz-
schild said, would address the looming ‘manpower and sociology issues’ by ‘building a 
constituency for collider experiments, effecting collaborative efforts between nuclear and 
particle physicists, and providing an appropriate arena and stimulus for detector develop-
ment necessary for collider experiments’. In an interesting unwitting echo of Hagstrom’s 
relationship metaphor, Schwarzschild concluded by saying that ‘The new physics calls for 
a marriage between nuclear and high energy experimenters, and this conference looks like 
an engagement party to me’ (Ludlam and Wegner 1984, p. 377c).
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Mathematics and root interdisciplinarity

Erik Fisher and David Beltran-del-Rio

In the typology that distinguishes between multi-, cross-, and transdisciplinarity it is also pos-

sible to think of a discipline that lies at the root of other disciplines. Mathematics enables work 

in many different disciplines, from the natural and physical sciences to the social sciences and 

fi ne arts. It can also support knowledge integration across disciplines. Furthermore, develop-

ments in mathematics can be correlated to cultural style periods – as in the case of Kurt Gödel’s 

(1906–78) incompleteness theorems and postmodern theory (Thomas 1995). Mathematics can 

thus be thought of as a foundation for other disciplines both because of its direct applicability 

to a wide set of phenomena, practices, and developments in many other fi elds of learning and 

human endeavor and because it represents a fundamental form of knowledge.

‘Mathematics’, from the ancient Greek mathemata (that which can be learned), was originally 

broader than modern use implies. It encompassed all learned knowledge, not just that which can 

be characterized through number. In modern usage, however, mathematics can be defi ned as 

the study of patterns and order within structure, space, and change. It employs logical reasoning 

and quantitative calculation to make statements that can be shown to be true or false based on 

fi rst principles or axioms and rules of inference. Mathematics is considered ‘pure’ and outside of 

the natural sciences insofar as it investigates the properties of and relationships among idealized 

objects. Yet insofar as the knowledge it generates approximates physical phenomena, it can aid in 

their conceptualization and control, and can thus be considered ‘applied’.

Mathematics is generally considered to have originated prior to any clearly written historical 

record with practical problems, mostly involving commerce and agriculture, eventually extend-

ing into natural science and military applications. In the European tradition, pure mathematics 

arose much later with Pythagoras (c. 569–475 bce). However, emergence of the systematic study 

of natural phenomena did not historically coincide with mathematics. Aristotle (384–322 bce)

developed a phenomenological science of nature based on understanding four distinct causes of 

natural phenomena, with mathematics being merely one mode of causality.

Mathematics played a more prominent role in ancient astronomy than in physics. In the cos-

mology that framed scientifi c thinking before the sixteenth century, the celestial sphere on which 

the moon was thought to travel defi ned a dividing line between heaven and earth, with the 

corruptible and imperfect beneath this line, while the heavens were a realm of perfection and 

perfectly circular motions. Hence early astronomers, particularly Claudius Ptolemy of Alexan-

dria (c. 85–165 ce) concluded that mathematics, also being perfect, was the appropriate tool 

to describe heavenly motion. Ptolemy’s insistence on using only perfect circles required him to 

employ epicycles, circles whose centers moved upon the circumferences of larger circles centered 

nearly (but not exactly) on the position of the earth and around which orbited each planet. Like-

wise, mathematics was considered largely inappropriate for the study of sublunar phenomena, 

since a perfect tool could not describe an imperfect, corruptible world. Such a view of math-

ematics limited its interdisciplinary potential perhaps intentionally (Bolotin 1998).

It was Galileo Galilei (1564–1642) who fi rst clearly grounded the study of nature in math-

ematics. The Galilean revolution is often taken to involve his acceptance of Copernican heliocen-

tric cosmology and insistence on experimentation and empirical ‘proof ’ of physical theories. Of 

even more importance, however, was Galileo’s application of mathematics to sublunar motions 

and his insistence that physicists should not seek causes, as Aristotle held, but generate only 

mathematical descriptions of natural phenomena.
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The calculus, which enables a more precise description of Galileo’s chief interest, motion, 

was independently invented 50 years later by Isaac Newton (1642–1727) and Gottfried Wilhelm 

von Leibniz (1646–1716). Calculus allows physicists to model and predict natural motions with 

previously unknown accuracy. In a similar development, by assuming an inverse square relation-

ship of gravitational force and then by developing and applying a geometry of limits, Newton 

demonstrated what Johannes Kepler (1571–1630) had only posited, namely, that planets move 

in elliptical orbits. In one of several disclaimers, however, Newton signifi cantly pointed out in 

a 1693 letter that his mathematical work did not reveal the more philosophical ‘cause of gravity 

itself  ’.

With calculus, Newton succeeded in unifying formerly disparate fi elds of physics. Attempts 

to further unify or even ‘end’ physics with a mathematical theory of everything (TOE) continue 

to the present. String theory is one such attempt, and as in Newton’s day new physics and new 

mathematics are developed simultaneously.

Calculus is the mathematics of motion and change. Since these feature so prominently in our 

world, it is no surprise that calculus has found its way into so many fi elds. If one’s best tool is cal-

culus, everything begins to look like a differential equation. It is interesting to note that calculus 

requires the quantities it studies to be the result of continuous processes. In other words, it builds 

in the assumption that the physical world is made up of unbroken, rather than discrete opera-

tions. Whether such continuous processes exist at all in nature is still an open question; we do 

not know whether space and time are continuous. Hence calculus, and mathematics in general, 

should be thought of as an approximation, rather than an explanation of many, if not all, of the 

phenomena it seeks to predict. Ptolemy’s epicycles can be recalled here as a classic example of a 

mathematical device that predicts but cannot explain natural behavior.

Whereas Newton, like Aristotle, distinguished mathematical knowledge of nature from ‘causal’ 

knowledge, Galileo, like Ptolemy, may have been more interested in a computational and predic-

tive tool. Meanwhile, by the time of Pierre-Simon Laplace (1749–1827), scientists widely held 

that the universe was akin to a gigantic deterministic clockwork machine, and began to envision 

an end to physics with a colossal system of differential equations that predicted every natural 

event.

The Galilean revolution produced still another result—the attempt to quantify or otherwise 

fi nd a secure mathematical foundation for as many fi elds as possible. Many believe a fi eld of 

study becomes truly scientifi c only insofar as it can be made mathematical. Due to its tremen-

dous success in describing natural phenomena, mathematics is often thought of as a root of sci-

entifi c knowledge and, by extension, of knowledge in general. This largely means the a pplication 

of calculus, but calculus is a deterministic tool, and in many cases cannot be applied. When 

calculus fails, another modern form of mathematics known as probability and statistics tends 

to take its place.

Probability and statistics have their own specifi cally modern origins in specifi cally modern 

problems, such as those being presented to bankers and investors in high-risk potentially high-

gain shipping ventures. About the time of the development of the calculus, for instance, Blaise 

Pascal (1623–62) famously proposed that one employ a statistical wager regarding the decision 

of whether or not to believe in the existence of God. Shortly thereafter, the nation state also 

sought to develop statistical tools that could facilitate its control and manipulation of large-scale 

populations and the monitoring of commercial activities. Modern scholars often propose that 

mathematics in the form of probability and statistics be directly applied to moral contexts and 
(cont.)
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Mathematics and root interdisciplinarity (cont.)

questions. Economic and risk assessment methods such as cost–benefi t analysis and probabilis-

tic risk assessment are presented as tools for moral and public policy decision making.

The modern notion of mathematics as a root interdiscipline has nevertheless been challenged 

on a number of levels. Jacob Klein (1899–1978) argued that the ancient Greek understand-

ing of arithmos differs importantly from the modern understanding of ‘number’. According to 

Klein, arithmos always means a defi nite number of defi nite things, whereas the modern ‘number’ 

replaces ‘the real determinateness of an object with a possibility of making it determinate’ (Klein 

1992, p. 123). The symbolic characteristic of ‘number’ is based on seemingly paradoxical assump-

tions about the ontological status of mathematical objects, since it identifi es mind-independent 

‘things’ with a mind-dependent ‘concept’, namely, quantity.

This brief history of mathematics suggests that the application of mathematics to other 

domains is partially a function of what mathematics is considered to be. Moreover, different 

conceptions of what counts as knowledge have at various times both limited and enabled the 

integration of mathematics within these other domains. The extensive modern employment of 

mathematics in describing and predicting phenomena can on the one hand be taken as evidence 

of the primacy of mathematics as a form of knowledge, and on the other comes at the cost of 

other forms of description and ways of knowing. In this case, at least, interdisciplinary success 

appears to be rooted in what constitutes the discipline.
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6.2.2 Quality assessment

But such relationships still need to be monitored for their long-term health. In 2008, Boix 
Mansilla and Gardner wrote that ‘a re-emerging awareness of interdisciplinarity as a per-
vasive form of knowledge production is accompanied by an increasing unease about what 
is often viewed as “the dubious quality” of interdisciplinary work’. One factor is that the 
traditional method of quality assurance—peer review—can prove diffi cult in practice in 
the absence of true ‘peers’. A step in alleviating this concern, the authors continued, is 
to develop suitable processes, criteria, and contexts for assessing interdisciplinary work, 
including ways of selecting appropriate reviewers and of effectively managing their col-
lective expertise in review sessions. One must fi nd, as Martin Blume, the former Editor-
in-Chief of the American Physical Society put it at the AAAS quality assessment meeting 
mentioned above, ‘referees who have open minds and a deep knowledge of the fi elds’. 
Among the problems is ‘a tendency of physicists to believe that another area of science 
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is not signifi cant until it can be understood in terms of the techniques of physicists, and 
for, say, economists to believe that physicists have nothing to teach them’ (Blume 2006). 
Another problem involves metrics for evaluation, such as citation counts or publication 
in ‘high impact factor’ journals, for different fi elds may be of different sizes and differ, too, 
in the shelf-life of infl uential articles. Groups such as the Council of Environmental Deans 
and Directors of the National Council for Science and the Environment provide online 
resources for interdisciplinary hiring, tenure, and promotion (CEDD 2008).

Other special measures that may be required to ensure the quality of fi elds include mak-
ing sure that the appropriate spectrum of journals turns up in citation indexes; that once 
articles in journals such as Physical Review E and Physical Review Letters become relevant 
to medical research, for instance, these journals are listed in Medline. Special awards for 
interdisciplinary research may be necessary to ensure that noteworthy research that may 
otherwise slip through the cracks is appropriately recognized. The New York Academy 
of Sciences, for instance, sponsors an annual award, the Blavatnik Award for Interdisci-
plinary Research. And interdisciplinary research poses special problems for librarians and 
information scientists: ‘It is imperative for information scientists to understand the char-
acteristics of interdisciplinary research and the researchers’ information need(s) to better 
serve the scientifi c community’ (Tanaka 2008, p. 41).

6.2.3 Communication

Thomas Kuhn famously argued that disciplines are defi ned by paradigms. If so, then any 
crossing of disciplines can only be either undisciplined, or a trade or exchange of some-
thing between disciplines: multidisciplinary rather than interdisciplinary. How is genuine 
cross-communication possible? Peter Galison provided a twofold answer involving the 
claim that paradigms are not that monolithic plus the idea of a trading zone, or special 
kind of place where different cultures meet and interact. What takes place in such a zone, 
he claims, is not ‘translation’ with its implication of one-step transpositions of meaning 
from one holistic context into another. Rather, local languages emerge—inter-languages, 
‘pidgins and creoles’—that ‘grow and sometimes die in the interstices between subcul-
tures’. In this way, ‘trading partners can hammer out a local coordination, despite vast 
global differences’ (Galison 1997, p. 783; Collins et al. 2007).

6.2.4 Culture

But interdisciplinary research involves more than language. Seligman et al. (2008) point 
out that, in genuine communal interaction, it is often more important to examine what 
people do rather than what they say or mean. One must beware of overtextualizing the 
world, of overemphasizing the effi cacy of language and belief in human action. Despite 
the detached, third-person style of research papers, what matters is not whether the result 
is epistemically justifi ed, but whether the goal has been reached. The language of science is 
subservient to the practical requirement of achieving its goal. This signals the importance 
of another set of subjects critical to interdisciplinary research—its ‘immaterial culture’, so 
to speak—including trust and expertise, to be mentioned below.
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Cooperation, for instance, may require overcoming cultural differences, not just learn-
ing a new language. An example is provided by what happens to Stony Brook University 
computer engineer Steven Skiena each time he teaches his graduate course in compu-
tational biology. The two largest groups who take his class are biologists and computer 
engineers, and these have diametrically opposed backgrounds, experience, interests, and 
educational attitudes. From the beginning, it was diffi cult. ‘The biology students took 
for granted the existence of a strict hierarchical pecking order that leads from profes-
sor to postdocs to grad students to lab assistants to undergraduates, and assumed that 
they must start at the bottom and work up. The computer students, by contrast, saw no 
such hierarchy, described themselves simply as working in the “Skiena lab”, and treated 
everyone as peers, including Skiena himself. The biology students tended to feel violated 
if asked to program a computer, and computer engineers tended to feel likewise if asked 
to learn something about proteins’ (Crease 2006, p. 226). It is two disciplines, one might 
say, divided by a common subject. Skiena must get the class at least to mingle intellectu-
ally. He begins by mirroring back these cultural differences in a slide (Fig. 6.4). The PhD 
students in this class tend to retain their disciplinary affi liations after graduation—the 
computer science students tend to get jobs in computer science departments, the biolo-
gists in life science departments—which no doubt is a function of teaching, tenure, and 
funding factors. However, they do tend to wind up publishing or co-publishing much 
more in the other discipline—thus engaging more in interdisciplinary work—than their 
disciplinary peers.

6.3 Theoretical issues

What’s distinctive about interdisciplinary research in the sciences, I said above, is that 
they do it more and theorize about it less. Scientists are accustomed to redrawing their 
disciplines, and live and work with their boundaries under reconstruction. The practical, 
goal-oriented focus of the researchers allows them to bypass the need for refl ection and 
intersubjective inquiry. Moreover, theorizing about scientifi c practice is the task of other 
kinds of scholars.

6.3.1 Disciplines and interdisciplines

One way to understand interdisciplinarity is through understanding disciplinarity. What 
constitutes a discipline: Objects? Methods? Concepts? Culture? Are the RHIC researchers, 
and NSLS researchers, actually being interdisciplinary, or merely retreading within what 
is essentially the same large discipline of physical science? And is interdisciplinarity in the 
physical sciences different from what happens in social sciences and the humanities? Are 
there different kinds of boundaries? Examining such questions using case studies from the 
physical sciences can help clarify what we mean by a discipline.

A realist conception of disciplines would picture science as seeking to describe territo-
ries of knowledge or of objects that are out there independently of how we come to know 
them—where nature is divided at its joints. If we make changes in what our  sciences 
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Figure 6.4 Introductory slide from Steven Skiena’s Computational Biology class. Courtesy Steven Skiena.

Computer Scientists vs. Biologists

There are many different types of life scientists (biologists, ecologists, medical doctors,
etc.), just as there are many different types of computational scientists (algorists, software
engineers, statisticians, etc.).  
  
There are many fundamental cultural differences between computational/life scientists:

• Nothing is ever completely true or false in biology, where everything is either true
or false in computer science/mathematics.    

• Biologists strive to understand the very complicated, very messy natural world; 
computer scientists seek to build their own clean and organized virtual worlds.   

• Biologists are data driven; while computer scientists are algorithm driven.  

One consequence is CS WWW pages have fancier graphics while Biology WWW 
pages have more content.  

• Biologists are much more obsessed with being the first to discover something; 
computer scientists invent more than discover.  

• Research biologists have to know more than computer scientists; computer 
scientists know how to do more.  

• Biologists are comfortable with the idea that all data has errors; computer 
scientists are not.  

• Biologists are live in stronger hierarchies than computer scientists: PI ®
postdocs  ® graduate students ®  lab assistants.   

Genetics students seeking to work with me ask to join the   Skiena lab''.  

• The Platonic ideal of a biologist runs a big laboratories with many people. The 
Platonic ideal of a computer scientists is a hacker in garage.  

Biologists can get/spend infinitely more research money than computational 
scientists.  

• Biotechnology/drug companies are largely science driven, while the computer 
industry is more engineering/marketing driven.  

• Biologists seek to publish in prestigious journals like Science and Nature. 
Computer scientists seek to publish in prestigious refereed conference 
proceedings.  

One consequence is life science journals get refereed faster than computational 
science journals.  

• Computer scientists can get interesting, high-paid jobs after a B.S. Biologists 
typically need to complete one or more postdocs.. 
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encompass we are correcting these boundaries to be more in accord with what is out 
there, rather than transforming the sciences or acting interdisciplinarily. In this view, the 
skeptics are right, and interdisciplinary research is arbitrary, hybrid, a disciplinary mule—
sterile, not creative, and dependent for its continued existence on further seminations. 
But it has proven diffi cult to differentiate disciplines by their global object, or what the 
scholastics called their material object. Each discipline comes at its objects in a different 
way, so the disciplinary objects differ—what the discipline sees in the global object is 
based on the discipline’s own ways of investigating. Indeed, there seem to be only nominal 
and historic differences between physics, chemistry, biology, and so forth, in terms of their 
global and formal objects.

For this and other reasons, following the appearance of Kuhn’s Structure of scientifi c 
revolutions, we have seen the emergence of what might be called a postmodern concep-
tion of interdisciplinarity, exemplifi ed by Forman. In this view, the boundaries of dis-
ciplines are essentially arbitrary, as a function of how these sciences emerged and the 
social forces exerted on them, susceptible to change as these forces change. We created 
nature’s joints. Indeed, if the disciplines make any attempt to resist the transformation 
of their boundaries they become suspect as ideologies, subject to a hermeneutics of sus-
picion of their justifi cations of their interests, claims, and narratives. The postmodern 
conception of disciplinarity valorizes, even celebrates, interdisciplinary work and its 
heterogeneity.

A third possibility is a hermeneutical conception of disciplines, in which the sciences 
are about the world as it presents itself to us and with which we are creatively engaged 
through our laboratory experiences. The world does not present itself to us as undifferen-
tiated, but as being landscaped, certain of its regions being nearer or farther from others. 
We inherit, adapt, and transform this landscape—you fi rst have to recognize and accept 
boundaries in order to reorganize or transgress them—both the areas comprising it and 
how these are related (Ginev 1997, 2006). When X-ray instruments fi rst appeared, they 
could be used in different fi elds without signifi cantly affecting the boundaries. By the time 
of the NSLS, however, the engagement with nature to which X-ray technology belonged—
the scales and energies involved—had been sharply altered. The NSLS was not simply a 
bigger X-ray bulb in the same landscape; human beings and nature were positioned very 
differently in a changed landscape.

6.3.2 Trading zones

Another path to understanding interdisciplinarity involves looking at what happens in 
interdisciplinary projects. Collins et al. (2007) sought to develop a more general form 
of Galison’s notion of trading zones, or places where different cultures interact. Noting 
that in the absence of communications problems there is only trade, they defi ned trad-
ing zones as ‘locations in which communities with a deep problem of communication 
manage to communicate’. How, then, can such a ‘deep problem of communication’ be 
overcome? In several possible ways, say Collins et al., depending on the kind of trading 
zone it is. They propose a four-fold division of such zones by mapping interdisciplin-
ary collaborations onto a graph with two axes. One involves whether the collaboration 
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is cooperative or coerced, the other whether the end product is a heterogeneous or 
homogenous culture (Fig. 6.5). In this way, the creation of new scientifi c disciplines like 
astrophysics, biophysics, or relativistic heavy ion research is only one of several possi-
bilities for interdisciplinary collaborations. But the diagram is based on the assumption 
of a neat distinction between cooperation and coercion—which reminds philosophers 
of the old Aristotelian distinction between natural and enforced motions, and inspires 
wonder about the grounding of this distinction. How is this distinction refl ected in 
scientifi c practice? Is the interaction between nuclear and high-energy physicists at 
the RHIC collaborative or coerced? On the one hand, the interaction moves scientists 
towards a goal—further understanding particles and nuclei—that they have always 
sought, which might suggest collaboration; on the other hand, it was political neces-
sity for the laboratory, stitched together because of the failure of a big science project, 
which might suggest coercion. When someone makes the claim that the collaboration 
was cooperative or coerced, who then is speaking and why? The collaboration was both 
cooperative and coerced at the same time, or neither; it arose from the scientists living 
in the midst of the scientifi c world, motivated by dissatisfaction, and using what tools 
they had to achieve what they could in pursuing their inquiries. They were making their 
way intelligently in an atmosphere whose elements were not separable into categories 
like ‘cooperative’ and ‘coerced’. Maintaining cultural heterogeneity is not always natu-
ral, and transforming it is not always slavery. The notion that all transformation of the 
boundaries of science is enforced is the product of a Forman-like postmodern concep-
tion of disciplinary boundaries.

What if interdisciplinary research, instead, were looked at from the perspective of its 
participants themselves, rather than from the outside? For someone joining a RHIC col-
laboration, say, it is not a matter of contributing a block of information to the project 
the way that a jigsaw piece contributes to the whole. Rather, it is a matter of working 
with other participants, oriented toward the practical realization of a goal. Being in such 
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Figure 6.5 A general model of trading zones. From Collins et al. (2007).
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a  project cannot be conceived of in terms of a space of disciplines or departments but is 
rather more like participation in a community, with the life of the community determin-
ing and altering its structures rather than the other way around.

6.3.3 The immaterial culture of interdisciplinarity: trust and expertise

Interdisciplinary collaborations thus involve a matrix of intangible elements. To collabo-
rate, you do not have to share the culture, or the same understanding, of the project on 
which you are collaborating; less tangible elements may come into play (Seligman et al.
2008, p. 8). All that may be required for one to help build or operate an X-ray machine 
may be things like a desire to help out. To be sure, this matrix and these less tangible ele-
ments tend to be drowned out by the task, the topic, the goal, and it is diffi cult to speak 
about something that is so easily overwhelmed by the discourse of facts and results. But 
these things are part of the atmosphere that allows us to inquire and act intelligently.

One of these elements is trust. Trust is a key, if often overlooked, concept in science. 
Trust here does not mean a moral virtue. Rather, to put it briefl y, trust means deferring 
with comfort to others, in ways sometimes in our control, sometimes not, about a thing or 
things beyond our knowledge or power, in ways that can potentially hurt us. Trust, which 
has both a cognitive and a non-cognitive dimension, is extremely important in different 
kinds of interactions within science and between science and society. Science depends on 
trust in the form of all those bonds of mutual cooperation that have to exist between sci-
entifi c colleagues in their various roles. Shrum et al. (2007) note the importance of trust 
in interdisciplinary collaborations.

The correlate of trust is expertise; an expert is often the one to whom one defers to 
obtain knowledge on which one is dependent. Collins et al. (2007) describe ‘interactional 
expertise’, or fl uency in the discourse of a fi eld without the ability to contribute, as a par-
ticular kind of expertise necessary for at least one of their four categories of interdisciplin-
ary collaboration. One of their key examples is Steven Epstein’s (1996) description of San 
Francisco AIDS activists, who collaborated with researchers. Shall we call this a collabora-
tive or coerced interaction? Here, too, the inquiry’s the thing, and the activists’ recognition 
of the need for scientifi c expertise is behind the interaction. When there is no common 
inquiry—antinuclear activists versus a research reactor, say—and the atmospheres are 
fundamentally different, interactional expertise cannot happen. Expertise breaks down 
in the absence of trust and a shared life-world. Without that shared life-world, there is 
the possibility of reading the meaning of that expert advice differently—that the experts 
are hired guns, misguided, ignorant, ideologically or politically motivated—conspiracy 
theories thrive, and the value of expertise vanishes.

6.3.4 Fractionation

Many studies have discussed the fractionation of fi elds of knowledge under various rubrics: 
internal differentiation, cross-stimulation, clusters of specialization, hybridization, and 
so forth (Tanaka 2008, p. 24). Collins et al. (2007) note that while many fi elds, such as 
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that of gravitational wave detection and, we might say, relativistic heavy ion research, 
appear from the outside to be coherent, when viewed more carefully they can be seen to 
be divided into numerous subspecializations with no move toward homogeneity—that 
there is discontinuity when looked at closely. They propose that this may well be the real 
state of all science—that it is like a surface that seems smooth to the naked eye, but turns 
jagged when magnifi ed enough. ‘It may be that, when examined closely, what appear to 
be integrated networks of scientists are really conglomerations of small groups bound 
together by rich interactional expertises’ (Collins et al. 2007). They add, ‘One can always 
choose to “zoom in” on any area of social life and, as the scale increases and ever more 
detail is exposed, as with a polished metal surface, what appeared smooth turns out to be 
jagged.’ In this event, they claim, scientifi c disciplines are like ‘fractals’ whose structure is 
reenacted at every scale.

This interesting observation raises many questions. Is the fractionation of the same 
type throughout science, or does it vary throughout the phases of a construction project 
like that of a giant telescope or accelerator? And is there a limit to this behavior? Isn’t 
research ‘quantized’, in the sense that a basic unit of research is the researcher, who builds 
expertise and competence by being cultivated in a particular area in a particular kind of 
research context? That person’s career and advancement are also determined by rewards 
and institutional structures, which also seek to keep that person focused on individual 
areas. This focus on individual areas may thus be for social reasons—prestige, advance-
ment, coping with the administrative structure. The researcher may eventually join with 
others in a goal met jointly, but begins by mastering one area or set of areas. Research 
involves not the achievement of a collective oneness but an endless task of integrating 
and splitting in a communal context. Research is dominated by the practical goal at hand, 
whose attainment is often negotiated rather than solved like a puzzle. Solutions are always 
changing, giving rise to new kinds of goals with new expectations of attainment. Research 
takes place in a ‘plain we do not totally control, one that is always also open to the other, to 
strange and different, beyond power of the center’ (Seligman et al. 2008, p. 21). Adapting 
Whitehead’s famous remark apropos of the way science treats its founders, we might say 
that a science that hesitates to move its boundaries is lost, but add that one that seeks to 
abandon them is lifeless.

6.4 Integrative systems

The interdisciplinary research described above involves regions of knowledge and interac-
tions between researchers. A different, though related, set of issues are raised when such 
knowledge is considered as arising within integrative technological systems that have been 
planned and promoted for practical applications. Now not only scientists but also admin-
istrators, politicians, evaluators, lawyers, and businessmen are involved in a nexus that 
Klein (Chapter 2 this volume) calls transdisciplinary. A classic example is the Biopolis, 
established in Singapore, to promote not just medical research but also interactions with 
clinical applications, and to facilitate the construction of a proper legal and economic 
infrastructure in which these applications will thrive.
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Rüdiger Wink, for instance, refers to innovation systems and integrative technologies, by 
which he means ‘the systemic linkages between single innovation networks to enhance 
interaction of knowledge between the networks and their members and to increase the 
innovative capacity of the whole system’ (Wink 2008). These systems connect abstract 
and theoretical scientifi c knowledge with ‘incumbent technologies’; involve ‘no clear 
boundaries between basic and applied science’ insofar as new scientifi c knowledge can be 
plugged directly into new goods and services; and involve scientists serving as research-
ers, managers, and entrepreneurs. Such systems encompass the ‘whole knowledge produc-
tion process’, or the entire ‘knowledge value chain’, extending from knowledge production 
through review and exploitation, in which the laboratory is only a part—but the rest 
of the system/chain affects what happens in the laboratories. Wink stresses the impor-
tance of gatekeepers as the connections between the elements of this process—the parallel 
to interdisciplinary research—and notes facilitating factors such as cognitive, social, and 
organizational proximity.

An example of integrative systems at work is human embryonic stem cell research. Here 
a science with a variety of direct and urgent practical applications is subject to a variety 
of regulations that cannot be ignored in research, and with huge effects on laboratory 
research, involving ethics, capital markets, intellectual property rights, and so forth. Dif-
ferent countries have different integrative networks for dealing with stem cell research 
with different kinds of legal frameworks, and different kinds of links to industries, in play 
that affect how research takes place. A country’s integrative networks may facilitate or 
hinder its ability to link with networks in other countries.

Justus Lentsch, meanwhile, discusses the need to develop better boundary institutions that 
are accountable both to scientists and to policy makers (Lentsch 2006). Frequently cited 
examples of institutions with such dual accountability include the Dutch Sector Council 
Model, the European Food Safety Authority, and the European Environment Agency.

6.5 Interactional networks

Even more issues are raised when the public reaction to an integrative network is taken 
into consideration. A vast distance exists between the knowledge about a subject that cir-
culates in a laboratory and the knowledge about the same subject among the public. A gap 
exists between the ‘load’, as it were, born by the discourse in the two cases (Crease 2000). 
Connecting the two requires a kind of ‘impedance matching’, in which the load is stepped 
down. This cannot be a one- or two-step process—education plus science popularization, 
say—but requires an entire spectrum of interactional networks between discourses with 
different loads. Without it, in public controversies with a technical dimension, positions 
become not argued but dramatically presented by people who think in slogans and com-
municate in images. Anti-biotechnology protesters dress up as Frankenstein monsters, 
protesters call shipments of low-level radioactive wastes ‘mobile Chernobyls’ while car-
rying placards of the skull-and-crossbones—actions which serve to displace, in public 
arenas, those who would argue or inform. The issues—especially highly signifi cant ones 
like genetically modifi ed organisms, nuclear power, the safety of low levels of toxins, and 
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the ethics of stem cell research—are treated as if they were entertainment, and the public 
is effectively precluded from engaging them. The German philosopher Jurgen (Habermas 
1989) refers to such patronizing tactics as a ‘refeudalization’ of the public sphere. Inter-
actional networks attempt to overcome such refeudalization, requiring yet another kind 
of interdisciplinary activity, one that reaches not from one discipline to another but from 
one way of life to another.

6.6 Conclusion

The physical sciences present excellent case studies of interdisciplinarity, its problems, and 
its prospects. Interdisciplinary research in the physical sciences is a particularly interesting 
case because of the amount of experience, the practical challenges, and the theoretical issues 
it raises in connection with science and its practice. Theorizing about interdisciplinarity can 
involve considerable posturing and self-congratulation. The physical sciences present clear 
examples of the inheriting, adapting, and transforming of disciplines—which can transform 
not only our understanding of science but also of all research. Interdisciplinary research is 
not simply changing science—its disciplines and the boundaries between them—but forc-
ing the question of what science itself is. Its boundaries are shifting, in ways that make us 
mindful that it could have been otherwise, and doubtless will change still more in the future. 
And interdisciplinary research in the physical sciences, its integrative systems and interactive 
networks, is becoming ever more important to the welfare of the planet, making its study 
essential. Sites such as the NSLS fl oor would be a good place to start.
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CHAPTER 7

Integrating the social sciences: 
theoretical knowledge, 
methodological tools, 
and practical applications
CRAIG CALHOUN AND DIANA RHOTEN

The distinctions among the social science disciplines are historically forged and largely 
arbitrary. Nonetheless they are reproduced not only in boundary struggles but also in 
the training of graduate students, the writing of textbooks, and the review processes of 
 scholarly journals. They may be more matters of style than method—characteristic struc-
tures of attentions, values, and ways of solving problems—but they are jealously defended 
and also maintained simply by habit and social networks.

By contrast, it is common to speak of physical sciences in the singular. The common 
scientifi c method suggests unity despite the differences among disciplines. There is a 
tacit commitment to commensurability in science (Wilson 1998). There is no analogous 
expectation in the humanities, but instead a celebration of different perspectives. Univer-
sity arts and humanities faculties are always plural, a refl ection of divergent methods as 
well as topics. Oddly, these are both responses to the decline of theological authority. On 
the one hand a new unifying faith, on the other the recovery of a classical idea of multiple 
liberal arts, each distinct as craft skills are. In this as much else, the social sciences occupy 
an in-between position. Since the methodenstreit of late nineteenth-century Germany, the 
social sciences have been torn by recurrent struggles over scientifi c universalism versus 
humanistic particularism.

In any case, social scientists have divided increasingly between those who understood 
human behavior as a natural phenomenon to be studied using ‘objective’ scientifi c meth-
ods and those who believed human behavior could not be understood outside of par-
ticular histories, cultural contexts, or subjective understandings. Universalizers were most 
prominent (though not universal) in economics, sociology, and political science and 
much less dominant in history and anthropology (Wallerstein 2003). This oversimplifi ed 
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historical account fi ts the Anglo-American model most closely, but this model of disci-
plinary differentiation has diffused globally so that these fi ve disciplines have become the 
common core of social sciences around the world (Abbot 2001b).1

Be this as it may, the social sciences have been shaped by interdisciplinary projects and 
communication almost as long as they have been divided into disciplines. Some of these 
have coalesced into new disciplines; some have been at the heart of professional training 
programs; some have created centers for combining different disciplinary perspectives on 
a specifi c topic; most have been more temporary projects in which researchers from two 
or more disciplines combine their different methods, analytical frameworks, or empirical 
knowledge to try to advance an intellectual agenda that may change one or both disci-
plines or may simply result in new knowledge incorporated eventually into the separate 
fi elds. Of course the transformation can also be more personal. At least as far back as the 
great early twentieth-century anthropologist Ralph Linton, leading social scientists have 
been quoted reminding their colleagues that the most effective interdisciplinary relations 
were those that took place under a single skull.2

In this chapter, we look to the development of area studies and quantitative research 
methods as the two great interdisciplinary engagements of the postwar era. These move-
ments reveal the different agendas of pursuing a comprehensive understanding of con-
crete patterns in social life—in this case, geopolitical regions and/or civilizations—and of 
pursuing tools to support innovation and greater rigor inside different disciplines. These 
different intellectual agendas are linked to different patterns of institutional autonomy 
and interrelationship. We then turn to interdisciplinary fi elds organized in terms of prob-
lems, issues of public concern, and/or professional practice. These have been central to the 
growth of interdisciplinary social science, especially since the 1960s. They also represent a 
third pattern of institutional organization.

7.1 Prehistory and early history

Early social science grew out of a predisciplinary context. As one of us has written else-
where, ‘Hobbes and Locke could integrate politics and psychology without need for an 
interdisciplinary fi eld of political psychology. Vico and Montesquieu informed anthro-
pology, history, sociology and political science in equal measure. . . . Adam Smith was not 
one to distinguish theoretical from applied economics, just as he saw the intimate con-
nections of both to the “moral sentiments” and other concerns of what would later be 
called psychology and sociology’ (Calhoun 2001). The early modern period did come to 
make a distinction among economy, polity, and society as spheres of life, but the develop-
ment and separation of corresponding academic disciplines was minimal before the late 
nineteenth century.

1 Psychology is an ambiguous case—often, as in the current period, closely linked to the biomedical sciences 
but through much of the middle twentieth century a ‘core’ social science.
2 Versions of this quotation are in fact attributed to a variety of scholars—much in the manner of the famous 
remark about standing on the shoulders of giants studied by Robert Merton (1965).



Prehistory and early history 105

All this changed with reforms of the university designed to emphasize the production 
and communication of new knowledge. These were anticipated by the founding of new 
universities in Britain, were given dramatic expression in the restructuring of German 
universities, and then framed transformation of American higher education after the 
Civil War. It was in this new context that the university became the breeding ground of 
new disciplines, partly because it underwrote careers of academic employment defi ned by 
research attainment. PhDs enabled people to join universities faculties; publications sup-
ported advancement in faculty ranks. Even undergraduate study was rethought to refl ect 
this new orientation to research; majors were introduced, displacing much of the old cur-
riculum that was both ‘classical’ and general with specialized knowledge based (at least in 
principle) on new research.

The social sciences were consolidated as distinct disciplines in the late nineteenth and 
early twentieth centuries. The confi guration varied slightly from country to country, as 
did the relative importance of ties to humanities and natural science. But in both Europe 
and America the major disciplinary departments and associations date from this period. 
They were formed partly by subdividing existing academic fi elds. In the United States, for 
example, history was a sort of parent discipline. Economics divided from it fi rst, taking 
sociology along as a subfi eld of economics, but leaving government (or political science) 
behind as a subfi eld of history. A few years later, sociologists branched off from econom-
ics and political scientists branched off from history. Even within the academy this had 
some political edge: history and political science were more conservative, economics and 
sociology more challenging, and by the time sociology split it included many of the more 
radical erstwhile economists (Ross 1991).

But at least as important, this era of disciplinary formation was also one of gathering fi elds 
into the university that had initially grown partly outside of the academy. The American 
Social Science Association, thus, was as much a parent of social science as academic history, 
though it was a mixture of scholars, reformers, and educated lay people (Haskell 1977). Its 
members were not really disciplined by academic divisions, and were commonly engaged 
with inquiries that cut across what would later be disciplinary lines. The divisions were not 
random, though, since for more than 200 years thinkers had seen the modern world as 
shaped by its organization into three big domains—polity, economy, and society—each to 
some extent autonomous of the others. Similarly, the divisions of the West from other civili-
zations, of European colonial powers and American conquerors of a continent from indige-
nous peoples encouraged a kind of expertise in the other that would inform anthropology.

It was in this context, thus, that the idea of interdisciplinarity was born. It refl ected the 
new consolidation of disciplines. Without some special effort, many worried, academics 
might talk only to each other in ever narrower specialties and subspecialties. The worry 
was particularly acute in the social sciences. On the one hand, these lacked the strong 
sense of a common underlying scientifi c method that helped to unify the natural sciences. 
On the other hand, social scientists were often moved by the desire to inform public affairs 
and even solve public problems. If advances in scientifi c research and the pursuit of rigor 
divided fi elds, the effort to solve problems called them back together.

In the United States, these concerns informed the 1923 creation of the Social 
 Science Research Council (SSRC), where the idea of interdisciplinarity received its fi rst 
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explicit  formulation. Charles Merriam, a political science professor at the University of 
 Chicago, helped conceive the SSRC, calling for the ‘closer integration of the social sciences 
themselves’:

The problem of social behavior is essentially one problem, and while the angles of approach may 

and should be different, the scientifi c result will be imperfect unless these points of view are at times 

brought together in some effective way, so that the full benefi t of the multiple analysis may be real-

ized. (Worcester 2001, p. 16)

By September 1930, the SSRC was already re-examining and restating its existing policy 
when it declared:

The Social Science Research Council is concerned with the promotion of research over the entire 

fi eld of the social sciences. The Council’s thinking thus far has been largely in terms of social prob-

lems which cannot be adequately analyzed through the contributions of any single discipline. It is 

probable that the Council’s interest will continue to run strongly in the direction of these inter-

discipline inquiries (Barnett et al. 1931, p. 286).3

The Depression, New Deal, and World War II gave social scientists plenty of problems 
to address. Interdisciplinary teams examined issues from job creation to the training of 
soldiers. But it was after the war that leading social scientists and a number of univer-
sities took on a signifi cant restructuring of academic attention, giving interdisciplinary 
agendas deeper roots. Two broad agendas were most infl uential in this: the development 
of international knowledge and the improvement of research methods. Neither was nar-
rowly problem-focused, though better capacity to solve future problems was a rationale 
for funding each.

7.2 Area studies

After the war, social scientists returned to universities both invigorated by their wartime 
experiences and challenged by a sense of their own previous limits. They sought wide-
spread improvements in social science in order to make it an effective source of objective 
knowledge that could inform government policy. And as former soldiers swelled univer-
sity enrolments to record numbers, social science departments grew. Graduate education 
and research programs grew with them. Former soldiers and returning professors alike 
brought life experiences—including service in intelligence branches of the military—that 
they wanted to understand. They brought a hope that scientifi c knowledge could help 
avert war and deal with domestic social problems.

3 While the Oxford English Dictionary cites a 1937 article in the Journal of Educational Sociology as the fi rst 
printing of the term ‘interdisciplinary’, it had in fact appeared annually since at least 1930 in the Social Science 
Research Council awards listings and reports printed in the journals of various professional societies including 
Journal of the American Statistical Association, American Sociological Review, and American Economic Review
(Sills 1986; Prewitt 2002).
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The SSRC founded a Committee on World Area Research in 1946. In 1950 the Ford 
Foundation began the Foreign Area Fellowship Program, which it later turned over to 
the joint SSRC–American Council of Learned Societies (ACLS) committees on different 
world areas to administer. Ford put nearly 300 million dollars into this project, and it was 
in due course joined by other foundations and by the US government which made major 
investments in foreign language teaching and foreign area research. Today many social 
scientists regard this as largely an investment in the humanities. Social scientists were, 
however, central to the area studies project. It is only in the last 30-some years that area 
studies programs have tilted towards humanities fi elds. And this is largely the result of 
secession by social scientists, not conquest by humanists.

Area studies programs responded to a widespread sense that Americans—and in par-
ticular American intellectuals and academics—were too ignorant of other world regions 
to adequately shoulder the burden of world leadership the country was assuming. But 
the problem focus was in the background; it explained the investment but not the orga-
nization. The organization of the area studies programs was interdisciplinary, not only 
because the goal of ramping up knowledge cut across disciplines, but also because grasp-
ing another region of the world (or civilization) in its fullness seemed to demand bringing 
together the perspectives of different disciplines.

The area studies fi elds differed from each other in the extent to which research and 
teaching focused on contemporary politics or civilizational history and different disci-
plines accordingly fi gured more or less prominently. Thus the Cold War put politics at the 
center of Russian and East European studies, and even contributed to the demarcation 
of the region itself. South Asian studies certainly confronted political issues, but focused 
more on civilization and culture. And there were other characteristic thematic foci in dif-
ferent area studies fi elds. Economic development was front and center for Latin American 
studies, and the formation of ‘new nations’ was a key theme for African studies.

During the postwar period, however, all the area studies fi elds shared a broad intel-
lectual orientation associated with the idea of modernization. Economic development, 
political reform and the creation of new national institutions, transformation of social 
institutions, expansion of literacy and consequent cultural production, and even change 
in psychological attitudes were all seen as parts of a common process. And if moderniza-
tion described what was shared in this process, different histories and cultures shaped 
distinctive patterns in each region. This connected work in the area studies fi elds to dis-
ciplinary agendas.

The connection, however, came unstuck. There was always a fault line. Some of this 
refl ected the ways in which disciplines pursued generalizations, especially in an era when 
the notion of ‘covering laws’ was prominent in philosophy of science (and the vague appro-
priations of this philosophy fi ltered into social scientifi c understanding). The area studies 
fi elds, by contrast, seemed to be particularizing, focused on the specifi cs of local con-
junctures of history, culture, politics, and even environment. Disciplinary knowledge was 
understood as ideally abstracting from such specifi cs to establish more universal laws.

This was always a caricature of area studies research, and perhaps a misunderstanding 
of what disciplines themselves achieved. It is easy to mock either side: the psychologist 
who thought human nature could be found in experiments involving only white, middle 
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class, male American undergraduates; the anthropologist who responded to every asser-
tion of a more general causal pattern with ‘well, it’s not exactly so on the island I studied’. 
But there is a point of more basic signifi cance.

The area studies projects at their best were not so much about idiographic particulars 
as about the notion that there were and are different ways to be human, to be social, to 
be political, and even to have markets—and therefore that the pursuit of more general 
knowledge required working with attention to specifi c historical and cultural contexts 
and patterns. Such knowledge could be of broad application without being abstractly uni-
versal. And indeed, the area studies fi elds contributed to major analytic perspectives that 
far transcended their initial sites of development. Benedict Anderson’s account of nation-
alism as a matter of imagined communities was informed by Southeast Asian studies, but 
not contained by it (Anderson 1991). So too James Scott’s effort to understand states and 
the ways states viewed societies (Scott 1998). Dependency theory developed as an effort 
to understand specifi cally Latin American problems, as did Albert Hirschman’s work on 
development assistance and unbalanced growth (Prebisch 1950; Hirschman 1958; Frank 
1967; Cardoso and Faletto 1979). The ‘world systems theory’ of Immanuel Wallerstein 
was deeply shaped by African studies as well as by Braudelian global history and Marxist 
political economy and indeed the earlier Latin American dependency theories (Waller-
stein 1974). And so forth.

Each of these examples became part of interdisciplinary discussions—of development 
and underdevelopment, class and power, power and knowledge, states and nations. Of 
these, only the fi rst really became an academic fi eld of its own—and in the United States 
development studies is only weakly established; it is more substantially institutionalized 
in Britain and some other settings, and more dominated by disciplinary economics in 
the United States. Marxism was for a time a vital interdisciplinary discussion, with strong 
social movement links, but never with strong academic institutionalization outside the 
communist countries. Wallerstein’s Braudel Center at Binghamton was infl uential but not 
widely imitated. And if political economy remains a topic or perspective that many social 
scientists would claim, its base of intellectual reproduction is not well-established.

This points to a more general problem with interdisciplinary work. When it lacks insti-
tutional conditions of reproduction, it is at the mercy of disciplines which may either 
claim it or ignore it or, most often, incorporate some ideas from interdisciplinary projects 
without providing ways of sustaining the intellectual ferment that produced them. So 
while a few universities set up autonomous departments of Latin American or East Asian 
studies, many more set up interdisciplinary committees or centers and left the awarding 
of PhD degrees to disciplinary departments.

In the 1950s and 1960s, the area studies fi elds were relatively well fi nanced and often 
able to offer funding to students not funded by their disciplinary departments. There was 
a new infusion of students—once again like the soldiers with motivating life experiences, 
but this time also often with language skills and local knowledge forged in the Peace Corps. 
More generally, while the university system expanded, there were jobs for the political sci-
entists and sociologists with area studies emphases. This began to change in the 1970s and 
became a crisis by the 1990s. The system stopped expanding and suffered a shortage of 
faculty jobs, sharp tightening of tenure standards, and new pressures on graduate students 
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to demonstrate disciplinary publications before entering the job  market.4 In this context, 
disciplinary departments exercised discipline by rewarding intradisciplinary achieve-
ment. At the same time, area studies programs saw their proportionate funding decline, 
not least as graduate student fi nancial aid became widely tied to teaching assistantships 
 administered by departments. By the 1980s and 1990s, efforts to shrink cohorts further 
consolidated disciplinary control.

In many disciplines, academic initiative turned away from critical theory and toward 
more or less formal methods. Economics effectively seceded from area studies as it relied 
increasingly on mathematical models and on theories (some lumped together as neo-
liberal) that stressed more or less universal microfoundations. Economists who retained 
strong area interests often wound up in interdisciplinary programs rather than economics 
departments—not just area studies but urban studies, policy analysis, and development 
studies—or working for the World Bank or other non-academic institutions. In vary-
ing degrees sociology and political science followed suit, leaving the area studies fi elds 
increasingly tilted towards the humanities.

Despite the strong and infl uential work rooted in area studies in the later 1960s and 
1970s, these fi elds languished without capacity for autonomous reproduction (not just 
graduate training programs but capacity to hire). Then the end of the Cold War came as 
a further blow. This encouraged a dramatic expansion in international work conceived as 
directly global—that is, about what might in principle happen everywhere—rather than 
as context specifi c. Ironically, in other words, attention to globalization came to a con-
siderable extent at the expense of attention to the specifi c regional and other contexts 
through which globalization was refracted and in which it took on different meanings.

It would be an error, nonetheless, to write the obituary of area studies programs—still 
probably the fi elds of interdisciplinary social science and humanities with the strongest 
record of achievement. In the fi rst place, the new fi elds of international studies and global-
ization studies have not produced the major intellectual accomplishments many expected, 
and are perhaps at their best when integrated with area studies rather than imagined as 
alternatives. A strong example is the struggle many in international studies—and especially 
the quasi-discipline of international relations—have faced recently in trying to fi gure out 
how to take religion seriously after assuming it had been defi ned out of international rela-
tions in 1648. The diffi culties have to do with reigning theories, of course, but also with 
the institutional and intellectual distance from those with more knowledge—often area 
studies specialists and researchers from the humanities and fi elds like history that straddle 
humanities and social science.

Shifting concerns drive new engagements with area studies today. Perhaps more inclu-
sively described as a concern for situating knowledge in contexts, these new engagements 
take up themes like Islam (or Christendom) as they cut across traditional regions. They 
examine interconnections between regions (like those that long linked the Middle East to 
South Asia, that ran along the Silk Road or coastal trading routes, but also those that shape 

4 These pressures were in general more acute higher in the acad emic pecking order, but they were 
present throughout.
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pan-Asian economic integration today). They take up previously neglected areas like Cen-
tral Asia, which sits at the intersection of the Middle East, the Eurasian region defi ned by 
the former Soviet Union, and South Asia, and which attracts attention not just because of 
an idea of coverage but because of its geopolitical signifi cance.

7.3 Research methods

The area studies fi elds were challenged in the late twentieth century by a reassertion of 
more or less ‘universalizing’ disciplinary agendas married to quantitative research meth-
ods. But of course neither these agendas nor the methods arose in order to ‘discipline’ area 
studies.

Statistics had long been important to social science, both in the sense of technique and 
in that of an accumulated knowledge base. The typical use focused on descriptive statis-
tics: absolute numbers, percentages, and distributions. One wanted to know ‘the statistics’ 
on crime or employment. If the state was a central collector and user of statistics (as the 
name suggests) the non-disciplinary pioneers of social science recurrently mobilized sta-
tistics to make cases for social reform (Stigler 1986; Porter 1995).

Statistics grounded in probability theory made uneven headway in the social sciences 
before World War II (Hacking 1990). They mattered most in economics and psychology, 
though even there much work continued to focus on absolute numbers and measures of 
association. The problem of establishing patterns of heredity was especially infl uential, 
inspiring fi gures such as Galton, Edgeworth, and Pearson who developed multivariate 
approaches. As both Pearson and Yule analyzed families of curves this work moved out of 
evolutionary theory and into economics and analyses of phenomena like welfare reform. 
Gradually efforts to compare groups, and especially differential rates of occurrence of 
certain phenomena, grew more infl uential.

The rise of testing in psychology (and related interdisciplinary education research) was 
prominent, spurred on by its use in World War I efforts to classify military recruits as well as 
by the expansion of public schooling. Durkheim’s study of suicide pursued intergroup vari-
ation in rates as part of a disciplinary project intended to establish the autonomy of social 
explanations from psychological ones (Durkheim 2006). Certain interdisciplinary fi elds 
and issues were especially important, including notably crime and public health, in each of 
which the attempt to introduce treatments and measure changes in rates became basic.

A variety of applied and problem-oriented fi elds were infl uential in pushing the col-
lection and analyses of social statistics forward. Statistics were demanded by govern-
ments and reformers alike. The SSRC was once again infl uential, both launching specifi c 
statistical projects (like the work of its fi rst president, Wesley Clair Mitchell, establish-
ing the business cycle) and launching more general interdisciplinary efforts to promote 
the development and use of better quantitative research techniques. With money from 
the Rockefeller Foundation it paid for the creation (and even the physical buildings) 
of interdisciplinary institutes for social science research at several universities such as 
Chicago and North Carolina. The Rockefeller goal was always concrete, ‘realistic’ solu-
tions to pressing social problems. Realism was identifi ed with quantifi cation (but also 
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with short-term politically palatable solutions—and on the later count Rockefeller was 
often disappointed) (Richardson and Fisher 1999; Camic 2007). Through all of this, sta-
tistics maintained a hybrid organization—partly a fi eld of its own (though increasingly 
divided between biostatistics and social statistics) and partly a subfi eld within different 
disciplinary structures.

This encouraged an interdisciplinary fl ow of knowledge about new techniques. The 
structure was different from area studies, where scholars often felt a divided loyalty. 
The reason may be that the pursuit of knowledge about a place (or civilization, culture, 
etc.) appeared as an alternative project to the pursuit of knowledge about a dimension 
of social organization (economy, society, politics). The modernization framework sug-
gested a  two-way trade in which area knowledge was fi tted into and completed the larger 
framework (sometimes modifying previous generalizations) while the larger framework 
gave structure to area knowledge. But area knowledge appeared to most in the disciplines 
more as a set of positive claims—the results of research—than like the equipment for new 
research. Of course one might say that before attempting a generalization about, say, the 
nature of politics in a particular area, one ought to be well informed about all the different 
varieties of political systems and practices. But in fact this was just what the creation of 
political science, as distinct from older more historical approaches to the study of govern-
ment, resisted. It sought the capacity to abstract from such comparative historical knowl-
edge, to make it less important to the work of generalization. And a key to this pursuit was 
reduction to statistics, disembedding the study of specifi c phenomena—say party systems 
and voter turnouts—from mastery of detailed contextual knowledge. This created a place 
within disciplinary structures for statistics as part of a general toolkit rather than an alter-
native specifi c fi eld of study.

The transformation of the social sciences by this statistical research and more gener-
ally by the disembedding of particular research topics from detailed contextual knowl-
edge accelerated in the 1950s and 1960s. The New Deal and World War II once again had 
a major impact. Many social scientists recruited into the war effort worked with larger 
data sets than they had previously encountered. More basically, many found arguments in 
terms of broad analytic-interpretative frameworks unpersuasive in their new work situa-
tions, while claims straightforwardly about ‘the facts’ and perhaps their causes could mat-
ter a great deal. During the postwar era, the study of more or less disembedded research 
topics, aided by statistics, became a program for improvement of the social sciences. It 
would make them less ideological and more scientifi c, many thought, and it would give 
a clear basis to specialized training in research skills (and perhaps theory, which was in 
some of its formulations equally disembedded from history and culture) rather than 
accumulated substantive knowledge.

Indeed, many of the specifi c research techniques taken up by the early ‘behavioralists’ in 
political science came from sociology and social psychology. Above all, they were associ-
ated with the rise of survey research. This had early roots outside academic social science 
and was aided by the appeal of some of its results to journalists. Accounts of ‘the average 
American’ joined statistics on various sorts of deviation (Igo 2007). Opinion polls fol-
lowed in their wake, informing not only political campaigns but also market research. 
Academic survey research developed as an interdisciplinary fi eld dedicated to raising the 
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standards of this partly extra-academic pursuit at the same time as advancing social sci-
ence. While it had its most enduring associations with sociology and political science, it 
is worth noting that it drew much from its roots in the ‘golden era’ of a kind of interdisci-
plinary social psychology (Sewell 1989).

Survey research became central to an interdisciplinary fi eld of specialists in data col-
lection, closely related to but somewhat distinct from statisticians as specialists in data 
analysis. Survey data informed (and transformed) the study of elections, inequality, race, 
education, and other topics. In some cases, a large, complicated data set (say the Panel 
Study of Income Dynamics (PSID) begun in 1968) developed its own cadre of experts and 
became the focus on interdisciplinary discussion (in the PSID case mainly of economists 
and sociologists). In some cases a survey program was not topically specifi c but opened 
an integrated data collection effort to researchers from different fi elds. Thus the National 
Opinion Research Center’s (NORC) General Social Survey has since 1972 provided 
researchers from different disciplines the opportunity to purchase questions or modules 
to gain data on their specifi c concern that could be related to a common background of 
demographic and attitudinal data.

Survey data remain central to social science, if somewhat less dominant than a 
 generation earlier. But survey research is less prominent as an interdisciplinary fi eld. 
The reason is that it has moved largely outside research centers to contract organizations 
that deliver data to researchers’ specifi cations. Some of these are based at universities 
and some are for-profi t companies. But the crucial point is the same, a disconnection 
of technical performance of research data collection from the intellectual centers of 
the social sciences. There is major work to be done on data archiving and accessibility, 
but it is not in itself social science. Likewise, the collection of survey data has become 
increasingly a facility for social science, not substantively part of social science as it was 
in the postwar period.

Although many of the specifi c techniques used in social science have much older prov-
enance, often in other sciences, their use became widespread only in the 1960s and after 
(Calhoun et al. 2005). Both multivariate data analysis and mathematical modeling were, 
for one thing, greatly aided by greater computational power and easier access to it. Gradu-
ate training programs substantially increased the numbers of social scientists able to use 
sophisticated methods. And the proportionate time such programs give to quantitative 
data analysis as distinct from quantitative data collection has typically increased. Most of 
the training and much of the intellectual work is discipline specifi c, but throughout the 
period analytic techniques have spread in a pattern of interdisciplinary diffusion aided by 
a series of particularly intense nodes of exchange and innovation.

At the same time as capacity to handle large-scale data sets inspired one set of method-
ological projects, capacities for mathematical modeling inspired another. The two were 
joined in the cybernetics of the 1950s and the systems theory that grew from it but were 
often divergent later. Formalization took the logic of abstraction a step further than the 
disembedding of specifi c empirical concerns from comparative or historical contextual 
knowledge. It pursued clarifi cation of causal relationships abstracted from data. The 
mathematicization of economics offers a relatively extreme disciplinary example, one 
imitated in some degree in other social sciences (as economics had imitated physics). 
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But this turn to applied mathematics and away from data peaked in the 1990s. Since then 
mathematical formalization has remained a crucial tool but innovations have more often 
been driven by empirical analysis.

The link forged between economics and psychology in order to study decision 
 making—including decision making shaped by imperfect information and different pat-
terns of learning and culture—is exemplary. This is perhaps more of a ‘cutting edge’ in 
economics than in psychology, where the dominant tendency is interdisciplinary con-
nections into the brain sciences and the study of cognition. But social scientists from 
several disciplines have taken up the pursuit of an understanding of social phenomena 
rooted in ‘microfoundations’ including rational choice theory, agent-based modeling, and 
investigations of the ways in which particular empirical situations from social networks to 
cultural contexts shape the behavior of agents.

The spread of chaos theory and related approaches to the analysis of complexity further 
illustrates the pattern. In this case much of the foundational work came from the natu-
ral and especially physical sciences. Interdisciplinary centers like the Santa Fe Institute 
were important nodes in the networks of diffusion and also sites of collaboration and 
innovation. Still another example is network analysis, which spread from foundations in 
mathematics (especially graph theory) and anthropology to achieve a center of gravity in 
sociology but infl uenced work throughout the social sciences.

The distinctive pattern here is of interdisciplinary fi elds (and both looser communi-
cation and specifi c collaborations) organized by abstraction from concrete particulars 
rather than an attempt to integrate dimensions in a holistic picture. The various waves of 
innovation in research methods were occasionally accompanied by dramatic declarations 
of revolutionary leaps forward and capacity to integrate all of the social sciences (or to 
integrate social science fully into science generally). For the most part, though, they oper-
ated in practice as providers of tools to individual disciplines. Interdisciplinarity was most 
intense in a phase of innovation. Sometimes there was a topic as well as a technique—net-
works for example—and this helped to sustain a quasi-autonomous fi eld. But in general, 
as techniques became more routinely available the involvement of leading social scientists 
in the interdisciplinary domains faded and the role of technical support staff and facilities 
increased. Beyond the provision of specifi c techniques, the interdisciplinary movements 
for quantifi cation and ‘behavioral’ analysis have shaped the intellectual orientation and 
style of the social sciences generally.

Area studies and quantitative research methodology can be seen as opposite ends of a 
continuum. They represent ‘humanistic’ and ‘scientifi c’ approaches to social science, and 
for better or worse these are often opposed to each other. But by looking at the interdis-
ciplinary character of each we can get a better sense of the issues than simply by applying 
those nineteenth-century labels.

Area studies mobilize different disciplinary perspectives in order to achieve an inclusive, 
integrated view of societies or cultures in different settings. It is in a sense holistic, try-
ing to bring all different aspects of knowledge about its particular focus together. Work 
done in area studies fi elds may in turn inform and improve disciplinary inquiries, but 
this is usually not its raison d’etre. Quantitative research methodology—the actual study 
of methods, not just the use of them—does not pose any particular topic or focus for 
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investigation. It improves tools. But with the tools comes an orientation to abstracting 
particular aspects of social life from their contexts—whether variables, or mechanisms, 
or dimensions of structure. The methods have affi nities to certain ways of thinking about 
social reality.

One may of course use quantitative methods in area studies. The point is not radical 
mutual exclusion. It is the contrast between seeking context-specifi c knowledge and seek-
ing the capacity to disembed fi ndings from specifi c contexts. But the disciplines—especially 
the so-called core social science disciplines of economics, political science, and sociology—
are set up in terms of the disembedding project, for each claims a domain of life distinct 
from the others and from any one context in which examples of that aspect of life appear. 
Accordingly, it is much easier for the disciplines to appropriate the results of quantitative 
research methodology as new tools, while the area studies fi elds look like competitors.

The image of a continuum is informative, then, but also problematic. As we have 
noted, for example, both area studies and quantitative research agendas were informed 
by the desire to address public problems. They each had a ‘pure science’ or ‘purely schol-
arly’ dimension and ambition, but they also engaged researchers and perhaps especially 
attracted funders because of the belief that they could help the country and the world 
address social issues. Many other interdisciplinary projects, arguably falling between the 
poles of the continuum, refl ect this orientation to public problems and practical action 
more directly.

7.4 Conclusion

Area studies and quantitative research methods were the two most infl uential interdis-
ciplinary movements in the social sciences of the postwar era, and in a sense the most 
‘general’, but they were not the only ones. A wide variety of other interdisciplinary proj-
ects appeared then and continue to appear all the time. While some involve new research 
methods or reorganized foci of international attention, most follow a third pattern. They 
focus on an issue of public concern or professional practice. This is often framed in terms 
of a social problem. Of course, one needn’t think business is a social problem to think 
that social science can contribute to management education or research on organizational 
behavior. Gender is of widespread public interest in ways not limited to specifi c problems 
of gender discrimination.

There are at least three different patterns in the organization of interdisciplinary social 
science giving attention to matters of public concern:

● There is work that brings researchers together around a specifi c problem to which rela-
tively short-term solutions are sought. For example, the sense that welfare reform was 
urgent mobilized many researchers in the 1990s. Likewise, funders today have commit-
ted signifi cant resources to studies of obesity and potential societal responses and seek 
to mobilize social and behavioral as well as biomedical scientists.

● There is work that combines different disciplinary perspectives to address a topic—
like cities and urbanization, or media and communication. This may or may not 
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involve a problem focus. It may simply refl ect the prominence of the topic, often as a 
result of social change, and sometimes as a result of its relative neglect in disciplinary 
research.

● There is work designed to underpin professional practice. This is sometimes left out of 
accounts of interdisciplinary social science, but in fact professional schools are major 
sites of both research and pedagogical collaboration. Schools of social work and public 
affairs, public policy, or public administration are essentially social science programs 
with an emphasis on practical action. Schools of business and education are over-
whelmingly rooted in social science, though in varying degrees their different compo-
nent programs—like marketing or testing—have gained quasi-disciplinary standing on 
their own. Schools of law, nursing, medicine, and journalism all employ social scientists 
and provide interdisciplinary bases for their work.

Despite interdisciplinary innovations, the social sciences have retained substan-
tially the same basic disciplinary structure since their formation in the late nineteenth 
and early twentieth centuries. Interdisciplinary programs have been added, without 
great effect on the disciplines themselves. Abbott sees this as likely to continue, partly 
because the disciplines control much of the allocation of academic resources and 
partly because they occupy ecological niches that allow them to reproduce (Abbott 
2001b). Others see the disciplinary system as more likely to decay or be transformed 
(Whitley 1967; Fuller 1991; Turner 2000). There have been several calls for the reorga-
nization of social science, such as Wallerstein’s suggestion that there be a regrouping 
around quantitative, ethnographic, and historical methods. Wallerstein suggests that 
some proportion of each of these new groups would come from each of the tradi-
tional social science disciplines but that they would more truly reflect the research 
engagements of academics.

Ironically, while the disciplines have considerable power over academic turf, they 
generally have much less capacity to command mutual intellectual engagement (let 
alone agreement) among their members. They are like states that still tax and police 
and even elect governments but have relatively weak national unity. In the United 
States, economics is perhaps most unifi ed with a strong sense of a common method 
of economic analysis. Even here, the unity is sometimes deceptive, both because dis-
agreements within ‘mainstream’ economics are deep and because there are vocal 
and sometimes infl uential communities of ‘non-standard’ economists. Psychology is 
deeply split between practitioners and researchers, but its researchers are also divided 
between those gravitating increasingly to the natural sciences, often focusing on the 
brain as such, and those sometimes referred to as applied psychologists, joined more 
to the social sciences, more likely to focus on development, social psychology, envi-
ronmental psychology, and so forth. Political science has long been sharply divided 
into the four domains of political theory, international relations, American politics, 
and comparative politics. Political theory once had ambitions to unify the fi eld, but 
has become a relatively distinct subfi eld where the history of theory and normative 
theory are strong. Anthropology also traditionally has four fi elds, and in several late 
twentieth-century instances departments came apart along those seams, particularly 
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those dividing physical anthropology (with its strong links to the biomedical sciences) 
from cultural anthropology (which has partially absorbed anthropological linguistics). 
Archaeology, with its somewhat different material conditions of work, has long been 
a quasi-autonomous fi eld and anthropological archaeologists often have strong ties to 
classical archaeologists.

Geography is divided between physical and cultural geographers (and new technologies 
like global positioning and spatial information systems have reinforced divisions as often 
as they have built new bridges across them). Sociologists are scattered among literally doz-
ens of different subfi elds, mostly topical, from sociology of medicine to urban sociology 
and social stratifi cation. Several suggest sociological perspectives on domains claimed also 
by other disciplines: political sociology, economic sociology, sociology of culture. His-
tory’s long-standing organization by period and place remains but is increasingly cross-
cut by topical research communities like women’s history and indeed an encompassing 
to world history as a research fi eld (rather than simply synthesis). In short, each of the 
disciplines has become intellectually an interdisciplinary fi eld.

We have identifi ed three basic patterns in interdisciplinary social science: the pursuit 
of a comprehensive view of social life that requires different perspectives, the pursuit of 
innovation based on learning skills or acquiring tools from other disciplines, and the 
pursuit of better understanding of a social problem, public concern, or object of profes-
sional practice. Of course these three abstract patterns lend themselves to combination 
in innumerable concrete projects. Urban studies reveal aspects of both the ‘compre-
hensive view’ and the ‘social problem’ frame; it is sometimes pursued in professional 
schools. Theories can circulate in circuits similar to research methods. A professional 
fi eld can develop links to social science disciplines through the use of common data sets 
or techniques.

The most distinctive new agendas are those that integrate lines of research from social 
science disciplines with natural and physical sciences, engineering, and design. These 
appear disproportionately in connection with ‘problem’ foci and sometimes professional 
fi elds. From the many different versions of environmental studies (water resources, cli-
mate change, pollution reduction) to the many different public health agendas (obesity, 
nutrition, biosecurity) there are calls for greater social science engagement with other 
kinds of science in pursuing issues of public concern. Sometimes these are pursued 
by division of labor (economists will design schemes for trading carbon credits) and 
sometimes by new training programs designed to produce researchers with integrated 
sets of skills.

But if these are the most prominent lines of interdisciplinary development—partly 
because of the resources that follow from identifi cation of public problems—it needs also 
to be seen that links to the natural and physical sciences are forged in the basic patterns 
too. Science studies itself is a fi eld seeking a comprehensive view of science as a major 
dimension of modern social life, a view that combines sociology and history and philoso-
phy of science with refl exive analyses by researchers trained in the various science disci-
plines (see Jasanoff, Chapter 13 this volume). Likewise, research based on neural imaging 
techniques is spreading from the biomedical sciences into the social and behavioral sci-
ences (especially psychology and economics).
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In any case, as we have tried to show through some major examples, interdisciplinary 
engagements, learning, and research come in several forms. These have different institu-
tional supports and involve different goals, practices, and social networks. They are crucial 
to the continuing vitality of social science research, yet are often in tension with disciplines. 
The disciplines have material bases that make it unlikely that they will fade completely in 
the near future, which means that interdisciplinarity will remain important.
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CHAPTER 8

Biological sciences
WARREN BURGGREN, KENT CHAPMAN, 
BRADLEY KELLER, MICHAEL MONTICINO, 
AND JOHN TORDAY

Curiosity, an innate human characteristic, is inevitably directed to the biological 
world of which we are an integral part. Indeed, curiosity about our biological sur-
roundings and its role in it pre-dates the written word, as evident in ancient cave 
drawings at Lascaux (c. 16,000 bp) depicting the living world around the artist. Likely 
as ancient is the interplay between biology (as our ancestors perceived it) and other 
human endeavors, including religion, art, and the emergence of technology.

From these origins has arisen the discipline of biological sciences—a discipline that 
is fundamentally shaped by its interdisciplinary activities. Moreover, interdisciplinarity 
in the biological sciences is constantly shifting as new technologies and theories arise, 
evolve, and mature and—sometimes—fade away. Thus, the biological sciences, like many 
scientifi c disciplines, are constantly subjected to an ‘the interdisciplinary cycle’ shown 
schematically in Fig. 8.1. The merger of biology and chemistry, forming the new disci-
pline of biochemistry (discussed below), is a classic example. Emerging as a new discipline 
(steps 4 and 5 in Fig. 8.1), biochemistry is now a long-standing discipline that is itself 
going through another turn of the interdisciplinary cycle through its interactions with 
information science and nanotechnology.

Against this dynamic backdrop of constantly changing associations with other disci-
plines, we fi rst offer a series of vignettes or case studies on how interdisciplinary studies 
between the biological sciences and other science and engineering fi elds have yielded a 
wealth of new insights and practical products. We then discuss the advantages and chal-
lenges of undertaking interdisciplinary activity in the biological sciences. Befi tting the 
task, as well as refl ecting the collaboration typical of the biological sciences, the ‘we’ repre-
sents a collaboration of authors with backgrounds in physiology, biochemistry, medicine, 
and mathematics who collectively have experienced and benefi ted from team approaches 
to problem solving.
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8.1 Case studies in biological interdisciplinarity

The interdisciplinary reach of the biological sciences is extensive—indeed, too far-
reaching to cover completely in this chapter. As an alternative approach that is hopefully 
illustrative, we present several case studies of how the biological sciences have effectively 
interfaced with engineering, medicine, mathematics, and chemistry.

8.1.1 Biology and medicine

Biology and medicine—two distinct disciplines each with their own approaches, curren-
cies, and outcomes—have nonetheless coexisted as intertwined disciplines for more than 
two millennia. The study of animals has been used to understand principles in medical 
science since Aristotle (384–322 bce) and Erasistratus (304–258 bce), who were among 
the fi rst to experiment with living animals. Aelius Galen (129–200 ce), a second-century 
Roman clinician, dissected pigs and goats. In the seventeenth century, William Harvey 
(1578–1657) described the circulation of blood in mammals. In the eighteenth century, 
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Stephen Hales (1677–1761) measured blood pressure in the horse and Antoine Lavoisier 
(1743–94) placed a guinea pig in a calorimeter to prove that respiration was a form of 
combustion. Claude Bernard (1813–78) established animal experimentation as part of the 
standard scientifi c method. In the 1870s, Louis Pasteur (1822–85) demonstrated the germ 
theory of medicine by giving anthrax to sheep.

It should be noted that up to that point in human thought, Western society embraced 
the belief in a Great Chain of Being, ordering all of existence is a continuous natural 
hierarchy that placed humans between God and all other animals. It was Charles Darwin 
(1809–82) who destroyed the belief in purpose in nature with the publication of The ori-
gin of species in 1859. By the turn of the twentieth century Ivan Pavlov (1849–1936) used 
dogs to describe classical conditioning, and Sir William Osler (1849–1919) developed the 
fi eld of pathophysiology, creating a systematic way of understanding disease and health 
and their relationship to the biological sciences.

The descriptive approaches alluded to here dominated biology and medicine until the 
advent of transgenic animals, and the publication of the human genome and those of 
other model organisms (mouse, chicken, fruit fl y). Recent discoveries that patterning 
genes are common to all of animal life from fl ies to humans, and that humans have fewer 
genes than a carrot (25,000 versus 40,000), have emphasized the importance of compara-
tive studies at the cell/molecular level for understanding both biology and medicine. As a 
result, modern biology is now expected, by analogy to physics, to generate a periodic table, 
formulate its own equivalent to E = mc2, and develop a quantum mechanics of a predictive 
biology that relies less on time-honored empirical observation and much more heavily on 
prediction (Torday 2004).

Unfortunately, such advances cannot be achieved by a direct analysis of available data 
from species, because organisms have evolved through an emergent and contingent pro-
cess in which new species have appeared while others have become extinct. But the fossil 
record of evolution is embedded in the developmental processes involved in the forma-
tion of existing organisms, and can be elicited by determining the genetic basis of pheno-
types across species as they develop, i.e. ontogeny recapitulates phylogeny. Based on this 
knowledge, the indirect methods of developmental and comparative biology, reduced to 
cells and molecules, have been used to connect the dots between fi rst principles of physi-
ology (e.g. homeostasis, acclimation) and the scientifi c basis for a more prediction-based 
medicine in the future (Torday and Rehan 2009a).

For centuries biology has used disease to leverage our knowledge and understanding 
of health, and vice versa, since all biologists had available were descriptive phenotypes 
(the outward appearance of an organism, as opposed to its genotype, its genetic makeup). 
However, with the merger of genetics, molecular biology, and physiology into the subdis-
cipline of genomics (the study of genes and their functions), we can now address the ques-
tions of health and disease as a continuum, based on genetic mechanisms as they apply to 
the relevant phenotypes. Furthermore, the discovery of so-called ‘patterning genes’ has led 
to the recognition of fundamental commonalities between very different appearing phyla 
(e.g. fruit fl ies and mice, nematode worms and humans). Along with the sequencing of 
the genomes of fi shes, amphibians, and birds, it is now possible to exploit evolutionary–
developmental biology to provide a Rosetta Stone for helping to decipher the organic 
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nature of disease, rather than describing health as the absence of disease. These advances 
have primarily arisen through the interdisciplinary commingling of basic life sciences and 
advanced medicine.

Evolutionary biology is fundamental to the biological sciences. Plugging genes and 
related phenotypes of interest into an evolutionarily robust model of animal development 
will allow us to decipher causes of human diseases. Using this approach will allow biolo-
gists to see the continuum from adaptation to maladaptation and ultimately to disease. 
Such a perspective would fi nally offer a scientifi c basis for monitoring health indepen-
dently of disease, ushering in a new era of preventive medicine (Torday and Rehan 2009a). 
The key to such an approach is to identify the developmental cellular and molecular 
mechanisms that are fundamental to an organism’s structure and function. Such studies 
are conventionally conducted by developmental biologists. Unfortunately, they only rarely 
involve biologists familiar with comparative, phylogenetic analyses across species. As a 
result, collaboration primarily occurs through the passive capture of data in the biological 
and medical literature that examines the development of phenotypes at the cell/molecu-
lar level. A number of national and international meetings have fostered more activist 
approaches involving developmental biologists and medical researchers, and a website 
(<http://evolutionarymedicine.labiomed.org/>) has been established to draw attention to 
this unconventional, but biologically sound and effective, interdisciplinary approach.

It has previously been suggested that life scientists should generate the biologic equiva-
lent of the periodic table. Drilling down to the molecular pathways that have given rise to 
complex physiologic traits is the key to understanding the fi rst principles of physiology 
as the scientifi c basis for predictive medicine (Torday and Rehan 2009a). For example, 
by identifying the genes that mediate the ‘cross-talk’ between the cells of the mammalian 
lung, gene regulatory networks responsible for lung evolution have been traced back to 
the swim bladder of fi shes, genetically linking mechanisms for buoyancy, gas exchange, 
and nutrition at the cell–molecular level (Torday and Rehan 2009b). By systematically 
reducing complex traits to their genetic phenotypes developmentally across species, and 
by then sharing this vast number of data via public databases, biologists will ultimately 
be able to unravel complex physiologic principles relevant to both biology and medicine. 
There are, of course, dangers in unmitigated reductionism, such as the failure to identify 
emergent properties that result from the interactions across components and levels. How-
ever, the success of a reductionist approach as one of many concurrent approaches shows 
great promise in medical advances.

The discipline of biology is on the verge of a sea change in the interactions between 
biology and medicine, if only it can utilize the huge data sets being created (via exploiting 
yet another interdisciplinary fi eld—bioinformatics). By abandoning the old paradigm of 
descriptive biology, and moving into a mechanistic paradigm based on evolutionary prin-
ciples, it may be possible to progress towards an era of predictive biologic science. This 
will enable biologists to address counterintuitive aspects of biology such as why the lens of 
the eye is composed of digestive enzymes, or why the lung is a hormone-secreting endo-
crine organ. With the anticipated interdisciplinary activities between predictive biology 
and predictive medicine (Torday and Rehan 2009a) society’s burden of chronic diseases 
may be signifi cantly diminished.

http://evolutionarymedicine.labiomed.org/


Case studies in biological ID 123

8.1.2 Biology and chemistry

One of the oldest and most productive interdisciplinary amalgamations within the life sciences 
is that of biology and chemistry into ‘biochemistry’. Biochemistry involves many different areas 
of research, but at its heart it is the study of the organic molecules (those containing carbon) 
and their chemical reactions within living systems. Biochemists today may not readily imagine 
themselves as interdisciplinary, yet their work bridges both the life and physical sciences.

That biochemistry is now less frequently thought of as at the interface of two disci-
plines is due in large part to its maturation as a discipline in its own right over the last 
150 years. Generations of scientists are now trained with a common view of their science 
and are comfortable using the languages of either biology or chemistry. In fact by the mid 
twentieth century, entire departments of biochemistry were commonplace among many 
colleges and universities, where none had existed 50 years earlier.

The early history of biochemistry developed from the general concept that living materi-
als catalyze chemical reactions. Probably most exemplary are the studies of the fermenta-
tion process by yeast. Most of the early research was carried out in the late 1800s and early 
1900s by scientists trained as chemists. Indeed, Eduard Buchner received the Nobel Prize in 
Chemistry in 1907 for his pioneering discoveries of the biochemical fermentation of sugar 
by cell-free systems, a clear recognition of the emerging science of ‘biological chemistry’.

The popularity and power of biochemical approaches led to widespread exploration 
of biological systems where chemists, familiar with the properties and analysis of organic 
molecules, sought to work with biologists experienced in physiology. The products of 
these interactions have created a remarkable knowledge base over the last 100 years, and 
have spawned new interdisciplinary lines of research. In this short space it is not pos-
sible to provide a complete list of the many scientifi c contributions that can be attrib-
uted to the fi eld of biochemistry. However, the quest to understand the mechanisms that 
drive biological systems has been the major driver for the emergence and maturation of 
biochemistry. Indeed, numerous major discoveries have been made possible through the 
interdisciplinary research of biochemistry, including the identifi cation of:

● the structural features of major classes of macromolecules such as DNA (which contains 
the gene sequence of an animal, RNA (involved in the replication of DNA) and proteins,

● the basis of enzymes, which facilitate metabolic reactions,
● the mechanisms of photosynthesis, for the biological conversion of light to chemical 

energy and reduction of inorganic carbon,
● the machinery of cellular respiration and membrane transport, for biological energy 

conversion and nutrient and waste movement in and out of the cell,
● the genetic code, whereby variations in the sequence of just four nucleotide bases uni-

versally explains the nature of proteins from bacteria to human,
● the basis for protein synthesis and turnover, for the production, regulation, and recy-

cling of cellular machinery,
● the enzymes that regulate gene expression.

Since 1901, at least 35 Nobel Prizes in Chemistry and many more in Physiology and 
Medicine (<http://almaz.com/nobel/>) have been awarded for discoveries in biological 

http://almaz.com/nobel/
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chemistry, illustrating the tremendous rewards of working at the interface of chemistry 
and biology. Many of these discoveries have led to entirely new fi elds of interdisciplin-
ary research. For example, out of the structural determinations of DNA, RNA, and pro-
teins has developed the new discipline of structural biology; out of the enzymology of 
transcription and the genetic code has arisen the discipline of molecular biology. These 
two newer disciplines, much like the newly emerging area of systems biology, have been 
driven by the scope of biological questions, but have depended upon the contributions of 
scientists from many disciplines—including mathematics, computer science, chemistry, 
biology, and physics.

Interdisciplinary collaborations in the life sciences—or any other area, for that 
 matter—are most successful when the overall outcome is greater than the sum of its 
parts, and when all collaborators have a vested commitment in and benefi t from that 
outcome. An excellent example of this in biochemistry is in the recent area of compara-
tive metabolomics—essentially the simultaneous profi ling and quantifi cation of all meta-
bolites from a tissue or cell type. This has analytical biochemistry at its basis, but on a 
high-throughput, massive scale (many thousands of chemical components). These types 
of experiments have required the development of sophisticated mass spectrometry-based 
instrumentation, the know-how for sample preparation, expertise in separation technolo-
gies and robotics, computational capabilities for data analysis, and someone to know the 
relevant questions to address. Success depends upon contributions from chemistry, biol-
ogy, computer science, mathematics, and instrument design and engineering, and it could 
not be achieved without any one of these components.

Biochemistry continues to evolve as an interdisciplinary activity. This is evident now 
with the era of ‘omics’. In the 1970s and 1980s, a combination of biochemical and molecu-
lar genetic approaches toward biological questions resulted in an interdisciplinary area 
of research referred to as ‘biochemical genetics’. This term has fallen out of favor, but the 
emphasis on understanding the biochemical functions of genes remains at the forefront of 
life sciences today. The areas of genomics, proteomics, metabolomics, etc. are an extension 
of the concept of understanding gene function, but on a genome- or system-wide scale. 
With the rapidly advancing tools for analyzing DNA sequences, monitoring gene expres-
sion, identifying proteins, and quantifying metabolites, information is being gathered on 
an enormous scale.

Instead of an individual research laboratory experimentally addressing the function of a 
single gene over many years, teams of scientists are attempting to understand biology from 
an entire ‘systems-wide’ approach. This requires expanded capabilities orders of magnitude 
greater than those of two decades ago when the fi rst gene sequences were being collated in 
a database called GenBank. For example, as of February 2008, there were over 190 billion 
bases of nucleotide sequence information archived in the GenBank databases (<http://
www.ncbi.nlm.nih.gov/Genbank/index.html>). To accommodate these increasing num-
bers of gene sequence, gene expression, protein structure, and metabolic data, requires 
new computing power, expertise in predictive programs, powerful statistical methods, 
and computational algorithms. Questions can now turn to the functions of thousands 
of genes, proteins, and metabolites at once, helping to address everything from human 
health to agricultural production. These grand challenges require the  collaboration of 

http://www.ncbi.nlm.nih.gov/Genbank/index.html
http://www.ncbi.nlm.nih.gov/Genbank/index.html
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scientists with expertise in many disciplines in addition to biochemistry, and will involve 
tools and languages yet to be developed; but it is certain that interdisciplinary activity 
across traditional boundaries of science and engineering is the way forward.

8.1.3 Biology and engineering

The relationship between biology and engineering is an old one. For example, Leonardo 
da Vinci (1452–1519) was a prototypic artist/inventor/anatomist/engineer. His studies on 
human form and function revealed the interdependence between biological processes and 
biomechanical function and physical forces. However, da Vinci’s efforts extended beyond 
the reduction of complex processes to include the design and fabrication of structures as 
representations of what he observed in nature. Additionally, da Vinci showed us the great 
potential in the marriage of biology and mechanical functions. Indeed, modern engi-
neering disciplines now encompass a broad matrix of biological topics, including devel-
opmental biology, bioenergetics, biomechanics, biomaterials, artifi cial intelligence, and 
bionics related to the development of artifi cial organs.

Yet the marriage between biology and engineering is neither easy nor automatic. Con-
sider the comments of Fung and Tong (2001) in their classic engineering text, Classical
and computational solid mechanics:

Engineering is quite different from science. Scientists try to understand nature. Engineers try to make 

things that do not exist in nature. Engineers stress invention. . . . Most often,  (engineers) are limited 

by insuffi cient scientifi c knowledge. Thus they study mathematics, physics,  chemistry, biology and 

mechanics.

Unfortunately, the inverse is not true—biologists, who also are often limited by insuf-
fi cient knowledge, are not (yet) drawn in great numbers to study engineering. Yet, many 
biological processes occur within biophysical environments that are dynamic and rap-
idly changing. Analytic engineering principles and paradigms have been developed and 
applied to investigate and quantify many of these dynamic interrelationships, and emerg-
ing biology–engineering interdisciplinary partnerships are now poised to take advantage 
of them. Here we consider a few representative vignettes that highlight the unique oppor-
tunities and insights that have gained through the interface of biology and engineering.

Our current understanding of the developmental biology of the heart and blood ves-
sels has been substantially infl uenced by interdisciplinary interactions between biologists 
and engineers. One of the most fundamental processes during animal development is the 
growth and remodeling of the embryonic heart from a single cell, to a peristaltic tube and 
fi nally into a multichambered organ with functioning unidirectional valves, a special-
ized conduction system for electrical impulses, and optimized blood fl ow to correctly 
direct deoxygenated and oxygenated blood to the tissues. Complex processes of heart tis-
sue formation, including how heart cells, tissues, and structures (chambers, valves) grow 
and change, initially quantifi ed by developmental biologists and physiologists, have now 
been analyzed by bioengineers. Using computer technology, cardiovascular physiologists 
working with bioengineers can now actually visualize previously only imagined forces in 
the wall of the beating embryonic heart. This interdisciplinary partnership has provided 
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new understanding of how sheer and strain in the heart walls actually help shape the heart 
and its growth. In fact, the interdisciplinary interactions of developmental biology and 
engineering used so effectively in cardiovascular biology have now been expanded to pro-
vide relevant insights and identify novel questions across an extremely broad landscape 
of developmental and comparative biology, ranging from protein confi gurations to whole 
embryo structure (Davidson et al. 2009).

Regenerative medicine (the creation of replacement tissues and organs) is another 
example of the emerging products of interdisciplinary collaborations between biologists, 
physicians, and engineers. By exploring developmental processes in tissue and organ gen-
eration, bioengineers have developed new technologies being applied to the design and 
fabrication of biomaterials (materials that can become part of or even replace original tis-
sues). Bioengineering approaches have also led to a large potential commercial market for 
biotherapeutics (therapeutic substances produced by biological means, e.g. vaccines).

Such insights have led to the rapid expansion of regenerative medicine. In fact, tissues 
and organs generated in vitro (‘in the test tube’) have approached the critical phase of 
initial clinical trials. Bioengineering regeneration techniques have also been employed to 
investigate the biomechanics and regulation of cardiac valve formation, with the goal of 
generating robust replacement heart valves in vitro (Engelmayr et al. 2008). At the cellular 
and molecular levels, biologists and engineers are contemplating the creation of nanoma-
chines that are injected into the bloodstream of a patient, travel to their targeted tissues, 
and then carry out a specifi c suite of activities which can include actually permanent 
assimilation into the tissue. Of course, ethical issues arise from regenerative medicine (see 
Callahan,Chapter 29 this volume), with an uncontrolled extrapolation leading to the spec-
ter of ‘borg-like’ creatures where the boundary between human and machine is blurred.

Successful collaborations between biologists and engineers, such as the examples of 
heart development and organ regeneration outlined above, are being catalyzed by a tar-
geted expansion of funding in the United States by the National Institutes of Health, the 
National Science Foundation, and numerous foundations that support interdisciplinary 
teams. But even as collaborations that lead to advances in health are expanding, there is 
also a great deal of attention being paid to potential military applications resulting from 
interdisciplinary activities between biologists and engineers. As just one example, the exo-
skeleton of invertebrates such as insects and crabs is being studied with a view of provid-
ing an external ‘exoskeleton’ for soldiers. This external, motor-driven scaffolding would 
allow them not only to carry more gear, but potentially even to be remotely activated to 
march wounded soldiers out of danger.

The interdisciplinary collaborations between engineers and biologists often revolve 
around mathematical analyses. We now turn to the highly productive collaborations 
between biologist and mathematicians.

8.1.4 Biology and mathematics

Biology, as a quantitative science, has always depended heavily on mathematics. 
 Collaborations between biologists and mathematicians, as a focused area of research, 
began in the early twentieth century with the study of disease transmission (epidemic 
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models), population dynamics, and genetic frequency models. Building upon this foun-
dation, the past few decades have seen tremendous growth in the advances made through 
mathematical methods in almost every area of biological research, especially with respect 
to modeling biological processes. Agent- or individual-based models, supported by 
increased computational capabilities, have joined classic mathematical models to enhance 
understanding of population dynamics, including processes of disease transmission.

Early mathematical population models have also provided the groundwork for sig-
nifi cant advances in cellular systems modeling, with direct applications to oncology as 
biological knowledge of cellular responses and computational methods have enabled 
more realistic models for the treatment of cancer. Mathematical models of the genet-
ics of organisms and their resulting features continue to develop, fi nding new applica-
tions in epidemiology. This, in turn, has motivated meta-analysis of databases of genetic 
sequences of different animals (and plants), which has resulted in ideas for new disease 
therapies. At the same time, examination of the molecular basis of the formation of new 
species has deepened our understanding of evolutionary relationships. Recent advances 
in the theory of complex systems are providing new insights into physiological systems 
with multiple feedbacks and interacting components (Burggren and Monticino 2005). 
Indeed, the list of biomathematical applications is ever-expanding, including the analy-
sis of complex images (e.g. the three-dimensional images of cells provided by confocal 
microscopes), and the interpretation of the complex folding of proteins, of data from new 
genetic techniques (e.g. microarrays), and of complex nerve networks in the brain.

The rich diversity of progress described above, and the promise of future advances, 
has led to the establishment of strong interdisciplinary programs in biomathematics and 
bioinformatics at a wide variety of institutions. Graduates from these programs hired into 
traditional mathematics and biology departments at universities are infl uencing depart-
mental culture (including promotion and tenure criteria; see Phirman and Martin, Chap-
ter 27 this volume). While signifi cant challenges remain, there is a growing realization 
among mathematicians that not being involved in interdisciplinary work with biologists 
means missing out on some of the most exciting discoveries of our time.

Biologists and mathematicians cannot just decide to work together, and then do so. 
Mathematicians entering into collaboration with biologists often require a crash course 
in the basic biology underlying the research, and must relearn (or learn for the fi rst time) 
what most undergraduate biology majors know. It also requires patience from one’s biol-
ogy colleagues who take for granted a certain knowledge base when interacting with col-
leagues. The biologists will appreciate the same patience about topics a mathematician 
may assume that every educated person knows—when the reality is that very few people 
know (or care) about ‘Kolmogorov–Sinai entropy’ or ‘isomorphism groups’.

Even simple vocabulary can be an early stumbling block in collaboration between 
biologists and mathematicians. Not only may terms mean different things in different 
disciplines, but there are different levels of precision in how terms are used. Confusion 
can especially arise with words that have both common English and technical defi nitions. 
For example, the term chaotic is a commonly used term that nonetheless has a precise and 
much narrowed mathematical meaning. A biologist may be perfectly comfortable char-
acterizing a system as chaotic based on perceived disorder; while a mathematician would 
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argue that the system does not meet the defi nitional requirements, and merely has a com-
plicated response function. It is important to calibrate vocabulary early in a collaboration 
to reveal common core ideas and avoid misunderstandings.

Much discussion in this chapter has focused on why and how biologists engage in inter-
disciplinary work with non-biologists. A complementary question is, why would non-
biologists—in particular, mathematicians—collaborate on problems with biologists? 
A compelling reason is intellectual curiosity. It is refreshing to venture out of increasingly 
narrow disciplinary subfi elds to gain a substantive understanding of research questions in 
other fi elds. Collaboration can also provide a rewarding opportunity to make signifi cant 
contributions to problems that have importance outside of mathematics, especially to 
bioscience questions that have clear applicability. Consider that the very top mathematics 
journals typically have a so-called ‘impact factor’ (a calculation of overall impact based on 
the frequency with which its articles are cited) of less than 3, while some biological jour-
nals have impact factors over 20. This is not a judgment on the relative intrinsic worth of 
disciplines. It does, however, suggest a certain insularity of pure mathematics research and 
the prospect for extending reach that collaborations with biologists afford.

Effective collaboration also requires fl exibility. It is often not clear going into an inter-
disciplinary project which mathematical tools will be needed to best address the problem. 
So, broad mathematical awareness is extremely valuable, as well as the willingness to learn 
and apply mathematics outside of one’s immediate area of expertise. Interdisciplinary 
work thus provides mathematicians opportunities to learn new areas of science as well as 
occasions to apply a variety of mathematical techniques.

Of course, these very same arguments apply to biologists attempting to work with math-
ematicians, and each has much to offer to their colleagues across the disciplinary bound-
aries. Mathematicians bring not only a toolbox of modeling and analysis techniques to 
biological projects, but also a useful level of rigor and clarity of analytical thought. The 
challenge is to engage more biologists and mathematicians in interdisciplinary studies 
that make signifi cant contributions to the increasingly quantitative fi eld of biology. This 
can be partially achieved by training a new generation of mathematicians within under-
graduate and graduate programs that have substantive interdisciplinary components. 
However, it is also important to encourage traditional, established mathematics programs 
to participate. This is an incredible time, fi lled with opportunities, for mathematicians to 
apply their distinctive training and expertise in fi elds outside their discipline.

8.1.5 Biology and beyond

The case studies described above show the fruits of the mergers of the biological sci-
ences with the major disciplines of medicine, chemistry, engineering, and mathemat-
ics. But many other established interdisciplinary bioscience-based fi elds exist, including 
biogeography (Lomolino et al. 2006), bioinformatics (Lesk 2008), biophysics (Nölting 
2003), biostatistics, (Glantz 2005), and biotechnology (Pisano 2006). Particularly excit-
ing  developments are occurring in the interdisciplinary merger of biology and nano-
technology. For example, materials scientists intent on manufacturing machines at the 
molecular level are using the effective molecular recognition properties of DNA to allow 
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this  molecule to act as a template, generating novel materials with useful properties at 
highly controllable rates (Priyadarshy and Shankar, in press).

Of course, the reach of biology extends well beyond the sciences and technology into 
interdisciplinary interactions within the social sciences, arts, and humanities. Space does 
not allow us to expand into this rich area of discussion, but a few examples can suffi ce as 
an introduction.

Environmental issues have become a very active area of collaboration between human-
ists and biologists. Environmental problems typically involve an intricate mix of bio- or 
environmental science, environmental philosophy, and policy concerns (see Callicott, 
Chapter 33 this volume). Bioethics, a related fi eld founded in the 1960s, addresses ethi-
cal and philosophical questions that arise from advances at the intersection of biology 
and medicine (see Callahan, Chapter 29 this volume). Political science, government, and 
history are interwoven with biological principles. For example, studies of peace and war 
are often interpreted in the context of sociobiology, and evolutionary theory has been 
turned towards an understanding of human confl ict (e.g. Vergata 1995). Indeed, human 
behaviors for good or ill, are often placed within a biological context, most notably using 
E. O.  Wilson’s (1975) concept of sociobiology. As computing and robotic technologies 
continue to evolve, the fi eld of human–computer interactions will have relevance to social 
behavior as well as to the investigative sciences.

Biology has, of course, long been a topic for the arts (consider Claude Monet’s Water lily 
pond or Van Gogh’s Sunfl owers). However, biology has also depended on art in the form of 
medical illustration. This dependence has existed for millennia, with medical illustration 
likely originating in Hellenic Alexandria during the fourth century bce, and evident as 
mature interdisciplinary activity in the work of such famous illustrators as Leonardo da 
Vinci and Andreas Vesalius (1514–64).

Biology and religion have a long and sometimes uneasy history of coexistence, most 
notably in recent years in debates over evolution, creationism, and intelligent design. 
More fruitfully, perhaps, interdisciplinary studies are helping to understand the origins 
of social morality, cooperation, peace, and war (e.g. Bekoff 2001), as well as the evolution 
of religion (Dow 2006).

8.2  What are the impediments to interdisciplinarity 
in the sciences?

Given the richness of interdisciplinary collaborations described above, why don’t more 
mathematicians, biologists, chemists, physicists, and others step across disciplinary lines? 
There are myriad potential impediments—none insurmountable, but many quite for-
midable. Since scientists often use jargon, or have specialized knowledge that other team 
members lack, frequent communication is essential for all to work productively together. 
Thus, it can be diffi cult to develop a common working knowledge, or understanding of 
the complementary discipline’s perspective, capabilities, and limitations. Scientists are 
most comfortable within the confi nes of their narrow disciplines, but much less so when 
venturing into unfamiliar territory. Overcoming the obstacle of a common  understanding 
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may take many frustrating discussions, much like learning to communicate in another 
language. Some potential interdisciplinarians lack the patience for this process.

Interdisciplinary collaborations also take time to bear results. The tenure clock doesn’t 
recognize the extra time it takes to absorb the key concepts in the secondary discipline, to 
develop a shared view of a problem, and then search for appropriate techniques. Conse-
quently, it is not unusual for junior faculty to be advised by their mentors not to pursue 
interdisciplinary work until after tenure. All too often, however, by the time tenure has 
been achieved, research paths have developed into deep ruts for which there are few insti-
tutional incentives to climb out of (see Phirman and Martin, Chapter 27 this volume).

It is also diffi cult for many academic (and non-academic) evaluators to judge the value 
of interdisciplinary projects. Consider, for example, the challenges to mathematicians 
proposing to work with biologists. Mathematics departments, like all academic depart-
ments, evaluate the research productivity of their faculty by the number of articles pub-
lished in disciplinary journals and the quality of the journals in which articles are placed. 
Mathematics journals follow an exacting theorem–proof format. A collaboration with 
biologists will typically not produce a fundamental advance in mathematics (of course, 
sometimes this does happen, enriching both mathematics and biology). Even if it does, 
the theorem–proof exploration of the result would rarely fi nd its way into a biology jour-
nal article. Traditional mathematics departments are challenged to evaluate the worth of 
an article that does not contain a proof, no matter how innovative or useful the applica-
tion. Often, faculty members are admonished to translate the application into work that 
can stand on its own in a conventional mathematics journal. Thereby, the work necessary 
to attain evaluations similar to those of departmental colleagues not collaborating outside 
their discipline is at least doubled.

Even when scholarly work can be easily evaluated with regard to content, there may 
be an attached stigma (or at least lack of appreciation) for the venues in which interdis-
ciplinary work appears. Front-line, cutting-edge interdisciplinary journals that are the 
‘must-publish’ targets for interdisciplinarians may nonetheless have low impact factors 
and very small circulations of a few thousand compared with the disciplinary ‘usual 
suspects’ such as Science (with a very high impact factor and a paid circulation of more 
than a million). Put differently, scientists and mathematicians working in interdisciplin-
ary areas still face the signifi cant challenge that a paper in Science is typically regarded 
as far, far more signifi cant than a paper in, for example, the interdisciplinary journal 
Science Studies, targeting not only scientists but sociologists, philosopher, historians, 
and psychologists.

Although there are many impediments to interdisciplinarity, there are many ways to 
actively promote such approaches. Interdisciplinary scientists need to remain open to new 
ideas, commit to learning alternative approaches and, perhaps above all else, be patient 
with respect to their own advancement, that of their colleagues, and ultimately of the 
project. Beyond the individuals, institutional practices need to be implemented that pro-
vide clear incentives to departments and faculty to engage in interdisciplinary research 
projects. This can start proactively with, for example, workshops and other educational 
opportunities for evaluators so that they can learn of both the promise and pitfalls of 
interdisciplinary research.
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8.3 Conclusion

The case studies described above demonstrate the power of interdisciplinary approaches 
in the biological sciences, drawing upon a variety of disciplines in the sciences and beyond, 
for generating new perspectives, approaches, hypotheses and ideas for future experiments. 
Also apparent is that interdisciplinarity in the biological sciences is typically not just a 
single person working in an interdisciplinary area, but rather ‘sympathetic’ disciplinarians 
working together to bring the best of their training and knowledge together in new and 
innovative ways. Environments such as think tanks, centers, and institutes have all proven 
to be highly useful for getting dissimilar types of people together to work on interdisci-
plinary issues in biological sciences.

Yet, interdisciplinary work in the biological sciences can be challenging. Communicat-
ing with collaborators in other disciplines requires (re)learning disciplinary-dependent 
concepts, adopting new vocabulary, and committing to new approaches. Even when suc-
cessfully completed, interdisciplinary science may not be fully appreciated by conservative 
or more traditionally inclined evaluators.

Yet interdisciplinarity in the biological sciences is burgeoning, driven by a spectrum 
of motivations ranging from unbridled intellectual curiosity to demonstrated practical 
solutions to engineering and medical problems. Clearly, in the future the biological sci-
ences will continue to operate within an interdisciplinary cycle (Fig. 8.1), spawning new 
subdisciplines and, in time, changing the fabric of biology itself. As stated by Thomas 
Kuhn (1962), we won’t recognize the most fundamental paradigm shifts in science until 
after they have occurred.

References

Bekoff, M. (2001). Science, religion, cooperation, and social morality. BioScience 51(3), 171.

Burggren, W.W. and Monticino, M.G. (2005). Assessing physiological complexity. Journal of 

Experimental Biology 208, 3221–32.

Davidson, L., von Dassow, M., and Zhou, J. (2009). Multi-scale mechanics from molecules to 

morphogenesis. International Journal of Biochemistry and Cell Biology 41(11), 2147–62.

Dow, J.W. (2006). The evolution of religion: three anthropological approaches. Method and Theory 

in the Study of Religion 18(1), 67–91.

Engelmayr, G.C., Jr, Soletti, L., Vigmostad, S.C. et al. (2008). A novel fl ex-stretch-fl ow bioreactor 

for the study of engineered heart valve tissue mechanobiology. Annals of Biomedical Engineering

36, 700–12.

Fung, Y.C. and Tong, T. (2001). Classical and computational solid mechanics. Singapore: World 

Scientifi c Press.

Glantz, S. (2005). Primer of biostatistics. New York: McGraw-Hill Medical.

Kuhn, T.S. (1962). The structure of scientifi c revolutions. Chicago: University of Chicago Press.

Lesk, A. (2008). Introduction to bioinformatics. New York: Oxford University Press.



132 Biological sciences

Lomolino, M.V., Riddle, B.R., and Brown, J.H. (2006). Biogeography, 3rd edn. Sunderland, MA: 

Sinauer Associates.

Nölting, B. (2003). Methods in modern biophysics. New York: Springer.

Pisano, G.P. (2006). Science business: the promise, the reality and the future of biotech. Cambridge, 

MA: Harvard Business School Press.

Priyadarshy, S. and Shankar, L. (in press). DNA nanotechnology. Boca Raton, FL: CRC Press.

Torday, J.S. (2004). A periodic table for biology. The Scientist 12, 32–3.

Torday, J.S. and Rehan, V.K. (2004). Deconvoluting lung evolution using functional/comparative 

genomics. American Journal of Respiratory Cell and Molecular Biology 31, 8–12.

Torday, J.S. and Rehan, V.K. (2009a). Exploiting cellular-developmental evolution as the scientifi c 

basis for preventive medicine. Medical Hypotheses 72(5), 596–602.

Torday, J.S. and Rehan, V.K. (2009b). Lung evolution as a cipher for physiology. Physiological 

Genomics 38, 1–6.

Vergata, A.L. (1995). Darwinism, war and history: the debate over the biology of war from the 

‘Origin of species’ to the First World War. Medical History 39(3), 378–9.

Wilson, E.O. (1975). Sociobiology: the new synthesis. Cambridge, MA: Harvard University Press.



CHAPTER 9

Art and music research1

JULIE THOMPSON KLEIN AND RICHARD PARNCUTT

In taxonomies of Western knowledge, ‘art’ and ‘music’ are grouped conventionally within 
a cluster of disciplines labeled ‘humanities’. Research on art and music, however, encom-
passes a wider array of disciplines and interdisciplinary fi elds. Music research also spans 
natural sciences (e.g. acoustics, physiology), formal sciences (mathematics, computing), 
and social sciences (psychology, sociology). Likewise, art research draws on the concepts, 
theories, and methodologies of social sciences as well as science and technology. Moreover, 
in both cases research spans not only historical studies of aesthetic forms and movements 
but also the nature of creativity, the physiology and cognition of perception, the reception 
of aesthetic works within particular groups and cultures, and the institutional formations 
of research and education. While much has been written about the universality of art and 
music across cultures and in general theories of the arts, the disciplines are constructed 
differently. In the Anglo-American academy, for example, ‘art history’ became an umbrella 
label for research centered initially on the history of Western art but later including other 
disciplines and art forms. In European practice ‘musicology’ (Musikwissenschaft) is often 
thought to include both humanities and sciences, whereas in North America it was more 
confi ned traditionally to humanities.

Like all collaborators who cross knowledge boundaries to work on a common project, the 
co-authors of this comparative refl ection grappled with differences shaped by their academic 
and cultural backgrounds. One, a professor of humanities, was trained in literary studies in 
North America, then her research and teaching interests broadened to include interdisci-
plinary humanities, American cultural studies, and the theory and practice of interdisci-
plinarity. The other studied music, physics, and psychology in Australia, then conducted 
research at the interface of music psychology, music theory, and music performance, and 
as a professor in Austria developed new infrastructures to encourage musicological inter-
disciplinarity. Even such basic terms as ‘humanities’ and ‘science’ became boundary objects 

1 Portions of the chapter adapt material from Klein, J.T. (2005). Humanities, culture, and interdisciplinarity: 
the changing American academy. New York: SUNY Press.
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in our  conversation. The term ‘art’ was also an intersection for negotiating meaning. It has 
referred traditionally to a large family of visual and performing arts, including not only 
visual and plastic arts of painting and sculpture but also music and theater. For the sake of 
comparison, and heeding separations in major taxonomies and divisions of scholarship, in 
this chapter the singular form of the term ‘art’ designates visual and plastic forms, and the 
plural form ‘arts’ refers to a more general compass inclusive of both art and music.

The disciplines of art and music have several elements in common that make for a 
compelling comparison. They both inherited an identity vested in creativity and tradi-
tional values of the liberal arts that were transmitted through European tradition to the 
American colonial college, then challenged and reinvigorated in new critical approaches 
to scholarship and teaching. They both enjoy a presence beyond the academy in perfor-
mance venues, museums, other cultural institutions, and electronic media. They are both 
non-verbal media whose data are more resistant to verbal explication than the data of 
other disciplines classifi ed as humanities (Parker 1997). And, over the course of the twen-
tieth century, they underwent parallel changes. Their canons expanded, new scholarly 
approaches fostered new understandings, and the objects of research were profoundly 
changed by technological developments.

This chapter explores the interdisciplinary nature of the two disciplines, with particular 
attention to patterns of origin, new practices, and (re)constructions of disciplinarity and 
interdisciplinarity. Throughout the discussion, we also consider the place of art and music 
in the larger relationship of humanities and science and technology.

9.1 Origins

Research on both art and music has a long history. Giorgio Vasari’s evolutionary approach 
to style history infl uenced the general outlines of historical studies of art for several cen-
turies. In Lives of the most eminent painters, sculptors, and architects (1550), Vasari extolled 
the European High Renaissance as the pinnacle of excellence. His methodology was a 
series of aesthetic and moral value judgments interwoven with anecdotes and references 
to purported facts (Kraft 1989). Barbara Stafford (1988) traces the formal origin of art his-
tory to the eighteenth century. Art history was a borrower from the start, taking attitudes 
and vocabularies from prior or canonical disciplines and constructing a hybrid identity 
from mathematics, rhetoric and poetics, and philosophy. Its founders were mindful of an 
intellectual defi cit. Artists were inclined to offer inductive and artisanal conjectures about 
visual and aesthetic matters, not deductive or exact knowledge about a fi xed or stable 
mental territory with objects of intellection. The formation of the modern disciplines 
during the late nineteenth and early twentieth centuries had a dramatic impact on both 
art and music research, shaped by the cumulative forces of professionalization, specializa-
tion, and a growing scientifi cation of knowledge.

The attempt to orient humanities toward a new positivist paradigm began in the early 
nineteenth century, initially in Germany and in linguistics. The dominant model was a 
form of grammatical study that differed from the normative and philosophical approach 
of the eighteenth century. Imbued with new empirical values of scholarship, James Stone 
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(1969) recalled, discovery became the primary purpose of research by professional-
ized experts. The tendency towards painstaking investigation and minute methodology 
became as evident in historiography as in the sciences. For the humanities scholar, the 
equivalent of the laboratory was analytic abstraction, reinforced by description, classifi ca-
tion, comparison, and compilation. Like laboratory specimens, humanities objects could 
be manipulated, dissected, and embalmed; measured, counted, and calibrated; and sub-
jected to precise methodologies. A credo, a comedy, a portrait, an idea, or a hero could be 
subdivided by analysis and abstraction into the propositions of philosophers, the tech-
niques of literary and art historians, and the events of historians. As scholars in grow-
ing numbers embraced ideals of objectivity, precision, and specialization, the notion of 
a shared culture diminished. Decentralization and fragmentation of education hastened. 
Older unifi ed fi elds of inquiry and principles of the university eroded, and new unifying 
hypotheses were foreshortened. The positivist paradigm that took root in the modern 
discipline of art history, Kraft notes, accentuated empirically grounded facts, historicism, 
and style analysis defi ned by formal characteristics such as color, shape, line, texture, and 
space. Works, artists, styles, and national or ethnic groups could be compared and classi-
fi ed, explicated, and interpreted in a systematic fashion. In addition, art historical research 
could be separated from other fi elds, interpretations legitimized with truths parallel to 
scientifi c laws, and the contextual dynamics of production and reception placed beyond 
positivist science.

Pulling in the contrary direction, the most powerful early basis for interdisciplinary 
relationships among the arts, including music, was periodization and interart compari-
son. Common motifs, themes, and genres suggested synchronic relations within chrono-
logical eras (e.g. medieval, romantic) and stylistic categories (e.g. classical, mannerist). 
During the nineteenth century, interart comparison was typically formulated in terms of 
historical criteria, such as a Zeitgeist or a Formwille. The theory of Goethian or romantic 
organicism also treated ‘arts’ in the general sense, as a holistic entity and, in the twentieth 
century, E. H. Gombrich’s concept of norms and theories of social refl exes and technical 
achievement provided a basis for unity. The discourse of unity centered on the spirit of 
movements, periods, or moments thought to convey coherence among all cultural activi-
ties and a complete parallelism of arts (Fowler 1972; Steiner 1982). Synoptic theorizing 
and the generalist tradition of humanities fostered different kinds of connection. Albert 
William Levi, for example, proposed that music involves a ‘radiating theory’ of overlap-
ping value-concerns in arts and humanities, and the generalist tradition furnished a holis-
tic model of moral, social, and religious development that aligned cultivation of taste in 
music with cultural literacy and moral character (Levy and Tischler 1990; Sibbald 1992).

The relationship between the sciences and the arts changed over time, though it has been 
dominated by two views. One, Sheldon Richmond (1984) recounted, treats them as polar 
opposites, the other as different expressions of a single voice. Richmond disputes both 
views, arguing that they are based on a false dichotomy that posits rationality  (cognitivity) 
as the realm of science and irrationality (imagination) as the realm of arts. This dichot-
omy, though, minimizes correspondences over time. The period of the  Renaissance, for 
instance, saw revolutions in both arts and sciences that turned on the same point—the 
discovery of linear perspective and the development of optics, allowing three-dimensional 
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interpretation of images whether they appeared in a painting or through the lenses of 
a telescope. Older hierarchies were also displaced. Aristotelian cosmology and Platonic 
ideals were initially supplanted by a non-perspectival ordering of objects on a canvas. 
Later, the Einstienian revolution overturned Galilean–Newtonian space and time and the 
Impressionist–Cubist revolution recognized the plurality of visual fi elds and other kinds 
of spatial representation. Developments in science and technology have contributed to art 
research in diverse ways. On the one hand they have provided new subjects for the arts. In 
the case of music, the noises and rhythms of factories, production lines, and other aspects 
of modern life inspired and enabled new genres from musique concrète to punk rock. On 
the other hand, they have offered new means of asking research questions about all of the 
arts—such as how art and music are physically represented, perceived, and cognitively 
processed. Art history and music have increasingly interacted with scientifi c disciplines 
such as physics, physiology, psychology, and information sciences.

Defi ned broadly as ‘the study of music’, musicology includes all research about all 
music. Like art history, music was a borrower from the start. Before about 1600, most 
music research corresponded to the late nineteenth-century concept of ‘systematic musi-
cology’. Ancient and medieval musical thought was dominated by precursors of modern 
sciences such as mathematics, acoustics, physiology, and psychology. In medieval univer-
sities, the liberal arts were organized into a trivium of grammar, logic, and rhetoric, and a 
quadrivium of arithmetic, geometry, music, and astronomy; early music research involved 
mathematical analysis of intervals and string length ratios in the Pythagorean tradition. 
‘Systematic’ understanding of music improved gradually with the scientifi c revolution 
in the seventeenth century, the Enlightenment in the eighteenth century, the rise of the 
modern university in the nineteenth century, and the rise of computer technology in the 
twentieth century.

Just as art history became a dominant practice in art research, in the nineteenth cen-
tury historical musicology dominated music research. Historical musicology depended 
on art history for the paradigm of style history and on literary studies for paleographic 
and philological principles (Treitler 1995). Since then, musicology has been institution-
ally grouped in the humanities, in spite of the important role of sciences throughout the 
history of musical thought.

The bias towards Western cultural elites in musicology has various origins. First, despite 
the long chronicle of musical thought musicology did not enter the academic canon until 
the nineteenth century—soon after the word ‘musicology’ was coined—so that Western 
culture and identity could be documented. Second, the humanities were academically 
central during the nineteenth century, and history has always been central to the humani-
ties. Third, the music of Western cultural elites (also misleadingly, tautologically, or dis-
criminatingly referred to as classical music, art music, or high culture) was regarded in the 
nineteenth century as intrinsically superior. In the language of alterity research (Taussig 
1993), music that was not Western and elitist was (and often still is) considered to be 
Other music and thereby classifi ed outside the taxonomy of sanctioned forms; Real music 
(or just ‘music’) was composed by Bach, Beethoven, Brahms, and other white males, and 
mimetically refl ected European identity and superiority. The Eurocentric worldview of 
nineteenth-century humanities lives on today in conservative academe (cf. Cook 1998); 
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most societies, conferences, and journals of ‘musicology’ still focus on the history of West-
ern cultural elites, and Western music is still the main focus of other musicological subdis-
ciplines such as music psychology, in which research on expressive performance focuses 
on Chopin and Mozart.

9.2 New art histories and new musicologies

By the mid twentieth century, the positivist paradigm was still prioritized in humanities 
scholarship. During the 1980s and 1990s, though, talk of ‘new art history’ and ‘new musi-
cology’ signaled the growing impact of expanding canons and scholarly practices. Donald 
Preziosi (1989) likens modern art history to an Ames Room or a Foucauldian heterotropic 
space of contradictory practices and theoretical positions. New stylistic movements such 
as pure form, color fi eld painting, and minimal art had little in common visually with ear-
lier traditions. The notion of art, Selma Kraft (1989) adds, expanded to include the works 
of women and different cultural groups. The boundary between high and low or popu-
lar art eroded, legitimating once-excluded objects such as popular, traditional, and folk 
music, furniture and quilts, cartoons and graffi ti, commercial illustrations and tattoo-
ing. The repertoire of works of both art and music expanded on a global scale and large 
exhibits on Chinese painting and excavations, African art, and the art of the Mamluks and 
the Mughals. New hybrid genres also emerged. Performance art, for instance, combines 
music, visual art, literary expression, and theatrical performance and multigenre forms 
emanated from cultural movements for identity and equality.

Scholarship changed in kind. Kraft (1989) identifi ed two general directions in art 
research. One strand of infl uence—from the social sciences—accentuated production and 
use, focusing on the political, cultural, social, and economic conditions under which art 
is made and on subjects such as patronage, the art public, and workshop practices. The 
other strand—closer to the humanities—drew on critical, semiotic, and deconstructionist 
approaches, especially from literary theory and philosophy. Both strands differed from the 
interdisciplinarity of Erwin Panofsky, a prominent fi gure in the early twentieth-century 
formation of the modern discipline. Panofsky was interested in the inherent meaning of 
works regarded as exact refl ectors of attitudes and values. The new art history critiqued 
assumptions about self-evident meaning and uniformities of interpretation that ignore 
differences of ethnicity, gender, and class. Scholars began treating artworks as texts and 
as structures of signifi cation. They weighed the relative merits of disciplinary methods 
and explored processes of professionalization. They expanded history’s relationships with 
criticism, aesthetic philosophy, markets, exhibitions, and museology. They used insights 
from Marxism to understand social and economic determinations. And they imported 
explanations of repressed instincts from psychoanalysis, power relationships from politi-
cal theory, institutions from sociology, and structures from anthropology.

The relationship of art and science also changed. Science has long been a theme in 
art, providing narrative content and imagery. One of the fundamental properties of 
 art—beauty—continues to be studied in terms of mathematical elements of proportion, 
pattern, and (a)symmetry. Domains of inquiry, though, have expanded. The  science known 
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as psychology of art, which began at the end of the nineteenth century, now has ties with 
mainstream psychology, all disciplines of the humanities, art therapy, art education, and 
practitioners such as architects and curators (Lindauer 1998). Scholarly understanding 
of visuality also changed with new sciences and technologies of imaging, a development 
especially prominent in cognitive science and neuroscience. Emerging technologies have 
led to new forms and conceptions of art as well. Some new media, Sian Ede (2005) points 
out in her recent book on Art & science, make demands on multiple and differing mental 
processes. This complexity is evident in live art, sound art, digital art, Internet art, and fi lm 
and video. In his international overview of the current intersections of art, science, and 
technology, Steven Wilson (2002) documents the many ways in which artists today are 
working at the frontiers of scientifi c inquiry and emerging technologies and the Internet, 
forging new relationships with biology, physical sciences, mathematics and algorithms, 
kinetics, telecommunication, and digital systems.

Ede highlights, among other examples, Andrew Carnie’s Magic forest. Carnie worked 
with a developmental neurobiologist to fi nd ways of visualizing the structure and growth 
of neurons. The resulting artwork was a walk-through installation in which viewers moved 
through a fl oating woodland of lacy winter trees. The trees were actually images of living 
brain cells in the process of conducting signals, captured using a laser-scanning confocal 
microscope, drawn with the aid of computer-imaging techniques, stained with fl uores-
cent dyes, and projected onto layers of fi ne fabric. Images produced by new scanning 
technologies have a beauty that has led some to call them a new form of abstract art. Yet, 
Ede questions whether they are instead information and data, lacking inherent aesthetic 
properties of expression and abstraction.

Equally striking changes and implications have appeared in music research. While tradi-
tional musicology focused on Western music, cultural elites, and history, today’s scholars are 
moving beyond these intellectual strictures. Musicology, broadly defi ned, addresses the music 
of all cultures (any country, group, language, or religion), all subcultures (such as modern 
youth subcultures), and all classes (owning versus working, privileged versus suppressed, 
and so on). The expanse of relevant disciplines includes acoustics, aesthetics, anthropology, 
archaeology, art history and theory, biology, composition, computing, cultural studies, eco-
nomics, education, ethnology, gender studies, history, linguistics, literary studies, mathemat-
ics, medicine, music theory and analysis, neurosciences, perception, performance, philosophy, 
physiology, prehistory, psychoacoustics, psychology, religious studies, semiotics, sociology, 
statistics, and therapy. The cultural and epistemological diversity of musicology also became 
increasingly evident during the twentieth century, as smaller subdisciplines grew faster than 
traditionally dominant historical musicology. Comparative musicology, for example, in 
which different musical cultures are compared, emerged in a context of nineteenth-century 
colonialism. In the twentieth century it was largely superseded by ethnomusicology, which 
aims to view each culture in its own terms. Ethnomusicology grew rapidly due to increasing 
interest in non-Western cultures, and their sheer number and diversity.

Music research today can be subdivided in various ways. At the highest level, all music 
research is either historical/ethnological or systematic. That classifi cation is not quite 
the same as the humanities–sciences split, though. Ethnomusicology comprises mainly 
humanities but also includes social sciences, while systematic musicology is mainly 
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 oriented to sciences but also includes humanities. There is no widely accepted defi ni-
tion of systematic musicology, and implicit defi nitions shifted during the twentieth cen-
tury. Modern systematic musicology is often held to include music philosophy, aesthetics, 
psychology, sociology, acoustics, computing, and physiology. These disciplines tend to 
address general musical questions. In contrast, historical musicology and ethnomusicol-
ogy tend to focus on specifi c performances, pieces, genres, traditions, cultures, styles, and 
composers (Parncutt 2007).

To echo a point made in the introduction, subdivision of the main branches in music 
research also differs internationally. In Central Europe, musicology is thought to comprise 
historical musicology, ethnomusicology, and systematic musicology (cf. Adler 1885). The 
numbers of participants attending international conferences suggest that these three areas 
are now roughly equal in size. But, this structure does not clearly accommodate impor-
tant and growing fi elds such as popular music or music performance research, or the 
traditionally central disciplines of music theory and analysis focused on musical scores. 
The North American tripartite division comprises historical musicology, ethnomusicol-
ogy, and music theory, but has explicitly excluded scientifi c approaches such as music 
psychology, computing, acoustics, physiology, and empirical sociology, all of which are 
independently growing and thriving.

If musicology is defi ned as the study of music, it also includes the knowledge of musi-
cians, regardless of their musical roles. This classifi cation includes the history of perfor-
mance practice, studies of composers’ sketches, and psychological/sociological studies of 
performance. Recent research on group creativity in popular music is also focusing on the 
political, cultural, social, and economic conditions under which music is produced. This 
development suggests a third possible tripartite subdivision of musicology: into humani-
ties, sciences, and practice. Musical practice includes not only performance, composition, 
and improvisation, but also education, medicine, and therapy (applied musicology). This 
alternative tripartite structure exposes the most salient epistemological differences within 
music research.

9.3 Rethinking (inter)disciplinarity in art history

Change, as always, provokes debate. The primary faultline in both art history and musi-
cology was, and continues to be, the divide between ‘inside’ and ‘outside’ the discipline 
proper. Some scholars see themselves as custodians of tradition and the internal purity 
of the object of ‘art’ or ‘music’. Others see themselves as interventionists, critiquing and 
expanding the construction of their domains. Interdisciplinarity has been not only a 
driver of heterogeneity, fostering new communities of practice; it too is heterogeneous. In 
art history, one scholar might be investigating the social history of a genre with the goal 
of understanding how aesthetic forms are shaped by connotations of taste in particular 
time periods and cultural groups. Another might be borrowing from other disciplines to 
answer a historical question about the provenance of a particular painting. Others might 
be using new technologies to read Paleolithic imagery or to create digital-born art. The lat-
ter examples are ‘scientifi c’ in the sense of capitalizing on affordances of new  technologies 
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and instrumentation. Yet, they are not scientifi c in the same sense as music psychology or 
empirical aesthetics, which have different methods and epistemologies and are based on 
scientifi c questions or hypotheses that can be confi rmed or rejected on the basis of statisti-
cal analysis of data obtained in empirical investigations of music perception.

The shift from older forms of interart comparison to subsequent interdisciplinarities of 
word-and-image studies, the cultural turn in the humanities, visual culture, and images 
studies are further indicators of change. Interart comparison focused traditionally on 
similarities and differences between particular forms of arts, the infl uence of one art on 
another, common origins comparable to the ancient unity of stem languages, experiential 
psychological studies, and structural semiotic analyses that view arts as alternative lan-
guage systems (Greene 1992).  In its most ambitious forms, Mitchell (1990, 1994) explains, 
interart comparison argued for the existence of extended formal analogies across the arts 
capable of revealing structural homologies united by historical styles. At its best, it resisted 
compartmentalization of media into particular disciplines and the academic administra-
tion of knowledge. Yet, interart comparison had three major limitations. It was based on 
the presumption of a unifying, homogeneous concept (e.g. meaning or representation) 
and a positivist methodology of comparing and differentiating propositions. The strategy 
of systematic comparison and contrast also ignored other forms of relation. And, inter-
art comparison was a ritualistic and generalized historicism that affi rmed the dominant 
sequence of periods and a canonical masternarrative leading to the present. Alternative 
histories, counter-memories, or resistant practices were neglected. By and large, too, the 
insularity of disciplines was not challenged and superfi cial comparisons ignored crucial 
differences across art forms and genres.

The difference between the interdisciplinarities of interart comparison and word-and-
image studies is illustrated by the work of Svetlana Alpers and Mieke Bal. In The art of 
describing (1985), Alpers expanded the traditional canon of privileged works while drawing 
on both visual and verbal documents pertaining to visual culture in the Netherlands during 
the seventeenth century, including ideas about vision in science and instrumentation. In 
Rembrandt’s enterprise (1988), Alpers treated the artist as both the product and an instru-
ment of change by analyzing the materiality of painting, economics of the art business, and 
Rembrandt’s use of theatricality. In treating visual arts as sign systems, she demonstrated 
how paintings, photographs, sculptures, and architecture are imbued with textuality and 
discourse. In Reading ‘Rembrandt’, Bal (1991) drew on methods from art history, gender 
analysis, and reader-response theory to explore theoretical and interpretive problems per-
taining to relations between verbal and visual art. The context of works becomes a text that 
can be ‘read’ using a semiotic methodology that treats medium-bound terms such as spec-
tatorship, storytelling, rhetoric, reading, discursivity, and visuality as aspects, not essences. 
Shifting attention away from the intrinsic properties of discrete visual and verbal domains 
opens up larger questions of representation and interpretation that facilitate systematic 
interrogation of the ways arts emerge, circulate, and are intertwined within a culture.

The cultural turn in humanities stimulated expansion of interdisciplinary theory and 
practice propelled by both strands of infl uence identifi ed by Kraft in describing changes 
associated with the ‘new art history’. The older text-bound and elite concept of ‘culture’ 
broadened, infl uenced by the more encompassing anthropological notion of the lifeways 
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of a people. Investigations of the political, cultural, social, and economic conditions of 
artistic production and consumption were framed by newer critical, semiotic, and decon-
structionist approaches. In introducing a 1999 collection of essays on The practice of cul-
tural analysis, Bal took a graffi to on a wall as the starting point for defi ning cultural analysis 
as the central interdisciplinary practice for humanities. This short and uncanonical text-
image is a public exhibit that even in its simplicity engages the complex interdiscursivity 
of visual performance and verbal argument. Cultural analysis is an ‘interdiscipline’ with a 
specifi c object as well as a set of collaborating disciplines that includes the social sciences 
as well as the sciences. It is primarily analytic and is representative of much of the inter-
disciplinary work that goes on in humanities and cultural studies today.

In Travelling concepts in the humanities (2002), Bal highlighted the methodological 
potential of concepts as the backbone of interdisciplinary study of culture. The major 
exemplars are image, mise en scène, framing, performance, tradition, intention, and criti-
cal intimacy. Concepts such as these exhibit both specifi city and intersubjectivity. They do 
not mean the same thing to everyone, but they foster common discussion as they travel 
between disciplines, between individuals, between periods, and between academic com-
munities. In the process of travel, their meaning and use change, and that changeability 
becomes part of their usefulness.

The term ‘image studies’ signals a further horizon in the changing relationship of art, 
science, and technology. Mitchell (1994, 1995) introduced the concept of a ‘pictorial turn’ 
to name the challenge that visuality presents to the dominant textual model of the world 
in humanities. Vision is a mode of cultural expression and communication as fundamen-
tal and widespread as language. The term ‘visual culture’ evolved from a phrase used in 
several fi elds, including art history, fi lm and media studies, semiotics, history of science, 
comparative arts, and philosophical inquiries into art and representation. Conversations 
about visuality also occur in cultural studies, queer theory, and African-American stud-
ies, and among psychoanalysts, anthropologists, phenomenologists, theorists, and optical 
technologists (Mirzoeff 1998, 1999). Widening interest in images and visual knowledge 
led James Elkins to suggest that the proper term is no longer ‘art history’ but ‘image stud-
ies’. Barbara Stafford has been infl uential in opening up this terrain in terms of research 
on scientifi c and other non-art images (Jones and Galison 1998). In Echo objects (Stafford 
2007), she explores the cognitive work of images with insights from neuroscientifi c dis-
coveries and evolutionary biology. New data confi rm some traditional assumptions about 
cultural objects, but also exert pressure on and turns them upside down, whether talking 
about historical emblems or electronic media.

9.4 Rethinking (inter)disciplinarity in musicology

The heterogeneity of practices is evident in musicology as well. One scholar might be 
studying the integrative dynamics of opera, a performance art that requires the collabo-
ration of experts from multiple disciplines and professions. Another might be examin-
ing questions of race in jazz studies. One might be studying the perception of emotion 
by listeners from different cultures. Another might study the effect of the acoustics of a 
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given musical instrument on the syntax (pitch, loudness, timbre) of music played with 
that instrument. One might study the role that music plays in determining or manipulat-
ing the psychological identities of young people, or even work on a collaborative team 
with an anthropological interest in the hybridization of cultural forms in contemporary 
genres. Yet another might study the relationship between hearing or performing music 
and  linguistic abilities, as a possible strategy against dyslexia.

More generally, musicology is epistemologically diverse for several reasons. First, defi -
nitions of music itself are diverse and dependent on cultural and historical context. If 
music is defi ned as an acoustic signal that evokes recognizable patterns of sound, implies 
physical movement, is meaningful and intentional, is accepted by a cultural group, and is 
not lexical (i.e. is not language), each point in this list implies different disciplines or epis-
temologies. Second, music may be represented in different ways. Popper and Eccles (1977) 
divided reality into three ‘worlds’: in the physical world, music is signal and vibration 
(physics, physiology); in the subjective world, it is private experience (phenomenological 
psychology, cultural studies); and in the abstract world of information and knowledge, it 
is scores (notation) and sampled waveforms (music theory, computing). To this we might 
add a fourth world of agents (selves, egos, souls, spirits) in which music is constituted 
by the social interactions of performers, composers, and listeners (sociology, cultural 
studies). A third reason for musicology’s epistemological diversity involves its contexts. 
 Scientifi c subdisciplines such as acoustics, physiology, psychology, and computing tend to 
focus on music itself in different representations, whereas cultural subdisciplines such as 
history, ethnomusicology, and cultural studies focus on music’s historical, geographical, 
and cultural contexts.

How should musicologists deal with this epistemological diversity? Clearly, no individ-
ual can claim to be an expert in all relevant disciplines—or even just two of them. Nor is 
any specifi c epistemology central to musicology. That implies that good musicology must 
be multi- and interdisciplinary. High-quality synergetic interactions between epistemo-
logically distant disciplines can only be achieved by interdisciplinary teams, which should 
be promoted by musicological institutions. Several impediments, though, remain.

Institutionally, there is a deep divide in musicology between ingroup and outgroup 
subdisciplines. The ingroup is traditionally headed by music history and may also include 
music theory/analysis and cultural studies. The outgroup (the musicological Others) is 
largely scientifi c: acoustics, psychology, physiology, and computing. Between the two is an 
intermediate group of subdisciplines that, in conservative music schools and departments, 
are politely tolerated but relatively powerless: ethnomusicology, pop/jazz research, music 
sociology, music philosophy, music performance research. Internationally, approaches 
to research often depend on nationality. That is understandable if the research object is 
music of different cultures, but surprising when general questions are asked. Consider, 
for example, music theory, whose principle object of research is the structure of Western 
musical scores (melody, harmony, counterpoint, tonality, rhythm, meter, form). North 
American music theory is traditionally characterized by a formalist, mathematical, posi-
tivist, ‘scientifi c’ approach and inspired by Heinrich Schenker’s reductional approach 
to analysis (for tonal music) and Milton Babbitt’s mathematical pitch-class theory (for 
atonal music). German music theorists are traditionally more intuitive and holistic, and 
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more likely to relate musical meaning to the social and historical context. There is a clear 
need for better cross-Atlantic communication.

Politically, musicological institutions also tend to assume that power is wielded by his-
torical musicologists, and that it is legitimate to maintain that power by exploiting the 
ambiguity of the word ‘musicology’. Musicology sounds more interesting, relevant, and 
important when it is broadly defi ned—as in leading (historically dominated) music ency-
clopedias such as Grove’s dictionary of music and musicians or Musik in Geschichte und 
Gegenwart. But, when it comes to decisions that affect all musicologists, such as what 
aspect of musicology should dominate in programs of study or which ‘musicological’ 
grant applications should be funded, ‘musicology’ is tacitly assumed to be historical. The 
International Musicological Society aims and claims to represent all of musicology, but 
most of its members, offi cers, conference papers, and journal contributions are histori-
cal; the ethnological proportion is increasing, but the systematic (scientifi c) proportion 
remains negligible. As a result, outgroup researchers do not identify with musicology 
(they do not call themselves ‘musicologists’) and are not motivated to contribute to musi-
cological institutions.

The challenge of diversity is amplifi ed in interactions between humanities and sci-
ences. They have never been easy, because of enormous differences in basic beliefs and 
assumptions. While humanities scholars may primarily be interested in specifi c examples 
of a given phenomenon, scientists may prefer to focus on phenomena whose frequency 
of occurrence is statistically signifi cant. While humanities scholars strive to experience a 
research object directly, personally, and vividly, while tending to trust personal experience, 
intuition, and introspection as sources of evidence, scientists try to distance themselves 
from research objects in order to objectively compare hypotheses with data.

The tension between humanities and sciences is deeply ingrained in academic structures 
and traditions (Snow 1959). The confl ict dates to Ancient Greece. Aristotle’s philosophy 
was similar to that of modern empirical psychology, focusing on perception, systematic 
observation, and association, while Pythagoras anticipated modern humanities scholars 
in his opposition to empiricism. For Pythagoras, music was divine, perfect, and insepara-
ble from pure mathematics and astronomy. His spirit, which dominated medieval music 
theory, lives on the formalism of North American music theory, while the tendency of 
British music psychology and sociology to regard music as a phenomenon of everyday 
life (DeNora 2000), not manuscripts and concert halls, harkens back to Aristotle. The 
emergence and rapid growth of a new, US-led approach to music psychology in the 1980s 
and 1990s also led to a general increase in interest in empirical approaches and methods, 
which expanded to include qualitative methods and spilled over into other musicological 
subdisciplines such as music sociology and music theory.

As the twentieth century drew to a close, technological developments enabled new 
advances in music physiology, and especially neuroscience. Music psychology has grown 
rapidly since the 1960s following psychology’s cognitive turn (a reaction against behav-
iorism); the cognitive paradigm has been applied extensively to the perception of musi-
cal structure, and advances in computer technology have expanded the  methodological 
 possibilities. Music information sciences include computer music (computing and 
 composition), computing in musicology (computer-based analysis of musical scores), 
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and music information retrieval (automatic extraction of culturally and perceptually 
interesting information from sound fi les). Advances in brain imaging technology during 
the 1990s provoked rapid growth in music physiology and the neurosciences of music. 
Within the sciences, the growth in music psychology has attracted representatives of other 
disciplines such as information sciences, acoustics, and physiology to collaborate with 
psychologists and achieve a new modern realization of Adler’s systematic musicology.

9.5 Conclusion

Two overriding points emerge from a comparative refl ection on interdisciplinarity in art 
and music research. First, it is harder to talk in the singular anymore. In a pluralistic con-
ception of discipline, Pasler (1997) suggests, the question is not so much what is new or 
old, or what needs to be replaced or superceded, but rather how each perspective can be 
enriched by the presence of the other. Research on both art and music has been likened 
to a web and a network of cross-secting, sometimes confl icting, and sometimes cross-
fertilizing infl uences. However, the second point follows from the fi rst. In the midst of 
an expanding repertoire, institutional challenges continue to haunt both disciplines and 
related fi elds. Talk of increased interdisciplinarity must be accompanied by strong edu-
cational programs that provide training both in the methodological and epistemological 
foundations of individual disciplines and in integrative methods. As the twentieth century 
progressed, for instance, the three main European subdisciplines of musicology became 
increasingly independent and isolated. Constructive interactions among historical, eth-
nological, and systematic subdivisions are rare, both locally (within departments) and 
globally (in conferences and journals). If musicology is to make progress as a unifi ed, 
socially relevant, and fi nancially buoyant discipline, musicological institutions should take 
decisive action. A similar challenge confronts research on art, visual culture, and image 
studies. Professional associations and curricular categories still segment differences, and 
links with interdisciplinary fi elds such as cultural studies and media studies are neither 
fully identifi ed nor robust. Differences should not be erased, but relations and boundary 
questions need to be addressed proactively and refl exively in the practice of research and 
education. That can only be achieved, however, if experts work together—creatively, con-
structively, and as intellectual equals.

The same may be said of the larger relationship between humanities and sciences. 
Confl ict resolution techniques (Deutsch et al. 2006) offer one means of unifi cation. Yet, 
their power remains unequal. In proportion to the social relevance and pragmatic value 
of sciences, humanities have too little infl uence both within universities and in society 
generally, when one considers the central and undiminished importance of identity and 
meaning for all humans and all cultures. Competition for resources should be fairer and 
more transparent. And researchers in both humanities and sciences need to learn more 
about each other by improving communication in both scholarship and teaching, and by 
facilitating mutual critical refl ection on the strengths and weaknesses of interactive fi elds 
and methods. Refl ecting on the track record in the psychology of art and creativity,  Martin 
Lindauer (1998) lamented that it is still framed by opposition more than  cooperation. 
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He called for greater reciprocity and mutual illumination, a call echoed by across the 
expansive domains of art and image, music and sound. Superfi cial generalization, ad hoc
borrowing, and reductive use of one discipline in the interests of another are not enough; 
deep, detailed, synergetic interactions are necessary. The history and practices in this 
chapter illustrate the richness of interdisciplinary research but affi rm the importance of 
more systematic attention to both its intellectual and its institutional dynamics.
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CHAPTER 10

Engineering
PATRICIA J. CULLIGAN AND FENIOSKY PEÑA-MORA

This chapter uses civil engineering as a focus to explore concepts of interdisciplinarity 
in engineering. The choice of civil engineering arises from the fact that civil engineering 
is the oldest formal engineering discipline, originally including all forms of engineering 
other than military engineering. In what follows, civil engineering is traced from an engi-
neering branch that fi rst produced ‘master integrators’ to a fi eld that now has numerous 
well-established subdisciplines, including geotechnical, structural, transportation, con-
struction, and environmental engineering—a subdiscipline often considered a discipline 
unto itself. An examination of the history of civil engineering in the United States reveals 
the evolution of a discipline-centric system that currently requires candidates for profes-
sional engineering licensure to have breadth in fi ve different civil engineering areas and 
depth in one, accredited undergraduate programs to provide training in at least four civil 
engineering areas, and research faculty to develop narrowly focused research programs in 
a specifi c area of civil engineering in order to improve their chances of academic tenure. 
A re-evaluation of the role of civil engineers in the context of twenty-fi rst century chal-
lenges is used to argue the need for civil engineers to, once again, become master integra-
tors and leaders of specialists, rather than specialists unto themselves.

10.1  The evolution of engineering and engineering disciplines

The term engineer originated in the eleventh century from the Latin ingeniator, meaning 
one with ingenium, the ingenious one (Auyang 2004). Indeed, Leonardo da Vinci held the 
offi cial title of Ingegnere Generale. According to de Camp (1963), civilization as we know 
it today owes its existence to ancient engineers of Syria and Iraq, who around 8000 bce
provided the crucial technological inventions needed to move societies forward. These 
ancient engineers were responsible for the irrigation, architectural, and military projects 
of the time, with the same person often expected to have expertise in all three areas.
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The fi rst phase of modern engineering began in the sixteenth century with the advent 
of the Scientifi c Revolution. The engineers of the Scientifi c Revolution sought to supple-
ment the intuition, rules of thumb, and empirical data of their predecessors with scientifi c 
reasoning, mathematical analysis, and controlled experiments. Learned scientifi c societ-
ies established in the seventeenth and eighteenth centuries, such as The Royal Society of 
 London (founded 1660), started to publish journals archiving some of the fundamental 
principles of engineering science. The eighteenth century also witnessed the creation of 
some of the fi rst engineering schools in the world. As early as 1702 there was a school of 
mining and metallurgy in Freiberg, Germany. Other schools of mining were established 
in the latter half of the eighteenth century in Austria, Spain, Sweden, and Russia. None-
theless, L’Ecole Nationale des Ponts et Chaussées (the National School of Bridges and 
Highways), founded in 1747 in Paris to provide the French Corps de Ponts ēt Chaussées 
with qualifi ed engineers, is often considered to be the fi rst formal school of engineering in 
the world (Grayson 1980). According to the offi cial website of L’Ecole Nationale, its early 
students would gain knowledge and skills in algebra, mechanics, hydraulics, and other 
domains, in addition to practical experience in the fi eld.

In contrast to the formal system of education that was becoming available to aspiring 
engineers on continental Europe, aspiring eighteenth-century engineers of Great Britain 
learned their trade via a system of apprenticeship, in which learning and training went 
side by side on the job (Watson 1982). Nevertheless, a British engineer, John Smeaton, who 
was trained as an instrument maker, is usually accredited with establishing the fi rst formal 
discipline of engineering when, in 1768, he described himself as a ‘Civil Engineer’ in order 
to differentiate himself from the ‘Military Engineer’. Unlike members of the French Corps 
de Ponts et Chaussées, who engaged in public engineering works as offi cers of the state, 
Smeaton ran his own private practice, pioneering a pattern of work still refl ected in the 
offi ces of many modern professional engineers. During his career, Smeaton initiated the 
use of hydraulic lime (a form of concrete that will set under water) to construct the fi rst 
successful Eddystone lighthouse in Devon, England. He also designed windmills, water-
mills, canals and bridges, steam pumps, ports, mines, and jetties.

In 1771, the non-military engineers of Britain founded the Society of Civil Engineers, 
which is thought to be the world’s fi rst professional engineering society. The society 
became the Institution of Civil Engineers (ICE) in 1818. In 1828, when the ICE petitioned 
for a royal charter to further legitimize itself, it defi ned civil engineering as ‘being the art 
of directing the great Sources of Power in Nature for the use and convenience of man’. 
Soon after, the civil engineers started to mark their professional territory, and a class dis-
tinction began to form between civil engineers and other kinds of engineers.

With the increasing demarcation of professional territories, fast growth in engineering-
based industries in nineteenth-century Britain, emergence of new specialized engineer-
ing groups, and the civil engineers’ growing disinclination to embrace others, it became 
clear that the ICE could not cater for the needs of multiple disciplines. Thus, non-civil 
engineers began to establish their own institutions. In 1847, the Institution for Mechani-
cal Engineering was formed, followed by the Institution of Naval Architects in 1860 and 
then the Institution of Gas Engineers and Managers in 1863. These four original British 
engineering institutions remain active in 2009. However, the total number of engineering 
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institutions licensed by the United Kingdom (UK) Engineering Council has expanded in 
180 years to over 35.

In the United States the foundation of new professional engineering societies, and thus 
to some extent the creation of new engineering disciplines or subdisciplines, has been even 
more prolifi c than in the UK. In the 100 plus years following the foundation of America’s 
fi rst national engineering society, the American Society of Civil Engineers (ASCE), the 
number of national-level engineering societies in the United States increased at a rate of 
more than one per year, rising from one in 1852 to 130 in 1963 (Auyang 2004).

Today, the world’s largest professional engineering society is the Institute of Electrical 
and Electronics Engineers (IEEE), which was founded in the United States in 1963. The 
stated mission of the IEEE is to promote the engineering profession for the benefi t of 
humanity and the profession. The IEEE encourages public involvement in engineering 
as well as the integration of different disciplines and technologies. Tensions still remain, 
however, between what are considered the more aristocratic views of discipline-centric 
engineering societies, like the ICE and ASCE, and the more populist views of societies like 
the IEEE.

10.2 The growth of disciplines within disciplines

The existence of well over a hundred national-level engineering societies within the 
United States can, to a large extent, be explained by the evolution of engineering disci-
plines within a primary discipline. Here, a primary engineering discipline will be termed 
a ‘branch’ of engineering, and engineering disciplines within the primary discipline will 
be referred to as ‘subdisciplines’.

Today, the fi ve so-called ‘traditional’ major branches of engineering are civil, mechani-
cal, electrical, chemical, and industrial engineering. Other major branches of engineer-
ing that grew from the traditional branches include aerospace, bio/biomedical, computer, 
environmental, and nuclear. There are also a myriad of what are considered more special-
ized branches of engineering, including the older established fi elds of naval engineering 
and mining and metallurgy.

The number of subdisciplines within each branch of engineering varies from fi eld to 
fi eld. In what follows, the factors contributing to the evolution of subdisciplines within a 
branch of engineering are explored using civil engineering, the fi rst formal branch of engi-
neering, as an example. Discussion is focused on the history of civil engineering within 
the United States from the perspectives of professional practice and licensure, engineering 
education, and engineering research.

10.2.1 Professional practice and licensure

The ASCE was founded in 1852 by a group of engineers meeting in offi ces of the Croton 
Aqueduct in New York City. The group, who wished to establish a national civil engineer-
ing society that emulated the British ICE, used the constitution of the Boston Society of 
Civil Engineers (founded 1848) as their legal framework (Griggs 2003). They also made a 
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list of potential society members from their own knowledge of practicing engineers of the 
time, which contained about 230 names. Most of the engineers on the list had received no 
formal engineering education and, instead, had been trained via the British apprentice-
ship model. These early US engineers had readily aligned themselves with business and 
capitalist values, because it was business people and their capital that supported their 
great works (Noble 1984). Nonetheless, the claim to professionalism and social responsi-
bility that accompanied the establishment of the ASCE enabled the fi rst ASCE members to 
assert some independence from business, despite the fact that the new society deliberately 
shied away from adopting a code of ethics. Like the ICE before them, the ASCE proved 
unable to serve the needs of the bulk of those who considered themselves professional 
engineers. According to Layton (1971), by the turn of the twentieth century the ASCE 
had established itself as an elitist society, believing its standards and professionalism to be 
higher than those of the other founder societies. Discussions on the social responsibility 
of engineers and the application of engineering to societal problems were discouraged, 
and the younger, as well as the more progressive, engineers were alienated by the conser-
vatism of the society. As a result, those wishing to reform the ASCE led ‘the revolt of the 
civil engineers’ beginning in 1909. The result was a set of concessions by the ASCE that 
included the 1914 adoption of a code of ethics.

During the time period immediately preceding ‘the revolt of the civil engineers’, any-
one in the United States could work as an engineer without proof of competency. Con-
sequently, many self-declared ‘engineers’ lacked the qualifi cations and experience of the 
professional civil engineers of the time, who were designing and constructing major 
works such as the Brooklyn Bridge in New York, the fi rst skyscraper in Chicago, the fi rst 
water and sewage treatment works in Chicago, and the New York City Interborough Rapid 
Transit subway. In 1907, concern in the state of Wyoming over unqualifi ed water specula-
tors who were identifying themselves as engineers resulted in the passage of the fi rst US 
engineering licensure law in 1907, ‘in order that all the surveying and engineering per-
taining to irrigation works should be properly done’. Although the ASCE supported this 
piece of legislation, it resisted the notion of state-controlled licensure, believing that only 
engineers should pass judgment on other engineers. Nonetheless, the state of Louisiana 
quickly followed Wyoming’s example in 1908, and thus began a trend of requiring that a 
person needed to pass a state examination in the theory and practice of engineering before 
being allowed to practice civil engineering (Grayson 1980). By 1950, all 50 US states plus 
the District of Columbia and Puerto Rico had adopted some kind of registration laws for 
practicing engineers that restricted use of the designation ‘professional engineer’.  Almost 
60 years later, professional engineering licensure in the US still remains governed by the 
rules and regulations of the individual states. Nonetheless, the milestones to licensure are 
common across many states.

10.2.2 Education

About the same time that the ASCE was being founded, US college education in engi-
neering was becoming established. The fi rst structured civil engineering curriculum in 
the United States, which was based on the French system, was introduced at the Military 
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Academy at West Point, NY, in 1817. Soon after, structured civil engineering curricula 
began to emerge at the non-military schools of technical education that were being estab-
lished at the time. In 1835, the fi rst degree in civil engineering was granted to a graduating 
class of four by Rensselaer Institute in Troy, NY, which later changed its name to Rens-
selaer Polytechnic Institute. By 1862, there were about a dozen engineering schools in the 
United States and a model of a 4-year engineering curriculum, which featured a parallel 
sequence of humanities, mathematics, science, and technical subjects, was in place. More 
than 150 years later, this educational model remains the backbone of most undergraduate 
engineering programs in the United States. Of note is the fact that this education model 
for civil engineering was developed without any input from the practicing engineers of 
the time.

In 1862, the passage of the Morrill Land Grant Act allowed for the creation of land-
grant colleges to promote ‘liberal and practical education of the industrial classes in the 
several pursuits and professions in life’. In the following three decades, the number of 
people attending college increased and the purpose of college education became more 
closely associated with training for skilled vocations and professions. Nonetheless, engi-
neering education remained largely in the hands of the engineering educators, with little 
input from practicing engineers. In 1894, a group of engineering educators who were 
dedicated to improving the rigor of engineering education in the United States formed the 
Society for the Promotion of Engineering Education (SPEE), which later became today’s 
American Society for Engineering Education (ASEE). Concern about the diverse struc-
ture of engineering education and its relationship with the professional engineering soci-
eties prompted the SPEE to initiate an evaluation of engineering education in the United 
States. The outcome was a report which came to be known as the Mann Report, which 
criticized over-specialization in engineering schools and called for more unifi ed engineer-
ing curricula with a greater focus on fundamentals.

In the period during and immediately following World War II, engineering education in 
the United States was retooled to address issues of national defense, and engineering cur-
ricula and accreditation policies became more narrowly focused and technically specifi c. 
In 1955, another major evaluation of engineering education, termed the Grinder Report, 
found that many engineering schools were treating non-technical subjects in a dismissive 
or even hostile fashion. In response to the recommendations of the Grinder Report, the 
Engineers Council for Professional Development (ECPD) adopted additional criteria for 
accreditation that specifi ed that the equivalent of a half to one full year of engineering 
undergraduate studies be dedicated to humanities and social science studies. Still, with 
increasing diversity of technical fi elds in engineering, the degree accreditation procedure 
became more precise and rule-laden.

In 1980, the ECPD undertook a major reorganization and was renamed the Accredi-
tation Board for Engineering and Technology (ABET). Following intense dialogue with 
the engineering educational and professional communities, ABET revised, substantially, 
its accreditation criteria in its 1995 announcement of Engineering Criteria 2000 (EC 
2000). The EC 2000 criteria, which became mandatory in 2001, represented a paradigm 
shift in focus from what is taught in an engineering program to what is learned. Under 
EC 2000, engineering programs were also required to demonstrate that their graduates 
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‘had an understanding of professional and ethical responsibility, an ability to communicate 
 effectively, the broad education necessary to understand the impact of engineering solutions 
in a global and societal context and knowledge of contemporary issues’ (Stephan 2002). 
The EC 2000 criteria have undergone several, mostly minor, changes since their release. 
In civil engineering, the criteria for accrediting engineering programs during the 2008–9 
accreditation cycle (<http://www.abet.org/>) have been amended to require that students 
need to be able to apply knowledge of four ‘technical areas appropriate to civil engineering’. 
The new phrase ‘technical areas appropriate to civil engineering’ is intended to allow pro-
grams to accommodate ‘non-traditional’ emerging engineering areas like biotechnology 
and nanotechnology, provided that programs can justify such areas as ‘appropriate to civil 
engineering’. Hence, an opportunity has been provided to reverse a century-long trend of 
discipline-centric technical training in civil engineering. Nonetheless, linkages between a 
broader technical approach to civil engineering education and the requirements for pro-
fessional engineering licensure have yet to be made. In addition, a serious examination 
of whether the inherited 150-year-old model for undergraduate engineering education is 
even appropriate for training aspiring engineers has yet to take place.

10.2.3 Research

At the time that engineering education was becoming established in the United States, fac-
ulty in most US colleges were affi liated with a particular religion and there was an expecta-
tion that they would support the views of that religion and its benefactors. Thus, contracts 
between faculty and their institutions were rare: instead ‘gentlemen’s agreements’ were the 
norm.

In 1913, concern about the vulnerability of faculty to dismissal from their institutions 
should they upset those in power led to the formation of the American Association of 
University Professors (AAUP). In 1915, the AAUP issued a declaration of principles, 
which laid the foundation for academic tenure (AT) in the United States. In 1940, the 
AAUP further recommended that the academic tenure probationary period be 7 years, 
and proposed that a tenured professor could not be dismissed without adequate cause, 
except ‘under extraordinary circumstances, because of fi nancial emergencies’. In 2009, the 
AT probationary period has remained close to 7 years at most US institutions. However, 
AT standards have varied over time.

Following World War II, the US government began signifi cant investment of research in 
US universities via the awarding of competitive grants. To increase their chances of secur-
ing such grants, US engineering schools shifted faculty recruitment away from engineering 
educators and practitioners to people oriented toward academic research. However, by the 
1960s, the Soviet–American race for technological leadership had created such shortages 
in the academic workforce that, in an effort to make engineering professorships attractive, 
AT standards began to lose their rigor. Over the past 40 years several factors, including 
decreasing state and federal support for academic institutions, have contributed to revers-
ing this trend and raising AT standards in most engineering schools to new heights.

Today, AT criteria in most US PhD-granting universities have become increasingly 
focused on research accomplishments—as measured by publication productivity, funding 

http://www.abet.org/
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success, and ‘being known for something’. Indeed, in order to address the latter criterion, 
faculty in their AT probationary period can be specifi cally advised by senior colleagues to 
create their own research niche within a research fi eld, in order that they can be identifi ed 
as the acknowledged expert in a particular area at the time of tenure evaluation.  As a result, 
the growth of subdisciplines within branches of engineering from the research perspective 
has been almost unbounded. For example, in the geotechnical engineering subdiscipline 
within the branch of civil engineering, the US National Science Foundation recognizes 
four research areas alone: These are geoenvironmental engineering, geomaterials, geohaz-
ards, and geomechanics. The total number of active research subdisciplines within civil 
engineering at the time of writing this article is actually unknown to the authors, but it is 
thought to be well over 30. Thus, the contribution of the current AT process to the pars-
ing of the major engineering branches into multiple subdisciplines is signifi cant. Indeed, 
today’s tenure system is much more likely to reward faculty who adopt a reductionist 
research approach over faculty whose approach is more holistic (Rhoten and Parker 2004). 
As a result, the promotion of interdisciplinarity in engineering research within a university 
environment can be severely hampered by the normative AT structures.

10.3 Visions for a twenty-fi rst century engineer

The start of the twenty-fi rst century has prompted many engineering societies and educa-
tors to re-evaluate the role of engineers in the world (e.g. Duderstadt 2008). Societal and 
environmental challenges such as climate change, ecosystem vulnerability, the growth of 
megacities, water scarcity, the globalization of market places, clean energy needs, etc., all 
require new ingenuity (i.e. engineering) if they are to be tackled in a meaningful way. At 
the same time, the science and engineering knowledge base, in what is becoming known 
as the info-bio-nano technology (information technology; biotechnology; nanotechnol-
ogy) domain, is growing at an exponential rate. Thus, predicting future engineering and 
technology tools that will be available to the twenty-fi rst-century engineer is becoming 
increasingly problematic, if not impossible. Consequently, identifying the education that 
will produce engineers competent in the application of the new tools that will be at their 
disposal is also a challenge. Finally, the United Nation’s (UN’s) commitment at its 2000 
Millennium Summit to eight goals to end global extreme poverty by the year 2015 (United 
Nations 2000) has forced attention on a need to shift engineering from a profession that 
focuses on the development of products and services for the richest 10 per cent of the 
world’s customers to a profession that considers the requirements of the other 90 per cent 
(Polak 2007).

‘The engineer of 2020’ report by National Academy of Engineering (NAE 2004) has 
 highlighted the skills required for the engineering profession to endure the next 20 years. 
The report states: ‘In the next twenty years, engineers and engineering students will be 
required to use new tools and apply ever-increasing knowledge in expanding engineering 
disciplines, all while considering societal repercussions and constraints within a complex 
landscape of old and new ideas’. The report also highlights the various skills and attributes 
that engineers will need to play an effective role in the twenty-fi rst  century,  including  science 
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and practical ingenuity, creativity, business and management skills, leadership, dynamism, 
agility, resilience, analytical skills, professionalism, and fl exibility. Three years after the release 
of the NAE report, the ASCE published its proposal for the twenty-fi rst-century civil engi-
neer in the report ‘The vision for civil engineering in 2025’ (ASCE 2007). The ASCE report 
cites the following aspirations for the role of future civil engineers:

. . . civil engineers serve competently, collaboratively, and ethically as master:
●  planners, designers, constructors, and operators of society’s economic and social en-

gine, the built environment;
●  stewards of the natural environment and its resources;
●  innovators and integrators of ideas and technology across the public, private, and aca-

demic sectors;
●  managers of risk and uncertainty caused by natural events, accidents, and other threats; 

and
●  leaders in discussions and decisions shaping public environmental and infrastructure 

 policy.

To achieve the vision articulated above, 2007–8 ASCE President David Mongan stated 
‘civil engineers need to become master integrators and leaders so that they can orchestrate 
and draw upon the efforts of specialists in a broad variety of disciplines’ (Mongan 2008). 
Both the NAE report on ‘The engineer of 2020’ and the ASCE report on ‘The vision for 
civil engineering in 2025’ support the need for engineers to be more broadly trained, 
have the ability to work in multidisciplinary collaborative teams, and have awareness of 
socio-politico-economic issues and cultural diversity. The ASCE vision also highlighted 
the need for civil engineers to be more profi cient in non-technical areas, such as globaliza-
tion, communication, ethics and professionalism, and leadership (Galloway 2008). Thus, 
in many ways the visions for the twenty-fi rst-century engineer/civil engineer call for an 
engineer not unlike the fi rst civil engineers, who used interdisciplinary approaches and 
integrative skill sets to meet the societal needs of the time; they do not call for an engineer 
whose training is focused primarily on acquiring specialized technical knowledge in a 
particular subdiscipline of a branch of engineering.

Given the body of knowledge and skill sets that civil engineers are projected to need in 
the future, there is a growing swell of opinion within the ASCE that structured engineer-
ing education needs to go beyond a bachelor’s degree from an ABET-accredited program. 
In February 2008, the ASCE released a new ‘body of knowledge’ report, termed BOK2 
(ASCE 2008), that addresses knowledge the society believes students and young profes-
sionals will need if they are to become licensed in the United States and ‘reach their full 
potential as engineers in the twenty-fi rst century’. BOK2 proposes 24 learning ‘outcomes’, 
each with six individual achievement levels based on Bloom’s taxonomy of education 
objectives (Bloom 1956). It also proposes a master’s degree, or equivalent, as a minimum 
requirement for professional practice.

BOK2 acknowledges that ‘the civil engineering profession is continually becoming more 
interdisciplinary’. Indeed, specifi c attention is paid to interdisciplinarity in the report’s 
discussion of a proposed new technical outcome in sustainability. Nonetheless, the means 
for achieving ‘interdisciplinarity’ in the retooling of the civil engineering profession are 
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not addressed. Moreover, multiplication of the proposed number of BOK2 outcomes (24) 
by the number of required achievement levels (6) results in a fi gure large enough (96) to 
cause genuine concern that BOK2 might be too prescriptive and unwieldy to produce 
 engineers worthy of the da Vinci title ‘Ingegnere Generale’.

10.4 Real problems and community partnerships

The paradigm shift from a focus on teaching to a focus on learning outcomes that was 
embedded in ABET’s EC 2000 criteria caused a re-examination of the way engineering 
was being taught in the United States. Recognition dawned that it was no longer suffi -
cient, or even practical, to cram students full of technical knowledge and expect them to 
fulfi ll the foundational learning requirements needed for a life-long career in engineering. 
Instead, engineering education needed to provide students with an understanding of the 
context within which they would work (Beder 1999). In order to meet that need, engi-
neering schools began to incorporate problem-based learning experiences, a pedagogical 
model developed in medical education in the early 1970s (Savery and Duffy 2001).

Around the same time that engineering schools were rethinking approaches to teaching, 
the publicity generated by the UN Millennium Development Goals (MDGs) and events 
such as the 2004 Asian tsunami and the landfall of hurricane Katrina in 2005 prompted 
engineering students, faculty, and professionals in the United States to question how they 
could direct their resources and skills more immediately toward the alleviation of human 
suffering. Organizations such as Engineers Without Borders, USA and Engineers for a 
Sustainable World were established and rapidly gained popularity as university and pro-
fessional chapters were founded. Students started to push for curriculum-based projects 
that involved sustainable development and capacity building for communities in need: in 
other words, problem-based learning experiences with a societal context. Some university 
centers and institutions, such as the Earth Institute at Columbia University (<http://www.
earth.columbia.edu>) started to direct resources and intellectual capital toward solving 
sustainability challenges faced by communities in the developed and developing worlds. 
At the Massachusetts Institute of Technology (MIT), the D-Lab, which is a series of 
courses and fi eld trips that focus on international development, appropriate technologies, 
and sustainable solutions for communities in developing countries, was introduced into 
the curriculum in 2003, while at the University of Colorado, Boulder (UC-Boulder), the 
Engineering for Developing Communities Program was started in Spring 2004. Forward-
thinking programs, such as the Engineering Projects in Community Service (EPICS) at 
Purdue University, which was founded in 1995, began to receive more national attention.

In what follows, two case studies are provided which illustrate how the growing impe-
tus among engineering students, faculty, and professionals to use their skills to provide 
technical services and appropriate technologies to some of those who are most vulner-
able in today’s society is helping to engender interdisciplinary approaches and thinking 
in civil engineering. For convenience, the two case studies are drawn from the authors’ 
own experiences. However, that work by others, including work by those involved in the 
aforementioned initiatives of MIT, UC-Boulder, and Purdue University, could equally 

http://www.earth.columbia.edu
http://www.earth.columbia.edu
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well illustrate the points that are made. Thus, no claims are made that the following case 
 studies  represent either unique or pre-eminent work.

10.4.1 Engineering for communities in need

Pressured by increasing student demand to be involved in ‘engineering that matters’, the 
fi rst author—Culligan—introduced a new course entitled ‘Engineering for developing 
communities’ (EDC) into the undergraduate engineering curriculum in the School of 
Engineering and Applied Science (SEAS) at Columbia University in Spring 2005.1 The 
course is open to any undergraduate engineering student in SEAS provided that they have 
taken the freshman introductory course to engineering design. In this respect, the class 
is fostering education that integrates the different branches of engineering. Arts and sci-
ences (A&S) undergraduate students can also petition to enroll in the class. Thus, the class 
is seeding collaborations between engineering, science, and liberal arts students.

The primary goals of the class are to introduce students to engineering problems faced by 
developing communities, and to explore design solutions to these problems in the context of 
a real project with a community client. Emphasis is placed on the design of sustainable solu-
tions that take account of social, economical, and governance issues, and can be implemented 
now or in the near future. Because of the signifi cance of water and sanitation to the health of 
developing communities, designs for delivering potable water and improving waste manage-
ment, which are traditional civil engineering challenges, have been a key point of focus.

Columbia University’s EWB Chapter (CU-EWB) identifi ed the fi rst community client 
for the class, which was a subsistence farming community located in the eastern region 
of Ghana, Africa. A neighboring community was added as a client the following year. 
Both communities have remained clients for the class up until the writing of this chapter. 
 Biannual fi eld trips to the communities have contributed to building relationships with 
the community members and a database of information about the settings of the com-
munities, including their physical, cultural, social, economic, and political settings.

Unlike many classes in engineering, the EDC class is not prescriptively structured in 
advance, meaning that the students drive the design direction and thus, to some extent, 
the learning experiences. Nonetheless, the class always starts with a review of the UN 
MDGs and a discussion of how engineering science and technology can contribute to 
meeting the goals. Next, the class researches the fate of science and technology interven-
tions in developing countries that were geared toward improving health and alleviating 
poverty. Of interest is the fact that the class always concludes that the failure or success 
of such interventions rarely correlates with a failure in the design. Instead, issues of cul-
tural appropriateness, community education, cost and expertise needed for operation and 
maintenance, and the availability of spare parts, etc., infl uence most outcomes. Hence, the 
class begins to grasp the signifi cance of non-technical context to technical design success.

Following on, the class explores the history, physical, cultural, social, economic, and 
political settings of the community clients and discusses the projects that the clients them-
selves have identifi ed as important community priorities. Although the class is not con-
strained to working on designs that address these priorities, it is encouraged on the basis 

1 That the title of the course matched the one year old UC-Bolder program was a coincidence.
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that a community’s prioritization of its needs is often more important than an engineer’s 
perception of the community’s needs. If students decide to work on addressing a problem 
or issue not given community priority, they must provide justifi cation.

The class deliverable is the design project, which is then archived in a standard design 
report on the class website (<http://www.civil.columbia.edu/edc/>), presented to an 
expert panel of faculty, scientists, and professionals who judge the fi nal products, and 
put in a format that can be presented to the community during the next fi eld trip. This 
stresses to the students the importance of being able to communicate technical work in a 
variety of formats to a range of audiences. An estimated 30% of class time is spent on non-
technical topics, yet students are producing designs that have been actually constructed 
and, at the time of writing this article, are still functioning properly.

10.4.2  A collaboration network for preparedness, 
response, and recovery under extreme events

One of the most urgent and vital challenges confronting society today is the vulnerability 
of urban areas to extreme events (XEs), such as earthquakes, hurricanes, and fl oods, as 
well as accidental and intentional human-made disasters like fi res and terrorist attacks. 
At the global level, a total of 608 million people were affected by these disasters in 2002, 
out of which 24,500 died. Furthermore, the resulting economic damages were estimated 
at $27 billion (IFRC 2003). These signifi cant societal and economic costs emphasize the 
urgent need for the civil engineering profession to improve: (1) the preparedness of phys-
ical infrastructure to a disaster and the readiness of fi rst response plans for a disaster, 
(2) the response process to reduce the impact of XEs involving critical physical infrastruc-
ture (CPI), and (3) the recovery of the affected areas to reduce post-disaster consequences. 
Going forward, the manner in which XEs are addressed will undoubtedly infl uence the 
future of the world’s cities.

In 2003, concern about the vulnerability of present and future populations to XEs 
 promoted the second author—Peña-Mora—to develop an initiative to improve collabo-
ration among the key actors who should be involved in disaster response and recovery 
involving critical physical infrastructure. The key actors in the collaboration were envi-
sioned to be fi refi ghters, police offi cers, medical personnel, and civil engineers. Informa-
tion technology (IT) components, including sensors and systems of sensors embedded 
in the critical physical infrastructure itself, were also considered to be important. Thus, 
interdisciplinary interactions combined with technology were pictured as the foundations 
for the collaboration. As the project has evolved, a recipe for success in this interdisciplin-
ary environment has been developed that includes: (1) providing robust communica-
tion and collaboration support in a disaster setting, (2) improving upon the collaboration 
process by including IT components, (3) involving the original designers, engineers and 
constructors of the infrastructure in the collaboration, both locally and remotely, and (4) 
providing a collaboration framework to prepare against, respond to, and recover from 
disasters (termed CP2R).

An interdisciplinary team comprising researchers from civil engineering, computer 
 science, psychology, sociology, speech communication, epidemiology, and entomology is 
developing the CP2R collaboration framework. The initiative is supported by professional 

http://www.civil.columbia.edu/edc/
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experts in the fi eld of disaster relief from the US Army Construction Research Laboratory 
and the Illinois Fire Service Institute (IFSI). Special facilities have been used to implement 
an integrated project space composed of a physical, a digital, and a mobile laboratory.

In addition to the social, organizational, and technological aspects of this interdisciplin-
ary project, the applications of epidemiology and entomology in disaster preparedness, 
response, and recovery have also been explored. Many microorganisms and insects follow 
predefi ned interaction rules using only local information in order to carry out major col-
laborative tasks, similar to emergency personal who need to be able to perform multiple 
functions in a coordinated way in their management of a disaster. Here, the interaction 
rules in epidemiology and entomology, which have been improved during many years of 
evolution, have been used to defi ne patterns of collaboration among fi rst responders dur-
ing preparedness, response, and recovery activities in order to better hone the CP2R model 
(Aldunate et al. 2005). As a result, the project has generated new fertile links between fi elds 
that are not normally connected in the research community.

This project has attracted federal funding and institutional support and is generating 
peer-reviewed publications. Thus, the research component of the work is no less suc-
cessful in an academic context than a project narrowly focused in a specifi c subdiscipline 
of civil engineering. However, unlike a more traditional civil engineering research proj-
ect, non-traditional connections are being generated between discipline fi elds that could 
potentially lead to paradigm shifts in knowledge. Hence, interdisciplinarity in engineer-
ing research promoted by an urgent societal need has opened new doors without nec-
essarily compromising the academic contributions of the civil engineering faculty and 
research students who are involved. A focus on real problems of societal relevance has, 
once again, proven an effective means of generating the interdisciplinarity needed to shift 
civil  engineering closer to twenty-fi rst-century needs.

10.5 Conclusions

The engineering profession in the United States is facing a crisis in terms of its ability to 
attract and retain a diverse workforce. Although women represented more than 50% of 
undergraduate students in 2008, less than 20% identify engineering as their major: the rep-
resentation of African, Hispanic, and Native Americans among undergraduate populations 
is even worse. Engineering for societal needs requires a workforce that refl ects the soci-
ety it serves. Furthermore, as the demand for engineers continues to increase, so does the 
requirement to draw upon talent from all available pools.  A European study of women and 
engineering education found that interdisciplinary engineering degrees appear to be more 
attractive to female students than single/traditional/classical engineering degrees (Beraud 
2003). Thus, the role of interdisciplinarity in engineering, and the means by which this can 
be achieved, might be key to multiple ways of changing the ‘face’ of  engineering.

Finally, it is important to note differences between engineering interdisciplinarity 
approaches in countries and socio-cultural contexts other than the United States. For 
example, unlike the United States where the majority of engineering societies are associ-
ated with a specifi c branch of engineering, Germany has a unifi ed engineering society; the 
Verein Deutscher Ingenier or VDI. Members of Germany’s VDI include technicians and 
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craft technical workers, who would not normally participate in the activities of engineer-
ing societies like the ASCE. As a result, discipline-centric engineering approaches appear 
to be much less entrenched in the German culture. Furthermore, a widespread German 
interest in environmental problems has provided a focus for interdisciplinary collabora-
tions involving technical as well as socio-economic factors. In France, a civil engineer is 
someone who works in a private corporation where he or she can do civil engineering 
work as well as work in mechanical engineering, electronics, etc. (Didler 1999). Hence, 
the integration of engineering disciplines within the workplace can be a more common 
occurrence in France than the United States.

A review of approaches in developing countries reveals that, to a large extent, a tradi-
tional discipline-centric engineering approach has been adhered to. However, in a few of 
these countries there is an increasing awareness of the need for interdisciplinarity. A case 
in point is India, where many universities took a conscious decision in early 1990s to focus 
their engineering education so as to optimize the commercialization of technical know-
how. As a result, Indian engineering graduates now hold senior positions in other fi elds—
among them business, consulting, and fi nance (Galloway 2008). Thus, as demonstrated by 
German, French, and Indian approaches, interdisciplinarity can be fostered via the struc-
ture of engineering societies, within the engineering workplace, and/or within university 
environments, provided that there is a motivating will and an identifi ed societal need.
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CHAPTER 11

Religious studies
SARAH E. FREDERICKS

Religion. This term encompasses Hopi Kachina dolls, baptisms, the Hajj, puja, Scien-
tology, the Dalai Lama, and Passover meals. ‘Religion’ rightfully recalls compassion and 
social justice as much as it recalls hatred and war. ‘Studying religion’ may connote edu-
cating children about their family’s religious beliefs, proselytizing masked as objectivity, 
or describing religion in a supposedly objective manner. Because the subject is so vast, 
potentially involving all cultures and times, one cannot include everything in one article 
about the study of religion.

This chapter will focus upon religions in the Western world, particularly in the United 
States, because the development of religious studies as an academic discipline distinct 
from religious practice arose in the West and because debates about the proper study of 
religion in the United States illustrate the varied nature of religious studies. Preliminary 
remarks about disciplines will ground a discussion of interdisciplinarity in contemporary 
Western religious studies and in the history of religious studies. Special attention will be 
given to the tensions between studying religion as a practitioner and scholar and to the 
ways in which ecumenical and interfaith activities can be described using interdisciplinary 
literature. Though the language of interdisciplinarity is not suffi cient to describe all inter-
action between religions, religious studies itself is inherently multi- and interdisciplinary.

11.1 Discipline, interdisciplinarity, and religious studies

In an academic discipline, a group of scholars uses particular methods to answer a set 
of questions to enhance a shared body of knowledge. Scholars in a discipline tend to 
share terms and epistemological and ontological assumptions, though these elements 
may be an implicit rather than explicit part of the discipline. Scholarly organizations, 
degree  programs, journals, and textbooks perpetuate the work and assumptions of the 
discipline.
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Yet, disciplines are not static entities nor are they rigidly separated from each other 
(Lakatos 1970; Squire 1992; Laudan 1998; Kuhn 1996). To account for the overlap 
between disciplines, Geoffrey Squire (1992) constructs a three-dimensional defi nition of 
a  discipline:

The fi rst of these dimensions manifests itself in the content, topics or problems which are ad-

dressed [by a discipline]; the second in the methodologies, techniques and  procedures which are 

used; and the third in the extent to which the discipline treats its own nature as the subject of 

refl exive analysis.

According to Squire, dimensions can overlap with those of other disciplines. Changes within 
a dimension in a discipline may spark modifi cations in other dimensions, in that discipline 
or other disciplines. Thus, Squire’s account recognizes that disciplines are not completely 
isolated from each other and acknowledges change within disciplines (Squire 1992).

Such a multifaceted understanding of a discipline is necessary to begin to describe the 
academic study of religion. Religious studies—to some extent dominated by the history 
of religions but also known in Germany as Religionswissenschaft and in France and the 
francophone world as sciences de la religion—is a well-established multidisciplinary fi eld 
that draws on anthropology, sociology, philosophy, and other disciplines.

The variety of topics studied and methods used by religious studies scholars stretch 
Squire’s defi nition of a discipline. After all, scholars studying the history of the rise of 
Buddhism and those constructing a Christian ethic in the face of contemporary environ-
mental destruction do not necessarily share a narrow subject, method, or degree of refl ex-
ive analysis yet both are considered part of religious studies. Certainly, Squire’s impulse 
for a multifaceted description of a discipline that allows change over time and relates to 
other disciplines characterizes the contemporary study of religion to some degree. Yet, 
subdisciplines must be added to Squire’s analysis to fully describe religious studies. These 
subdisciplines are themselves a fl uid bunch, but may include the sociology of religion, 
religion and literature, ethics, Biblical studies, and philosophy of religion. At times, the 
various subdisciplines within religious studies, say the sociological study of religion, and 
the study of religious literature may have more to do with sociology and literature studies, 
respectively, than with each other or other subdisciplines within religious studies.

One may ask why these subdisciplines should constitute a discipline of ‘religious stud-
ies’ given that they may have more to do with other disciplines than with each other, and 
that scholars of the various subdisciplines may know little about the content or methods 
of each other’s work (Gill 1994). Though scholars of religion may argue about the charac-
ter of their discipline, many implicitly recognize the importance of a diverse discipline as 
they hold joint conferences with different subdisciplines, and as they read journal articles 
and do research outside their specialty area. Through these activities, scholars from dif-
ferent subdisciplines may borrow a signifi cant amount from each other and develop new 
integrative methods. Thus, while the subdisciplines may relate in a multidisciplinary fash-
ion, investigating their subject sequentially, the subdisciplines of religious studies may 
also practice ‘true interdisciplinarity’ in which they integrate methods and insights (Klein, 
Chapter 2 this volume). The continual cross-fertilization among subdisciplines in reli-
gious studies and between religious studies and other disciplines indicates that the various 
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sorts of religious studies scholars make up a discipline in the broadest, dynamic sense of 
the word.

11.2 Religion and interdisciplinarity in history

The complex disciplinary nature of modern Western religious studies has its roots in the 
complexities of religion itself. Throughout most of human history what is now called ‘reli-
gion’ was coterminous with culture. All sorts of actions were ritualized to connect people 
to the sacred and each other in one overarching worldview. While shamans, priests, or 
other religious leaders may have had distinct access to religious knowledge or experience, 
these esoteric elements of religion were typically understood to be unifi ed with all other 
knowledge and were studied to develop religious practice. Thus, the modern view of reli-
gious studies as a discipline distinct from both other disciplines and religious adherence 
breaks down when we look across history.

Even when distinct academic disciplines arose, it was assumed that their content was 
connected. For instance, traditional Islamic scholarship was based on explicit metaphysi-
cal principles which formed the foundation of all thought (Nasr 1996). This schema 
linked areas of study including the religious ‘sciences’ of Quranic exegesis, Hadith studies, 
and jurisprudence as well as other branches of thought including astronomy, alchemy, 
medicine, and mathematics. (The term ‘science’ is used here in its medieval meaning of 
a form of knowledge and learning. It does not imply the experimental, law-based poten-
tially reductionistic vision of science popular in the modern world.)

One such principle is balance (al-mı̄zān). Use of this term across the sciences contin-
ually reminded medieval Islamic scholars of their belief that all knowledge is connected 
even though the term had different connotations in various sciences. In some philosophical 
schools balance was defi ned as (1) the way ‘consequences of human action are weighed in the 
next world’, or (2) ‘the necessity of leading a morally balanced life in this world’, or (3) ‘the 
discernment that allows us to establish balance in all aspects of life’ (Nasr 1996). It was 
also used as a physical term in studies of weights, mechanics, and hydrostatics. In alchemy 
Islamic scholars used the term to indicate that the proper proportion of qualities of nature 
(hot, cold, moist, dry) was reached enabling the physical properties of the substance, the 
human’s soul, and the ‘tendencies of the World Soul’ to be in balance (Nasr 1987, 1996).

Thus, medieval Islamic scholars did conceive of disciplines with distinct methods and 
subjects; however, insofar as these disciplines shared terms, a metaphysical foundation, 
and were committed to a vision of the unity of knowledge established by God, they also 
transcended our modern bounds of disciplinarity. Multi-, inter-, or transdisciplinarity, 
as defi ned by Julie Thompson Klein and other contemporary scholars, do not adequately 
describe these historical concepts of disciplines because the new terms imply intentional 
efforts to overcome a separation between the disciplines that was not a part of the Muslim 
understanding of disciplines and knowledge (Klein, Chapter 2 this volume).

Moving ahead in time to the early modern period and traveling from the Middle East 
to Western Europe, we see that the study of religious ideas was involved in a variety of 
disciplinary endeavors even though the early modern period is often understood as the 
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time when academia was secularized. As John Hedley Brooke points out, many  signifi cant 
advances in early modern science explicitly used theological claims (Brooke 1991). For 
instance, after trying many physical theories to explain the gravitational force, Isaac 
 Newton eventually decided that God must be the source of all forces and must periodi-
cally intervene to keep planets in their orbits (Brooke 1991). He also pondered the theo-
logical implications of new scientifi c theories; Newton maintained that Cartesianism’s 
limited emphasis on God (as compared with other contemporary theories) would lead to 
atheism (Westfall 1986).

The relationship of religion to other fi elds of thought was not, however, limited to terms 
and concepts. Peter Harrison suggests that the move from allegoric and symbolic to more 
literal biblical interpretations during the sixteenth-century Protestant reformation infl u-
enced scientifi c visions of nature. Scholars increasingly investigated the world as a series 
of events that had integrity in and of themselves—not just because they stood for some-
thing else (Brooke 1991; Harrison 1998). In the short term this trend contributed to a new 
connection between science and religion: scholars began to study Biblical stories, such as 
the Flood story, factually. Janet Browne argues that literalist readers of the Bible who stud-
ied the dispersal of animals from the ark after the fl ood helped spark interest in species 
 development and migration in the seventeenth and eighteenth centuries (Browne 1983).

Thus, we see that religious concepts and methods permeated other fi elds of thought 
such that stark delineations between the study of religion and other academic disciplines 
are anachronistic until the twentieth century. Applying the term ‘interdisciplinary’ here 
is not appropriate because disciplines were not separated enough that they needed to 
be intentionally recombined. Instead, the above examples show that scholars recognized 
the reality of the fl uid boundaries between fi elds of study, something we have ignored in 
modern times as disciplines became more distinct in practice and as scholars assumed 
that they needed to be  distinct.

Diffuse boundaries between fi elds have not only characterized the study of religion; 
they have often been a hallmark of religious practice. For example, religions have long 
utilized art in a variety of ways. Art can enrich the worship experience by setting ritual 
space apart from the everyday. Art can also remind people of central religious themes or 
illustrate stories for the laity; stained glass, mosaics, and murals have been used for these 
purposes throughout much of Christian history. Works of art may also be used as symbols 
through which the Ultimate is worshiped (Hindu statuary) or to focus attention during 
worship (icons in Eastern Orthodox Christianity). Artwork can also reinforce deep theo-
logical beliefs, as when geometric patterns are used by Muslims to ensure that decorations 
are not taken as images to be worshipped, a form of idolatry since they believe that God is 
One and beyond representation.

While some subjects such as art have enriched religious experience for millennia, some 
such as psychology are relatively new fi elds, both in themselves and in relationship to 
religious practice. Insights from psychology and social work have been used to develop 
techniques of pastoral counseling. These methods, often taught to religious leaders during 
their training, are integrated with religious concepts of human nature, guilt, responsibil-
ity, and divine action to help religious leaders to understand individuals and discern how 
to assist them.
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Religious practitioners also engage with, develop, and utilize knowledge from the 
 natural sciences. Sometimes this knowledge is used instrumentally, as when astronomers 
created calendars in part to determine the proper dates of religious rituals in ancient India, 
Mesopotamia, Central America, and Egypt (L. P. Williams 2007). Visions of the Ultimate 
have also been signifi cantly infl uenced by knowledge of the natural world. Additionally, 
knowledge from the natural sciences has been used by religious people in order to develop 
ethical positions about new health care dilemmas and environmental destruction in the 
last few decades.

As religious people work to bring their religion to bear on contemporary issues, they 
often wish to maintain continuity with their tradition. Thus, they also rely on history, 
studies of ancient languages, textual analysis, and archaeology to understand the belief 
systems, legal codes, rituals and texts of their religious ancestors.

From these brief examples, it is clear that religious practitioners have relied, and con-
tinue to rely, on a number of bodies of knowledge to practice their religions. This obser-
vation is at the root of the interdisciplinary nature of religious studies: the formal study 
of religion and religion itself are and have been varied, that the discipline that studies 
religion today must also be diverse.

11.3  Religiosity and secularity in religious studies: 
another mode of interdisciplinarity

So far, our discussion of the disciplinary and interdisciplinary potential of the study 
of religion has overlooked one implicit requirement of contemporary academic disci-
plines—that the discipline’s knowledge is publicly available to anyone who wishes to study 
it (Weibe 1999). In many disciplines this assumption is so strong that it is rarely discussed. 
Yet, some scholars maintain that the full meaning of rituals and beliefs or the depth of 
religious experience can only be understood by believers, adherents, or devotees. Others 
claim that such privileged knowledge is not necessary to study religion and that it should 
have no place in the academy. This debate, sometimes framed as one between theology 
and the social scientifi c study of religion, has been the most contentious element of the 
development of religious studies (Cady and Brown 2002) and illustrates another way in 
which it is multidisciplinary.

The academic study of religion in the West grew out of faith-based endeavors. After 
all, for much of human history the people who studied religion were religious leaders—
shamans, priests, legal experts, and monks. Most focused on their religion, with some 
study of the traditions from which they came or with which they interacted. Thus, Bud-
dhists knew about Hinduism; Jewish, Christian, and Muslims scholars in medieval Spain 
studied together. Yet, until the Enlightenment, there was no signifi cant study of religion as 
a scholarly endeavor divorced from the belief in and practice of a particular religion.

With the Enlightenment and rise of Cartesianism, some Western scholars tried to iden-
tify the ‘essence’ of religion. Whether the essence was identifi ed with morality (Immanuel 
Kant), ‘the feeling of absolute dependence’ (Friedrich Schleiermacher), the ‘mysterium 
tremendum’ (Rudolf Otto), or ‘ultimate concern’ (Paul Tillich), essence theories persisted 
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well into the twentieth century. Developmental, comparative, and phenomenological 
approaches arose as competitors to essence theories, yet all of these claims of a general 
theory of religion were typically grounded in Christianity and prioritized Christian con-
cepts (Gill 1994; Capps 1995). Indeed, this cultural context has often led scholars to ignore 
elements of religion not central to Christianity, whether oral traditions, sacred land, or the 
belief in multiple or no deities. Such bias has made it diffi cult for scholars to understand 
religious diversity.

The prioritization of particular, typically Christian, belief systems in academia was 
a sign of Protestant dominance in the United States as well as a means for reinforcing 
this domination throughout society. Well into the nineteenth century most institutions 
of higher learning in the United States were founded with religious goals, and children 
learned to read using primers infused with Protestant ideals (Gaustad and Schmidt 2002). 
Only in 1962 did the Supreme Court rule that prescribed prayer in public schools was 
unconstitutional. In 1963, the court clarifi ed the status of religion in school by separating 
the practice of religion through prayer or ritualized Bible reading (unconstitutional) from 
the study of religion (constitutional and encouraged to help children understand history 
and culture) (Gaustad and Schmidt 2002).

The prioritization of Protestant belief systems and rituals in United States history has 
had implications well beyond education. Many Protestant habits have been adopted by 
non-Protestant religious groups in order to fi t into the society of the United States. For 
example, the Native American Church was incorporated in 1918 in order to gain legal 
protection for their religious rituals (Thompson 2005). Jews in the United States, espe-
cially Reform Jews, adopted new practices including mixed-gender seating for worship 
and singing hymns accompanied by classical European organ music (Corrigan et al. 1998, 
pp. 229–32). Japanese-American Buddhists were targeted for special treatment in the 
World War II internment camps in the United States because of their religion. Many in 
the camps adopted new rituals to become more ‘American’, i.e. more Christian. These 
practices included worshipping in English, adopting Christian-style hymns in new prayer 
books, destroying cultural and religious objects with Japanese writing on them, and start-
ing ‘Sunday schools’ to teach their children about Buddhism (D. R. Williams 2006).

While religious studies scholars are not solely responsible for such societal trends, lim-
ited knowledge about religious traditions other than one’s own contributes to prejudice. 
Seeking to avoid these dangers and the scholarly bias that has come from religiously 
motivated studies of religion, scholars such as Sam Gill and Donald Weibe argue that 
religious studies should not require, support, or evaluate religious beliefs and practices. 
Anyone, they argue, should be able to arrive at the same conclusions when studying 
religion.

Weibe looks to the work of Max Müller to delineate the ideal shape of religious  studies 
(Weibe 1999). According to Weibe, Müller’s general goals for the study of religion included 
impartiality and critical scholarly methods resting on history and comparative analysis. 
He also emphasized the search for the truth through pre-existent facts rather than through 
the creative development of ideas as in philosophy and theology (Weibe 1999).

Müller’s infl uence on the discipline of religious studies was most strongly felt by 
social scientists of religion. William M. Newman’s 1974 study of the fi rst 25 years of the 
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 Society for the Scientifi c Study of Religion (SSSR) reveals that over time dialogue between 
 ‘religious believers’ and social scientists who study religion was de-emphasized in favor of 
the social scientifi c study of religion (Newman 1974). Wiebe would applaud such trends. 
He writes (Weibe 1999):

If the academic study of religion wishes to be taken seriously as a contributor to knowledge about 

our world, it will have to concede the boundaries set by the ideal of scientifi c knowledge that char-

acterizes the university. It will have to recognize the limits of explanation and theory and be content 

to explain the subject-matter – and nothing more – rather than show itself a form of political or 

religious behavior (or an injunction to such  action).

Similarly, Sam Gill sees the tendency of religious studies scholars to segregate by reli-
gion and the frequency with which they study the tradition to which they adhere a step 
away from academic study of religion. Instead, Gill advocates comparative work and the 
study of overarching religious questions such as what religion reveals about personhood. 
Thus, both Gill and Wiebe think that the discipline of religious studies should be a uni-
fi ed endeavor without sectarianism that focuses on explaining religious phenomena, not 
developing religious ideas (Weibe 1999).

Gill, Weibe, and others, academics and citizens alike, have good reasons to be wary 
of the biased nature of much of religious studies throughout the twentieth century. Yet 
Weibe draws too sharp of a line between ‘objective’, ‘social scientifi c’ studies of religion 
and the study of religion for religious reasons. Gill and Weibe’s assumption that a narrow 
defi nition of a discipline is necessary and their over-reliance on social scientifi c guide-
lines for religious studies cause them to reject signifi cant elements of the fi eld such as the 
literary, theological, ethical, and philosophical and to overlook the blurring of objective, 
constructive, and advocacy-based approaches to religious studies that may arise out of a 
social scientifi c approach.

In recent decades, the academic study of religion in the United States has shifted toward 
the study of world religions and away from studying Christianity alone. Faith-based stud-
ies of religion are yielding to critical, constructive, comparative approaches involving a 
variety of methods from multiple disciplines, religions, and cultures. These moves encour-
age students to ‘examine and engage religious phenomena, including issues of ethical and 
social responsibility, from a perspective of cultural inquiry and analysis of both the other 
and the self ’ (The Religion Major and Liberal Education Working Group 2007, pp. 3–6). 
Thus, they are more than an ‘objective’ study of religion but less than indoctrination into 
a particular religious tradition.

The debate over whether religious studies should be theological, social scientifi c, or a 
new critical, constructive, intercultural method of inquiry demonstrates another way in 
which religious studies is inherently multidisciplinary.

11.4 Ecumenical, interfaith, interdisciplinarity

The practice of religion and the scholarly development of religious beliefs and practices 
include other possible loci of interdisciplinarity: the ecumenical and interfaith  movements. 
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These activities between different denominations of one tradition  (ecumenical) or 
between different religious traditions (interfaith) aim to develop rigorous concepts of reli-
gious similarities and differences, promote peace and other social goals, and encourage 
proper relationships between religions. Ecumenical work may also advocate unity in the 
religion at large and may lead to mergers or blurred boundaries between denominations. 
Several types of inter- and intrareligious activity illustrate these trends: ecumenical orga-
nizations involving a wide number of religions (the Parliament of the World’s Religions) 
or denominations (the World Council of Churches); interfaith movements arising out of 
confl ict (post-Holocaust Jewish–Christian dialogues or Islamic–Christian dialogues after 
9/11), curiosity (Buddhist–Christian study in the United States), or concern about social 
problems (interfaith environmental movements).

Many parallels exist between these ecumenical and interfaith activities and interdisci-
plinary work. First, there are parallels between the structure of a denomination or religion 
and a discipline. Like disciplines, religious groups have some defi ned subject (the Ulti-
mate, the human condition, myths), rely on epistemological, ontological, and metaphysi-
cal presuppositions, and have favored methods. Second, these elements change over time 
to meet the needs of their religious communities as they interact with similar segments of 
other religious traditions much as Squire’s disciplines mutually shape each other. Third, 
we see that despite differences in subject, presuppositions, and method, people involved 
in ecumenical or interfaith movements work across religious boundaries to address ques-
tions unsolvable by any one tradition—How do theologies, rituals, ethics, and histories 
relate? How should people within a tradition conceive of and relate to others? How can 
religions address social problems together? As ecumenical and interfaith activities rely on 
resources of various religious groups to address these issues, they are, in a sense, involved 
in interdisciplinary work. All of the challenges of interdisciplinarity arise here as well: the 
communication barriers between groups with different terms, methods, and presupposi-
tions; the suspicion and distrust of groups different from one’s own; the potential for one 
group to dominate the activity.

Yet, Mircea Eliade warns that as much as other disciplines can aid understanding of reli-
gion, they cannot fully describe religion because they do not have the terms to appreciate 
and understand the sacred; thus, the study of religion is a specialized fi eld (Eliade 1995, 
1996). Extending his argument, completely subsuming ecumenical and interfaith activi-
ties under the heading of interdisciplinarity will threaten to impoverish our understand-
ing of religious activity. Certainly religious activity and the activity of academic disciplines 
have much in common, but the scope of a discipline is much narrower than the scope of 
religious worldviews. Disciplines, especially in our modern world, focus on narrow seg-
ments of or limited approaches to reality, while religion typically involves ideas about the 
human condition, ultimate reality, and their relationship to the world. A discipline may 
have a code of ethics, but its norms focus on behavior related to the discipline and are 
not suffi cient to guide one’s entire life, whereas religious norms typically aim to guide an 
adherent’s entire life. Debates between disciplines may be vigorous and can even lead to 
the destruction of careers and suppression of ideas; confl icts between religions have led to 
persecution and war. These contrasts between disciplines and religions are just a few indi-
cations that religions are deeper, wider, and involve more commitment than  disciplines. 
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Thus, if our understanding of ecumenical and interfaith interactions was reduced to 
interdisciplinarity, we would miss signifi cant facets of these movements.

Despite the dangers of limiting our knowledge of religion by overusing the language 
of interdisciplinarity, using its various terms may help identify and understand the many 
ways in which religious groups interact since religious studies has not defi ned terms for all 
of the types of relationships and goals of inter- and intrareligious dialogue and action.

The fi rst major modern interfaith endeavor was the 1893 Parliament of World’s Reli-
gions held in Chicago. A part of the cultural counterpart to the technical-focused World 
Columbian Exposition, the Parliament aimed to promote cross-cultural understanding 
through religions. The Parliament was dominated by Christians both in sheer numbers 
and by the groups underrepresented (Africans, South Americans, Indigenous traditions), 
by the groups not invited (Mormons, African-Americans, Native Americans), and those 
groups not present (Muslims, Sikhs, and Tibetan Buddhists). The Parliament was suc-
cessful insofar as it enabled Asian religions such as Hinduism and Buddhism to formally 
introduce themselves to the West and as it promoted understanding among Christians 
(Kuschel 1993). The Parliament of 1893 is a prime example of multidisciplinary encoun-
ter; religious people wanted to learn about each other but did not aim to collaborate or 
integrate their ideas.

The centennial celebration of the Parliament in 1993 had a different aim: to articulate 
the global ethics already found in the world’s religions. It expressly did not seek to estab-
lish a universal religion or obliterate the religious ethics of individual religious traditions. 
Rather it sought to identify common ethics (the golden rule; do not lie, steal, kill, or com-
mit sexual immorality) thought to be necessary for a world with increasingly global struc-
tures of economics, politics, and society. Much more diverse than the fi rst Parliament, 
with 6500 representatives from nearly all world religions (evangelical and fundamentalist 
Christians were notably absent), it has been praised for its movement toward a global 
ethic even as elements of its process and content have been criticized (Küng and Kuschel 
1993). This contemporary event illustrates one facet of much interreligious and ecumeni-
cal work: the discovery of existing commonalities between groups that can be the basis of 
future study, collaboration, and peace even as participants recognize and affi rm the differ-
ences between their traditions.

The World Council of Churches (WCC), organized in 1948, has exhibited similar trends 
within Christianity. It is the largest ecumenical Christian organization, with 349 mem-
ber churches comprising over 500 million individual members from over 120  countries. 
‘Church’ is often equated with a local congregation but can also indicate an organiza-
tional body which unites many individual congregations, often according to theological, 
ritual, and regional or national ties. Churches of the WCC come from all over the world 
and ‘include nearly all the Eastern and Oriental Orthodox churches; A nglicans; diverse 
Protestant churches, including Reformed, Lutheran, Methodist, and Baptist; and a broad 
representation of united and independent churches’ (Wogaman 1993; World Council of 
Churches 2009a).

The WCC aims to recognize and reinforce the signifi cant common beliefs among 
 Christians through worship and action. It does not intend to be a monolithic church body 
where all differences are wiped away. The WCC’s decisions are not binding on its members. 
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Rather, its activities are supposed to enable debate and prophesy through which members 
will be challenged to live lives of faith and service (World Council of Churches 2009b). 
WCC activities often involve theological, ritual, and ethical innovations as experimenta-
tion is possible within its non-binding format. When these actions transcend denomina-
tional boundaries WCC members participate in transdisciplinary activity, but since they 
do not seek to obliterate all differences, there is a sense of multidisciplinarity here as well. 
The WCC members tend to operate in an instrumental mode as they seek to resolve reli-
gious problems about ecumenical worship and to resolve social problems related to eco-
nomics, war, racism, environmental degradation, and human rights.

Cooperative study and reconciliation is not, however, limited to ecumenical discussions. 
For example, the scholarly study of and community refl ection upon Jewish– Christian 
relationships has grown considerably since World War II. Many factors led to this inter-
faith work including the horrors of the Holocaust, the establishment of the state of Israel, 
the ecumenical movement, the Second Vatican Council, and Enlightenment visions of 
human dignity and equality (Kessler and Wenborn 2005; Kessler 2006).

Insofar as these dialogues aim to articulate constructive new relationships, they engage 
in activities similar to the critical interdisciplinarians who study how the relationship of 
knowledge between fi elds are made (Thompson 2005). As Jews and Christians collaborate 
to promote peace, a goal many argue cannot be achieved by either group alone, their 
activities parallel instrumental interdisciplinarity. Yet interdisciplinarity, whether critical 
or instrumental, does not quite fi t this situation because each religion intends to remain 
distinct even as they learn from one another. Thus, there will be barriers to the amount of 
integration either group is willing to entertain.

Muslims and Christians have recently begun similar dialogues. On 13 September 2006 
Pope Benedict XVI gave an address which was widely regarded as implying that Islam was 
violent and immoral. In the wake of this address, Islamic leaders and scholars wrote an 
open letter to the Pope to discuss their faith and promote understanding of Islam. The 
next year 138 Muslim leaders from all branches of Islam and all major Islamic nations and 
regions released A common word between us and you. This document brought Muslims 
together in a way not experienced since the time of the Prophet. Through this document, 
and a series of conferences in 2008 with hundreds of Catholics, Anglicans, and Protestants 
in turn, Muslim leaders hope to promote understanding of what the faiths share and to 
promote peace. Importantly, participants in the conferences did not wish (1) to convert 
each other, (2) to make the other adopt ideas of their own theology, or (3) to reduce the 
two religions to a common denominator or new religion. Rather, the document looked 
to the sacred texts of the Bible and Quran to discover what Christianity and Islam have 
in common in order to begin to work for peace (‘Final declaration of the Yale Common 
Word Conference’ 2008).

Not all interfaith dialogue, however, is motivated primarily by violence. Buddhist–
Christian dialogue in the United States has primarily been an academic affair in which 
scholars expert in each of these traditions have studied the major ideas of Buddhism and 
Christianity in a comparative fashion (Lai and von Brück 2001). (Buddhist–Christian dia-
logue in countries with signifi cant Buddhist populations has spent more time on the social 
implications of contact between the religions and has involved religious  communities and 



Ecumenical, interfaith, interdisciplinarity 171

scholars.) Studies cover a wide range of topics, but issues of ultimate reality (meditation, 
contemplation, and prayer; suffering; and ethics) have been most popular as is demon-
strated in the journal Buddhist–Christian Studies. ‘Multidisciplinarity’ describes some of 
these endeavors as scholars study the same phenomenon sequentially using different the-
ories or utilize the same theory to explore different phenomena. Buddhist–Christian dia-
logue, however, is more often interdisciplinary or transdisciplinary as it aims to integrate 
insights from various religious traditions, and academic disciplines. Though most of the 
comparative work between Buddhism and Christianity in North America has occurred 
within academic circles, rather than in churches or sangha, this does not mean there is a 
clear distinction between academics and religious practice in Buddhist–Christian studies 
(Buddhist–Christian Studies 1998). Many scholars engaged in this dialogue are themselves 
Buddhists, Christians, or adherents of some beliefs and/or practices from each system. 
These scholars engage in dialogue in part to develop their own religious ideas, a form of 
transdisciplinary endeavor.

People of different religions also come together to resolve pressing social issues that do 
not directly stem from their religious differences, a type of collaboration that can be classi-
fi ed as instrumental interdisciplinarity as groups rely on their various methods and beliefs 
to reach a common goal. For example, various faith communities collaborate to promote 
environmental protection. The Evangelical Environmental Network and the National 
Religious Partnership for the Environment, a group of mainline Protestants, Catholics, 
and Jews, campaigned to save the Endangered Species Act in the 104th Congress (1995–6) 
(Kearns 1997, p. 349). Interfaith Power and Light organizations located in most states also 
educate religious communities about how to simultaneously save energy, money, and the 
planet; band together to purchase cheaper energy; and provide a support network to help 
achieve such changes.

Though interfaith and ecumenical activities should be distinguished from interdisci-
plinarity because of their connection to religious belief and practice, there are enough 
parallels between them that scholars engaged in interdisciplinary endeavors can learn 
from these activities. First, they could learn of the dangers, both to understanding and to 
relationships, of evaluating other disciplines with the criteria of one’s own and calling it 
a dialogue. One does not need to look far to fi nd prejudicial (intentional or inadvertent) 
descriptions of religious traditions unfamiliar to the adherent or scholar. For instance, 
Christians have long ignored the importance of land to Native Americans. Secondly, ecu-
menical and interfaith activities may teach interdisciplinarians about forging terms that 
resonate with multiple perspectives to avoid privileging or ignoring one viewpoint. For 
example, ‘Ultimate Realities’ or ‘Ultimate Reality’ are terms used to avoid the limitations 
of ‘God’ language (Neville 2001). Third, interdisciplinarians could learn something about 
how to link communities who not only have different methods, assumptions, and sub-
jects, but also experience deep distrust or animosity toward the other based on centuries 
of prejudice, persecution, and power imbalances. Working to resolve practical problems 
about the environment, peace, and other social issues can often be a starting point to 
deeper collaboration. Academics may fi nd that working to address community issues can 
build bridges between hostile disciplines. For all of these reasons, interdisciplinarians 
would do well to learn from the experience of the ecumenical and interfaith movements.
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11.5 Conclusion

Though interdisciplinarity should not replace terms like ecumenism and interfaith, 
 something like the integrated result of interdisciplinarity has long been a facet of religious 
study and practice. After all, religion is a subject that pre-dates the rise of modern disci-
plines and has often been seen as connected to all modes of thought and experience. We see 
this inter- and transdisciplinarity today as religious practitioners utilize ideas and methods 
from art, psychology, history, languages, and the sciences. Thus, it is not surprising that the 
subdisciplines of the academic study of religion are often multi- or interdisciplinary as is 
the fi eld of religious studies in relationship to other fi elds. Of course, this diversity has and 
does lead to quarrels about the proper ways to study religion. In a fi tting move given the 
history of religious studies, religious studies scholars are forging a new path between the 
extremes of objectivity and evangelism to encourage description and critical refl ection so 
that religious studies becomes as an openly interdisciplinary  discipline.
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CHAPTER 12

Information research on 
interdisciplinarity
CAROLE L. PALMER

In this digital age, the way people search for information is changing while the amount 
of information continues to accelerate unabated. An abundance of valuable information 
can now be found using standard Web search engines. At the same time, reliance on easily 
accessed digital information could deter the advancement of research by narrowing the 
historical base and diverse range of information used by scientists and scholars (Evans 
2008). The fi eld of library and information science (LIS) is concerned with how to collect, 
represent, organize, store, manage, preserve, retrieve, and disseminate society’s vast stores 
of information for all kinds of user communities. Not surprisingly, some of the fi eld’s 
most formidable problems stem from the need to develop effective information systems 
and services for interdisciplinary researchers.

Scholars and scientists are continually infl uenced by ‘the push of prolifi c fi elds and the 
pull of strong new concepts and paradigms’ (Klein 1996a, p. 56). Disciplinary dynamics—
how disciplines, grow, split, and merge—and their infl uence on how researchers work 
with, produce, and disseminate information have been a focus of study in LIS for decades. 
Statistical studies of the relationships among disciplines as represented in catalogs of lit-
erature, patent records, and other bibliographic sources date back to at least the 1920s 
(Hulme 1923). By the 1950s, interdisciplinarity was becoming a common theme in the 
professional discourse of research librarianship in relation to managing the complex inter-
relations among information systems and improving researchers’ ability to fi nd informa-
tion from outside their fi eld (Clapp 1954). By the 1960s a trend in user-centered research 
emerged, with an initial emphasis on scientifi c information, which began to document 
the special problems involved when scientists cross disciplinary lines, such as the limits of 
information available within a single social network of colleagues and the high amount of 
cross-disciplinary reading required in applied sciences (Allen 1966).

The importance of interdisciplinary research is now widely accepted, with universities 
and funding agencies increasingly expecting and supporting collaborative interdisciplin-
ary approaches to solving complex societal problems, while also recognizing the need for 
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integrative cyberinfrastructure to support the conduct of this research (National  Science 
Board 2005; American Council of Learned Societies 2006). As research that draws on 
knowledge and expertise from multiple disciplines becomes more commonplace, along 
with the proliferation of digital information and technologies, LIS is facing growing chal-
lenges in organizing, preserving, and making accessible the range of digital information 
systems, resources, and tools in alignment with the practices and needs of scientifi c and 
scholarly communities.

The fi eld of LIS is itself highly interdisciplinary, with infl uences historically coming 
from fi elds ranging from communication, cognitive science, computer science, linguistics, 
and philosophy of science. Cognate areas contributing to the study of interdisciplinar-
ity include information systems and information management, especially for statistical 
approaches, human computer interaction (HCI), computer-supported cooperative work 
(CSCW), science and technology studies, and social informatics for studies of scholarly 
information use. LIS has a unique orientation to interdisciplinarity, however, since it is 
concerned with the organization, preservation, and mobilization of knowledge across the 
entire landscape of disciplines and is guided by a core mission in research librarianship to 
promote the transfer and exchange of knowledge among scholars.

As noted by the late economist Kenneth E. Boulding (1968), without professions of 
scholarly exchange like librarianship, the body of knowledge would be a ‘mere pile of intel-
lectual accumulations instead of an organic and operating whole’ (p. 147). Jesse Shera, con-
sidered to be the father of LIS education, and his colleague Margaret Egan, referred to this 
theoretical foundation of librarianship as ‘social epistemology’ (Shera 1972) to refl ect the 
fi eld’s basic interest in how knowledge is coordinated, integrated, and used by people. This 
conceptualization emerged prior to, and remains somewhat distinct from, contemporary 
academic discourse on social epistemology in philosophy (Goldman 1987; Fuller 1988). It 
was a direct response to the practical needs of the profession to build collections and ser-
vices for library users informed by an understanding of the production, distribution, and 
utilization of the intellectual products held by libraries. From this perspective, information 
problems associated with interdisciplinarity are a natural focus and have proven to be a 
point of synergy for research and practice in LIS, and between LIS and other social sciences 
with interests in knowledge production (Klein 1996b; Palmer 1996).

The interdisciplinary integration of knowledge disrupts structures and other methods of 
representing and managing information that are essential to the performance of libraries 
and information systems (Iyer 1995). For instance, discipline-based indexing vocabular-
ies and classifi cation schemes tend to be inadequate for subject access to interdisciplinary 
intellectual content, and mapping semantic relationships remains a major research chal-
lenge. These problems greatly complicate the selection of materials for building schol-
arly collections, how information is cataloged or encoded with metadata for retrieval, 
and the organization of information services for interdisciplinary research communities. 
Web-based search engines have made a signifi cant contribution to information access and 
retrieval, but they do not provide all the content or functionality required for sophisti-
cated scholarly purposes.

This chapter provides an overview of research on interdisciplinarity in the fi eld of LIS by 
fi rst introducing the concept of information scatter, a theme that runs through the  studies 
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conducted over the past decades. The focus then turns to two core bodies of research 
that address interdisciplinarity from very different perspectives: bibliometric research that 
provides statistical analyses of patterns and fl ows of information within and among dis-
ciplines, and information behavior research that investigates the information practices and 
needs of interdisciplinary scholars. For the purposes of this chapter, discussion is limited 
to a small number of studies selected to illustrate the scope and direction of research in 
the two areas. The chapter concludes by pointing to important directions in information 
research aimed at advancing information systems, services, and infrastructure to support 
and foster interdisciplinary science and scholarship.

12.1 Information scatter

Interdisciplinary scholars use information from an array of sources scattered across a 
range of fi elds. This notion of information scatter is a salient concept found throughout 
LIS research on interdisciplinarity (Bates 1996). The distribution of information, intel-
lectually across subject areas but also physically across sources and organizations, has 
generated considerable interest in information science, including principles such as Brad-
ford’s law of scattering (Bradford 1948), which has been applied primarily to disciplinary 
information phenomena such as the concentration of information on a subject in a core 
set of journals. For interdisciplinary scholars, scatter has to do with the great dispersion 
of potentially useful information across disciplines which results in serious problems in 
information seeking and use. At the same time, the scattered state of knowledge serves 
important functions. Innovation often comes not from the core of a discipline but from 
the margins where knowledge is more diffuse, and scatter outside the core promotes dis-
covery and integration of disparate knowledge rather than isolation within a domain 
(Crane 1972; Chubin 1976).

In response to the problems associated with information scatter, information scien-
tists have developed strategies for interdisciplinary searching in bibliographic databases 
to manage the variant vocabularies and exploit markers, such as concepts, terms, and 
names, for retrieval across disciplines (Smith 1974; Weisgerber 1993; White 1996). Stud-
ies have also examined levels of scatter by measuring the number and range of domains 
and information resources associated with a fi eld or a research area. For example, an early 
study aimed at improving information services for scientifi c research and development 
analyzed the information queries made at a corporate research center, determining that 
subject fi elds of greater ‘width’ required more specialized information retrieval services 
(Mote 1962). Another study showed that chemists working in self-proclaimed high-
 scatter research areas were less effi cient in keeping up to date and argued that professional 
current awareness services should concentrate on high-scatter fi elds (Packer and Soergel 
1979). Comparative analysis of the distribution of documents across databases for differ-
ent topics has been applied to demonstrate variations in scatter across research areas and 
the challenges of interdisciplinary information retrieval (Hood and Wilson 2001).

In these kinds of investigations, determinations of high and low scatter tend to be rela-
tive within the scope of the domains covered by the study. For example, in the corporate 
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research center study, scatter was considered low for scientists involved in basic organic 
chemistry, higher for chemists in an engineering environment that required application 
of both physics and chemistry, and highest for scientists working on specifi c applied prob-
lems with no associated body of literature, such as ‘thermal properties of frozen soils’ 
(Mote 1962, p. 171). Thus, a small and very specialized domain can be more highly scat-
tered than a larger, more general domain. In the database comparison, out of 14 test top-
ics ‘family violence’ was found to be the most interdisciplinary, with literature scattered 
across 10 databases; ‘dark matter’ and ‘cladistics’ were the least interdisciplinary, with more 
than 50 per cent of their literature covered by one database. An interesting study of scat-
ter applying broader disciplinary distinctions to library book circulation data determined 
that materials borrowed by social scientists were widely scattered across disciplines, while 
borrowers from mathematics and the physical and life sciences were focused on their own 
discipline (Metz 1983).

A particularly infl uential body of work with important implications for the provision of 
information for interdisciplinary researchers has been developed around Don Swanson’s 
notion of ‘undiscovered public knowledge’ (1986a). The concept refers to new knowledge 
that can be uncovered by identifying implicit connections, or missing links, between dis-
connected literatures. Swanson made signifi cant biomedical discoveries using a technique 
he developed for literature searching in the MEDLINE database (Swanson 1986b), and his 
approach has been further developed into a literature-based discovery (LBD) technology 
to support scientists in mining promising connections and for testing hypotheses in the 
medical literature (Smalheiser and Swanson 1998). Related systems and approaches have 
advanced the technique and its applications, primarily in biomedicine (Bruza and Weeber 
2008). There has been limited development of LBD outside the sciences; however, one 
preliminary investigation made progress on locating hidden analogies in literature in the 
humanities (Cory 1997).

Unlike LBD, bibliometric approaches and information behavior research covered below 
do not attempt to manage scatter directly to aid searching or management of informa-
tion. Bibliometric studies are applied primarily to illustrate the infl uences of scatter on 
knowledge structures, and studies of information behavior provide evidence of the actual 
work performed and problems encountered by scholars trying to fi nd and use scattered 
information. Both kinds of studies have practical applications for the development of 
libraries and information systems, but they have also contributed to our basic under-
standing of how disciplines interact and conditions that promote and deter the conduct 
of  interdisciplinary research.

12.2 Bibliometric research

Bibliometric analyses of interdisciplinarity are generally applied to produce statistical inter-
pretations of relationships among disciplines rather than to defi ne or determine what con-
stitutes a discipline. Disciplinary relationships are represented by bibliographic indicators 
in documentary sources, such as the disciplines referenced or cited by authors, disciplinary 
affi liations of co-authors, structures of co-citation clusters, or co-word  associations among 
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titles or texts. Bibliometric data became plentiful with the  introduction of citation indexing 
services, such as the Science Citation Index, fi rst made available by the Institute for Sci-
entifi c Information (ISI) in 1961, and became eminently easier to access and manipulate 
when these and other bibliographic data sources became available online in digital form. 
Bibliometrics, and now webometrics, which analyzes similar associations and structures 
on the Web, can provide unique and valuable insights on interdisciplinarity based on the 
cross-disciplinary connections and patterns found among information sources (Borgman 
and Furner 2002; Thelwall et al. 2005).

Citation analysis and co-citation analysis are standard bibliometric approaches, and 
various techniques have been developed to study interdisciplinary information transfer. As 
symbols used to represent the ideas of authors (Small 1978), citations can be tracked and 
measured to determine intellectual lending and borrowing across disciplinary boundaries 
(Porter and Chubin 1985; Pierce 1999). One common measure is ‘citation outside cat-
egory’ where assignment of citations to disciplines is usually based on the subject area of 
journals or books listed in bibliographic entries or less frequently by academic affi liation 
of authors. Studies have been designed, for example, to test highly cited classic papers for 
interdisciplinary content and usage, track the infl uence of highly interdisciplinary articles 
in a given fi eld, and trace the development of narrow interdisciplinary research specializa-
tions, such as developmental dyslexia and molecular motors in bionanotechnology (Perry 
2003; Rafols and Meyer 2007).

Localized case studies have been used to inform the organization of information 
resources and services and collection development in research libraries. Citation evidence 
has shown high use of biology and physics journals by chemistry faculty, suggesting that 
general science libraries are more effective than specialized units within an academic 
library system (Hurd 1992). Studies have also examined citation patterns of faculty in 
particular academic programs or research centers to determine the base of literature that 
should be collected, and methods have been developed for compiling lists of core journals 
and evaluating the state of primary and secondary literature in interdisciplinary fi elds.

The cross-disciplinary dynamics illustrated by citation patterns are of interest outside 
the fi eld of LIS, particularly in terms of their policy implications for research organizations 
and funding agencies. The scope of these studies may cover an organization, research spe-
cialization, or discipline, or provide broader cross-fi eld analysis. Methodological insights 
are also often documented, as in a study of an interdisciplinary research organization 
that compared results from both bibliometric and social network measures and found no 
strong relationship between the two kinds of network ties, with citation motivated more 
by a researcher’s disciplinary perspective than by their interpersonal associations (White 
et al. 2003).

More global data sets are used to track research fronts and growing concentrations in 
interdisciplinary activity, to indicate levels of knowledge transfer and the impact of inter-
disciplinary research, and to determine the interdisciplinarity of journals. For example, 
Rinia et al. (2002) analyzed disciplinary impact using a set of 643,000 articles derived from 
Science Citation Index data, applying three different measures of journal ‘relative open-
ness’ to articles from other disciplines. While the measures produced different results, 
basic life sciences ranked highest on impact on other disciplines and computer science 
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was among the lowest ranked. Applying social network measures of degrees, closeness, 
and betweenness to ISI citation data from 7379 journals, Leydesdorff (2007) illustrated 
the value of betweenness centrality as an indicator of interdisciplinarity for local cita-
tion environments and for identifying those journals most central to an emerging fi eld, 
with the analysis showing that for biotechnology interdisciplinary infl uences were coming 
 primarily from journals in the engineering sector.

Typologies and assessments of disciplines and research areas by degree of interdiscipli-
narity have also been derived. Morillo et al. (2003) measured external links, diversity, and 
strength of relationships among nine research areas based on the multi-assignation of 
journals to disciplinary categories in ISI’s science, social science, and humanities citation 
indexes. In general, engineering and biomedicine were highest in disciplinary relation-
ships and humanities the lowest. There was also growth of specialized journals in interdis-
ciplinary categories, and new categories were more interdisciplinary than old categories. 
One study of the ‘global structure of all of science’ applied fi ve intercitation and three co-
citation frequency measures to 16.24 million references from ISI data representing 7121 
science and social science journals (Boyack et al. 2005). The resulting maps highlighted 
biochemistry as the most interdisciplinary hub, and indicated that fi elds such as medi-
cine, ecology/zoology, social psychology, clinical psychology, and organic chemistry also 
function as hubs but with fewer strong links to other disciplines. Collaboration patterns 
as represented in citations are also used to measure interdisciplinarity, again with studies 
ranging from local investigations within a given institution to broader tracking of col-
laboration patterns across fi elds. The results of one study suggested that the fi eld of nano-
technology is multidisciplinary, not interdisciplinary, in that it ‘consists of an artifi cial 
composition of different research fi elds with little to no relation to each other’ (Schummer 
2004, p. 448).

12.3 Information behavior research

The citations and other bibliographic indicators extracted from documents, databases, 
and the Web are important sources of data for analyzing how information moves and 
coalesces across disciplines. They are, however, abstractions of the actual practice of 
research. Other types of research are needed to understand information behavior in the 
context of day-to-day research. Studies of scholarly information-seeking and use comple-
ment the more general results obtained through statistical bibliometrics by providing a 
deeper understanding of how scholars work with information across disciplines and the 
problems they encounter in doing so. Many recent studies take an ‘information practices 
approach’ that emphasizes the social dimensions of disciplines as a primary infl uence on 
the information activities of scholars and scientists (Palmer and Cragin 2008), and, where 
bibliometric studies have tended to focus on the sciences, information behavior research 
has consistently covered the humanities and the social sciences as well as the sciences. 
Social science research methods, particularly surveys and interviews, have been favored, 
with many investigators applying multiple techniques to increase the validity of results 
derived from the smaller samples typical of qualitative methods.
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Transcending discipline-based library classifi cations

Richard Szostak

As Carole Palmer has noted, the systems of document classifi cation used in modern libraries are 

each many decades (usually more than a century) old, are fi rmly grounded in disciplines, and 

are immensely complex due to the fact that classes have been subdivided to make room for new 

areas of research. Interdisciplinarians suffer because the same subject is addressed separately, 

often using different terminology, in different disciplines. Less obviously, all scholars suffer 

because documents are only classifi ed in terms of what a work is ‘about’; scholars generally also 

want to know which theories or methods were applied (among other things). This is a particular 

burden for interdisciplinary scholars who will usually want to identify works applying different 

theories and methods to a particular question.

The explosion of digital databases creates a unique historical opportunity for the development 

of a novel classifi cation system. This system could take advantage of the low costs of modern 

information storage: existing classifi cation systems were developed during an age of card cata-

logues and thus naturally limit the dimensions along which works are classifi ed. The new system 

could simplify document classifi cation by replacing cumbersome discipline-based systems with 

a universal classifi cation of phenomena studied and theories and methods applied.

The Leon Manifesto, issued after the 2007 conference of the Spanish chapter of the Interna-

tional Society for Knowledge Organization (ISKO)—the conference theme was interdisciplinar-

ity in knowledge organization—calls for the development of such a classifi cation. It can be found 

at <http://www.iskoi.org/ilc/leon.htm> The Italian chapter of ISKO also hosts the ‘Integrative 

levels classifi cation’ project (<http://www.iskoi.org/ilc/>) which draws on an international body 

of collaborators to develop such a classifi cation.

Some information scientists worry that language is too ambiguous to allow a universal clas-

sifi cation: they argue that only within narrow groups of scholars can the words used to classify 

carry an agreed meaning. Interdisciplinarians must always grapple with such claims; in the end 

interdisciplinarity is only possible if some considerable degree of shared understanding is pos-

sible across communities of scholars. Advocates of a universal classifi cation argue that the very 

act of classifi cation can serve to provide the necessary degree of shared understanding. These 

positions are articulated in a recent debate in the Journal of Documentation between Rick Szostak 

and Birger Hjørland (Hjørland 2008; Szostak 2008a,b).

The alternative to a discipline-based classifi cation lies foremost in the development of a 

universal classifi cation of the phenomena that scholars study. Note that the bulk of scholarly 

research involves examining the infl uence that one set of phenomena exerts on another set of 

phenomena. These ‘causal links’ can be classifi ed using synthetic/synthesized notation: a scholar 

interested in the physiological effects of certain drugs can thus fi nd the studies they want without 

being sent to general works on the drugs in question or the physiological effects in question. This 

particular notational device refl ects a larger strategy of using ‘faceted notation’ to identify dif-

ferent aspects of any phenomenon or the relationships between any pair of phenomena. Faceted 

notation is often advocated in information science but is rarely employed on a large scale. The 

ILC affords a further notational effi ciency by using the same notation for works about a particu-

lar theory or method as is used (albeit in a different place in the notation for a particular work) 

for works applying that theory or method.

http://www.iskoi.org/ilc/leon.htm
http://www.iskoi.org/ilc/
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As with citation studies, scholarly information behavior research is often ‘domain ana-
lytic’ in that it is designed to examine a particular discipline or research area. Domain-based 
studies of scholars strive to capture information use in ways that refl ect the socio-cultural 
context of the unit analyzed, sometimes drawing comparisons across fi elds or specializa-
tions. Interdisciplinary information behavior has been investigated within fi elds ranging 
from environmental science to music, women’s studies, and ethnic studies, and the fi nd-
ings continually document signifi cant levels of information use across disciplines and 
problems fi nding and using information scattered across unfamiliar subject areas.

Since interdisciplinary researchers ‘constitute a signifi cant and distinctive class of schol-
ars’ in their own right (Bates 1996, p. 163), numerous studies have examined interdisci-
plinary information behavior within larger or more diverse groups not constrained by 
domain parameters. For example, a survey of users of the Finnish National Electronic 
Library corroborates many earlier observations about scatter and interdisciplinarity, sug-
gesting that scholars in high-scatter fi elds use more databases and have more diffi culty 
keeping up with information across fi elds. The results also raised interesting questions 
about the role of browsing and the adequacy of cross-database keyword searching for 
interdisciplinary topics (Vakkari and Talja 2005). Interdisciplinary organizations and 
teams are particularly effective sites for investigating active programs of research. Studies 
of humanities scholars and scientists working in interdisciplinary research centers have 
documented how different modes of inquiry and collaboration are linked to approaches 
for gathering information from far afi eld and for building the knowledge needed to solve 
research problems (Palmer 2001; Palmer and Neumann 2002). Interdisciplinary collabor-
ative research teams offer a microcosm of interaction for examining information transfer. 
One study showed that the knowledge exchanged in both science and social science teams 
is often fact based, but ‘know-how’ related to research processes and methods is also vital 
in supporting interdisciplinary projects (Haythornthwaite 2006).

12.3.1 Models of scholarly information processes

To date, studies of information behavior have not produced a complete account of the dif-
ferences between disciplinary and interdisciplinary information behavior or  differences 
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in practices among scholars in various interdisciplinary fi elds. The models that have 
emerged provide a base of understanding on how scholars manage and use information in 
the research process, usually representing activities and workfl ows involved in searching 
for and assimilating information, which have implications for how information resources 
and tools can be linked together to support stages of research or groups of research prac-
tices. One well-known model of scholarly information seeking developed by David Ellis 
was based on a set of qualitative, comparative studies of academic faculty in the social 
sciences, physical sciences, and literature. It identifi ed a series of information activities—
starting, chaining (footnote and citation chasing), browsing, differentiating, monitoring, 
and extracting—common to researchers across the fi elds (Ellis 1993). The model does not 
represent interdisciplinary scholarship, but it does provide a scheme for contrasting how 
interdisciplinary and disciplinary information processes might differ. For example, a sub-
sequent study of a specialized group of interdisciplinary social scientists determined that 
the framework lacked important activities, such as networking, verifying, and managing 
information (Meho and Tibbo 2003).

Based on analysis of information use and knowledge development strategies of interdis-
ciplinary scientists, Palmer (2001) identifi ed three modes of interdisciplinary inquiry. Spe-
cifi cally, ‘collaborators’ tend to work in consultation with colleagues from other domains, 
and their information practices focus on locating specifi c information and expertise 
needed to move research projects forward. ‘Team leaders’ gather information more sys-
tematically and recruit collaborators into their research groups, while ‘generalists’ explore 
widely to fi nd information outside their fi eld and prefer to learn for themselves rather 
than consult or collaborate with others. This framework served as a point of departure 
for a model of information seeking based on an investigation of interdisciplinary scholars 
from departments spanning an entire university (Foster 2004). The resulting non-linear 
model accounts for important social and organizational structures in interdisciplinary 
research within three core research processes—opening, orientation, and consolidation—
that each encapsulate a range of activities important to interdisciplinary research. Open-
ing includes information-seeking activities involved in elaborating a research topic, such 
as keyword searching and browsing; orientation activities relate to problem defi nition and 
identifi cation of existing research, key themes, and disciplinary communities; consolida-
tion consists of the refi ning, sifting, and verifying used to judge and integrate information 
during the research process.

12.3.2 Weak information work

Interdisciplinary scholars and scientists develop strategies that help them move into other 
domains, and to interpret and communicate information across disciplines. Two activi-
ties—probing to fi nd information and translation of terminology, concepts, and ideas—are 
prominent practices that have been identifi ed in multiple studies. These practices typify 
‘weak information work’, very diffi cult and time-consuming information activities associ-
ated with specifi c research conditions, particularly ill-structured problem space, lack of 
domain knowledge, and unsystematic research steps (Palmer et al. 2007a). These explor-
atory and integrative activities are important targets for the development of information 
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systems and services, since they are intellectually challenging and require non-routine 
tasks that take a high toll on researchers’ time but also have great potential for stimulating 
and producing innovative research and new discoveries.

Probing is essentially a highly investigative form of browsing. Browsing has been widely 
studied and is understood to be an important general scholarly information practice 
(Chang and Rice 1993) that is especially essential for interdisciplinary researchers work-
ing in new and rapidly developing fi elds. Web surfi ng is one kind of browsing activity, 
but interdisciplinary scholars also browse issues of journals, publisher’s catalogs, biblio-
graphic indexes, library collections, and personal collections of books and papers, all of 
which may be available as physical documents or digitally on the Web. But, while browsing 
has the connotation of being somewhat ad hoc in nature, probing is a deliberate strategic 
approach for identifying scattered or remote information. Researchers probe into periph-
eral areas outside their expertise to increase breadth of perspective, generate new ideas, 
or to explore a wide range of types and sources of information. However, probing is not 
necessarily always broad in scope. For instance, a study of high-impact information in 
interdisciplinary neuroscience laboratories (Palmer et al. 2007a) showed that scientists 
probed the literature outside their domain to investigate specifi c concepts or diseases in 
the clinical literature.

Through probing researchers encounter new ideas, theories, methods, and terms that 
they do not fully understand, which prompt the need to gather further information. This 
translation work can be the most diffi cult and laborious part of interdisciplinary research, 
collaboration, and communication. Studies across interdisciplinary fi elds have indicated 
that most interdisciplinary researchers need to be familiar with the terminology of other 
disciplines in order to understand the literature they consult and to carry out their research 
projects. For instance, scholars must translate terminology to construct a successful search 
in a database outside their discipline. Then, as they encounter information that is intel-
lectually distant or from unfamiliar sources, the new material needs to be assessed, inter-
preted, and grounded with background information from the original domain. Vocabulary 
differences are at the heart of translation activities, but research conventions and cultures 
must also be learned and navigated. Valid interdisciplinary research is necessarily based on 
a deep understanding of how concepts, methods, and results fi t in the body of discourse 
and practice in which they were developed. Only then can judgments be made about how 
ideas can legitimately be applied in a new area. Interestingly, while the imprecise language 
used in the humanities and social sciences complicates the identifi cation of analogies and 
applications across domains, the very technical nature of scientifi c vocabulary can also be 
a serious barrier to cross-domain searching and browsing.

Interdisciplinary research teams are continually engaged in translation activities as 
a basic feature of the give-and-take involved in collaborative projects. In fact, learning 
enough about the perspectives and problems driving the interests of collaborators appears 
to be a key factor in the success of interdisciplinary research groups. This is evident in 
applied informatics projects where the goal of domain researchers is to analyze data that 
contribute to the solution of a scientifi c or social problem, while computer science and 
technology collaborators are working to make progress on an algorithm or a prototype. 
These two groups can have very different views of what constitutes the end point in the 



184 Information research on interdisciplinarity

same project. In the humanities, collaboration is less formal in nature, but those involved 
in interdisciplinary scholarship can have a strong dependence on local colleagues or out-
side experts who serve as translators of concepts and ideas (Palmer and Neumann 2002). 
Social networking is essential in making and maintaining the greater number of personal 
contacts needed to stimulate and validate ideas, open doors for sharing information, and 
for the exploration of interdisciplinary subject matter (Foster 2004). Not surprisingly, the 
joint authorship that results from collaboration adds another layer of intensive transla-
tion work. Writing a co-authored document requires negotiations and decisions on what 
needs to be explained for a particular audience and refi nement of terminologies and for-
mats for different fi elds.

Both probing and translation tend to be non-routine and time-intensive, that is, weaker 
than typical information activities performed by disciplinary scholars. Data curation is 
another example of weak information work, and is emerging as an important area in 
information behavior research. Data management and preservation problems are acute 
in modern science, where researchers are generating vast numbers of digital data, which 
is more fragile than any preceding data format. The case of networked sensor systems in 
the environmental sciences provides a telling example of the growing complications with 
the management of data as a resource for interdisciplinary research (Borgman et al. 2007). 
With instruments now automatically generating environmental data, the contextual infor-
mation previously surrounding data acquisition is no longer systematically recorded and 
preserved in lab or fi eld notebooks. Additionally, the different disciplinary cultures within 
a research community may employ seemingly incompatible processes and terminologies 
in describing and coordinating data sets. Currently, the needs and expectations for manag-
ing and mobilizing data for interdisciplinary research purposes are not well understood 
or supported, and progress will require the development of professional procedures and 
standards for data representation and archiving, as well as techniques for cross-disciplinary 
data curation and integration (Palmer, et al. 2007b).

12.4 Conclusion

There is no doubt that LIS research on interdisciplinarity will continue to intensify as the 
centrality interdisciplinary inquiry increases. A recent report on library service needs at 
the University of Minnesota (2006) is compelling, fi nding that among 50 participants 
from across the social sciences and humanities ‘nearly every faculty member interviewed 
considered his or her work to be interdisciplinary’ (p. 20). As networked information 
systems become more advanced, scholars will fi nd it easier to draw from and make con-
nections to other fi elds and to place their research in a broader context, compounding the 
amount and rate of knowledge exchange and collaboration across disciplines.

One important unexplored research area is interdisciplinary relevance. There is an exten-
sive existing body of research on information relevance, but it has not addressed interdis-
ciplinarity as an infl uential factor in relevance judgments or how relevance criteria might 
differ for interdisciplinary researchers. Existing studies on the differences between domain 
experts and novices have some applicability; however, interdisciplinary researchers are not 
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novices in the same sense as the students usually examined in these studies. Clearly, infor-
mation technologies designed for typical non-experts will not be optimal for sophisticated 
scientists and scholars taking interdisciplinary approaches to their research. A second area of 
research is the value of traditional information sources, such as discipline-based handbooks, 
textbooks, encyclopedias, and other reference materials, which play a vital role in the inter-
pretation and learning needed for researchers to integrate knowledge from outside their 
own areas of expertise. With many of these materials now in digital form, their functionality 
can be enhanced for the translation work involved in interdisciplinary scholarship.

There is also need for the development of cross-disciplinary ontologies and thesauri to 
assist in mapping content to provide smoother digital access across fi elds, but not at the 
expense of deep access within a curated collection. Current broad-based search engines 
are assisting scholars in casting a wide net to gather information concurrently from an 
array of sources. However, as the digital information environment increases in size and 
complexity, the original, intended context of a scholarly work can get lost as many col-
lections are fused together into one immense networked information space. As digital 
information continues to grow and be reconfi gured, it will be necessary to make explicit 
the relations among the multitude of sources, not only for discovering resources across 
institutions, repositories, and disciplines, but, just as importantly, for retaining the mean-
ing of content within its original domain context.

There has long been a vision of a comprehensive, integrated information ecology. 
It motivated early information scientists such as Paul Otlet and Vannevar Bush, and 
 continues to drive current digital technology research, as evidenced by sustained work 
on the semantic web (Shadbolt et al. 2006). But, the overall digital information environ-
ment is far from complete and unifi ed at this time. The Web has produced a powerful, 
distributed network of information resources that is larger and more complex, perhaps, 
but which is also more ad hoc than that once held and organized primarily in research 
libraries. The imagined high-functioning information infrastructure remains elusive, at 
least for the short term, but there is great promise in future networked cyberinfrastruc-
ture for enhancing cross-disciplinary access to information, data, and services that can 
foster interdisciplinary research. The ideal of a seamless web of information is misplaced, 
however, unless it includes the ability to systematically track back to the disciplinary heri-
tage of a research result, idea, concept, or theory. Thus, the greatest information research 
challenges in the future may not be about enhancing the ability of scholars to move across 
disciplinary boundaries but about maintaining the increasingly long and mutable intel-
lectual paths to our disciplinary past.
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CHAPTER 13

A fi eld of its own: 
the emergence of science 
and technology studies
SHEILA JASANOFF

In 2001, the fi eld of science and technology studies (STS) was included for the fi rst time in 
the International encyclopedia of social and behavioral sciences (IESBS; Smelser and Baltes 
2001). The editors classifi ed STS as an ‘intersecting fi eld’ rather than a discipline; the latter 
label was reserved chiefl y for fi elds with well-established, one-word names (e.g. anthro-
pology, economics, history, law, and philosophy) and for various branches of psychology. 
STS shared the rubric ‘intersecting’ with a cluster of amorphous, ill-assorted, and relatively 
recent fi elds such as genetics and society, gender studies, religious studies, and behavioral 
and cognitive neuroscience. Unlike media studies or public policy, however, STS was not 
banished to the status of ‘applications’. Inclusion in the IESBS was a breakthrough of sorts. 
This was the fi rst time that STS was named as a card-carrying fi eld in a comprehensive 
roster of the social and behavioral sciences. It validated years of effort by many more 
or less loosely networked scholars to establish the social studies of science and technol-
ogy as a recognized, and recognizable, domain of intellectual activity. As a member of 
that network and as the editor of the IESBS section on STS, I was understandably elated, 
even though putting the section together entailed many diffi cult and initially unforeseen 
choices of what to include or exclude in defi ning the fi eld for outsiders.1

How did STS come to take its place in an encyclopedia of the social sciences as a well-
demarcated territory on the map of knowledge? What major contributions has it made to 
research and teaching, and what have been its principal successes and failures? How does 
the future look for STS? Responses to these questions help shed light on the meanings and 
challenges of interdisciplinarity, illuminating the potential that the spaces between disci-
plines offer for novel contributions to human self-awareness, understanding, and action. 
At the same time, the track record of STS illustrates how diffi cult it is to populate those 

1 I had already co-edited the second edition of the fi eld’s own handbook (Jasanoff et al. 1995), but inclusion in 
the IESBS meant more overtly staking out a claim for STS in relation to other disciplines.
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in-between spaces with well-trained scholars, new curricular offerings, and  long-term 
research programs. At the heart of the story, too, are questions about the capacity of STS 
to overcome entrenched status differentials among disciplines, especially between the 
more humanistic social sciences and the increasingly more commercial enterprises of 
university-based science, medicine, and engineering.

13.1 An interdisciplinary history

At the risk of oversimplifi cation, and of fl attening cross-cultural differences, STS can be 
described as a merger of two broad, mid-twentieth century streams of scholarship.2 One is 
a body of research that looks at the nature and practices of science and technology (S&T) as 
social institutions possessing distinctive normative commitments, structures, practices, and 
discourses that nevertheless change over time and vary across cultural contexts. The other 
is a tradition that concerns itself mainly with the impacts and control of science, and even 
more of technology, with particular focus on the risks that S&T pose to human health and 
safety, as well as to peace, security, privacy, community, democracy, development, environ-
mental sustainability, and other human values. STS’s claim to recognition at the beginning 
of the twenty-fi rst century is largely a consequence of these once-discrete lines of concern 
coming together, in increasingly more fruitful collaboration, around a shared core of theo-
retical orientations, texts and topics, research methods, and professional infrastructures 
(e.g. programs, departments, journals, societies). In short, STS is the product of decades of 
effort by people who perceived important gaps in academic engagements with the analysis 
of science and technology, and who gradually, painstakingly, and with mixed success built 
institutional foundations to advance their shared interest in fi lling those blank spaces.

The resulting fi eld is interdisciplinary in a very particular sense. One way to capture its 
characteristics is through a cartographic metaphor. Underlying any defi nition of inter-
disciplinarity is an ideal-typical map of the relationship among pre-existing disciplines. 
Two maps come immediately to mind: in one, the disciplines are tightly lined up, one 
against another, as in a map of the contiguous United States, with shared boundaries and 
no gaps between; in the other, as in a map of the Indonesian archipelago, the disciplines 
are oddly and idiosyncratically bounded formations, haphazardly scattered across a sea of 
ignorance, with unexplored waters in between.3 On the fi rst map, a new ‘interdiscipline’ 
comes into being principally through exchanges among scholars already belonging to one 
or another established disciplinary community and trained in its forms of reasoning and 
research practices. On the second, an ‘interdiscipline’ may be literally that—an indepen-

2 The story told in this chapter is unavoidably US-centric, given the author’s experiences and knowledge 
limitations.  STS is an international fi eld, whose past, present, and future rest on global networks of scholarship 
and exchange.  One way to strengthen future formations is to tell parallel stories of the emergence of STS from 
other national and regional vantage points, an impossible undertaking in a chapter of this scope. 
3 Note that the two alternatives captured by my cartographic metaphor correspond roughly to the categories 
of multidisciplinarity and transdisciplinarity presented in Klein’s taxonomy in this volume.  The taxonomic 
approach, however, does not problematize the taken-for-grantedness of disciplinary boundaries, nor empha-
size their contingency or question their claims to coherence as I implicitly do in this chapter.
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dent disciplinary formation situated among other disciplines. Such a fi eld may come into 
being through topical exploration and theoretical or methodological innovation as well 
as through exchange, coalescing into an autonomous island of knowledge-making with 
its own native habits of production and trading. STS looks more like the latter than the 
former: it is less a program of interstate highway construction among existing disciplinary 
states than an attempt to chart unknown territories among islands of disciplined thought 
in the high seas of the unknown.

13.1.1 The nature and practices of science and technology

Beginning in the interwar period and continuing into the start of the Cold War, sociolo-
gists and historians, and not infrequently scientists and engineers, became interested in 
the relationship between scientifi c practice and its work products. Perhaps the best known 
result of these explorations was the publication in 1962 of Thomas Kuhn’s hugely infl u-
ential The structure of scientifi c revolutions. That book helped crystallize a new approach 
to the history of science, in which scientifi c facts were seen as the products of scientists’ 
communal, purposive, knowledge-generating efforts, conditioned by specifi c contexts of 
discovery. In brief, Kuhn’s work helped turn scholarly attention away from the theoreti-
cal content and coherence of scientifi c claims to the social means of their production. 
Among the ramifi cations of this shift was an effort by a group of mainly British scholars 
to probe how far questions about the nature of science that had once been asked mainly 
by philosophers could be productively addressed, and consequently reframed, by sociolo-
gists and historians (Bloor 1976). These inquiries laid the basis for a distinctive school of 
‘sociology of scientifi c knowledge’ (SSK)4 and the founding of ‘science studies’ centers at 
a number of UK universities in the 1970s, including Edinburgh and Bath. The impetus 
behind SSK was more imperial than interdisciplinary: it was to render social what had 
previously been seen as mainly epistemic (crudely, how scientists think); it was to appro-
priate for the qualitative and interpretive social sciences what had once securely belonged 
to philosophy (roughly, by asking what scientists do, why they do it, and how their work 
achieves authority).

While SSK was emerging from conversations, and sometimes quarrels, between philoso-
phy and sociology of science, scholars from diverse backgrounds recognized the value of 
ethnographic methods for studying scientists at work. An early, infl uential product of this 
approach was the 1979 book by Bruno Latour and Steve Woolgar, Laboratory life: the social 
construction of scientifi c facts; the word ‘social’ was dropped from the title of the 1986 edi-
tion. In this and subsequent writing, Latour urged students of science to ‘follow the scien-
tist’ if they wished to understand how observations in the lab or the fi eld attain the status of 
facts (Latour 1987). Work in a related vein used participant-observation to explore the cul-
tural characteristics of different scientifi c disciplines (physics, molecular biology, genomics, 

4 SSK contrasted, in particular, with then dominant trends in US sociology of science which concentrated 
more on the social organization and roles of scientists than on their specifi c knowledge-producing practices. 
American sociology of science was led by a number of distinguished practitioners, such as Robert K. Merton 
of Columbia, but their work increasingly diverged in aims and methods from the more epistemologically, 
metaphysically, and semiotically inclined European schools.
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 climate modeling) and organizations (‘big science’, university laboratories, interdisciplin-
ary research centers). A metaphysician by training and inclination, Latour, together with his 
colleague Michel Callon in the Paris-based school of STS, also produced important works 
on the relations between the human and non-human or social and material elements of 
S&T. Their ‘actor-network theory’, which proposes that non-human agents known as ‘act-
ants’ be treated symmetrically with human agents, emerged as another salient conceptual 
foundation for STS research. By highlighting the material elements of knowledge-making, 
that line of work foregrounded technology as a signifi cant object of STS study.

A third important strain of research looked at science and technology as cultural for-
mations and asked how they relate to other aspects of culture. Engaging anthropologists, 
feminists, postcolonial scholars, discourse analysts and other theorists of language and 
power, this body of work most explicitly crossed the line between the humanities and the 
social sciences, particularly in its preoccupation with the meanings people attach to the 
products of S&T. In works such as the historian Donna Haraway’s (1989) investigations of 
primatology or Evelyn Fox Keller’s (1986) studies on gender and science, cultural studies 
of science and technology questioned how social power translates into scientifi c author-
ity and vice versa. A fl ourishing body of scholarship emerged around medical S&T, with 
a focus on such topics as reproductive medicine, patient activism, and hereditary  disease; 
unlike classical studies of the physical sciences and technologies, these more human-
 centered investigations emphasized themes of identity and subjectivity, especially of those 
affected by disease classifi cations. More generally, the infl ux of research funds from the 
Human Genome Project spurred broad-based exploration of the ethical, legal, and social 
implications of genetic science and technology, contributing new dimensions to the cul-
tural studies of science. Less well represented, but equally agenda-setting, was work on 
the relations between science and other powerfully institutionalized belief systems, such 
as law, politics, and religion; of central interest here were the effects of cultural norms 
of legitimacy and reasonableness on the production and reception of policy-relevant 
 scientifi c facts (Jasanoff 1990, 2005).

13.1.2 The invention of technoscience

An example of the way that STS charts its own course is the fi eld’s distinctive treatment of 
technology in relation to science. Unlike historians of science and technology, who maintain 
largely distinct identities through professional training and associations, STS scholars have 
made a point of integrating the study of scientifi c discovery with the analysis of the tech-
nological systems that assist in or result from advances in science. The term ‘technoscience’, 
widely used in STS research, and adopted as the name of the Society for Social Studies of Sci-
ence (4S) newsletter, signals a deep commitment to the view that science and technology are 
inextricably interwoven. STS scholars often claim that technological innovation would not 
be possible without scientifi c problem-solving; nor could scientifi c discovery be imagined 
without technological means to enable new experimental methods and approaches. Accord-
ingly, whether in studying high-energy physics or molecular biology, Bakelite or musical 
synthesizers, stem cells or Golden Rice, the internet or the human genome, STS researchers 
pay particular attention to the interplay of ideas and instruments in the practices of the 
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discoverers, inventors, and users of S&T. By invoking the term technoscience, the fi eld thus 
draws its own distinctive boundaries across the subject matter it investigates.

For illustration, one can turn to the third handbook of STS sponsored by the Society 
for Social Studies of Science, one of the fi eld’s major professional societies (Jasanoff 1995; 
Hackett et al. 2007). The handbook’s fi nal section, headed ‘emergent technosciences’, deals 
with systems that cross the lines between the cognitive and the material as well as the nat-
ural and the social. Included in this section are articles on genomics, medical biotechnolo-
gies, fi nance, environment, communications, and nanotechnology. All are areas in which 
scientifi c and technological breakthroughs are intimately linked, conform to no simple 
temporal or causal relationships, and depend on multifaceted engagement by actors rang-
ing from individual discoverers, inventors, and entrepreneurs to expert communities, eco-
nomic sponsors, policy makers, and consuming (or sometimes resisting) publics.

13.1.3 Impacts and control of science and technology

The second major thrust within STS derives from scientists’—and, with increasing inten-
sity, citizens’—concerns about the impacts of S&T developments on health, safety, and fun-
damental human values. No event did more to spur these concerns than the dropping of 
the atomic bombs on Hiroshima and Nagasaki in 1945, and the ensuing arms race between 
the United States and the former Soviet Union during the Cold War. Themes of scientists’ 
complicity in war and violence, and technology’s lack of democratic accountability, gained 
added prominence during the Vietnam War, which also spurred linkages between earlier 
worries about the ungovernability of science with nascent concerns about S&T’s environ-
mental impacts. The marine biologist Rachel Carson (1962), for example, is widely cred-
ited with launching the modern US environmental movement with Silent spring, an attack 
on the indiscriminate use of chemicals, which appeared in the same year as Kuhn’s book on 
scientifi c revolutions. Closer to the present, genetic, information, and nanotechnologies, 
and their rapid convergence in areas such as synthetic biology, have aroused new anxieties 
about technological risks. Observers have questioned whether the benefi ts of these promis-
ing developments might be offset or even undermined by negative consequences for lib-
erty, privacy, autonomy, equality, and other cherished liberal ideals. Increasingly, too, the 
consequences of global imbalances in S&T innovation, and their implications for human 
rights and social justice, have emerged as focal points of STS scholarship.

In the late 1960s, several US universities, including Cornell, Harvard, MIT, Penn State, 
and Stanford, reacted to these social and political concerns by forming programs in ‘science, 
technology and society’ (also abbreviated as STS). These programs were founded, and often 
led, by senior scientists or engineers with years of experience in science advice and policy 
formation. A presupposition of these programs was that they had to be cross-disciplinary 
in the sense of highway-building described above, engaging natural scientists and engineers, 
as well as humanists, social scientists, and professionals in law, business, and public policy. 
Familiarity with the technical content of S&T was seen as a prerequisite for research on STS 
topics, which meant that early contributions to both research and teaching were made either 
by scientists (or ex-scientists) and engineers, or by teams whose members included techni-
cally trained researchers at their core. Humanists and social scientists were tacitly assumed 
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not to have signifi cant independent insight into the functioning of S&T, although their par-
ticipation was considered essential for illuminating the ‘soft’, value-laden, societal dimen-
sions of S&T’s impacts. The genealogy of Cornell’s STS program provides a small marker 
of these attitudes and assumptions. It was established in 1969—interestingly, also the year 
of the traumatic takeover of the Cornell student union by a group of African-American 
student activists—by a chemist (Franklin Long), a physicist (Raymond Bowers), a biologist 
(Richard D. O’Brien), and a philosopher of language and mathematics (Max Black).

The prominent role of scientists and engineers initially helped establish the credibility 
of STS research, but also introduced a number of constraints: emphasis on empirical case 
studies rather than social theory; reaffi rmation of scientists’ necessarily partial percep-
tions about the cultures and practices of science and technology; reliance on anecdotal 
 practitioner narratives rather than systematic research to explain science–technology–so-
ciety relationships; and acceptance of public ‘scientifi c illiteracy’ as the main explanation 
for popular concerns about science and technology. The topics treated by fi rst-generation 
STS scholars refl ected some of these limitations. Research was usually directed toward the 
public controversies of the day (airports, nuclear power, supersonic transport, vaccines, 
environmental pollution), with results that were sometimes indistinguishable from robust 
journalism. More seriously, such research failed on the whole to win the interest of major 
scholars in established humanistic or social scientifi c disciplines, and many STS programs 
in the United States, such as Harvard’s and Cornell’s, either died a quiet death or substan-
tially lost momentum by the mid-1980s.

To explain that attrition and loss of energy, one should note that STS scholars in the 1970s 
drew on fairly conventional social theory—for example, attributing technical controversies 
to differences in participants’ taken-for-granted interests—and hence they neither contrib-
uted to nor drew from seminal insights from other fi elds. At a time when many social sci-
ences were looking to quantitative methods and rational choice theory, it was also easy to 
dismiss qualitative STS fi ndings as merely anecdotal or subjective. Unlike many scholars 
preoccupied with the practices of scientists, however, researchers focusing on the impact 
and control of science and technology were attracted from the fi rst to issues of power and 
governance. Their work highlighted how dominant processes of technical decision mak-
ing tended to marginalize weaker social groups and their views of the world; neo-Marxist 
theorists tied these dynamics to class, capital, and hegemonic beliefs. In these respects, even 
fi rst-generation STS research shared signifi cant concerns with later cultural studies of sci-
ence and technology. Openings thus existed for a productive synthesis, which began in the 
United States in the late 1980s, usually under the rubric of ‘science and technology studies’.

13.1.4 Common ground

Convergences between the two major precursors of contemporary STS—work on the 
nature of scientifi c production and on the impacts of science and technology—occurred 
on both intellectual and institutional levels. Maturing research programs brought earlier 
disparate projects and practitioners into closer communion and helped defi ne common 
theoretical approaches and topical interests. In brief, research on the nature of science 
became more concerned with how social understandings or arrangements are taken up 
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into the production of knowledge and artifacts, while research on the impacts of science 
and technology recognized that the interactions of science and society begin long before 
the material products of technology enter the market and affect peoples’ lives. As a result 
of the new synthesis, the power of S&T was no longer seen as wholly separable from other 
kinds of power. Nor were the formation and application of knowledge considered entirely 
distinct from their eventual uses and impacts. Thus, the ways in which scientifi c authority 
interpenetrates with other kinds of social and psychological authority emerged as a lead-
ing topic in the fi eld’s evolving agenda of inquiry.

By the end of the 1990s, a new generation of STS scholars began examining issues such 
as the following: the nature of expertise in various historical periods and cultural settings; 
the persuasive resources used to forge agreement on ‘facts’; the relationship between sci-
entifi c representations and wider visual culture; the disciplining effects of instruments, 
measuring techniques, and administrative routines; the use of non-human agents, includ-
ing model lab organisms such as fl ies or mice, in the work of science; the methods of 
 maintaining or challenging boundaries between scientifi c, technological, and other 
 cultural practices; and the intermingling of expert and lay cultures around such issues as 
genetic disease. The fi eld’s long-standing concerns with fact, truth, and method did not 
vanish, but they ‘thickened’ to include a new preoccupation with how novel ideas, entities, 
and belief systems appear and make their way in the world (and how old ones die out). 
More than simply accounting for ‘truth’, STS became concerned with the social dimen-
sions of the accreditation and diffusion of knowledge and its technological manifesta-
tions. There was also growing interest among STS scholars of all stripes in examining the 
relations between scientifi c and other modes of belief, expression, and power: law, litera-
ture, culture, religion, art. Science in non-Western contexts was a late-blooming topic, but 
was included, for instance, in the 1995 STS handbook (Jasanoff, et al. 1995).

With such projects on the rise, older disciplinary divisions no longer made much sense 
within STS, particularly in the training of young scholars. For example, since the fi eld’s 
research questions frequently cut across historical periods, centering on the nexus of 
knowledge and power, budding STS scholars saw benefi t from exposure to historiogra-
phy as well as social theory, ethnography as well as metaphysics, and political as well as 
moral philosophy. The methods used by some of the best-known senior academics in 
the fi eld were increasingly diffi cult to localize by discipline. Equally, the work they pro-
duced was read across the fi eld as a whole and found its way into many neighboring 
disciplines. STS books were reviewed in journals running the gamut from Science and 
Nature to the New York Times Book Review and the Times Literary Supplement, with the 
whole range of the fi eld’s professional journals between. The unifying feature in all cases 
was the subject of study, namely, the human investment in science and technology. While 
many STS researchers could still be characterized as mainly historians, sociologists, or 
anthropologists, it seemed increasingly appropriate to distinguish them also on grounds 
of their research fi elds and theoretical commitments. By the early years of the new cen-
tury, it became less common to fi nd mature STS scholars who defi ned themselves in terms 
of a ‘pure’ discipline (history, philosophy, sociology, anthropology, politics, economics) 
applied to a single scientifi c or technological area (biology, physics, chemistry, engineer-
ing, medicine, risk analysis).
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To be sure, there was never a complete merger of assumptions and methods across 
the entire spectrum of STS, any more than there is between identifi able subfi elds within 
the most traditional disciplines. Specialties endure and thrive, as in any disciplinary con-
text. For example, boundary-spanning subjects such as risk, scientifi c evidence, bioethics, 
or the public understanding of science fi gure more prominently in the work of modern 
STS scholars who are descendants of the tradition of concern with the impacts of science 
and technology; by contrast, historically or philosophically trained STS researchers have 
tended to look more at the evolution and practices of disciplinary scientifi c knowledge 
and technological communities. By the same token, attention to visual representation 
and instrumentation, widespread in historical and cultural studies of science, is not so 
 common in the work of those with a primary interest in the politics of S&T. Ethnographic 
approaches have been used more often to study lab cultures and patients’ groups than, say, 
environmental controversies or legal proceedings using scientifi c evidence. More gener-
ally, constructivist theoretical approaches have made greater headway in modern than 
in historical studies of science and technology, possibly because historical methods are 
poorly adapted to observations of science in the making. Comparable differences of the-
ory, method, research styles, and topical emphasis, however, may be encountered within 
the most securely established disciplines.

13.2 Academic institutionalization

Despite its creativity and originality, the branch of STS concerned with the nature and 
practices of modern S&T was relatively slow to gain a foothold in university structures. 
In part, this simply refl ected the fi eld’s growing pains: at the turn of the twenty-fi rst cen-
tury, there were not many senior scholars of unquestioned eminence whose careers were 
unambiguously identifi ed with STS. In part, too, the fi eld suffered from the balkanization 
that sets in when resources are insuffi cient: seeing no benefi t from self-identifi cation in 
STS, people reverted to better recognized disciplinary affi liations, such as anthropology, 
history, or sociology, or to topical subfi elds within STS for which there was current market 
demand, such as bioethics, environmental studies, or even nanotechnology and society. In 
turn, such moves militated against the recognition of commonalities that cut across the 
fi eld, with particularly negative consequences for graduate education, which thrives in a 
stable environment of accredited teaching centers and job opportunities.

Non-negligibly as well, STS in the 1990s earned a reputation for relativism that evoked 
distrust from working scientists, other social scientists, and some university administra-
tors. Labeled the ‘science wars’, a subset of the wider culture wars affl icting the universities, 
that turbulent period called into question whether constructivist approaches fairly portray 
progress in science or advances in technology. Although diffi cult to document, such wor-
ries about the fi eld’s intellectual soundness and descriptive accuracy, coming at a time when 
universities were becoming increasingly dependent on their links to science-based indus-
tries, may have inhibited the institutionalization of STS in the upper reaches of academia 
in several Western countries. The widely decried hostility toward science during the US 
presidency of George W. Bush, coupled with a growing perception that scientifi c progress 
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and technological innovation are crucial for economic growth, may also have undermined 
institutional support for scholarship seen as questioning the authority of science.

Until the late 1980s, graduate studies of science and technology in US universities were 
mostly organized in one of the following ways: departments or programs in the history 
(and sometimes philosophy) of science and technology (HPST); programs (occasionally 
departments) in science, technology, and society (STS); and programs in science, technol-
ogy, and public policy (STPP). These arrangements refl ected a number of tacit intellectual 
boundaries. Historical and modern studies were thought to belong in separate compart-
ments; even at the University of Pennsylvania, where history and sociology of science 
were nominally represented in the same department, the focus remained on social histo-
ries of science and medicine. The frequent pairing of history with philosophy of science 
refl ected a union of interests in these fi elds around the content of scientifi c ideas. This 
alliance worked well for ‘internalist’ historians, but not so well for those venturing into 
social and cultural history in order to place scientifi c ideas in broader contexts. Another 
implicit boundary sequestered studies of science, technology, and public policy within 
professional schools, as a supposedly ‘applied’ fi eld, away from the more ‘fundamental’ 
humanities and social sciences (as at Harvard, Michigan, and Wisconsin). A few programs 
and departments did not respect these divisions, but they existed for the most part at engi-
neering colleges and technical universities, where they did not compete with traditional 
disciplines. Members of those programs, too, tended to defi ne themselves as historians, 
sociologists, anthropologists, or political scientists, rather than as representatives of an 
integrated fi eld of STS.

Two external developments in the mid-1980s helped to rewrite this confi guration. First, 
the processes of global academic exchange brought about closer contact between European 
and North American scholarship, thereby narrowing the gap between research traditions 
on the two sides of the Atlantic. Bridges were built between what were on the whole more 
structuralist approaches to studying the S&T enterprise in the United States and greater 
concern with philosophical issues in Europe. Second, the US National Science Foundation 
(NSF) decided to open a nationwide competition to support interdisciplinary graduate 
training in science and technology studies. Three programs were founded one after another 
in the early 1990s as a result of this initiative, at the University of California-San Diego 
(UCSD), Cornell University, and the University of Minnesota. The Cornell grant proved 
to be unique in that it spurred the establishment in 1991 of a Department of Science and 
Technology Studies in the College of Arts and Sciences. Created through a merger of the 
earlier HPST and STS programs, the new department comprised about a dozen faculty 
members offering both undergraduate and graduate training in STS. By the late 1990s, all 
three NSF-supported programs had begun to produce doctorates and postdoctoral trainees 
whose entry into the academic market strengthened the fi eld’s  profi le and foundations.

While large-scale center awards were deemed unnecessary after the fi rst three, the 
NSF continued to support research-based graduate training in STS on a more modest 
scale. A program of small grants for training and research (SGTR) provided support for 
 limited numbers of graduate students and postdocs to work on thematically well-defi ned 
areas within the fi eld. SGTR recipients in early years included Carnegie Mellon, Cornell, 
 Harvard (JFK School), Minnesota, Oklahoma, and Rensselaer Polytechnic. In addition, 
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the NSF supported conferences and workshops designed to promote curricular innova-
tion and theoretical integration in particular thematic areas, such as diversity in science 
and engineering, or biology and the law.

Unlike the earlier STS programs, the new science and technology studies maintained 
strength where it put down solid institutional roots and made gradual inroads elsewhere. 
Thus, the NSF-funded programs at Cornell, Minnesota, and UCSD added faculty strength 
over time and, in some cases, branched into new areas of research, such as genomics, infor-
mation technologies, and nanotechnology. MIT, where the STS program long controlled its 
own faculty lines, also grew during this period, partly by adopting a new doctoral program, 
although the faculty remained organized along mostly disciplinary lines, with greatest 
strengths in history and anthropology. STS departments or programs at some prominent 
technical universities (e.g. Georgia Tech, Rensselaer  Polytechnic,  Virginia  Polytechnic, Uni-
versity of Virginia School of Engineering and Applied Science) made  additional professo-
rial appointments. In the Midwest, the University of Michigan appointed STS scholars in 
several departments and created an STS undergraduate certifi cate program. The University 
of Wisconsin, home to well-established history of science and history of medicine depart-
ments, appointed a cluster of STS scholars and established a graduate certifi cate program 
in STS. Rapid expansions in research and graduate  training at Arizona State University 
included a build-up of STS scholars and the establishment in 2008 of a doctoral program 
in the human and social dimensions of  science and  technology.

During the 1970s, STS became established as a fi eld of specialization in a number of 
northern European countries (the Netherlands, Scandinavian countries, Switzerland, 
United Kingdom). Subsequently, from the turn of the century, the European Union began 
supporting a widening network of universities offering a standardized master’s level cur-
riculum in STS, administered through the University of Maastricht in the Netherlands 
in collaboration with the European Interuniversity Association on Society, Science and 
Technology. In the same period, the French government added a required component of 
history and philosophy of science to graduate training in science and technology, while 
other state-funded initiatives looked to strengthen research and training in STS more 
broadly. Initiatives in Germany included most importantly the STS graduate programs at 
the University of Bielefeld, a leading center for interdisciplinary studies. Several southern 
(and eventually eastern) European countries also began building strength in STS dur-
ing the 1990s, usually through professional societies and European research collabora-
tions. Japan formed an STS network of its own in 1990, and by the late 1990s actively 
participated with China, South Korea, and Taiwan in an East Asian STS Network served 
by its own specialist journal and professional meetings. From the mid-1990s the Chinese 
Academy of Social Sciences undertook a major effort to publish STS work, often with an 
emphasis on the impacts and social control of technology.

13.3 Research frontiers

Interdisciplinary research is often driven by questions that call for input from more than 
one area of study. Policy research is a prime example: to know how best to control green-
house emissions from automobiles, one needs to know something about the design of 
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cars, the economics of innovation, the dynamics of the automobile market, the impact 
of incentives on consumer behavior, and the laws regulating air pollution at state and 
federal levels. No single fi eld or person possesses all the necessary knowledge; collabo-
ration among disciplinary frameworks and their distinctive knowledge systems—on the 
model of interstate highway construction—is therefore crucial. The development of STS, 
however, has been driven by different kinds of questions: those that one fi eld sought to 
appropriate from others, and those that no fi eld had thought to investigate before. In 
each case, the impetus was the same. The fundamental shift in thought that gave birth 
to STS was to view scientifi c and technological production as social domains deserving 
 fi ne-grained study, and to bring the full-blown apparatus of social analysis, including 
interpretive methods, to elucidating those dynamics. The results, in research terms, are 
more consistent with the model of charting the unknown seas for new islands of insight 
and learning.

Published in 2007, the third edition of The handbook of science and technology studies
ran to 1080 pages, comprising 38 chapters organized under fi ve topical headings (Hackett 
et al. 2007, cf. Jasanoff et al. 1995). The 2008 joint meeting of the European and American 
societies for STS showcased around a thousand presented papers. Clearly, any attempt to 
characterize the research frontiers represented by all this activity risks simplifi cation to the 
point of caricature. Nevertheless, some broad strokes may help convey the unique nature 
of STS’s interdisciplinarity.

Some of the earliest foundations for STS were laid by sociologists and anthropologists 
who visited laboratories and provided minute but eye-opening accounts of the practices 
that lead to the creation of facts. The resulting genre of laboratory studies remains a staple 
of STS, but its focus has widened to include many more dimensions of scientifi c prac-
tice than the moments of signifi cant discovery or revolutionary paradigm shifts that con-
cerned early historians of S&T. One expansion has been in the conception of science itself 
to include wider domains of systematic knowledge production and technological uptake, 
from automobile engineering and weapons development to environmental and fi nancial 
modeling, the creation of markets and fi scal instruments, and varied indicator systems, 
such as the metrics used to measure scientifi c productivity. A second direction has been 
to investigate not just the leading fi gures associated with breakthroughs and prizes, but 
also the ordinarily invisible technicians, instrument-makers, nurses, counselors, forensic 
practitioners, and even patent writers without whose involvement scientifi c knowledge 
could not be produced or disseminated beyond the lab or clinic. A third extension was to 
pay closer attention to the role and standardization of the non-human elements that play 
a part in the discovery process, from mice to microscopes to microarrays.

A more subtle shift occurred as researchers considered not only the production of new 
knowledge but also its circulation in society. A seminal history of experimental practices 
in Restoration England by Shapin and Schaffer (1985) called attention to the importance 
of credibility and witnessing in the spread of experimental science—themes that these and 
other authors developed in later work. While many STS researchers addressed the topics 
of reception and uptake within the perimeters of specifi c expert communities, subsequent 
work showed that broader social analysis is needed to understand the authority of science 
in the modern world. Thus, studies of the public understanding of science (Wynne 1995) 
and science used in public policy (Jasanoff 1990, 2005) followed science out of its contexts 
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of production into contexts of interpretation and use where science acquired substantial 
power over human advancement and well-being.

Questions of reception—whether inside or outside the recognized circles of science—
are intimately linked to an abiding STS concern with the relationship between science and 
power, especially in democratic societies. Though this research area has shifted in focus 
and methodology over more than 40 years, it too provides powerful justifi cation for the 
existence of STS as a distinct academic fi eld. Salient insights include the  following: con-
troversies are productive social moments, offering windows on the ambiguity of  scientifi c 
observations and the possible existence of alternative interpretations; technological 
 systems are agents of governance because, like laws and social norms, they both enable 
and constrain behavior; science and technology policies, in both the private and public 
sector, build on tacit and inarticulate imaginations of publics and what they need; public 
participation and engagement are essential for ensuring that the imaginations of states 
and industries will be held to critical scrutiny and democratic oversight. Some of these 
fi ndings are now so taken for granted that they underwrite operational rules of citizen 
participation in most technologically advanced societies; others are inchoate and remain 
to be translated into political and administrative action. STS scholars have become increas-
ingly involved not only in generating knowledge about the relations between science and 
politics, but also in the translation work needed to convert knowledge to action.

13.4 Outlook for STS: barriers and opportunities

Some 50 years into the life of a new fi eld, and a decade into a new century, STS remains 
weakly institutionalized in the upper reaches of academia. Despite growing attention to 
the fi eld’s intellectual contributions, there are few fully fl edged STS departments in the 
United States and even fewer in Europe. Departments, moreover, tend to cluster in engi-
neering schools and, with a few exceptions, have not taken hold in high-prestige research 
universities, where STS has to compete with better established social sciences and human-
ities. Large hurdles need to be overcome to achieve a stronger institutional presence. They 
are built into the political economy of the disciplines in contemporary higher education, 
as well as the fi eld’s own contradictory self-understandings. Briefl y, there are three chal-
lenges of disciplinarity and interdisciplinarity that STS will have to meet before it can take 
its place as a necessary, indeed indispensable, component of higher education: establish-
ing its relations to its objects of study (science and technology); defi ning its relations to 
other analytic disciplines; and asserting its sense of its own boundaries and mission. The 
good news for the fi eld is that it has the resources to meet all three; the bad news is that 
STS scholars have not yet chosen, as a community, systematically to tackle any.

First, STS faces the not inconsiderable problem of ‘studying up’: it presents a classic case 
of a less established, less accredited fi eld commenting on ones that are far more securely 
established, generously endowed, and seen as conferring greater public benefi ts. It is well 
known that such power differentials affect the content and credibility of academic analy-
sis. With respect to science and technology, in particular, S&T practitioners are often skep-
tical that anyone not trained in a technical fi eld could have legitimate things to say about 
that fi eld’s workings. Indeed, many of the earliest entrants into STS held postgraduate 
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degrees in science or engineering before becoming professional observers of those fi elds. 
Physicists routinely became historians of physics, while biologists took up the historical 
or sociological study of biology, and engineers became major contributors to the his-
tory of technology. Yet, the requirement that one must be formally qualifi ed in a fi eld 
in order to speak authoritatively about it not only restricts access but also narrows the 
analyst’s imagination and capacity to ask probing questions; an insider perspective devel-
ops that does not always accommodate the outsider’s questioning gaze. A consequence of 
this attitude in early STS work was to turn disproportionate attention to the production 
of scientifi c knowledge at the expense of understanding better how scientifi c claims and 
practices circulate through and are incorporated into society. Only with the emergence 
of STS as a fi eld of its own is this imbalance between production and reception gradually 
being righted.

Second, STS has to confront charges of redundancy. STS claims special status as the
fi eld that observes and interprets the work of science and technology, but this privileged 
position is by no means universally accepted. Indeed, at many universities the traditional 
social sciences and humanities are reluctant to concede territory to an autonomous STS. 
Disciplinary scholars insist more or less openly that the map of existing disciplines pro-
vides a suffi cient foundation for constructing any of the highways needed for traffi c in 
STS. Thus, it is diffi cult to persuade a sociologist that STS is not synonymous with the 
sociology of science, or an anthropologist that there is anything to study about science 
or technology that is not subsumed in the notion of S&T as cultures. Accordingly, strict 
disciplinarians argue that there is little value to STS as sovereign academic currency. It 
unlocks no new doors to research questions or methods, let alone to permanent positions 
and successful careers. Would-be STS graduate students are often told that they would 
be better off with a degree in a recognized discipline, with a sideline or subspecialty in 
studying science or technology. These are, to some degree, self-serving assessments. Few 
of the disciplines named in the IESBS have been prepared to recognize the study of sci-
ence and technology as a legitimate specialty within their own intellectual confi gurations. 
More usual is the reaction of a political scientist at a major research university who once 
told me, ‘My department would never hire someone in the politics of science’. Regretta-
bly, blocking appointments and degree programs in STS effectively dries up the pipeline 
of human resources dedicated to comprehensive studies of S&T. University administra-
tors for their part can rarely be counted on to create new conditions of possibility. Faced 
with interdisciplinary boundary struggles and resource constraints, they are more likely 
to draw back from the hard work of adjudicating among competing claims, to the disad-
vantage of any new island in the academic high seas.

Third, it is worth noting that many scholars who see themselves as members of the STS 
community are hesitant to support disciplining in either sense of that term: either import-
ing order and coherence into the delightfully unruly territory they came to know as STS in 
the 1970s; or constituting STS as what some have dismissively called a ‘high-church’, and 
therefore an elitist and exclusionary academic discipline (Fuller 1993). External funding 
initiatives, whether from governments or private donors and foundations, can overcome 
some of these hesitations, to the point of grounding new programs and reviving old ones 
(e.g. at Cornell, UCSD, and Wisconsin in the United States). Forging new transdisci-
plinary identities, however, demands an intensity of effort and engagement that may seem 
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unnecessary or excessive to academics whose own histories are discipline based. Even the 
most secure STS programs in the United States and elsewhere have endured identity crises 
at points in their development; at such times, moreover, new fi elds are substantially more 
likely than old ones to succumb to abiding administrative pressures for effi ciency and 
cost-cutting.

Fields demand organization for their survival and continuity, both to demarcate them 
from neighboring territories and to set up internal markers by which to measure such 
academically essential attributes as originality, quality, progress, and contributions to fun-
damental knowledge. Yet in a fi eld’s emergent, formative phase, attempts to develop a 
curriculum, create a canon, evaluate students and faculty for professional advancement, 
or even represent the fi eld in an encyclopedia or handbook all arouse high tension and 
anxiety. Who will be brought in and celebrated; who will be left out? Many therefore 
prefer the quieter option, which is to retain STS as a loosely constructed society to which 
anyone with a passing interest can gain easy entry. This broad-church approach satisfi es 
liberal academics’ often deep-seated desire for intellectual democracy, but it also gets in 
the way of critical stock-taking, meaningful theorizing, and methodological innovation—
in short, of disciplining. In this respect, STS operates as its own most effective critic, and 
it ratifi es a status quo that militates against the fi eld’s maturation as a self-defi ning, self-
governing area of inquiry.

13.5 Conclusion

The problem of interdisciplinarity is often posed as one of harmonization, or bringing 
disparate perspectives into alignment so that different discourses can speak productively 
with one another. Much as independent nation states have trouble marrying their diver-
gent interests and political cultures into agreements on common problems, so the tra-
ditional disciplines encounter frictions in their efforts to focus on phenomena—from 
climate change to the roiling of global fi nancial markets—that seems to demand inves-
tigation from multiple perspectives. How should number-crunchers speak to qualitative 
analysts, or critical theorists engage with advocates of game theory and rational choice? 
How should inductive, evidence-based, and practice-oriented scholarship fi nd common 
ground with principled approaches that draw authority from historical texts and frame-
works that seem to have little bearing on the issues of the present? Is integration possible 
and desirable, as in behavioral science or area studies (see Klein, Chapter 2, this volume), 
or are exchange and bridge-building the only realistic alternatives? And who decides when 
and by what criteria participants in an interdisciplinary venture have made suffi cient con-
tributions to the purposes of the academy to merit their own charter of independence?

STS has encountered all of these problems, and to some extent coped with them, but in 
a structural context that makes the fi eld’s challenges larger and more consequential than 
those of interdisciplinarity more generally. For what is at stake in the success of STS is 
the underlying self-understanding of the disciplines themselves as coherent and unifi ed 
entities. By contesting such dominant understandings, as a fi eld with epistemology as its 
primary focus must do, STS enters into troubled and uncertain territory. In the terms 
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sketched here, the future of STS depends on redrawing the map of the disciplines to dem-
onstrate that they are all islands of happenstance, with unmapped waters between; STS 
can then claim a space for itself as another fertile territory in these wide waters,  offering 
resources for understanding some of humanity’s most impressive accomplishments, but 
without threatening anything achieved, or yet to be achieved, in other quarters of the 
disciplinary archipelago. What is needed to make this case, fi rst and foremost, is an abid-
ing conviction on the part of STS-islanders that they have shared crafts and practices, and 
valuable goods to offer, in the ongoing enterprises of pedagogy and scholarship. There 
are major obstacles to achieving such agreement, both internal and external to the fi eld. 
Equally, however, there are growing numbers of ambassadors abroad who confi dently 
wear the badge of STS as their primary academic credential. Their diplomatic acumen and 
intellectual ambition will defi ne the future of the fi eld.
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CHAPTER 14

Humanities and technology 
in the Information Age
CATHY N. DAVIDSON

Although the rhetoric of the humanities is often about traditionalism, historical continuity, 
and foundational stability, the humanities have a remarkable capacity to change and grow over 
time. Not just new paradigms, but whole new areas of study are constantly changing the land-
scape of humanistic knowledge. Today, the interdisciplinary fi eld that may best symbolize the 
ability of humanists to grapple with key concerns of an era is a form of technological human-
ism that spans all of the discrete humanistic departments and fi elds as well as the interpretive 
social sciences while also reaching far into other divisions of the contemporary university—
into engineering, technology, computational sciences, industrial design, natural sciences, busi-
ness, law, and medicine. Indeed, the interdisciplinary humanistic fi eld that is addressing the 
new arrangements of intellectual, social, political, and economic life in the Information Age is 
as complex and dynamic as the Information Age that is its object of study.

There is no consensus about what this interdisciplinary endeavor should be named. 
Donna Haraway calls it ‘technohumanism’, a useful descriptor that will be used throughout 
this chapter (Haraway 2003). Others, however, place the emphasis elsewhere. Richard Miller 
dubs it simply the ‘new humanities’ (Miller and Spellmayer 2006). Timothy Lenoir’s term 
is ‘critical studies in new media’ while Henry Jenkins addresses ‘comparative media studies’ 
(Lenoir 2002; Jenkins 2006). A new program at Concordia University in Montreal prefers a 
different neologism: ‘program in intermedia’. The interdisciplinary program at Duke Uni-
versity has a different titular emphasis: ‘information science + information studies’ (ISIS). 
And the John D. and Catherine T. MacArthur Foundation has developed a $50 million ini-
tiative to build the new interdisciplinary fi eld that they call ‘digital media and learning’.

In 2002, scholars at Duke began talking about a new kind of academic organization suitable 
for such a transdomain vision, and worked together to create a virtual organization, a net-
work of networks called the Humanities, Arts, Science, and Technology Advanced Collabo-
ratory, or HASTAC.1 By pronouncing the acronym ‘haystack’, the name was meant to signify 

1 HASTAC was co-founded by Cathy M. Davidson and David Theo Goldberg, Director of the University of Califor-
nia’s system-wide Humanities Research Institute.  The fi rst meeting was held at UCHRI in 2003.  The infrastructure 
for HASTAC is supported largely at Duke University where the fi rst international conference was held in May 2007.
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a collective, collaborative interdisciplinary model of humanistic-based learning (Davidson 
and Goldberg 2004). Branding its online information commons ‘Needle’ (<http://www.
hastac.org/needle>), HASTAC also meant to signal the centrality of pointed and purposeful 
critique as an essential and defi ning element of the contemporary humanities, especially 
the theorizing of social and cultural issues of race, gender, class, region, ethnicity, sexuality, 
nationalism, and transnationalism, all of which have an impact on technology and which, in 
turn, have been transformed by the World Wide Web and its manifold affordances.

No name ever encompasses a fi eld, either at its moment of inception or in its evolution 
over time. However, names do serve as important historical reference points, pinpoint-
ing the converging energies of a given intellectual moment. Names of new fi elds provide 
us with ‘keywords’ in Raymond Williams’ sense of a ‘vocabulary of culture and society’, 
a snapshot of pertinent issues not yet crystallized into an existing disciplinary forma-
tion (Williams 1976). As Williams also notes, keywords similarly defi ne lacunae as well as 
demarcating that which is tangential, intersectional, or even orthogonal to the new fi eld.

Unfortunately, none of the terms currently in play admits of a value-free relationship 
between the constituent parts. ‘Technohumanism’, the rubric selected for this chapter, still 
privileges ‘technology’ and ‘humanism’ over other components (such as the social sciences 
and arts). With time, it may well turn out that a term such as ‘technology studies’ (by anal-
ogy to ‘science studies’) or ‘history of technology’ (analogous to ‘history of science’) will 
gain widespread acceptance. At present, the neologism ‘technohumanism’ is adopted as a 
rubric for a series of interests, problematics, questions, and concerns of interest in this his-
torical moment. That the term is a neologism may well serve to underscore how new and 
transitional this moment is, and that no term fully comprehends all of the disciplinary 
components or interdisciplinary cross-currents currently shaping the larger discourse.

Technohumanism’s closest—if orthogonal—interdisciplinary fi eld is ‘digital humani-
ties’, previously and sometimes still referred to as ‘humanities computing’. Although some 
scholars make distinctions between those terms, most agree that digital humanities’, as a 
term, has evolved from the earlier ‘humanities computing’ and is now the more prevalent 
usage (and, for most purposes, interchangeable with it). Digital humanities is dedicated 
to the integration of the newest forms of technology into scholarly humanities disciplines 
and includes the wide range of practices, analyses, and methods deriving from the digitiz-
ing of textual and multimedia archives. Digital humanities involves representation, analy-
sis, manipulation, interpretation, and investigation of humanistic knowledge while using 
computational media ranging from databases and digital archives in literature, visualiza-
tion or sonifi cation in art or music history, or GPS in archeology. Digital humanities has 
its roots in the long history of bibliographic methods going back to the great bibliogra-
phers of the nineteenth century, in philological and archival traditions, and in newer fi elds 
including library and information science (McCarty 2005).

As an example of the capaciousness of digital humanities one might consider the 
call for papers for the 2007 conference sponsored by the Alliance of Digital Humanities 
Organizations. That call lists several ‘suitable subjects’ including ‘text analysis, corpora, 
corpus linguistics, language processing, language learning, delivery and management of 
humanities digital resources, collaboration between libraries and scholars in the creation, 
delivery, and management of humanities digital resources, computer-based research and 

http://www.hastac.org/needle
http://www.hastac.org/needle
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computing applications in all areas of literary, linguistic, cultural, and historical studies, 
use of computation in such areas as the arts, architecture, music, fi lm, theatre, new media, 
and other areas refl ecting our cultural heritage’, as well as the ‘role of digital humanities 
in academic curricula’ (<http://digitalhumanities.org/dh2007/cfp/>). A call for the 2009 
Digital Humanities Conference, designed in part to celebrate the tenth anniversary of 
the Maryland Institute for Technology in the Humanities (MITH), one of the most dis-
tinguished digital humanities centers, emphasizes ‘early adopters’ doing innovative ‘new 
work on tools, text analysis, electronic editing, virtual worlds, digital preservation, and 
cyberinfrastructure’ (<http://www.mith2.umd.edu/dh09/?page_id=2>).

As these conference agendas make clear, digital humanities uses new computational 
tools to help in the analysis and interpretation of what are often considered to be tradi-
tional or fi eld-based humanistic objects of study (Schreibman et al. 2008). By contrast, 
technohumanism uses theoretically infl ected humanistic critique to explicate the role and 
implications of technology in all aspects of human life and, indeed, in the environment 
as well. While technohumanists, like digital humanists, may well develop and utilize cut-
ting-edge computational tools as part of their mission, the critical objectives, scope, and 
objects of study in these fi elds vary signifi cantly.

As has happened in many other interdisciplinary fi elds, differences among and between 
these different versions of the new humanities in the Information Age may well change 
over time. Certainly, there are signs of confl uence, such as the recent appearance of Planet 
DHASS (<http://hass.informatics.uiuc.edu/>), a metablog that collects through RSS feeds 
the contents of dozens of blogs in the digital humanities, arts, and social sciences as well 
as blogs from HASTAC and other sites dedicated to technohumanism. Similarly a jour-
nal such as Vectors: Journal of Culture and Technology in a Dynamic Vernacular perfectly 
encapsulates the areas of overlap.2 Most recently, in 2008 the National Endowment for the 
Humanities established a Division of Digital Humanities, an effort that also signals the 
coming together of many different energies within the many versions of technohumanism 
and digital humanities.

Defi ning technohumanism requires not only identifying its constituent features and 
its intellectual ambitions, but also understanding the time and place in which it was con-
ceived. In the 1990 essay ‘The emergence of cultural studies and the crisis of the humani-
ties’, a retrospective account of the origins of the interdisciplinary fi eld of cultural studies 
at the University of Birmingham, UK, in the mid-1960s, Stuart Hall emphasizes that the 
establishment of any new fi eld must be situated within the political, theoretical, educa-
tional, and economic circumstances from which it arises (Hall 1990). To understand the 
birth of a new interdisciplinary fi eld, then, is to be cognizant of those historical and insti-
tutional exigencies and urgencies that inspired it and against which it responds. Tech-
nohumanism is emerging as a fi eld now, in the early twenty-fi rst century, because, as 

2 Vectors:  Journal of Culture and Technology in a Dynamic Vernacular is edited by Tara McPherson, one of the 
earliest HASTAC leaders, and is part of the HASTAC consortium.  It is also perfectly encapsulates the areas 
of overlap by using all available existing technologies to present non-linear, multimedia scholarly articles, 
largely in the humanities and interpretive social sciences, and that are clearly committed to cultural critique, 
including on issues of race, class, gender, sexuality, and so forth.  Each article is co-designed by a scholar and a 
working media artist or multimedia designer further strengthening technohumanism’s tie to the arts.  See also 
McPherson (2008).

http://www.mith2.umd.edu/dh09/?page_id=2
http://digitalhumanities.org/dh2007/cfp/
http://hass.informatics.uiuc.edu/
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historian Robert Darnton notes, it is clear that the current transformations of culture and 
society are epistemic. Darnton (2008) argues that the world has only seen four great Infor-
mation Ages. He defi nes the fi rst happening with the beginning of writing systems in the 
Middle East in around 4000 bce. The second is the invention of movable type in China in 
the tenth century ce and, with Gutenberg, in Europe in the fi fteenth century. He sees the 
democratization of mass printing and mass literacy in the West in the late eighteenth- to 
mid-nineteenth centuries as the third great Information Age. The present Information 
Age, he argues, is by far the most infl uential, rapid, extensive, and global in impact and 
nature. The technological changes of the last decade are so vast that they are affecting 
social, political, cultural, scientifi c, and economic arrangements worldwide.

Seen within this larger frame, the Information Age is less signifi cant for its technology 
than for its rearrangement of all of the aspects of human life with which the humanities 
concern themselves. In literary fi elds, this might include such crucial issues as narrative, 
authorship, publication, and the creation of new multimedia and interactive imaginative 
and virtual worlds (environments such as Second Life, for example, but also narrative 
games, fantasy games, and other imaginative virtual spaces). In linguistics, the social codes 
embedded in computer code are a ripe new area of study. So is careful analysis, from a 
multicultural perspective, of the cultural and scientifi c assumptions about mind, nature, 
logic, cognition, and categorization that form the basis of artifi cial intelligence as well as 
hypertext and other markup languages. These are also key issues in philosophy. Finally, 
virtually all of the arrangements in the arts and music are changing with new technolo-
gies. History puts all of these vast and various changes into perspective.

Pedagogically, technohumanism also takes the World Wide Web and its potentials for inter-
active, non-hierarchical learning as part of its mission. The 2008 HASTAC/MacArthur Foun-
dation Digital Media and Learning Competition devised a label for this pedagogical method: 
participatory learning. Some might also call it Learning 2.0, playing off media prognosticator 
Tim O’Reilly’s famous defi nition of social networking and other collaborative sites as ‘Web 2.0’ 
(O’Reilly 2005). Participatory learning includes the various ways that learners (of any age) use 
new technologies to share research, data, and ideas, in the classroom or in their scholarship. 
Unlike traditional humanistic pedagogies, participatory learning is a collaborative, interactive, 
and non-hierarchical version of authorship. This form of collaborative, interactive authorship 
yields what the research group at the Massachusetts Institute of Technology, led by the emi-
nent media theorist Henry Jenkins, calls participatory culture or, more recently, ‘spreadable 
media’, that form of interactive media that ‘generates active commitment from the audience’. 
Spreadable media empowers users to create new online and interconnected communities and 
to interact with others in forms (such as fandom or shared social, political, or intellectual inter-
ests) that they value (Jenkins et al. 2009).

As Hall reminds us, a new interdisciplinary fi eld not only fi lls existing gaps or takes 
advantage of new possibilities but sometimes, quite overtly, seeks to remedy, redress, 
respond to, or in other ways compensate for lacks, problems, rigidities, blindspots, and 
incapacities inherent in existing or traditional disciplinary structures, omissions made 
evident by the unfi lled needs at a specifi c historical moment. Technohumanism requires 
the concerted collaborative research, thinking, and teaching of those in quite literally 
every division of the university. It requires a new methodology—the ‘collaboratory’—
where participants combine aspects of wet-bench lab culture in the sciences with the 
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Vectors: an interdisciplinary digital journal

Tara McPherson

For over 5 years, the multimedia journal Vectors (<http://www.vectorsjournal.org/>) has served 

as a test bed for interdisciplinary digital scholarship. In starting the journal, we aimed to create 

a sustained space of experimentation with emergent modes of multimodal scholarship and to 

explore the value of deep interdisciplinary collaboration for humanities scholars. In particu-

lar, we focused on the potential for new visual, affective, sensory, and computational aspects of 

humanities research and on the possibilities gleaned from rich collaboration across diverse skill 

sets.

The journal grew out of conversations among faculty and staff at USC’s Institute for Multi-

media Literacy in the late 1990s, where experiments in digital pedagogy were well under way. In 

that milieu, we came to understand that there were virtually no warranted spaces (like a peer-

reviewed journal) where scholars could publish work realized in the expressive and interactive 

languages of new media. We continue to push far beyond the ‘text with pictures’ format of much 

online scholarly publishing and continue to encourage work that takes full advantage of the 

multimodal and networked capacities of computing technologies. Simply put, Vectors doesn’t 

publish work that can exist in print.

We recognized too that many scholars were interested in undertaking such work but hardly 

had the time or support structures they would need to create their own interactive scholarship. 

In launching the journal, we designed a fellowship model to pair scholars with fi rst-rate design-

ers and programmers. Since 2004, groups of 10 to 12 Vectors fellows have come together for a 

week-long summer seminar during which the potentials for multimodal humanities research is 

discussed and explored. The residency period is then followed by a sustained and iterative cycle 

of collaboration between the Vectors’ fellow and a subset of our team (typically comprising a 

designer, a programmer, and an editor). This collaborative process has been especially crucial 

to our ability to work with humanities scholars who have limited or no background in creating 

digital scholarship.

The interdisciplinarity layered into the Vectors process is two-fold. First, the journal’s con-

tent is itself diverse, bringing together scholars from various disciplines for theme-based issues. 

While it might have been easier to lodge the journal fi rmly in one fi eld, we felt we would learn 

more about the potentials and challenges of digital scholarship by bringing together scholars 

from different departments. By working across the interpretative humanities and ‘soft’ social 

sciences, we have been able to zoom out to several large questions that cut across multiple fi elds 

and to begin to think through what types of digital platforms and tools might generalize across 

the humanities.

For instance, in a summer residency with ‘evidence’ as one of its central themes, scholars from 

literary studies, sociology, art, and performance together interrogated the status of evidence 

in each of their disciplines. These discussions directly impacted the second mode of interdis-

ciplinary work at Vectors: our structuring of diverse development teams. These development 

teams bring together in equal collaboration interactive designers, scholars, and programmers in 

a s ustained process of iteration and exchange. This process offers humanities scholars a support-

ive environment in which they can explore the affordances of the computer for their research 

endeavors, while also providing the designers and programmers with new insight into the cen-

tral questions motivating humanities research. Through this process, our team has learned new 

ways to scaffold the digital humanities.

http://www.vectorsjournal.org/
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In close collaboration with humanities scholars, the Vectors design team began to develop a 

relational database tool that better supported the types of evidence our scholars were most inter-

ested in exploring. This tool was developed in a bottom-up mode, beginning from our conversa-

tions with humanists about how they might re-imagine their scholarship in a digital vernacular. 

Rather than build a tool and then ‘sell’ it to the scholars, we listened carefully and experimented 

with scholars in collaborative teams to generate a middleware package that could address the 

needs of contemporary methodologies in the humanities. We learned a great deal from these col-

laborations. In turn, these tools aided and also changed the relationship that scholars had to their 

work and to digital environments. As a team, we have seen the transformative role such tools can 

play for humanities scholars as they begin to imagine next-generation, interactive scholarship.

The scholars we have partnered have found that a fusion of scholarly writing with database 

practices has resulted not only in a deeper understanding of, or new approaches to, their own 

research, but also in a scholarly endeavor that proved to be one of the most intellectually satisfy-

ing of their careers. They have discovered new contours and nuances in their work through the 

restructuring afforded by a database environment and have also experimented with new forms 

of argument and expression. The ability to deploy new experiential, emotional, and even tactile 

aspects of argument and expression has opened up fresh avenues of inquiry and research.

At Vectors, successes have emerged from a careful calibration of peer-to-peer collaboration 

and also of ‘scholar-to-machine’ collaboration. The growth and evolution that our scholars’ 

experience result both from their engagement with database forms and their deep interaction 

and partnership with technologists, artists, and interactive designers. These two forms of col-

laboration are deeply intertwined and support one another. They begin in our summer work-

shop and continue once our fellows have returned to their home institutions, with each project 

spanning 4 to 5 months.

Such a process is profoundly interdisciplinary, bringing together a team with several diverse 

and distinct skills. While we sometimes encounter a humanities scholar able to realize interactive 

work without the support of an interdisciplinary team, the work process we have experimented 

with might also serve as a model for modes of research in the humanities that push beyond the 

‘single scholar stereotype’ that so characterizes the humanities. This team-based model may have 

much to offer the humanities.

participatory online elements of Web 2.0. Like many transformative interdisciplinary 
fi elds, technohumanism realigns research, teaching, and publishing. It also necessitates a 
rethinking (as Hall implies) of the disciplinary compartmentalization of knowledge that 
has been instantiated within and rewarded by the research university as an institution. 
Finally,  technohumanism requires a breaching of the barriers between the divisions of the 
university and, as we shall see, a crossing of the ‘two cultures’ of the arts and the sciences 
that have been a hallmark of Western thought for the last 100 years (Snow 1959).

14.1 Technohumanism, academe, and education

In 2003, at the time the HASTAC academic network was formed, not a single school of 
education had signifi cantly altered its curriculum to address the new forms of participa-
tory, engaged, online collaborative learning enabled by the Internet and its digital affor-
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dances. There were, however, individual, isolated, and embryonic attempts (typically a 
single faculty member or an innovative interdisciplinary program) to rethink how stu-
dents could be more informed, careful, and introspective about the social and intellectual 
implications and limitations of their digital lives. Many of these thinkers were, in fact, in 
the humanities. Among them were Henry Jenkins (MIT), Kathleen Woodward (University 
of Washington), Donna Haraway (UC Santa Cruz), Timothy Lenoir (Stanford), Jeffrey 
Schapp (Stanford), Katherine Hayles (UC Los Angeles), and Tara McPherson (University 
of Southern California). There were, of course, many others as well, but these were some 
of the faculty in the humanities engaged in thinking through the critical humanistic issues 
of technology in culture and society.

The schools most invested in the radical transformations of the Information Age were 
schools of library science. In fact, in the 1990s, many of those schools renamed themselves 
schools of information science. Trying to keep pace with the rapidity of the technological 
changes, many universities then took the expedient of placing offi ces of information tech-
nology (IT) either directly under or directly over the school of information science within 
the university hierarchy. This was benefi cial in that it allowed libraries to promote exper-
tise in digital media, digital archiving, and a host of related issues of data and meta-data.

However, some would argue that the rapid transition from library schools to schools 
of information science had an unanticipated consequence as well: it cordoned off the 
research and thinking about technology as a pre-professional specialization, a subject 
important to those wishing to go into library science as a profession but not to univer-
sity education more generally. Even the development of instructional technology within 
schools of information had the unanticipated consequence, in many instances, of being 
developed apart from the faculty in arts and sciences who were teaching the majority of 
undergraduate students. One interesting early exception to this pattern was in the more 
traditional digital humanities. Here, there was a confl uence of archival interests, human-
istic bibliographic interests, and technological interest and ability.

At the turn into the twenty-fi rst century, very few universities were attending in research 
and teaching programs to the massive changes in social, economic, scientifi c, artistic, cul-
tural, and political arrangements afforded by computational innovation. It was rare to 
fi nd interdisciplinary programs dedicated to studying the implications of a digital world 
in anything like a systemic, interdisciplinary, and sustained way. There were occasional 
courses in individual departments but very little crossing of departmental boundaries, 
and most of these courses were considered ‘add ons’ to other departmental offerings. They 
were neither requirements within departments nor by university-wide distribution.

This is starting to change. Technohumanism (by any name) is beginning to play a 
more prominent role as an interdisciplinary research fi eld at least partly in response to 
the demands of entering students. Given the importance of the desktop computer (whose 
offi cial ‘birthdate’ is typically said to be 1985) to this generation of students, part of the 
mission of technohumanism is to understand how new technologies help us to learn and, 
concomitantly, how learning through new technologies, from preschool on, changes how 
youth today understand the world. While IT is evident in every aspect of the university 
campus, academe (and formal education in general) has been slower than commercial 
industries in exploiting the new forms of learning and the new skills of young learners. 
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Technohumanism thus addresses the need for structural changes in educational institu-
tions, the importance of new curricula, the possibilities of collaborative learning in vir-
tual environments, and the need for radical interdisciplinary restructuring of the academy. 
Similarly, new forms of teacher training—at all levels—are crucial if there is going to be 
a pedagogy for a new global, participatory form of learning (Brown et al. 2008; Davidson 
and Goldberg 2009).

In Facilitating interdisciplinary research, a comprehensive report by the National Acad-
emies of Science, four drivers are listed for interdisciplinarity: the inherent complexity of 
nature and society; the desire to explore problems and questions that are not confi ned 
to a single discipline; the need to solve societal problems; the power of new technologies 
(Committee on Facilitating Interdisciplinary Research et al. pp. 2, 40). Technohumanism 
would also add a fi fth driver: the desire for an interactive, collaborative, participatory 
method of research and learning that capitalizes upon the power of new technologies and 
the customizing skills that youth bring to the college classroom today.

One particularly notable feature of technohumanism is its overt attempt to cross the 
divide of the ‘two cultures’ that C. P. Snow famously mapped long ago (Snow 1959). For 
Snow, there was a virtually unbridgeable gap between the world of the arts, humanities, 
and interpretive social sciences on the one side and, on the other side of the divide, the 
world of science and technology.

Snow demarcates this shift as beginning in the late nineteenth century. Until then, divi-
sions between the ‘scientifi c’ and ‘humanistic’ were by no means fi xed. Isaac Newton, for 
example, was an astronomer, a physicist, a mathematician, a theologian, a philosopher, and 
an alchemist—with no contradiction across those domains. Galileo, too, was a mathema-
tician, astronomer, and a philosopher. In the mid-nineteenth century, Charles  Darwin’s 
Cambridge degree was in theology and his motivation to study biological diversity came 
as much from his abolitionist leanings as his scientifi c ones. Even in the early twentieth 
century, Einstein credited philosopher David Hume, as well as contemporary physics, for 
his thinking about relativity.

However, since the late nineteenth century formal education has strongly reinforced 
a divide between science and the arts. The research university has contributed by pro-
moting an increasingly fragmented curriculum and methods of training. Along with the 
schism, there has been a value judgment, with more and more weight being placed on 
the scientifi c versus the humanistic and artistic side of the disciplinary equation. There 
is a hierarchy, with science at the top of the intellectual heap. One manifestation of this 
disparate valuation of the scientifi c is in the ways more and more areas of the social sci-
ences have sought to defi ne their methods as ‘scientifi c’. Another is seen in the application 
of so-called scientifi c (and often, pseudo- or quasi-scientifi c) assessment and evaluation 
measures for education, from K-12 (primary and secondary) to university level. Unques-
tionably, for several decades institutional power and cultural authority has accrued to the 
quantitative side of the ‘two cultures’ equation. Even now there is a clear divide in digital 
humanities between the more technology-oriented scholars and others who are interested 
in the social and cultural implications of technology but have no interest or expertise in 
developing technological skills of their own. There remain, even within the interdisciplin-
ary fi eld, differing expectations of technical literacy.
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Technohumanism is certainly not going to rectify a balance that has tipped too much 
in one direction for the last 100 years. However, technohumanism does require interdis-
ciplinary revaluing, relaying, and remixing across, between, and among opposite areas in 
this cultural divide. Indeed, one of its pedagogical motivations is a conviction that youth 
today, especially those born after 1991 (the offi cial ‘birthdate’ of the commercially avail-
able Internet), do not, as a matter of everyday and informal learning, intuitively make the 
distinction between ‘art’ and ‘science’. In contemporary customizing digital media culture, 
a young person might, for example, be writing code for a multiplayer game or for a better 
interface on a MySpace page one moment and, the next, designing a new, fanciful avatar 
for Second Life. To which side of the ‘two cultures’ divide does that belong?

This question was given specifi c intellectual heft in a recent online public forum spon-
sored by the HASTAC Scholars, a network of 55 undergraduate and graduate students 
across the country who are engaged in forward-looking conversation on various topics 
of interest to technohumanists. The subject of a recent public forum was ‘Metaverses and 
scholarly collaboration’. The forum was presented on the HASTAC website in a Seesmic-
enabled vlog-to-vlog format as well as in a text-based linear blog format, by the University 
of Texas graduate student Ana Boaventura. The topics in this online forum ran the gamut 
from the role of empathy in the role-playing interactions among avatars in Second Life; to 
the social situations necessary for the sponsorship, sustaining, creation, preservation, and 
display of digital art (in Second Life and also at a concurrent exhibit in Beijing, China); 
to the importance of ‘glitches’ in examining the shortcomings and benefi ts of technology 
and of face-to-face pedagogy; to issues of interoperability with other Internet applications 
and innovative end-user licensing agreements and other intellectual property matters; to 
concerns with unpaid consumer labor and corporate capitalism; to issues of race, gender, 
class, and sexuality played out in virtual role-playing environments. To which side of the 
‘two cultures’ debate do such extended and intertwined intellectual categories belong?

Another example serves to illustrate the role of the arts in this interdisciplinary fi eld. 
One winner of an award in the 2007 HASTAC/MacArthur Foundation Digital Media 
and Learning Competition is the Mobile Musical Networks project, based at Princeton 
University. The principal investigators of this project are Daniel Trueman, a professor of 
music composition, and Perry Cook, professor of computer science. Working together 
with students in music and computer science, they are collaboratively developing net-
worked, portable musical laptops that allow musicians all over the world to co-compose, 
improvise, and perform online together simultaneously and also to customize the laptop 
‘instruments’ together themselves. To accomplish this requires not only rethinking music 
composition and principles of composition but also solving the engineering problem of 
time lag in audio transmission (a phenomenon with which we are all familiar from news-
casts between people in different parts of the world; the picture is visible before the sound 
is transmitted). Faculty and students working on this project collaborate on designing the 
expressive mobile musical laboratory, and also do research on musical acoustics, social 
networking, instrument design, human–computer interfacing, procedural programming, 
signal processing, music history, and musical aesthetics. As with the previous examples, 
one realizes that, with such a collaboration, the scientifi c/art divide is crossed; the hierar-
chy of science over art is leveled; and the hierarchy of teacher and student is also more bal-
anced since co-development and co-critique are incorporated into the learning process.



Technohumanism, ID programs, and administrative barriers 215

Musical performance and writing code go hand-in-hand. Thinking and doing also go 
hand-in-hand. Projecting future applications of their project requires humanistic and soci-
ological examination of principles. Who will own the compositions produced  collectively? 
What is ‘authorship’ when a network creates a musical composition together? Will these 
compositions be archived, produced, manufactured, marketed, and distributed as albums 
or downloads? If one becomes profi table, how will the profi ts be dispersed? What if musi-
cal laptops become the next Wii, a highly profi table technology game system? Who will 
capitalize that venture, and under what IP rules? Will this be high-end audio equipment 
that symphonies around the world might use, or scalable for use on cell phones so kids 
can network music together? These social, economic, and intellectual issues are all conse-
quences of digitality, and thus key to the interdisciplinary technohumanist’s research and 
pedagogical concerns.

14.2  Technohumanism, interdisciplinary programs, and 
administrative barriers: what works, what does not

Technohumanism requires the collaborative efforts of a dizzying array of other fi elds that 
span not only departments but also the traditional administrative divisions of the univer-
sity. ‘Divisions’ are defi ned differently at different institutions and, as David Scholle has 
reminded us, inter- and intradisciplinary challenges are not only constructed differently 
depending on different institutional structures but, in turn, structure the forms of intel-
lectual work that can occur across and within departments and divisions (Scholle 1995). 
At most research universities, divisions serve to aggregate disciplines and departments as 
well as interdisciplinary programs into distinct and separate organizational units (some-
times called ‘silos’): the arts and humanities; the social sciences; the natural sciences and 
engineering; and then, in parallel and overlapping but distinctive relationship to the divi-
sions, the various professional schools (such as law, medicine, business, divinity, and so 
forth). Colleges and universities have elaborate administrative and fi nancial structures 
supporting these silos and individuals (typically, deans) whose responsibility it is to main-
tain the excellence, the mission, and the bottom-line of their particular silo.

The divisional structure poses special obstacles to interdisciplinarity. To do its job, tech-
nohumanism requires, for example, partnerships, trades, and shared responsibility across 
the silos of departments and schools. It requires administrative oversight one level up, in 
the offi ce of a provost (or whoever at a university serves as the chief academic offi cer presid-
ing over all the educational units). Such issues as distribution of indirect costs from federal 
grants across school budgets, infrastructure costs, reporting lines, accreditation, evaluation 
procedures, and disparate requirements for tenure and promotion in different schools or 
departments within schools all have an impact on the organization of such radically inter-
disciplinary and interdivisional programs and on the faculty they are able to attract.

Another case study might be useful to illustrate the range of obstacles such cross-divi-
sional programs face. When Duke University created ISIS, the reach was so extensive that 
an entirely new structure had to be developed. In 2000, ISIS became the university’s fi rst 
freestanding interdisciplinary program offering an undergraduate certifi cate, essentially 
an interdisciplinary minor. Previously interdisciplinary certifi cate programs reported to a 
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specifi c department. Creating ISIS prompted the rethinking of various forms of support, 
curricular matters concerning cross-listed courses (and which department would get the 
credit for which enrollments), faculty rewards for faculty, distribution requirements for 
students, and so forth. Although it took a few years to work these issues through, they 
eventually became precedents (as was feared by some and hoped for by others) for other 
programs. At the same time, as with any program that crosses division of universities, 
the accounting of student hours and faculty full-time equivalences (FTEs) proved almost 
impossibly diffi cult. On any dean’s balance sheet, the cross-divisional program is an 
anomaly—and, for deans, the anomalous is rarely a good thing. For ISIS, the upshot was 
that, once it was no longer under the protective eye of the administrator who oversaw its 
creation, ISIS was moved into a more conventional structure, one that required reporting 
to just one dean (not several), the Dean of the College of Arts and Sciences. Interestingly, 
however, because of the success of the program, it is currently being considered, along 
with a program in visual studies, for being named as its own independent, cross-divisional 
institute, with separate hiring lines, bylaws, reward structures, and so forth. There are cur-
rently sixth of these ‘über-institutes’ at Duke and this may well become a seventh.

These narratives of success, failure, compromise, change, and complication are, of 
course, familiar to anyone pioneering interdisciplinary academic structures. Technohu-
manism is challenging in the double sense that it is challenging to organize and it chal-
lenges existing administrative structures. It requires collaboration across areas of the 
university that rarely speak to one another and often do not even fi nd themselves in the 
same college, never mind the same room.

14.3  Needs and prospects: the role of critique 
in an interdisciplinary fi eld

Most fi elds do not defi ne themselves by their ability to critique their own chosen object of 
study. Yet a crucial function of new interdisciplinary technohumanism is exactly that, to 
provide critique of technology and its operations historically as well as in contemporary 
intellectual, educational, and political life and, concomitantly, to use the new arrangements 
allowed by digitality to highlight areas of the humanities that seem narrow, provincial, out-
moded, Eurocentric, or ill-conceived (when judged against new paradigms of access, for 
example). For example, as Timothy Lenoir and Henry Lowood have shown, military training 
simulations depend on fi rst-person shooter games, but the military actually uses the appeal 
of such games to recruit young men and women into the military (Lenoir and Lowood 
2000). To extend Edward Castronova’s caution about gaming and other virtual realms to 
all digital spaces, one needs to be cautionary, as well as celebratory, when engaged in any 
project where the object of study is an ‘expansive, world-like large group environment made 
by humans, for humans’ but which is ‘maintained, recorded and rendered by a computer’ 
(Castronova 2005, p. 11). A range of ethical and practical issues (including privacy, security, 
identity, and intellectual property) arise as we consider human interaction in digital spaces 
that can be mined for data, commercialized, or otherwise exploited.

To return to Stuart Hall’s point about interdisciplinary fi elds emerging in specifi c his-
torical moments, it is clear that digital technology is going to continue to transform our 
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lives, which makes it important for humanists—who are, after all, trained in cultural 
interpretation and critique—to apply their methods of close reading, historical perspec-
tive, social engagement, and linguistic attentiveness to new technologies. A September 
2008 study by the Pew Internet and American Life Project, the fi rst major ethnographic 
study of youth and games, showed that 97% of Americans between the ages of 12 and 17 
play digital games. The study was controlled for gender, class, race, region, and used the 
most sophisticated of procedures for making statistical inferences. It found that youth 
who play games are more, not less, likely to be readers, to have friends, to engage in social 
life that involves game-playing with their friends, to have interests in science and technol-
ogy as well as in literary, narrative, and artistic interests, and are also likely to be interested 
in social and civic engagement (Kahne et al. 2008). This is no longer a social problem; it is 
a changed environment. Understanding that changed environment in all of its dimensions 
is one goal of technohumanism.

14.4 Conclusion

The potentials for abuse of new technology, as well as the potentials for positive trans-
formation, loom so large that it requires scholars in many fi elds thinking together to 
understand the implications of our age. It also requires humanists moving out of their 
comfortable disciplinary niches to assay the interdisciplinary scope of technology’s impact. 
Technohumanism requires collaborative thinking from the development of new tools all 
the way through to the implementation stage, from ideas to application. We are posed to 
answer, collectively, one of the most complex and important questions of our time: how 
do we collaborate, from the beginning, across domains so we are not creating a technology 
whose potential for abuse is greater than our capacity for limiting potential abuses?

Anne Balsamo, a leading theorist of technohumanism, has coined the term ‘epistemo-
logical humility’ (Balsamo, at a SECT seminar in 2006) to address the intellectual predis-
position necessary for radical interdisciplinarity to succeed. For collaboration to be fully 
successful, one must begin from the assumption that one’s own defi nition of what counts 
as ‘knowledge’ may not be the right or the only defi nition. Such collaboration requires 
accepting that there are reasons (practical, historical, philosophical, or simply traditional) 
for the practices of another fi eld, including those that seem most antithetical (or even 
annoying) to one’s own practices.

Radical transdomain interdisciplinarity across the humanities, arts, social and natural sci-
ences, engineering, and technology requires translation of the most minute and the least 
examined disciplinary assumptions that we all hold (sometimes without knowing it) in 
order to communicate with those who share almost nothing in the way of training, exper-
tise, skills, or knowledge. Such translation is worth it because it is the only way that we are 
able to answer a question or face a challenge which is shared across the disciplinary divide. It 
is that shared commitment, in fact, that crosses the divides of practices, traditions, and deep 
affective relations to one’s subject areas that are, on the deepest level, what binds us (in all 
senses) to traditional disciplines, even when we think we have migrated away from them.

Typically, when such collaboration happens, the result is, in Julie Klein’s taxonomy, 
something closer to multidisciplinarity (see Klein, Chapter 2 this volume). Each person 
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 contributes but there is no actual transformation. Klein notes, ‘When integration and 
interaction become proactive, the line between multidisciplinarity and interdisciplinarity 
is crossed’ (Klein 1996, p. 6). In digital learning, the collaboration leads to new questions, 
new challenges, and (as is appropriate for the fi eld) constant customization, repurposing, 
retooling, and redesigning—from the conceptual level through to implementation—of the 
objects of study and, indeed, of the defi nition of the fi eld itself. In Klein’s terms, that is not 
just interdisciplinary but transdisciplinary, with an emphasis on the ‘transcendent’ qualities 
that inform the most basic assumptions that the participants bring to the enterprise.

As many people have noted in regard to many fi elds (from music to science), new digital 
technologies and tremendously accelerated computational capacities are driving advances 
in knowledge as much as the other way around. This means that technohumanism is also 
a driver of monumental and even foundational conceptual changes in many disciplines. 
Technohumanism is not only developing new areas for the new computational tools but 
is also, while developing such tools, expanding our understanding of the implications and 
consequences of their development. Finally, because how one learns underlies every part 
of a university, technohumanism has the secondary consequence of pressing change in all 
of the component areas from which it draws and to which it contributes.
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CHAPTER 15

Media and communication
ADAM BRIGGLE AND CLIFFORD G. CHRISTIANS

Language is commonly singled out as the essence of humanity (Cassirer 1946). Human 
beings are co-creators, because they give names to the plants and animals. They invent 
symbols to represent things in their world, which allows them to share the contents of 
their minds with one another. Thus, as linguistic creatures, humans are also inherently 
social, because they inhabit a shared symbolic order made possible by their powers of 
representation and communication. And because of this pervasive character of communi-
cation in the development of the human species, media and communication studies have 
not been contained in an explicit discipline, with its own subject matter. Interdisciplinar-
ity has been essential for understanding it.

As core features of humanity, communication and media clearly pre-date academic dis-
ciplines. They are in this sense non-disciplinary. Yet, they have for centuries been the sub-
ject of inquiry by those concerned to understand and improve human correspondence. 
Since the early twentieth century, such studies of media and communication have prolif-
erated. In the process, they have adopted nearly all of the forms of interdisciplinarity iden-
tifi ed in the taxonomy provided by Julie Thompson Klein (Chapter 2 this volume). The 
‘bridging’ and ‘restructuring’ of knowledge communities to form new interdisciplinary 
domains of ‘communication studies’ and ‘media studies’ has been a particularly important 
development in this regard.

This chapter surveys the historical development and present form of multi-, inter-, and 
transdisciplinary studies of media and communication. It begins with a brief historical 
sketch of media and communication in order to indicate the kinds of phenomena moti-
vating the studies. This sketch indicates that the four primary drivers of interdisciplinar-
ity are present in this fi eld. Media and communication are (1) inherently complex, (2) 
raise questions that are not confi ned to a single discipline, (3) pose societal problems that 
transcend the academy, and (4) are tightly linked to new technologies. Indeed, media and 
communication studies are motivated in large part by the complex questions and social 
changes brought about by new technologies.
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15.1 A brief historical sketch of media and communication

For millennia, the oral medium was the sole form of communication, and techniques such 
as chanting were crafted for memorizing the essential stories of a people. Though epics 
could be told, the ephemeral nature of the oral medium established a natural governor on 
the production of knowledge. The inventions of the alphabet and of writing heralded a 
seismic shift in both human consciousness and social order (Ong 1982). Though writing 
made systematic inquiry and knowledge production possible, Socrates famously reacted to 
it with skepticism. Not only does the written transmission of knowledge betray a softness 
of mind (as one no longer has to rely solely on memory), it exposes one’s most serious 
commitments to attack and degrading treatment while one is not there to defend them.

Subsequent innovations slowly prepared the way toward a modern world drowning in 
technological media and suffused with knowledge about media and communication—
knowledge that is itself communicated, conveyed, and shaped by various media. These 
innovations include the index, punctuation, and other twelfth-century developments 
that lifted the ‘text’ from the page, transforming reading from a communal mumbling to 
a silent, solitary affair (Illich 1993). Gutenberg’s mid-fi fteenth-century printing press is 
often cited as the most important watershed in the development of media. Movable type 
revolutionized European culture (by standardizing expression), politics (by broadening 
access to ideas and fostering nationalism), and religion (by making the Bible widely avail-
able, thereby upsetting the Church’s monopoly).

Electrifi cation brought about the next major wave of change. This was primarily a shift 
toward broadcast media (waves encoded as transmission signals) as opposed to the mass pro-
duction and circulation of physical artifacts (e.g., newspaper copies). But it also heralds the 
birth of fi lm as it progressed beyond the daguerreotype and other early photograph technolo-
gies of the mid nineteenth century. The beginning of this era can be symbolically dated on 24 
May 1844, when American inventor Samuel Morse fi rst publicly demonstrated his electrical 
telegraph by sending a message from Washington, DC to Baltimore that read: ‘What hath 
God wrought’. Wireless telegraphy, or radio, soon followed with the 1896 construction of the 
fi rst radio station on the Isle of Wight, UK by the Italian inventor Guglielmo Marconi. The 
broadcasting of images through television fi rst occurred in the early twentieth century, and in 
the years after World War II television sets became common household items.

At this time, ‘the media’ became an established singular collective term referring to (1) 
the institutions and organizations in which people work with communication media (the 
press, cinema, broadcasting, publishing, etc.), (2) the cultural products of those institu-
tions (genres of news, movies, radio and television programs, etc.), and (3) the material 
forms of media culture (newspapers, books, broadcasting towers, radio sets, fi lms, studios, 
tapes, discs, etc.).

The arrival of the digital computer in the mid twentieth century and later development of 
the Internet are widely credited as enabling the latest wave of change in media and communi-
cation. The shift here is from broadcast to network communication—arguably implying a shift 
from state control and masses to democratization and individuality.  Digitality (the conversion 
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of input data into discrete abstract symbols such as numbers) is a distinguishing characteristic 
of ‘new media’ (Lister et al. 2003). Other distinguishing features include interactivity (active 
involvement and many-to-many communication as opposed to the passive consumption of 
the one-to-many broadcast media), hypertext (texts that link to other texts), dispersal (the 
decentralization of the production and distribution of media), and virtuality (in a strong sense 
as immersion or in a weaker sense as the cyberspace where participants in online communica-
tion feel themselves to be, including virtual worlds such as Second Life).

New media have also developed a further stage, often signifi ed by the term ‘Web 2.0’, 
which is characterized by enhanced social networking affordances and user-generated 
content delivery systems such as Facebook, Blogger, and Twitter. The latest revolution 
may be precipitated by the increase of mobile media such as cellular phones and iPods. 
Developments in the near future may include the rise of wearable (and perhaps implant-
able) multimedia technologies that serve as cameras, phones, entertainment systems, and 
even meta-information devices for accessing and displaying information about anything 
encountered in one’s environment. And artifacts—from products at a store to home appli-
ances—may soon be connected in a communication network or an ‘Internet of things’ 
(e.g., a refrigerator linked to a car capable of updating the driver on his or her milk supply 
before driving home from work). Another potentially revolutionary change is germinat-
ing with regard to user interfaces and the shift away from keypads toward natural gestures 
and perhaps even toward direct brain–computer interfaces. Children born on the crest of 
this accelerating wave of change, as ‘digital natives’, are thrown into a world so pervaded 
by media that it is now known as the ‘Information Age’ (Castells 1996).

Scholarly refl ection on these developments is motivated by the increasingly profound 
implications of media in modern society. For example, media are making good on the 
popular image of a ‘global village’, by intertwining the cultural, political, and economic 
fates of more and more people. Life via the Internet poses questions about personal iden-
tity, as people come to develop their sense of self in cyberspace, sometimes through the use 
of ‘avatars’ or digital representations of people . The pervasive matrix of information and 
communication technologies now aids cognition to such an extent that it could be seen as 
an extension of the human mind beyond the confi nes of the skull. Other questions pertain 
to the quality of online communities, relationships, and education. Websites such as Wiki-
pedia and WebMD muddy the categories of ‘expert’ and ‘lay’, while cultures suffused with 
screens and images confront questions about the meaning and relative value of reality and 
virtuality. Media of all sorts continue to be implicated in the fate of democracies around 
the world, entangled in thorny issues about censorship and legal jurisdictions. The ‘old’ 
media suffer under the infl uence of new technology, posing questions about the future 
of journalism and the academy. For these and other reasons, media and communication 
studies have grown into a thriving and bewildering constellation of academic study.

15.2 Studies of media and communication: an overview

Media and communication studies have drawn conceptual distinctions, formed meth-
odologies and theories, hewn specialized discourses, coalesced communities of experts, 
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created journals, awarded degrees, and become housed in institutions. They have at times 
developed within existing academic disciplines. At other times they have created their own 
disciplinary trappings or remained more nebulous in terms of disciplinary identity. And 
all of this is currently taking place in a context where new media are challenging many 
of these traditional academic endeavors by changing the way in which knowledge is pro-
duced, disseminated, and consumed.

Attempts at understanding, evaluating, and improving communication have roots in 
the study of rhetoric, the art of oratory and persuasion, in ancient Greece and Rome. 
They branch upward through the medieval university and its trivium of logic, grammar, 
and rhetoric—the arts of thinking, inventing and combining symbols to express thought, 
and communicating from one mind to another. The modern research university with its 
emphases on specialization and knowledge production has scattered and multiplied aca-
demic inquiry. The profusion of academic studies has also been fueled by the increasing 
diversity and importance of media in modern society. The resulting cornucopia of titles, 
programs, methods, and theories mirrors the jumbled labyrinth of the contemporary 
media technologies and cultures under consideration.

It is possible, however, to discern two main streams of academic study of media and 
communication, one social scientifi c and one humanistic. The fi rst stream dates back to 
World War I, fueled by the problem of war propaganda and by radio technology that 
linked nations into mass media markets for the fi rst time. Scholars in sociology, psychol-
ogy, journalism, and political science began researching such developments, using the 
methodologies of their disciplines. Charles Horton Cooley, Walter Lippmann, and John 
Dewey were infl uential, because they all gave communication a central role in the attempt 
to understand social relations. In terms of Klein’s taxonomy, this stream has adopted 
several identities. Especially in its early stages, it was predominantly a multidisciplinary 
juxtaposition where the disciplines retained their original identity. Yet it has increasingly 
featured versions of composite, methodological, and theoretical interdisciplinarity where 
integration occurs around a common problem and via conceptual frameworks, organiza-
tional principles, and methods.

The second stream comprises contributions from philosophers, historians, cultural 
anthropologists, cultural theorists, and scholars of art, literature, and fi lm. Its origins are 
diverse and thus more diffi cult to pinpoint, although critical theory and post-structural-
ism are two major sources of much present-day humanistic study of communication and 
media. More concretely, in 1947, Wilbur Schramm, the ‘father of communication stud-
ies’, founded the Institute for Communications Research at the University of Illinois at 
Urbana-Champaign. Holding a PhD in literature, he argued that communication theory 
will emerge out of language and linguistics, and established appointments in these areas. 
This stream can be roughly distinguished from the social science stream by its tendency 
toward critical interdisciplinarity and transdisciplinarity. Broad interdisciplinarity between 
these streams—let alone with the natural sciences or engineering—remains rare.

Insofar as they remain elements of existing disciplines, studies of media and commu-
nication do not acquire their own disciplinary identity. Students use established meth-
ods and theories and receive traditional degrees in philosophy, sociology, economics, etc., 
although with a dissertation topic focused on media and communication. This situation 
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characterized communications studies at Columbia University. Through the Bureau of 
Applied Social Research at Columbia, Paul F. Lazarsfeld and others produced work that 
was highly infl uential in shaping the fi eld. Yet while this work began in 1944, Columbia 
did not create a degree-granting graduate program in communications until the 1990s. 
Prior to then, communication studies fell under the umbrella of sociology.

In a dialectic familiar to students of interdisciplinarity (see Krohn, Chapter 3 this vol-
ume), many forays into interdisciplinary media studies have been driven back into disci-
plinarity. Or as Klein notes, today’s interdiscipline is tomorrow’s discipline. This is caused 
by the ‘need for manageable objects and presentable results’ within a reference commu-
nity. Indeed, it is caused by the academy’s need for reference communities to defi ne the 
nature and judge the quality of scholarship and to perpetuate themselves by initiating 
students and obtaining fi nancial and institutional support. Furthermore, the diversity of 
communication and media phenomena is also partly responsible for the fracturing of 
inquiry. The appearance of new media and new social landscapes calls for and creates 
ample opportunities to fashion the new theories, concepts, and methods that become the 
intellectual lifeblood of institutionalized disciplinary communities (McQuail 2003).

These epistemological and institutional requirements have caused the current abun-
dance of university degree-awarding programs operating under a variety of titles and 
housing scholars publishing in a growing array of specialized journals. A sampling of the 
dozens of journals supporting this fi eld of inquiry includes Journal of Communication,
Communication Theory, Human Communication Research, Critical Studies in Media Com-
munication, Media, Culture & Society, and Feminist Media Studies. Of course, the bound-
aries of this fi eld are shifting and porous, and could be drawn more widely to include such 
journals as Ethics and Information Technology and Journalism Studies.

A sampling of some common university programs shows them grouped under such 
terms as ‘communications’, ‘communication studies’, ‘rhetorical studies’, ‘communica-
tion science’, ‘media studies’, ‘mass communication’, and ‘media ecology’. Many of these 
programs self-identify as multi- or interdisciplinary because they juxtapose or integrate 
traditional disciplines. Some programs claim to be transdisciplinary, because they frame 
research questions and practices around real-world problems and coalesce around con-
ceptual frameworks that transcend disciplinary worldviews. Yet, they are also disciplines 
in their own respect, because they sustain and perpetuate specialized communities of 
discourse (via majors and advanced degrees) around a shared set of problems, theories, 
methods, and/or concepts. As one way to indicate the disciplinization of this fi eld, when 
Schramm established the fi rst PhD in communications in 1947 at the University of Illinois 
at Urbana-Champaign, all faculty members held their PhDs in the established disciplines. 
Today faculty members of most of these degree-granting programs are recipients of doc-
torates from communication programs.

15.3 History of mass communications research

Wireless broadcasting achieved technical excellence during World War I and swept rapidly 
through society as peace returned and military need subsided. The war symbolized the 
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late-modern breakdown of traditional society and the emergence of not just mass media, 
but ‘mass society’, including the mass production of transportation, goods, and education. 
Formal studies of mass media originated in the same post-war period as a central part of 
attempts to understand the massifi cation of society. Many such attempts shared the idea 
that the masses, as formed by the disintegration of traditional society, were in need of 
mechanisms of incorporation to ensure social integration.

The history of mass media research could be told through a variety of narratives, includ-
ing: (1) disputes about goals, (2) incremental progress, (3) revolutionary change, and (4) 
disagreements about methods. This section briefl y glosses each narrative. The take-home 
message is that these disputes, advances, changes, and disagreements create the various 
fault lines in the intellectual subsurface underlying the current panoply of departments 
and programs. That is, much of the institutional diversity in terms of (inter)disciplinary 
identities stems from the different positions staked within these narratives.

First, a basic divide in media and communication studies exists between the goals of 
serving mass media and critiquing it—or between what Klein identifi es as instrumental 
and critical interdisciplinarity. Understanding media could be considered an independent 
goal, but often understanding is sought as a means to improved service or criticism. Of 
course, these goals are often reconciled, as both service and critique can lead to reform. 
Radio advertising, one of the original loci of mass media research, illustrates this overly 
simplistic but instructive dichotomy. In the 1920s, radio became a promoter’s dream. 
Pepsodent sponsored Amos and Andy, one of the fi rst radio comedy serials, and its sales 
increased by 70 per cent in the fi rst year. A host of today’s prominent products achieved 
their recognition initially from the newly formed networks: Bayer, Goodrich, Wheaties, 
Pepsi-Cola, Bulova, Texaco, and more. In fact, early radio history could be written around 
combinations of program and brand name: Lucky Strike Orchestra, Eveready Hour, Voice 
of Firestone, Ipana Troubadours, A & P Gypsies, and Sieberling Singers.

In order to secure more such advertising success, offi cial market research received abun-
dant commercial funding. Such instrumental interdisciplinary research has allowed media 
messages to be delivered with more substantial impact. This is attributable to increased 
understanding of the signifi cance of audience demographics (the age, gender, etc. of those 
tuned into a given media outlet) for optimizing exposure to advertising and other con-
tent. It is also a result of the stipulation of differences among the media—especially their 
varying technological affordances. This is a clear example of research serving media. Yet 
commercial radio also became a site of critical interdisciplinarity. For example, Theodor 
Adorno and Max Horkheimer coined the term ‘culture industry’, arguing that popular 
culture is akin to the factory production of standardized goods. Like political propaganda, 
this culture industry manipulates the masses into docility and passive consumption of 
easy pleasures. It creates the false needs satisfi ed by capitalism and threatens the true needs 
of freedom, creativity, and fl ourishing.

Second, the history of broadcast media research could be told in terms of linear prog-
ress. In several cases, media and communication studies have advanced knowledge by 
progressing in the manner commonly thought typical of science—theories or mod-
els are put forwarded, tested, and either tentatively accepted or rejected. For example, 
in the 1940s many researchers drew from the pioneering work of Harold Lasswell on 
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 propaganda to develop the hypodermic needle or magic bullet model of communica-
tion (Lasswell and Casey 1946). This model (a variant of the then predominant stim-
ulus–response model) holds that mass media have a direct, uniform, and immediate 
impact on their audience. The mass hysteria caused by the 1938 broadcast of The war of 
the worlds was cited as evidence for this model. But Lazarsfeld and others would go on 
to use this incident and other empirical evidence to challenge the model. Their stud-
ies demonstrated that broadcast media typically have selective and diverse impacts on 
people, depending on their beliefs and on contextual factors. Building from such stud-
ies, they offered the two-step fl ow model, with its greater emphasis on human agency, 
as an alternative.

Third, the history of mass media research could also be told as one of major conceptual 
rifts that resemble what Thomas Kuhn (1962) called ‘paradigm shifts’ rather than stepwise 
linear progress. The most important paradigm shift occurred in the 1960s and 1970s as a 
transition from content to form. Prior to this time, studies tended to conceptualize media 
as tools for the transmission of content, with an emphasis on the nature of the content or 
message. For example, the earliest studies of political communication conceived of media 
as a vehicle for either education or propaganda. Concerns were raised by the pervasive-
ness of propaganda in totalitarian governments and its success in undermining critical 
thinking by the public. In 1937, an interdisciplinary group of US scholars founded the 
Institute for Propaganda Analysis with the goals of studying illegitimate manipulation, 
fostering critical thought, and contributing to intelligent engagement with mass media. 
In place of propaganda, early Marxist critiques conceptualized mass media as a vehicle for 
the transmission and reproduction of ideology, hegemony, or class domination. Whether 
propaganda or ideology, the emphasis was on the content of the messages rather than the 
structure of the medium.

By contrast, the French Marxist Louis Althusser initiated a ‘paradigm earthquake’, by 
arguing that ideology should be understood as the structure or form of mass media, not 
just its content (Holmes 2005). For Althusser, ideology is not just found in the  ever-shifting 
content of the messages absorbed by ‘given’ or pre-existing individuals. Rather, ‘ideology-
in-general’ constitutes individuals as subjects—it is the very condition by which an indi-
vidual comes to have a representation of self and world. This subjectivity is created by the 
communication process itself. Thus, the kind of selfhood that emerges and the world it 
takes as reality depend on the structure or form of the communication.

The profound implication is that media do not deliver a representation (either neutral 
or distorted) of reality. Rather, they create reality. This ‘revolution’, in Kuhn’s terms, reso-
nated widely. It can be seen, for example, in the thesis put forward both by the cultural 
critic Jean Baudrillard (1997) and the Heideggerian philosopher Albert Borgmann (1999) 
that simulacra have come to precede, determine, and crowd out the real. It is also appar-
ent in the work of Marxist theorist Guy Debord (1977) and others advancing various 
spectacle or ritualistic theories of mass media. Debord argued that mass media create a 
certain fi eld of visibility by concentrating the attention of the many on a particular event 
or representation. When this image is repeated, in time it begins to take on a life of its 
own—it becomes a spectacle—and that to which it refers becomes secondary and may 
even disappear from view.
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This paradigm shift toward form or structure was also advanced, and even foreshad-
owed, by the two main ‘medium theorists’, Marshall McLuhan (1962) and Harold Innis 
(1964). McLuhan differed from the spectacle and ideology views by rejecting their homo-
geneous picture of media and culture in favor of an account of the distinct specifi cities 
of different media corresponding to different modes of perception. Yet he shared their 
emphasis on form rather than content: ‘the medium is the message’. Innis similarly ana-
lyzed how power gathers around different media structures, which has infl uenced later 
work on new media.

Finally, the story of broadcast media could be told in terms of debates about methods. 
For example, Lazarsfeld et al. (1944) transferred empirical and inductive methods from 
the study of radio advertising to the analysis of the 1940 presidential election. Their work 
suffered somewhat because they assumed that promoting candidates and selling soap 
were methodological equivalents. And although Lazarsfeld utilized sample surveys inno-
vatively, his inductivism could not ultimately specify causal relations. It proved impossible 
to move beyond the correlation of two factors to demonstrate a causal relationship—an 
issue that has long haunted research on the impacts of media on society, from pornogra-
phy to violence in computer games and movies. As one report on obscenity and pornog-
raphy noted: ‘The research evidence is of the kind in which science follows in the wake of 
common sense’ (Barnes 1971, p. xiii).

Carl Hovland, a psychologist working at Yale in the 1950s, produced some of commu-
nications’ most suggestive studies (Hovland et al. 1953). These included the fi rst report 
of the ‘sleeper effect’—when a highly persuasive message paired with a discounting cue 
causes the individual to be more persuaded (rather than less) over time. Leon Festinger 
also adopted the experimental method, but with less emphasis on exact precision and ver-
ifi cation of causal relations. Specifi cally, his ‘dissonance theory’ described communication 
effects in terms of desirable psychological states. Experiments statistically measure atti-
tudes before and after some persuasive message under the basic presumption that humans 
need equilibrium, and beliefs change only to alleviate inconsistency.

As an alternative to laboratories, Norbert Wiener (1948) and Ross Ashby (1963) devel-
oped cybernetics as a formalist, mathematically based approach to the study of communica-
tion. Cybernetics is an instance of what Klein calls generalizing interdisciplinarity, because 
it applies a single theoretical perspective to a wide range of disciplines. This infl uenced 
Claude Shannon and Warren Weaver’s Mathematical theory of communication (1949), 
which laid out the basic elements of communication as an information source, a transmit-
ter, a channel or medium, a receiver, and a destination. It also developed the concept of a bit 
as a unit of information. This laid the foundations for information theory, becoming the 
basis for digital communications technology and the birth of networked or new media.

15.4 Networked communications research

The explosive growth of the Internet and network (as opposed to broadcast) commu-
nication in the 1990s has generated scholarship on a second or new media age (Hassan 
and Thomas 2006). Many of its foundational tropes—social disintegration, the virtual 
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 replacing the real, individuality, disembodiment, realignment of political power and eco-
nomic order—were foreshadowed by science fi ction works such as Neuromancer (Gib-
son 1986) and Snow crash (Stephenson 1992) and portrayed in fi lms such as The matrix
(1999). Here too both social science and humanities streams are discernable, though with 
considerable overlap. Another set of distinctions is helpful for indicating some important 
topographic contours, including: (1) the relationship between old and new media; (2) 
utopias and dystopias; (3) computer-mediated communication; and (4) cyberculture.

First, early scholarship on new media placed strong emphasis on its distinguishing fea-
tures. The old media architecture is one of central media producers transmitting content 
to an undifferentiated mass. The individual looks to the central media source to acquire 
cultural identity, not ‘sideways’ at others in the crowd. By contrast, the new media archi-
tecture breaks down the walls separating individuals. They look at one another for a sense 
of self and belonging. This is why Mark Poster (1995) sets ‘interactivity’ at the core of new 
media. Placing such stress on the revolutionary differences of new media fostered a widely 
held thesis that the new would quickly displace the old (Manovich 2002). The contraction 
or demise of newspaper publishers has lent some support to this thesis.

Yet newspapers have also adopted online publishing, featuring new forms of articles 
and advertisements. This kind of development has led some to argue that the picture is 
far more complex. David Holmes (2005), for example, questioned the historical distinc-
tion between the fi rst and second media ages. He argued that the way in which individu-
als connect with the different media forms is interdependent—network communication 
becomes meaningful because of broadcast and broadcast becomes meaningful in the con-
text of network. Jay Bolter and Richard Grusin (1999) similarly coined the term ‘remedia-
tion’ to argue that newer forms of media have always refashioned older forms. A simple 
example of this is the way in which YouTube videos often remix popular television shows. 
The hit US comedy television show The Colbert report even responded to such creations, 
prompting yet more online videos. Some describe such phenomena as the ‘convergence’ of 
media functions and industries (Van Dijk 1999). The lesson seems to be that new media 
offer different possibilities for connectedness and creativity, but some of these engage and 
reshape old media rather than simply eclipse them.

Second, the view that digital, interactive media marked a revolution in communication was 
often wed to a utopian ideal. One expression of this ideal was the 1994 manifesto entitled 
Cyberspace and the American dream: a Magna Carta for the knowledge age (Dyson et al. 1994). 
Langdon Winner (1997) extracted its core tenants as deterministic but positive technological 
change, radical individualism, free-market capitalism, and a rebirth of the public sphere and 
participatory democracy. Overcoming the passivity and homogeneity of the broadcast archi-
tecture means emancipation, enfranchisement, and creativity—indeed, individuals are free to 
experiment with identity in radically new ways (Turkle 1995). No longer does the mass media 
industry determine cultural or individual consciousness. Furthermore, an interactive media 
renews community by strengthening the bonds connecting people to their world.

As is often the case with emerging technologies, there are dystopian visions contrasting 
with the utopian ones. A primary motif here is the impoverishment that results when vir-
tual and mediated experiences displace real and direct experiences. Hubert Dreyfus (2001), 
for example, argued that distance learning is a poor substitute for classroom  education 
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and more generally that lives increasingly spent online lack the defi ning commitments 
that sustain meaning and community. Cass Sunstein (2001) defl ated claims about cyber-
democracies, by arguing that cyberspace is far more a private than a public space. It allows 
those online to see, hear, and read only what they like. This egocentrism is not only narcis-
sistic, but weakens the exchange of ideas necessary for democracies. Nicholas Carr (2008) 
argued that the Internet diminishes cognitive capacities by fostering a staccato style of 
reading and thinking. The interpretive ability to make imaginative mental connections 
and relate new information to one’s biography remains largely disengaged online. Other 
dystopian themes center on increased risks of identity theft, cyberstalking, an acceleration 
of the pace of life, and the threats to privacy posed by surveillance and data mining.

A third important story about new media is the growth of social scientifi c and psycho-
logical studies of computer-mediated communication (CMC) (Joinson 2003; Thurlow 
et  al. 2004). CMC research examines the social and psychological dimensions of commu-
nication through two or more networked computers in formats ranging from e-mail to 
instant messaging to social networking sites and virtual worlds. Examples include research 
on identity construction online and behavioral changes under conditions of anonym-
ity. Researchers often compare CMC to face-to-face relating. The umbrella term of CMC 
has created new communities of academic discourse via such outlets as The Journal of 
Computer-Mediated Communication and Cyberpsychology. The CMC literature can be 
mapped onto the utopia–dystopia landscape, especially regarding disputes about whether 
online communication is better or worse than offl ine forms. But by in large it strives for 
value neutrality and empiricism. Furthermore, this literature tends to adopt a narrower 
focus on individual interactions rather than the overall contexts by which those interac-
tions form a meaningful whole.

Fourth, and by contrast, ‘cyberculture’ has become a term of art in the humanities to 
draw attention to the ways in which media are shaping entire value systems, basic concepts, 
and patterns of life (see Davidson, Chapter 14 this volume). Culture, communication, and 
media are tightly interlinked (Langer 1977; Carey 1988). Cultures are interconnections of 
symbolic forms, those fundamental units of meaning are expressed in words, gestures, 
and graphics. Realities called cultures are inherited and built from symbols that shape 
action, identity, thoughts and sentiment. Communication, therefore, is the creative pro-
cess of building and reaffi rming cultures through symbolic action. Although not identical 
to what they symbolize, symbols participate in their meaning and power; they share the 
signifi cance of that to which they point.

The concept of cyberculture intrinsically links such humanistic theories of culture with 
technical concepts from computer science, robotics, artifi cial intelligence, and genet-
ics. It has thus become the site of both interdisciplinary collaboration—including wide 
interdisciplinarity across the humanities, engineering, and sciences—and turf wars as 
various traditions and disciplines seek to make claims to a superior understanding of 
the unprecedented mixture of artifacts and ideas that characterize our times. Cybercul-
ture, far more than CMC, maps onto the utopia–dystopia dialectic, because it conjures 
forth fundamental refl ection on culture, technology, and nature—including how these 
basic categories are blurring through such phenomena as androids, cyborgs, and virtual 
ski slopes. By blurring these categories, cyberculture theorists tend to adopt a non-linear 
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sense of causality—things do not determine ideas nor do ideas determine things, but they 
are co-constitutive.

This means that the traditional humanist views of agency as solely the preserve of 
human beings and the human agent as separable from culture and technology are called 
into question. Thus, semiotics (the study of signs, symbols, and the construction of 
meaning) is an important wellspring for cyberculture studies, but it is often modifi ed 
such that non-humans become actors rather than just signs. Furthermore, semiotics 
traditionally maintains a narrow defi nition of culture as the products of the arts and 
language. Though this defi nition long dominated communication studies, cyberculture 
expands it by including the physical, technological media as intrinsic to culture. Culture 
is not just the content conveyed by media, but the structures and forms of media tech-
nologies and the other artifacts in which they are embedded and systems with which 
they are networked.

15.5 Conclusion

As the diversity of narratives and concepts in these histories would suggest, there is sub-
stantial disagreement and turmoil in the current study of media and communication. For 
example, the standard textbook on approaches to mass communication study (Severin 
and Tankard 2000) added critical theory and cultural studies to its overview in its fi fth edi-
tion. But only, the authors note, because ‘they have become popular with scholars. Never-
theless, we remain committed to the scientifi c approach, with its emphasis on observation, 
evidence, logic and hypothesis testing’ (p. xv). Most research funding still supports studies 
which measure observable behavior, fi nding in such results the statistical precision desired 
by private and public benefactors.

The current aim of the more scientifi c approach is to develop more elaborate and fi nely 
tuned procedures, more complex multivariate scales, faster computer banks, and longer-
range experiments, trusting that greater development of method will eliminate previous 
weaknesses, confusions, and uncertainties. Severin and Tankard (2000) summarize this 
scientifi c trajectory in terms of the incremental progress narrative:

Communication researchers have not yet come up with a unifi ed theory that will explain the effects 

of mass communication. Instead, we have a number of theories, each attempting to explain some 

particular aspect of mass communication. As communication research advances, perhaps we shall 

see several of these mini-theories combined into one overall theory of mass communication effects. 

Or, perhaps some of these theories will not survive the test of empirical research and will be win-

nowed out, while others survive (p. 286).

The scientifi c trajectory in communication studies is currently bolstered by the surge of 
new forms of physical, computer, and biological sciences as well as new technical capacities. 
Indeed, this trend is toward communication studies as a form of ‘big science’. Media and 
communication studies fi nd themselves in the current transdisciplinary trend line toward 
the unifi cation of knowledge. Some see this unifi cation in terms of the cognitive and natu-
ral sciences swallowing social scientifi c and humanistic approaches.  Communication and 
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media studies, then, would become ‘scientistic’, implying the importation of natural sci-
entifi c methods for the study of social and cultural phenomena:

Scientifi c advances, particularly in neurobiology, genetics, and neuropsychology, are encouraging 

researchers to consider re-theorizing ‘cultural’ problems to take the new knowledge generated by 

science into consideration. Added to this, the achievement of the technical capacity to process large 

and complex data fi elds, a feature of the computerized knowledge environment, now suggests that 

alternative methods and approaches for the study of cultural phenomena may be possible. In other 

words, some research that we previously believed could only be solved by cultural approaches may 

be recast as questions for science and scientifi c inquiry (Nightingale 2003, p. 361).

Yet this trajectory is not likely to yield that magical universal theory or homogenize the 
current diversity in the topography of media and communications studies. Rather, this infu-
sion of natural, cognitive, computer, and physical sciences will most probably map onto 
existing landscapes and create ever more niches. This trend has occurred before—for exam-
ple, in the fact that sociobiology became just another approach to human social life rather 
than a grand consilience marking the demise of approaches rooted in the humanities or 
social sciences. Indeed, this seems inevitable given that the mechanistic tropes central to the 
natural sciences are incapable of accounting for the spontaneities of the human lifeworld.

Joseph Klapper (1965), a proponent of scientifi c rigor in communication studies, 
regretted that after years at the ‘inexhaustible fount of variables’, systematic description 
and prediction ‘becomes the more distant as it is the more vigorously pursued’ (p. 316). 
The Enlightenment dream of mirroring nature would mean that at some point we could 
close the book of knowledge, having adequately transcribed reality. But the pursuit of 
knowledge is ‘inexhaustible’—especially in an information society where everyone is a 
publisher. The only governors on its growth are external and relatively contingent—the 
availability of funding and the interests of citizens, politicians, provosts, and CEOs.

Thus, there are contrary reactions to the growing confusion about the nature of com-
munication and media studies. Some desire multidisciplinary juxtapositions to address 
narrowly defi ned academic questions. Others want interdisciplinary integrations to unify 
knowledge. And still others seek a transdisciplinary transcendence of academic disciplines 
in order to either serve or critique society. The danger of the transdisciplinary path is that 
in seeking to become relevant, media and communication studies will lose the disciplin-
ary trappings that ensure academic viability. Yet as the academy continues to evolve under 
the infl uence of new media, it may be that transdisciplinary structures of knowledge pro-
duction become more stable than the traditional disciplinary forms. In many respects, 
the future of media and communication research depends on how the phenomena under 
study will impact those very studies.
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CHAPTER 16

Cognitive science
PAUL THAGARD

There are many reasons why a budding academic might want to avoid interdisciplinary 
research. It is diffi cult enough to acquire expertise in one fi eld of research, let alone two or 
more. The time required to read the literature in a fi eld outside your own main area can 
be hard to fi nd, and the additional time investment to learn novel methods from another 
fi eld can be huge. Moreover, the hiring and reward systems in academia still run strongly 
along disciplinary lines, so that work that draws on or contributes to other fi elds may not 
be fully valued in one’s own fi eld. Interdisciplinary research may not be appreciated by 
narrow-minded colleagues. Some interdisciplinary projects have a bogus air about them, 
looking like they were designed more to bring in big research grants than to accomplish 
intellectual goals. The interdisciplinary scholar can look a bit like a dilettante, dabbling 
in multiple fi elds in order to avoid tackling the diffi cult problems in an established fi eld. 
Grants for interdisciplinary research can be diffi cult to get, because most granting agen-
cies are organized along disciplinary lines.

Despite these deterrents to interdisciplinary research, there are powerful intellectual 
reasons why work that oversteps the ossifi ed boundaries of established fi elds can have 
great intellectual benefi ts. Such benefi ts are vividly apparent in the interdisciplinary fi eld 
of cognitive science, which attempts to understand the mind by combining insights from 
the fi elds of psychology, philosophy, linguistics, neuroscience, anthropology, and artifi cial 
intelligence. After a brief review of the history of the fi eld and its contributing disciplines, 
this chapter will examine some of the main theoretical and experimental advances that 
cognitive science has accomplished over the past half century, deriving lessons that might 
be useful for researchers in any emerging interdisciplinary area.

16.1 History

Construed broadly, cognitive science is as old as philosophical refl ections about the nature 
of mind, and so dates back at least to Plato and Aristotle. Philosophers such as Francis 
Bacon, John Locke, David Hume, Immanuel Kant, and John Stuart Mill generated ideas 
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about the contents and processes of thinking. Experimental psychology originated in 
the late nineteenth century with the establishment of laboratories by Wilhelm Wundt, 
William James, and others.

Modern cognitive science began in the 1940s when visionaries such as Alan Turing (1950), 
W. S. McCulloch (1965), Norbert Wiener (1961), and Donald Hebb (1949) began to apply 
emerging ideas about computing, engineering, and brain systems to develop new hypotheses 
about mental mechanisms. Previous mechanistic theories of mind, ranging from the atom-
ism of Lucretius to the behaviorism of B. F. Skinner, were much too impoverished to explain 
the complexities of human thinking. But in the mid-1950s there emerged a panoply of pow-
erful ideas about how mental processes could be understood by analogy to computational 
ones. The major contributors included the psychologist George Miller (1956), the linguist 
Noam Chomsky (1957), and researchers in the nascent fi eld of artifi cial intelligence, includ-
ing Herbert Simon, Allan Newell, Marvin Minsky, and John McCarthy (McCorduck 1979). 
The year 1956 was particularly notable, as it marked publication of Miller’s famous paper 
on information processing, ‘The magical number 7 plus or minus 2’, and the Dartmouth 
Conference that initiated the fi eld of artifi cial intelligence. The fundamental hypothesis of 
cognitive science, that thinking consists of computational procedures applied to mental rep-
resentations, began to infl uence research in psychology and other fi elds.

The term ‘cognitive science’ was only coined two decades later (Bobrow and Collins 
1975). Events in the late 1970s included the formation of the Cognitive Science Society, the 
creation of the journal Cognitive Science, and the establishment of cognitive science pro-
grams at many universities. Today, evidence that interdisciplinary research and teaching in 
cognitive science is thriving includes multiple successful journals, international societies 
with regular conferences, and active teaching and research programs in many universities 
and organizations around the world. For detailed treatments of the history of cognitive 
science see Gardner (1985), Thagard (1992, 2005b), and especially Boden (2006).

16.2 Patterns of collaboration

The interdisciplinary structure of cognitive science is displayed in the hexagon in 
Fig. 16.1, the original version of which appeared in a report for the Sloan Foundation in 
1978 (Gardner 1985, p. 37). The 13 lines in the hexagon indicate the range of possible con-
nections between the six main disciplines of cognitive science, but the links are misleading 
in several respects. First, the disciplines have been highly unequal participants in inter-
disciplinary research. For example, although anthropology has contributed some highly 
interesting work on mental representations and processes in non-Western cultures, most 
anthropologists have shown little interest in cognitive science. More signifi cantly, some 
of the most widely read philosophical discussions of cognitive science have been highly 
critical of it, for example attacks by Herbert Dreyfus (1979) and John Searle (1980) on the 
computational view of minds. The fi eld of artifi cial intelligence has moved away from the 
interest in human thinking that inspired its early decades to a more engineering-oriented 
concern with the building of intelligent computers. In contrast, most cognitive psychology 
research is naturally dedicated to understanding the operation of human intelligence.
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Second, the hexagon does not convey the historical fact that some combinations of the 
fi elds have been much more active than others and that levels of activity have varied over 
time. When cognitive science began offi cially in the 1970s, by far the most prominent 
kind of interdisciplinary collaboration occurred at the intersection of psychology and 
artifi cial intelligence, continuing a pattern established in the 1950s by pioneers such as 
Herbert Simon (1991). Psycholinguistics also fl ourished early on. Neuroscience became 
much more central starting in the 1980s and 1990s, with the increased sophistication of 
neurally inspired computational models and the development of brain scanning technol-
ogy that greatly expanded the possibilities for neuropsychological experiments. Philoso-
phers’ involvement in cognitive science has been highly variable, ranging from dismissal 
on the grounds that philosophy must transcend the merely empirical (Williamson 2007), 
to systematic refl ection on controversial issues such as the extent to which knowledge is 
innate (Stainton 2006). Since the 1980s there has been much philosophical discussion 
of issues that arise in cognitive psychology and neuroscience (e.g. Thagard 2007; Bech-
tel 2008). Most strikingly, the application of psychology and neuroscience to traditional 
philosophical problems in ethics and epistemology has become an active enterprise (e.g. 
Appiah 2008; Knobe and Nichols 2008; Thagard 2010). For example, progress in neuro-
science raises serious challenges to traditional ideas about free will and responsibility. In 
contrast, philosophers’ interest in linguistics has waned, probably because language is no 

Philosophy

Psychology Linguistics

Anthropology

Neuroscience

Artificial
Intelligence

Figure 16.1 Connections among the cognitive sciences (based on Gardner 1985, p. 37). Unbroken lines 
indicated strong interdisciplinary ties c. 1978, and broken lines indicate weak ones. The ties between 
philosophy and both neuroscience and artifi cial intelligence are much stronger today.
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longer seen as so central to philosophy as it used to be; and work at the intersection of 
philosophy and anthropology has always been rare.

The third misleading feature of the hexagon is that the lines only indicate binary rela-
tions between disciplines, whereas some important developments have involved collabo-
rations across several fi elds. For example, computational psycholinguistics draws on ideas 
from three disciplines to develop formal models of how minds use language. Current 
work in theoretical neuroscience combines the study of brains with psychological and 
computational ideas. Recent work on emotion attempts to address philosophical issues 
about rationality by means of computational models that are psychological, neurological, 
and even sometimes social (Thagard 2006). In sum, although Fig. 16.1 provides a useful 
diagram of possibilities for interdisciplinary connections, it does not display the shifting 
patterns of disciplinary involvement in such research.

There are at least three styles of interdisciplinary interconnection. The fi rst is when an 
individual alone does research at the intersection of two or more disciplines. This requires 
the researcher to acquire mastery not only of the ideas but also of the methods of more 
than one fi eld. For example, there are psychologists who have learned to do computational 
modeling, and a few philosophers who have learned to do experiments in psychology or 
neuroscience.

A second powerful kind of interdisciplinary interconnection involves collaboration, in 
which two or more individuals work together on a project combining their knowledge and 
skills in ways that require some mutual comprehension but not full duplication of abili-
ties. This pattern of research has often been the most successful one in cognitive science, 
which has benefi ted from collaborations involving people whose original backgrounds 
combined, for example, psychology and artifi cial intelligence, psychology and neurosci-
ence, and linguistics and anthropology.

The third style of interdisciplinary research does not require such collaboration or even 
individuals who have mastered more than one fi eld. There has been much valuable work by 
more narrowly disciplinary researchers that draws on ideas from related fi elds. For example, 
Eleanor Rosch’s infl uential work on concepts as prototypes was inspired in part by ideas of 
the philosopher Ludwig Wittgenstein (Rosch and Mervis 1975). Many articles published in 
the journal Cognitive Science are not internally interdisciplinary, as they lack a combination 
of methods. However, most articles that appear there are intended to be of interdisciplin-
ary interest in that they address concerns inspired by or relevant to work in various fi elds 
concerned with the nature of mind and intelligence. For example, an experimental paper 
on the nature of human concepts falls squarely within cognitive psychology, but should be 
relevant to philosophical, computational, neurological, linguistic, and cross-cultural issues 
about mental representations. This third style of interdisciplinary research requires less 
personal investment than the individual mastery and collaborative styles, but it usually 
presupposes at least some acquaintance with relevant literature in other fi elds.

In the introduction, I mentioned some of the impediments to interdisciplinary research, 
but have described how cognitive science has provided a strong example of a successful 
effort to combine insights and methods from at least six disciplines. Now I want to depict 
more fully what that success has consisted in, by discussing the theoretical and experimen-
tal benefi ts of being interdisciplinary.
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16.3 Theoretical benefi ts

A scholar has been defi ned as someone who knows more and more about less and less. 
Pursuing minutiae is often an effective strategy in academic research, since becoming an 
expert in some narrow niche is often a good way to publish and secure tenure. For the 
more intellectually ambitious, however, it is much more exciting to pursue theoretical 
ideas that are both important and novel. How can such creativity be achieved?

It helps, of course, to be a genius, with cognitive resources such as unusually powerful 
memory, imagery, or speed in connecting previously unrelated ideas or facts. But creativ-
ity is not only for the swift, because others of more modest intellectual capacities can 
still be creative by putting together ideas that have not been associated by other thinkers. 
Perhaps it takes a genius to work in a well-trodden area and manage to come up with 
something totally novel, but for the rest of us there is an easier road to creativity. Instead 
of focusing narrowly on one academic fi eld, a researcher can cast a broader intellectual net 
and make new connections by tying together ideas from different disciplines. Cognitive 
science has thrived intellectually by making such creative theoretical connections.

In the mid 1950s, the dominant psychological theories, especially in the United States, 
were behaviorist, claiming that a scientifi c approach to the mind should restrict itself 
to considering how environmental stimuli are correlated with behavioral responses. 
Behaviorism was encountering diffi culties in explaining the complex performance of rats, 
let alone humans, but theories are rarely rejected because of empirical problems alone. 
Rather, it is only when an alternative theory comes along with a new way of explain-
ing recalcitrant data that a dominant theory comes strongly into question (Kuhn 1970; 
Thagard 1992). What happened around 1955 was that ideas from the rapidly emerging 
study of computers provided a new way to think about mental processes that was as rigor-
ously mechanistic as behaviorism but possessed much more explanatory power.

A computer program consists of a set of structures, such as numbers, words, and lists, 
and a set of algorithms, which are mechanical procedures that operate on those struc-
tures. Those not familiar with computer programs can think of how people add up a list 
of numbers, where the structures are the numbers and the algorithm is the procedure for 
addition learned in elementary school. Or consider a recipe book, in which the recipe con-
sists of a list of ingredients (the structures) to which people apply a set of procedures such 
as mixing and baking. Computer programs provide a highly suggestive analogy about 
how minds might work: mental representations may be like the structures used in com-
puter programs, and mental procedures may be like the algorithms that make computers 
run. The strongest claim to consider is not only that thinking is like computing, but that 
thinking in fact is a kind of computing (Thagard 2005b).

The analogy just described has been fertile in suggesting many new ideas about how 
representational structures and computational procedures might be responsible for men-
tal processes such as perception, memory, learning, problem solving, language use, and 
so on. Many productive specifi c theories have been developed about how rules, concepts, 
images, and analogies might operate in the mind. This theoretical productivity could 
never have happened if psychologists had stuck with the intellectual resources of behav-
iorism. Instead, by importing ideas from the study of computers, it became possible to 
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formulate creative new theories of mental functioning. Whereas behaviorism restricted 
itself to stimulus–responses connections, cognitive science investigates how behavior and 
thought result from mental representations and computational procedures that integrate 
perceptual stimuli and produce responses based on complex inferences.

Another interdisciplinary source of ideas about how the mind works is the study of 
the brain. Some early ideas about how the mind works drew on neural mechanisms, 
but brain-style computing only took off in the 1980s through the development of an 
approach known as connectionism or parallel distributed processing. Brains operate dif-
ferently from conventional computers. Neurons are slow, fi ring on average fewer than 
100 times per second, but they perform powerful computations by virtue of the fact that 
that there are so many of them (around 100 billion) operating in parallel. In contrast, 
computer chips are very fast, with billions of cycles per second, but they usually operate 
serially, one step at a time. Today there is a fl ourishing fi eld called theoretical neuroscience 
that develops new computational ideas about how brains support various kinds of think-
ing (Dayan and Abbott 2001).

Besides computer science and neuroscience, psychology has also been infl uenced by 
ideas from other fi elds, including philosophy and linguistics. Psychology is not just a 
recipient of theoretical ideas, but has also served as a donor. Psychology has contrib-
uted to the fi eld of artifi cial intelligence that tries to build computers capable of some 
of the impressive feats of problem solving accomplished by people. For example, some 
expert systems that are engineering projects with the aim of making computers capable 
of tasks such as medical diagnosis have drawn on psychological ideas about mental rep-
resentations like rules, analogies, and neural networks. Philosophy of mind and cognitive 
anthropology have also been heavily infl uenced by developments in cognitive psychology. 
Oddly, cognitive science has had little infl uence on fi elds such as literary theory and his-
tory, which could greatly benefi t from richer ideas about how minds fi nd meaning and 
make decisions.

Many more specifi c examples of the development of new theoretical ideas in cognitive 
science through interdisciplinary collaboration could be given, but here are two illustra-
tions. The study of analogy has blossomed since the 1980s as the result of theoretical 
ideas that have combined insights from philosophy, psychology, artifi cial intelligence, 
and neuroscience. The goal of trying to understand how minds can often so productively 
apply ideas from one domain to another was studied by philosophers such as Mary Hesse 
(1966), but was greatly fostered by the development of new psychological ideas about 
how minds can use representations of one problem to solve another. Psychologists such 
as Dedre Gentner and Keith Holyoak devised new ideas about how people use analogies, 
partly on the basis of their own experiments but also drawing heavily on computer mod-
els, including ones that employ artifi cial neural networks (e.g. Gentner 1983; Holyoak and 
Thagard 1995; Gentner et al. 2001).

Recent work on emotion has also been highly interdisciplinary, drawing on philosophi-
cal ideas about norms, psychological ideas about representations, and most recently neu-
rological ideas about how brains process emotions (Thagard 2006; Thagard and Aubie 
2008). The intellectual goal holding all this together is the attempt to build computational 
models of how the brain produces emotions and uses them in other cognitive processes. 
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Like research on analogy, it is hard to imagine how theoretical progress on emotion could 
have proceeded without combining ideas from multiple fi elds of cognitive science.

16.4 Experimental benefi ts

Like physics and biology, cognitive science is not a purely theoretical enterprise, but also 
requires experimental investigations that can be used to evaluate competing theories. 
Interdisciplinary collaboration has contributed to experimental work in psychology in 
two ways: through suggesting new kinds of experiments to test interesting theoretical 
ideas, and through providing new measurement tools for performing experiments.

In the 1960s, the young fi eld of cognitive psychology evolved by developing new kinds 
of experimental techniques. The growing availability of computers made it much easier to 
perform experiments that measured the reaction times of subjects performing complex 
tasks, and the resulting data were used to test the information-processing models of think-
ing suggested by the new computational theories of mind. The computational models of 
analogy generated new experimental work to test their predictions. Linguistics also pro-
vided new theoretical ideas through Chomsky’s work on rules and representations, which 
inspired new kinds of experiments in psycholinguistics (Pinker 1994). Philosophical ideas 
have sometimes suggested psychological experiments, as in Rosch’s experiments on proto-
types. A huge line of experimental research in developmental psychology concerning the 
ability of children to understand false beliefs originated with philosophical ideas about 
intention (Boden 2006, p. 488).

In recent years, experiments in cognitive psychology have been most infl uenced by 
developments in neuroscience. Ideas about how the brain works have suggested valuable 
new experiments, but even more importantly neuroscience has provided a whole new 
set of tools for measuring mental activity. The 1980s saw the development of powerful 
machines for scanning brains using techniques such as functional magnetic resonance 
imaging (fMRI) and positron emission tomography (PET). It has become common for 
cognitive psychologists not only to measure the behavior of experimental subjects when 
they are performing various tasks, but also to scan their brains while the performance is 
taking place. Different scanning techniques provide different kinds of detail about the 
brain regions and temporal courses of neural operations. It is even possible to temporar-
ily disrupt neural processing using transcranial magnetic stimulation. Information about 
neural processes is also sometimes obtainable by implanting electrodes deep in the brain 
to stimulate particular regions. Thus, the fi eld of cognitive psychology has been trans-
formed in recent years by the development of new experimental techniques made possible 
by neuroscience.

Science is most powerful when theoretical ideas mesh with experimental ones; such 
meshing is very apparent in current attempts to use computational models of brain oper-
ations to explain the results of many different kinds of brain scanning experiments. By 
combining ideas and techniques from psychology, computer science, and neuroscience, 
cognitive science is successfully pursuing fundamental questions about how the brain 
works. Answers to these questions are directly relevant to ancient philosophical questions 
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about how minds know reality, make judgments about right and wrong, and appreci-
ate the meaning of life. For example, Thagard (2010) uses psychological and neurolog-
ical research about vital human needs to argue that the meaning of life is love, work, 
and play.

Other practical applications include the prospect of improving education by a deeper 
understanding of the neural mechanisms by which people learn (Posner and Rothbart 
2007). The rapidly emerging interdisciplinary fi eld of neuroeconomics is using new 
knowledge about how brains make decisions to identify the causes of good and bad deci-
sions (Camerer et al. 2005). Similarly, political decisions such as voting choice can be 
illuminated by investigations in psychology and neuroscience (Westen 2007).

16.5 Lessons

The successes and attractive prospects of cognitive science can be attributed to fi ve factors: 
ideas, methods, people, places, and organizations (Thagard 2005a). It is only useful for 
people from different disciplines to try to collaborate if there are theoretically powerful 
ideas that cross disciplinary boundaries. For cognitive science, the main integrative ideas 
have been representation and computation, which can illuminate the nature of thinking 
in ways that are useful for all fi elds of cognitive science—psychology, neuroscience, arti-
fi cial intelligence, philosophy, linguistics, and anthropology. A representation is a mental 
structure that can stand for things and events in the world, and inference is a computa-
tional mental process that transforms representations. There are other more specifi c ideas 
that fi nd valuable applications in many fi elds, for example particular kinds of representa-
tions such as rules and concepts. For instance, some psycholinguists hold that knowledge 
of language consists primarily of rules such as ‘To put an English verb in the past tense, 
add -ed’. For cognitive scientists, a concept is not a word or an abstract entity, but a mental 
representation with complex internal structure (Murphy 2002).

In addition, successful interdisciplinary collaboration requires complementary meth-
ods. Cognitive science employs many different methods, including psychological experi-
ments, neurological experiments, computer simulations, conceptual analysis, linguistic 
theorizing, and ethnography. Few people have the time and aptitude to master more than 
one or two of these methods, but cognitive science benefi ts from the ways in which meth-
ods can be combined to help develop and evaluate explanatory theories about how the 
mind works. For example, a theory about the nature of concepts can be evaluated on 
the basis of all of the following: psychological experiments about how people form new 
concepts; neurological experiments about multiple brain areas involved in the use of con-
cepts; computer simulations of concept learning and application; philosophical refl ection 
on how concepts attach to the world; linguistics studies of concepts in different languages; 
and ethnographic studies that compare concepts such as color across different cultures. 
The goal of cognitive science is to arrive at theories that are strongly supported by evi-
dence acquired through all these methods.

The initiation and progress of an interdisciplinary enterprise requires the participation 
of extraordinary people with the energy and vision to combine the insights of multiple 
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fi elds. The origins of cognitive science in the 1940s and 1950s benefi ted from the efforts of 
exceptional intellectual talents such as Alan Turing, Herbert Simon, George Miller, Noam 
Chomsky, and Marvin Minsky. Each of these thinkers combined powerful theoretical abil-
ity with an appreciation of the insights and methods provided by a variety of different 
fi elds. The development of cognitive science organizations in the late 1970s depended on 
the intellectual vision and organizational skills of another generation of interdisciplin-
ary talents, including Allan Collins, Donald Norman, and Roger Schank. Today, cognitive 
science depends on a host of people who are active both intellectually and practically in 
organizations such as the Cognitive Science Society.

Ideas, methods, and people cannot operate in isolation from each other, and occasional 
conferences are not suffi cient to bring about the theoretical and experimental benefi ts 
possible from interdisciplinary research. It is therefore important to have places where 
disciplines can come together on a much more regular basis, at universities or other 
research institutions. In the 1960s, the Center for Cognitive Studies at Harvard, led by 
George Miller and Jerome Bruner, brought together many of the early contributors to the 
interdisciplinary study of mind. Carnegie Mellon University also provided a lively cen-
ter of activity because of the presence of Herbert Simon and Allen Newell. In the 1970s, 
other universities such as Yale, Pennsylvania, Berkeley, Michigan, and Edinburgh devel-
oped active cognitive science programs, and by the beginning of the twenty-fi rst century 
there were many places that played the crucial role of fostering such interdisciplinary 
work. Some do so by explicitly having cognitive science programs, but there are many 
other related enterprises with different names, such as Harvard’s Mind/Brain/Behavior 
initiative.

Finally, the successful pursuit of an interdisciplinary fi eld is greatly helped by the devel-
opment of organizations that foster the communication of ideas and methods across 
fi elds. For cognitive science, the main organization is the Cognitive Science Society, which 
began in 1979 and is now complemented by smaller societies operating more locally in 
Europe and Asia. There also are more specifi c organizations operating at the intersection 
of particular pairs of fi elds, such the Society for Philosophy and Psychology, the Cog-
nitive Neuroscience Society, and the International Conference on Cognitive Modeling. 
The Cognitive Science Society holds annual conferences that bring together people from 
many institutions and fi elds, although psychologists are by far the most heavily repre-
sented. The Cognitive Science Society publishes the journal Cognitive Science and the new 
Topics in Cognitive Science, which are complemented by a host of other interdisciplinary 
journals as well as a huge range of periodicals in the various fi elds of cognitive science. 
Thus organizations such as societies and journals are an important part of the fl ourish-
ing of an interdisciplinary fi eld. Goldstone and Leydesdorff (2006) used citation patterns 
to show that Cognitive Science plays a unique bridging role in transferring information 
across psychology, computer science, neuroscience, and education. Interdisciplinarity can 
be measured not only by the number of articles produced by multidisciplinary teams, but 
also by the role that publications play in connecting fi elds, thereby merging perspectives, 
tools, and methods.

Like narrower fi elds, interdisciplinary ventures are far from static, but benefi t from 
changes in ideas, methods, people, places, and organizations. Much cognitive science work 
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has shifted dramatically in recent years toward neuroscience, as many researchers see the 
study of the brain as providing much of the currently most exciting work on cognition. 
But not all psychologists, philosophers, or other practitioners share this view, which is just 
as well. The last thing needed by an interdisciplinary fi eld, or any particular discipline for 
that matter, is a monolithic approach that narrows down to only a small set of ideas or 
methods.

In contrast, the full benefi ts of interdisciplinarity require integration, interaction, and 
blending of ideas and methods, not their mere juxtaposition and sequencing as found in 
multidisciplinarity (Klein, Chapter 2 this volume). Cognitive science is suffi ciently mature 
to have its own textbooks, but some are still structured sequentially, describing separately 
the approaches taken by philosophy, psychology, neuroscience, linguistics, and artifi cial 
intelligence (Stillings et al. 1995; Friedenberg and Silverman 2006). In contrast, Thagard 
(2005b) discusses issues about mental representation in an integrated manner that inter-
twines issues and contributions from different disciplines.

16.6 Conclusion

This chapter has tried to show succinctly how the intellectual benefi ts of interdisciplinary 
research can dramatically outweigh the personal and social diffi culties of operating in 
more than one fi eld. Cognitive science provides an excellent illustration of the theoretical 
and experimental advantages of leaping beyond the confi nes of particular disciplines. The 
project of trying to understand the nature of mind is inherently interdisciplinary, requir-
ing the ideas and methods of many different fi elds. There is still a place for researchers who 
prefer to restrict themselves to a narrow set of intellectual tools, but progress, especially of 
the most dramatic sort, requires the mingling of concepts, hypotheses, and methodologies 
from multiple disciplines. The human brain is so astonishingly complex that we should 
expect not decades but centuries of ongoing investigations in cognitive science.
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CHAPTER 17

Computation and simulation
JOHANNES LENHARD

This chapter treats the two concepts of computation and simulation as a pairing. Although 
this pairing occurs regularly in the literature, and although it makes perfect sense to link 
these terms when discussing interdisciplinarity within computer science, it is appropri-
ate to start by distinguishing the terms. Clearly, they are neither identical nor is one a 
subset of the other. Computation per se is a mathematical activity. It has been speeded up 
tremendously by electronic computing devices, but taken as an isolated fact this is hardly 
relevant to interdisciplinarity. What makes it highly relevant is the way in which electronic 
computing machines are embedded into a scientifi c—technological context. Simulation 
modeling is perhaps the more accurate term here as it indicates that it is a special brand 
of scientifi c modeling. It stands for a way—or rather a variety of ways—to make use of 
computational resources in activities that are not strictly mathematical but are of a funda-
mentally interdisciplinary nature.

The word computer was initially used for human workers, typically women, who were 
employed to carry through huge numbers of elementary calculations (Grier 2005). This 
activity was replaced by machines—much in the vein of the replacement of human work 
skills by machine tools during the Industrial Revolution. At fi rst, analogue devices, like 
Vannevar Bush’s differential analyzer, were used to solve specifi c classes of mathemati-
cal problems (Mindell 2002). During the 1940s and early 1950s, digital computers were 
developed. Both types of machine coexisted for a while, but eventually digital computers 
took over and became a synonym for ‘computer’. One decisive reason for this was the 
establishment of computers not as tailor-made instruments for specifi c purposes, but as 
general-purpose machines—machines that can be instructed to do virtually everything 
that can be described in a formal way (Ceruzzi 2003). This has extraordinary implications. 
Simulation translates everything, not just numerical algorithms, into digital information 
and uses computation to construct any object, be it an airplane, social trend, or cultural 
belief.

Computational power is at the heart of the computer, but why does it matter? One 
could argue that mathematization has been one of the driving forces for science and tech-
nology since the Scientifi c Revolution. Is there a point in calculating faster? Yes, there is. 
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The new instrument has widened the scope of science and technology in unforeseen ways. 
Every argument about these matters will have to introduce the more specifi c aspects of 
applying computers, and in the following simulation will play this role.

Simulation, too, has analogue precursors—mimicking models like fl ight simulators that 
worked with sophisticated arrangements of Bowden cables, etc., to create a model cockpit 
that for the novice pilot inside should feel like a real one (Rolfe and Staples 1988). Today, 
however, simulation is normally conceived of as digital computer simulation and this is 
the sense in which it is relevant for interdisciplinarity.

From now on, the present chapter will concentrate on the digital computer and con-
sequently will consider simulation as ‘digital computer simulation’. Roughly in parallel 
to the development and spread of the computer, simulation has become established as a 
new means for knowledge production. The amount of computing power that has become 
available over the last decades is undoubtedly one reason for this development. Another 
reason is that simulation is an especially generic instrument, quickly convertible to dif-
ferent contexts of application. However, computer simulation affects the social, cogni-
tive, and organizational spheres of science and technology—and even signifi cant parts of 
broader contemporary culture. In particular, simulation practices involve the concept of 
interdisciplinarity in many (and partly new) ways. This concept might provide a lens to 
view the particularities of computation and simulation (C&S) and thus help to get a grip 
on its strengths and weaknesses.

17.1 Historical development

We can distinguish three phases of C&S: a pioneering one lasting from 1940–60; a phase of 
disciplinary specialization, roughly from 1960 to the 1980s; and thirdly, the recent phase 
of ubiquitous diffusion. All phases are connected to interdisciplinarity in a different way.

17.1.1 Pioneering phase 1940–60

Digital computer simulation emerged in the scientifi c–military complex of World War 
II. This fi rst pioneering phase saw an interdisciplinary effort to establish C&S in the con-
text of ‘big science’. This time witnessed a number of interrelated technological innova-
tions that make it hard to single out a linear story. Perhaps the First draft of a report on 
the EDVAC, written by John von Neumann and based on the ideas of many researchers 
(von Neumann 1945), can be seen as a founding document of the modern mainframe 
computer—a computing machine that can be programmed and has a serially working 
central processing unit. This achievement was based on a close encounter between engi-
neers and mathematicians, disciplines that do not meet regularly but did so in the context 
of war-related big science (Heims 1980; Aspray 1990; Edwards 1996; Akera 2006). Fund-
ing increased rapidly, particularly in the United States, and consequently a great num-
ber of people got involved in research and development and also organizational issues. 
Progress in C&S happened in relatively small interdisciplinary groups that were highly 
interconnected, like those at the Moore School of Electrical Engineering at the University 
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of Pennsylvania or at MIT; sometimes these groups were embedded in bigger and more 
hierarchically structured endeavors in computation like those in the Aberdeen Proving 
Ground (USA) or Bletchley Park (UK).

Interestingly, basic simulation concepts and techniques were invented at the same 
time in direct correspondence to the anticipated growing resources for doing calcula-
tions. Monte Carlo methods, their sibling Markov chain Monte Carlo (MCMC), cellular 
automata, artifi cial neural networks, and fi nite difference methods all go back to this early 
phase (Metropolis 1980; Aspray 1990; Galison 1996; Johnson 2004). The so-called Cyber-
netics Group is an example where scientists of very different disciplines tried to spell out 
the new possibilities of C&S. The Macy Conferences of the 1940s and 1950s documented 
their highfl ying hopes for interdisciplinary achievements and even a new epoch of science 
that surrounded the computer (Heims 1991; Pias 2003). The joint interest of cognitive 
scientists, engineers, mathematicians, and psychologists led to new fi elds of research like 
human–machine interaction (cybernetics) or artifi cial intelligence.

Though the mentioned simulation techniques are all different, two basic approaches are 
manifest. (1) Simulation is taken as a numerical solution, i.e. a way to solve mathemati-
cal problems intractable by other means. This view recognizes the instrumental power 
but tends to downplay the conceptual signifi cance of simulation. (2) Simulation is taken 
as a new kind of modeling that makes use of the new possibilities of computer syntax 
but is not derived from traditional mathematics. This second stance ascribes much more 
independence to simulation and tends to underline claims about (radically) new features. 
Finite differences, for instance, transform differential equations into a discrete system to 
be treated in a stepwise procedure, or MCMC uses statistical experiments to approxi-
mate theoretically defi ned probability distributions. Both simulation methods build on 
a pre-existing mathematical model and therefore fi t more to the fi rst approach. Cellular 
automata or artifi cial neural networks fi t more to the second approach. However, these 
two approaches coexist, pure cases are rare, and the tension between these approaches is 
extant in most practical applications of simulation.

17.1.2 Disciplinary specialization 1960–85

In the course of a second historical phase, electronic computation and computer simula-
tion methods ceased to be extraordinary. The often ad hoc mixture of interdisciplinary 
teams located at the frontier of research that developed prototypes of machines changed 
into a professional—and often industrial—confi guration of research and development. 
The early estimation that the potential demand for electronic computing machines would 
be merely a handful worldwide was disproved, and the computer became a commercial 
product. IBM is the icon of the commercial facet of this phase. Moreover, this icon also 
signaled the end of this phase, as the introduction of the personal computer by IBM in 
1981 heralded the next phase in which the infl uence of IBM became marginal.

The advance of computers still happened in interdisciplinary research teams, in the 
context of industry as well as, to a smaller extent, academia, and showed some continuity 
with the fi rst historic phase. The military sector remained a signifi cant source of money 
and interest, as steady progress was made with regard to decreasing size and increasing 
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computational power. The so-called Moore’s law observes the exponential advance in 
these measures. Importantly, the whole fi eld underwent professionalization to a very high 
degree. One facet was the emergence of trained computer scientists that in a sense secured 
and stabilized the interdisciplinary mixtures of the pioneering phase. Computer science, 
however, despite professionalization, was—and continues to be—a vaguely defi ned dis-
cipline. While computer science departments split off from mathematics departments in 
the early 1980s, the second generation of computer scientists are more like software engi-
neers. It is still controversial whether computer science constitutes a discipline in its own 
right or is of an interdisciplinary nature (Mahoney 1992). A main reason for this is that 
the instrument itself became so complex. Hence it turned out to be unfeasible to draw 
an abstract picture of how computer models work or how the computer itself works—
at least there is still no unanimity about it, and different viewpoints that favor abstract 
mathematical approaches versus practice oriented engineering ones still vie with each 
other (MacKenzie 2001).

Expertise was distributed among hardware developers and software engineers; stan-
dardized components began to foster exchangeability both in terms of instruments and 
people. The development of higher-level computer languages, like FORTRAN, which is 
still in use today, provides a particularly signifi cant example. Information and computer 
science were established as scientifi c and engineering disciplines. In sum, a corona of 
specialized disciplines accompanied the further development of C&S during that phase, 
disciplines that divided labor and ranged from developing optimal materials to the inves-
tigation of effective algorithms. That is, a prominent strain of interdisciplinarity was 
structured professionally with the computer at the center.

Specialization and professionalization also took place in simulation. On the one hand, 
tentative and often merely heuristically based methods were supplemented by more suc-
cinct conditions of convergence and rules of applicability, for example, the question of 
which sort of space-time grids compromise speed (a not-too-fi ne grid) and accuracy (a 
not-too-coarse grid) has become its own subdiscipline. On the other hand, abstract math-
ematical treatment is restricted to ‘nice’ cases, whereas simulation is not. Quite the con-
trary: the range of applications steadily increased and has been extended to ‘nasty’ cases 
where the experience of practitioners has had to guide simulation approaches. Thus, both 
mathematical knowledge and experience in application have contributed to simulation, 
which has become its own fi eld of research.

While at this time C&S was becoming a more and more viable alternative approach in 
many scientifi c areas, it was still seen as a secondary option to more established and tradi-
tional methods of scientifi c research. C&S covered both parts of the scientifi c culture: rep-
resenting and intervening (Hacking 1983). The socialization of the researchers played a key 
role in the assignment of an inferior status to C&S compared with traditional approaches 
to science: inferiority of machine- and instrument-related work compared with theoreti-
cal skills was deeply ingrained in most disciplines. Also, the association of simulation with 
imitation bestowed on C&S a somewhat distanced or even deceptive character.

Beginning in the 1960s, a new generation of engineers and scientists used computer simu-
lation more and more like a ‘scientifi c instrument’, and even oriented future research plans 
toward the possibilities that were suited to computational methods. However, these groups 
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remained in a minority. Steadily, C&S acquired more connectivity to various fi elds of 
 application, aptly symbolized by the regular location of equipment in the basement of 
 buildings,—not the fi nest address, but a base technology for many. A clear indicator of the 
specialized and partly autonomous status of C&S is the emergence of journals and con-
ferences devoted to it—most prominently the Winter Simulation Conference with its own 
series of proceedings. Also, a number of books were published that aimed to summarize and 
explain the specifi cs of C&S, prominent among them those by McLeod (1968) or Zeigler 
(1976; cf. Simon 1969). The C&S community was not centrally organized, and the actual 
application of C&S was much wider than refl ected in the journals. So it remained open and 
controversial whether C&S constituted a separate discipline or an interdisciplinary fi eld.

17.1.3 Ubiquitous diffusion from 1985 on

The third phase in the evolution of C&S is linked to the wide availability of smaller 
machines—personal computers, workstations, and networked architectures of them—
that made C&S largely independent of ‘big science’ and helped transform it into a vir-
tually ubiquitous phenomenon. There is no exact starting point for this phase, but it is 
closely connected to the so-called ‘PC Revolution’. C&S left the somewhat restricted space 
of computationally intensive special sciences and gained ground in many areas of modern 
culture, from movies (‘animation’) to the internet’s ‘virtual reality’. At the same time, C&S 
acquired a new status in the more restricted area of science and technology: from a profes-
sional but second-rank method during phase two it developed into an approach of equal 
rank, now openly accepted and widely hybridized with all sorts of traditional approaches 
and disciplines. Relying on C&S simply became a matter of course. From the beginning 
on, most of these fi elds, from computer animation to computational sciences of various 
types, perceived themselves as transforming existing disciplinary fi elds into interdisciplin-
ary ones. Basically, an interdisciplinary mixture of computer science became embedded 
into a much wider system than in phase two. To speak in terms of the historian and soci-
ologist of science Terry Shinn, C&S became a ‘generic instrument’ (Shinn 2001). Two of 
the main things that enabled C&S to become so widely available and widely applied were 
the decreasing cost and increasing transferability that have been made possible by a series 
of transformations.

Standardization of hardware and software came with the PC Revolution. Networked 
architectures of personal computers and workstations—which connect the workplace 
directly to local computing facilities—now replaced the big supercomputing machines. 
The latter still exist and are the basis for popular rankings of which countries and institu-
tions own the most powerful computers. However, viewed statistically, the majority of 
scientifi c and technological research and applications run on relatively small machines. 
Applications in extrascientifi c culture rely entirely on these smaller architectures. They 
are affordable to a wide audience of research groups, commercial fi rms, the entertain-
ment business, and others. Not only are hardware components widely sold as commercial 
goods, but the system software has also been standardized so that, for instance, trained stu-
dents can do the job of a system administrator at an academic research institute.  Software 
programming also has been standardized to an important degree: so-called higher-level 
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languages are effective in black-boxing the immediate contact with the computing kernel, 
many functions can be imported from software libraries, and languages like C++ have 
acquired ISO certifi cation, which turns them into an offi cially standardized and therefore 
highly exchangeable product (Shinn 2006).

A spectrum of computational sciences appeared. Every classical natural science nowa-
days has one or more computational siblings, like computational fl uid dynamics, or com-
putational molecular biology, not to speak of engineering disciplines—computer-aided 
design is going to do away with paper and pencil. Also sociology, linguistics, and other 
branches of social sciences and humanities have embraced this development (Bynum 
and Moor 1998; see the Journal for Artifi cial Societies and Social Simulation). Further-
more, medicine, cognitive, and neuroscience often rely crucially on C&S—examples are 
so abundant that any attempt to give an exhaustive list seems forbidding. Computational 
sciences emerged by the coalescence of C&S with formerly independent disciplines or 
without any disciplinary forerunner. Obviously these changes affect the confi guration of 
the disciplines generally. This is true also for large parts of the engineering and design sci-
ences. Computer-aided design, for instance, has changed from having a somewhat exotic 
status at the end of phase two to a now everyday process—without even an alternative in 
many branches. Last, but not least, the entertainment industry and large parts of the edu-
cational sector have been affected greatly by simulation and gaming. The entertainment 
sector based on C&S constitutes a multibillion dollar industry; in 2008, for the fi rst time, 
videogame software accounted for more than half the electronic entertainment media 
revenues in the global market. This does not imply that the military has lost infl uence; 
some researchers hold that military and entertainment sector have converged into one 
complex and are the driving force of C&S (Lenoir 2000).

These developments all came together and created a new, computer-based, decentral-
ized type of interdisciplinarity. Whereas during phase two researchers and developers 
with different disciplinary expertise met in the (physical) vicinity of the computer, in 
phase three the maturing of C&S comes with a distribution of instruments, people, and 
expertise. Researchers of one kind rely on many elements and modules that others have 
provided: for instance, molecular biologists may use C&S models and plug-in software 
that have been developed in completely different areas. This effect of black-boxing—of 
using some device without detailed knowledge of its internal set-up—is well known from 
all kinds of instruments that have become established and widely used.

17.2 Dynamics of interdisciplinarity

17.2.1 Complexity, experimentation, visualization

Are the dynamics of C&S a driver or rather an outcome of other recent changes in sci-
ence and science-related fi elds? A number of much-debated diagnoses identify funda-
mental transformations of research (Latour 1993; Gibbons et al. 1994; Ziman 2000) the  
 evaluation of which is not an issue here. However, there is basic agreement that science 
has increasingly entered real-life problems with all their complexities, and that the strate-
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gies of simplifi cation, idealization, and confi nement have ceased to work properly because 
these methods would have to reduce complexity which in turn would destroy the crucial 
details of phenomena under investigation.

Two specifi c features of C&S support and highlight the recent drift into complexity: 
fi rst, an experimental and explorative mode of research, and second, the use of visu-
alization. Complex computational models are often opaque in an epistemic sense and 
therefore  work on them has to proceed by experimentation. Researchers experiment on 
simulations by changing, adding, and adapting parameterization schemes and submod-
ules and by running the simulations repeatedly (Dowling 1999; Hughes 1999; Fox Keller 
2003; Winsberg 2003; Lenhard 2007). The typical goal is to compare and adapt the behav-
ior of these tweaked models to the phenomena they should simulate. Such a practice goes 
back to phase one but became fully fl edged in phase three, because the exploratory nature 
of computational modeling is greatly enhanced by easy and cheap access to computational 
power. Now researchers work on computational models, whether they consider them-
selves experimentalists or theorists. ‘Working on’ models mean exploring the relationships 
between input data and output data in order to produce verifi able predictions or better 
(that is, more accurate) models. With the mature desktop computer, model exploration 
became a key practice in scientifi c research—not one limited to computational scientists, 
but rather one which is commonplace among most scientists and engineers.

This exploratory mode depends upon researchers’ ability to quickly assess the out-
puts of various models. Assessment of model outputs is especially feasible in visual, as 
opposed to numerical, forms. Visualization is also a feature of the desktop computing 
revolution, although one which did not emerge from scientifi c computing (Lynch and 
Woolgar 1988; Galison 1997; Jones and Galison 1998; Ihde 2006; Johnson 2006). Desktop 
computers, with their many different kinds of users, have been at the center of a series 
of changes in the visual display of information. From computer games, to animation, 
to web pages, computers have become devices that are focused on visual display. These 
extrascientifi c demands have created capacities critical for scientifi c uses—especially in 
three- dimensional display. Visualization in science has changed because of the ability of 
computers to generate images. These images are tremendously powerful; they carry infor-
mation more effi ciently than do tables of numerical outputs, and as a result they yield 
compelling results—sometimes in misleading ways. Consequently, visualization rein-
forces the exploratory mode of scientifi c research by making possible the quick uptake of 
results from computational models (Johnson and Lenhard 2008).

Some examples illustrate the relevance to C&S for science, engineering, education, par-
ticipation, and entertainment:

● Flight simulators are C&S-based devices for pilot education that comprise a very good 
imitation of many facets of the ‘real’ situation encountered by a pilot. Flight simulators 
are built on physical theory—fl uid dynamics—as well as various engineering sciences 
and, at the practical end of the spectrum, on the experience of pilots that has helped 
to tune the simulator so that it ‘feels real’ for the person inside. Education, research, 
 entertainment, and military applications can hardly be separated. In fact, the video-
games industry is a major player in graphics development.
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● Driving simulators are a related example. You can fi nd them as educational devices 
(to avoid real risk and cost) and also as entertainment machines (often to seek virtual 
risk). A different kind of simulation (largely oriented in computational fl uid dynamics) 
is employed in motor design where geometry and other parameters can be changed and 
experimented with to explore and fi nd an optimal setting. Finite element methods divide 
up a complex object into small but fi nitely big elements. They constitute still another kind 
of simulation, most widely used in engineering, for instance to imitate the behavior of a 
car body for virtual crash tests and to avoid expensive auto body destruction. C&S accom-
panies much of the research and development process for many technological artifacts.

● Endoscope simulation is a newly developed device to train surgeons to practice endo-
scopic operations. Clearly this device needs to be an adequate imitation in several 
respects: the shape, color, and texture of what the surgeon sees on the screen; how the 
hand movements of the surgeon feel (to the surgeon); what effects these movements 
have on the simulated body of the patient. All these aspects have to be simulated to a 
high degree of accuracy for the simulation to make sense for educational purposes.

For a simulation to work properly two conditions are crucial. (1) The purpose-indepen-
dent instrumental features—technical possibilities for display, feedback and interaction—
need to be in place. The degree to which this fi rst condition can be met rests itself on an 
interdisciplinary achievement. (2) C&S methods have to be guided adequately so that the 
performance of the resulting models or devices are actually suffi ciently good imitations. This 
second condition depends heavily on the intended purpose, for instance when an endocrino-
logical simulation counts as realistic, or when a simulated car crash can substitute for a real 
one. Whatever the specifi c content of this condition its very specifi cation rests on an interdis-
ciplinary accomplishment—what determines a good imitation and what characterizes a good 
performance are interdisciplinary questions. Hence, depending on the intended application, 
medical doctors, pilots, or other experienced specialists will typically take part in the develop-
ment of a particular simulation. With increasing refi nement of simulation technology, the 
interdisciplinary task grows as a more and more diverse range of aspects are simulated.

Consider the fi eld of simulation and gaming that conceives of itself as its own cross-
 cutting discipline that has an interdisciplinary nature. (Producing an appropriate virtual 
environment is a highly interdisciplinary task for the programmer). Many simulation games 
only work if the imitation is good enough for the players to be immersed in the simulation. 
Movements, body shape, language processing, and many more aspects are crucial for that. 
The renaming of a pertinent scientifi c journal in the fi eld serves as illustration: Simulation 
& Gaming: an International Journal of Theory, Practice, and Research was changed in 1995 
to Simulation & Gaming: an Interdisciplinary Journal of Theory, Practice, and Research.

17.2.2 ‘Research technology’ and the ‘trading zone’

A number of views exist that draw widely different pictures of the dynamics of C&S, and 
especially its interdisciplinary and cultural signifi cance. A major reason for this diversity is 
surely the heterogeneity of C&S itself that allows for various perspectives. The French phi-
losopher Jean Baudrillard, for instance, aims to give a broad panorama of culture and of 
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the way reality, symbols, and society interact. He takes ‘simulacra’ as a key notion to name 
the tendency to act in symbolically constructed worlds without a real underpinning and 
connects this to simulation in particular. The philosopher of science Paul Humphreys, 
to give another instance, analyzes C&S from a science-based viewpoint. In particular, he 
identifi es ‘computational templates’ as a key for the dynamics of C&S, that is, pieces that 
code mathematical formulae and which can travel widely, with these formulae showing 
up in totally different contexts and disciplines (Humphreys 2004).

The analyses of Terry Shinn and Peter Galison take a middle ground in this spectrum and 
especially take into account of the social aspects of the interdisciplinary dynamics of C&S. 
They subsume it under a broader framework and see these dynamics as an instantiation 
of what they call ‘research technology’ (Shinn) and ‘trading zone’ (Galison). These frame-
works are of course different, but each captures essential aspects of the C&S revolution.

Shinn claims that four elements characterize research technologies. First they are pro-
duced by interstitial communities; i.e. they do not arise from single institutional, disci-
plinary, or industrial problems or uses. Second, ‘the devices that research technologists 
deal with are generic’ (Shinn 2001, p. 9), meaning that they are not designed to respond to 
any specifi c industrial or academic demand. Third, research technologies ‘generate novel 
ways of representing visually or otherwise events and empirical phenomena’ (Shinn 2001, 
p. 9). Lastly, they are disembedded from their context of invention, a direct consequence 
of their general nature, becoming non-local to any one scientifi c community. In Shinn 
(2006) and Küppers et al. (2006), the concept of research technology is employed to inter-
pret C&S as a ‘generic instrument’ that can be used in a large number of heterogeneous 
domains. The generic quality of C&S is key to its great economic success.

Shinn identifi es a simulation-linked ‘lingua franca’ as an important factor to bridge differ-
ent disciplinary backgrounds and refers to Peter Galison’s work on the concept of a ‘trading 
zone’ (Galison 1996, 1997). In his article on the early history of the Monte Carlo method, 
Galison captures the interdisciplinary dynamics between the researchers as follows: 

‘Their common activity centered around the computer. More precisely, nuclear-weapons theorists 

transformed the nascent “calculating machine,” and in the process created alternative realities to 

which both theory and experiment bore uneasy ties. Grounded in statistics, game theory, sampling, 

and computer coding, these simulations constituted what I have been calling a “trading zone,” an 

arena in which radically different activities could be locally, but not globally, coordinated’ (Galison 

1996, p. 119, original emphasis).

Galison’s concept, like that of Shinn, embraces a strong social component and links inter- 
or transdisciplinarity to a C&S-related language. From this viewpoint, Galison describes 
the passage from the historical phase one to phase two (see above) as a transformation 
of language: ‘By the 1960’s, what had been a pidgin had become a full-fl edged creole: the 
language of a self-supporting subculture with enough structure and interest to support a 
research life without being an annex of another discipline . . . ’ (Galison 1996, p. 153).

17.2.3 Simulations at the edge

Simulation models of climate science present probably the most prominent simulation 
models. They are one of the most complex exemplars of their kind, progressing at the edge 
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of C&S technology. Furthermore, they have become objects of debate among a wider pub-
lic and are of great relevance in the policy arena; hence, C&S also inhabits the edge between 
science and policy. A famous forerunner in this respect is Limits to growth (Meadows et al.
1972), a study commissioned by the Club of Rome for which Jay Forrester’s Whirlwind 
computing project at MIT was operational (Akera 2006). This C&S-based study—and 
in particular its mission to make predictions for complex systems—received enormous 
publicity and introduced simulations as objects not only in science but also in the politi-
cal arena. Today, climate simulations have inherited this role. They have triggered a fl urry 
of analyses, typically in the fi eld of science and technology studies (STS), that investigate 
how these models function, how researchers and politicians argue with them, etc. (Miller 
and Edwards 2001; Lenhard et al. 2006). This case exemplifi es the potential usage of C&S-
based models in different disciplinary contexts and even different sectors of society.

A pertinent feature in climate science is the division between paleoclimatological data, 
mainly obtained from ice core drillings, and C&S-based model results. Paleodata are 
obtained according to the long-established empirical methodology of science. They are 
used to validate climate simulations: are they able, if simulating the past, to reproduce the 
observed data adequately? A lot of adjustments and ad hoc tuning, for instance sounding 
out which parameter values suit best, is necessary to optimize the performance of com-
plex simulation models. Nevertheless, the C&S-based model results play a more promi-
nent role in the public view and among the climate science and policy community. One 
main reason for this surely is that they can be used for forecasting. Another is that there is 
signifi cant political pressure to analyze the entire climate system. Recent projects speak of 
‘earth system analysis’. This cannot be done using any disciplinary approach of meteorol-
ogy, oceanography, biology, economy, or other scientifi c discipline. C&S offers a kind of 
technological, instrumental pathway to a network-like interdisciplinary integration.

17.2.4 Network-like interdisciplinary integration

The C&S-related dynamics of interdisciplinarity has developed over time, largely in 
parallel with the historical phases of C&S. Again, climate simulations can illustrate this. 
The historical origins of climate analysis are rooted in models of the circulation of the 
atmosphere—general circulation models (GCMs) that have been developed since the mid 
1950s. The theoretical core of these models is built by the so-called fundamental equa-
tions, a system of partial differential equations from the physics of motion and thermody-
namics. With the growing interest in climate change in the 1980s, a period of substantial 
growth of these models was inaugurated because more and more facets of the climate 
system had to be included while aiming at a comprehensive picture. The growth both 
included the resolution of more subprocesses, like the dynamics of aerosols in the atmo-
sphere, and also the addition of subprocesses in parameterized form, like clouds which 
are included via certain parameters that express the effects of clouds but not their internal 
dynamics.

One aspect of the development of more comprehensive models is of particular impor-
tance. A multitude of submodels had to be included into the atmospheric GCMs that had 
little to do with the theoretical physical basis of the atmospheric circulation, e.g. ice cover, 
circulation of the oceans, or land use. Today, atmospheric GCMs—and with them physics 
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as a discipline—have lost their central place; coupled models entertain a deliberatively 
modular architecture and comprise a number of highly interactive submodels. These 
have been developed by groups of diverse disciplinary affi liations. They constantly inter-
change data during the runtime, but do not share a common theoretical framework. Thus, 
hierarchical integration around atmospheric GCMs has been replaced by a network-like 
integration of exchangeable modules. Küppers and Lenhard (2006) argue that the archi-
tecture of simulation models refl ects a new style of interdisciplinary modeling.

These observations are not restricted to climate simulations, but rather exemplify a 
typical phase three approach. The work of Merz (2006), for instance, shows quite similar 
developments in the organization of the particle collider at CERN which is based on a 
complicated and extensive phase of simulation. Various kinds of distributed computing 
also illustrate this: so-called grid computing is a recent issue that deals with the question 
of how to couple or even integrate various C&S resources at different locations.

17.3 Outlook

Simulation and computing will continue to change the face of science, engineering, and 
many facets of modern culture, driven by ongoing developments of all elements of C&S 
as well as by demands for highly complex models and applications. Hence any diagnosis 
of the future of C&S may be outdated quickly. A critical understanding of the techno-
logical nature of this instrument and its implications is still missing. Earlier accounts of 
the history of C&S still have to be adapted to the recent phase three. In particular, com-
puter simulation often comes along with a distributed architecture, involving a multitude 
of working disciplinary researchers. Although some important discussions are going on 
already (e.g., Sismondo and Gissis 1999; Lenhard et al. 2006), the impact on the type and 
organization of interdisciplinarity is not yet fully conceptualized.

Important unresolved questions concern the issue of validation: C&S is especially attrac-
tive when direct comparison with real phenomena is diffi cult or impossible for reasons 
of risk, cost, or time. But how should these simulations be validated? How is this actually 
done? It is not clear what the meaning of ‘validation’ is or should be in this context. Again, 
climate science provide a good starting point as the Intergovernmental Panel on Climate 
Change (IPCC) regularly publishes an assessment report that summarizes current C&S-
based knowledge. These assessment reports document and exemplify problems of dis-
playing complex simulation results and of dealing with developing valid, policy-relevant 
simulation-based models and forecasts.
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CHAPTER 18

Interdisciplinarity in ethics 
and the ethics of 
interdisciplinarity
ANNE BALSAMO AND CARL MITCHAM

This chapter explores interdisciplinarity dynamics in the context of ethics. It starts by 
observing the origins of ethics in the predisciplinary plentitude of philosophy followed by 
a historical overview of ethics in terms of signifi cant interdisciplinary formations broadly 
construed. Next is an extended discussion of interdisciplinarity in contemporary fi elds of 
applied ethics. A third section reverses the approach, to consider the possibility of ethical 
guidelines for the practice of interdisciplinarity, through refl ection on the character of 
knowledge production in the digital age.

Ethics itself is constituted by systematic, critical reflection on human action with 
the aim of both increasing knowledge about and improving culturally or personally 
acceptable behavior. In that ethics involves critical reflection, it is distinct from moral-
ity which exists largely independent of conscious thought. Because ethics bridges 
knowing and doing, it constitutes a site for multiple inter- and transdisciplinary 
engagements. Most commonly, however, it is identified as a major branch of the disci-
pline of philosophy—alongside logic, epistemology, and metaphysics. Yet upon closer 
examination, ethics can be seen as drawing on a number of disciplines that may also 
be described as having emerged from it; disciplines such as psychology and anthro-
pology, as well as politics and economics, significantly influence the domain of eth-
ics. Especially in what are called its applied or practical versions, ethics takes form 
as hybridizations of disciplines and specialized concerns in the cases of biomedical 
ethics, environmental ethics, or computer ethics—each of which depends on multi-
disciplinary interactions with other domains. Finally, ethics manifests strong trans-
disciplinary elements, insofar as it is heavily dependent on life experience. Informed 
by the development of multiple disciplines, implicated in the creation of new hybrid 
research fields, and constituted by transdisciplinary questions, ethics is an inherently 
interdisciplinary endeavor.
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18.1 Historical overview

In its classical form philosophy was a term that referenced all learning and was thus deeply 
interdisciplinary. Indeed, it may be more accurate to describe philosophy as originally 
predisciplinary, since it preceded the demarcation of disciplines. The history of the pursuit 
of knowledge in the European tradition unfolds as a progressive spinning off of mul-
tiple specialized forms of learning from within a nondisciplinary matrix known as phi-
losophy. Physics, astronomy, natural history or biology, psychology—including what are 
now termed the human sciences and the humanities—were all once part of philosophy as 
exhibited in the works of Plato, Aristotle, and their followers.

The emergence of moral theory or ethics as an explicit dimension of learning exem-
plifi es what social scientists have termed the process of structural differentiation. Over 
the course of human history, there has been a tendency to disaggregate many aspects 
of human culture that once formed a more synthetic unity. For instance, one distinc-
tive feature of the period between 500 bce and 500 ce, especially among those peoples 
inhabiting the northeastern shores of the Mediterranean Sea, was a gradual movement to 
distinguish among the elements of law (in Greek, nomos), moral custom (ethos), narrative 
story (mythos), rational thinking (logos), and nature (phusis).

Since the 1500s in Europe and then the Americas, this process continued, such that a 
plethora of structural differentiations emerged in science (where physics, chemistry, geol-
ogy, biology, and more were separated out as specialized forms of knowledge), in industry 
(through the division of labor), in government (separation of powers), and in religion 
(multiple church denominations). This systole of differentiation has in turn repeatedly 
given rise to the diastole of counter efforts promoting relationships or interactions among 
the associated socio-cultural structures, thus constituting in broad if non-standard terms 
multiple manifestations of interdisciplinarity: interdisciplinary research in science, team 
management in industry, constitutional formation and civil religion in the state, ecu-
menism in religion, and universal human rights in culture. One basic description of phi-
losophy today could reasonably characterize it as the most general effort to refl ect on and 
understand these differentiations and their countermovements. This is especially the case 
with that structural differentiation in philosophy known as ethics.

In a broad-brush historical overview, the development of ethics took shape in fi ve over-
lapping interdisciplinary interactions or formative efforts to bridge other structural differ-
entiations in culture. The fi rst formation took shape in Greece in the centuries preceding 
the common era as an orientation toward understanding certain social norms as perfect-
ing human nature by integrating humans into natural or cosmic orders. The macrocosm 
of cosmic reality was thought to be mirrored in the human microcosm, as summarized 
in the phrase ‘as above, so below’. From this perspective, study of the natural world was 
itself of ethical signifi cance. Morality served to mediate not just among human beings but 
also between social and natural orders. This view of the relation between human behavior 
and non-human orders of reality that can be found articulated in related ways in classical 
Hinduism and Daoism.

Insofar as the social order is itself viewed as the instantiation of a cosmic order, morality 
could also be understood, in a second interdisciplinary formation, as mediating between 
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individuals and the social order. The ethics of Confucianism illustrates such an approach. 
Confucian ritual aims to unify not only heaven and earth but also individual persons with 
the present and past social fabric, and might thus be described as a practice of intergenera-
tionality. Greek philosophy, Hinduism, Daoism, and Confucianism all emerged in what 
Karl Jaspers (1949) identifi ed as the Axial Age of human history—the period between 
800 and 200 bce—which gave rise to a set of basic ethical understandings of morality as 
distinct from but mediating cultural formations.

A third basic formation of ethics emerged in conjunction with Judeo-Christian-Islamic 
notions of divine revelation, especially as articulated in Christian theology. In revealed the-
ology, divine or supernatural infusions of knowledge from above can be variously under-
stood as enclosing nature or opposing it. In the view of Thomas Aquinas, for instance, 
the natural law ethics of reason was simply confi rmed by and raised to a higher level 
by the ethics of revelation; the natural virtues of courage, moderation, practice-wisdom, 
and justice were understood as complemented by the supernatural virtues of faith, hope, 
and love. By contrast, for Augustine, revelation functioned to relativise the importance 
of nature; the virtues of the ancients were no more than ‘shining vices’. In both cases, 
however, ethics functioned as a handmaid to theology by mediating between revealed and 
natural knowledge. These two conceptions of ethics also manifested in the ethical theories 
of Judaism and Islam.

A fourth formation of ethics as interdisciplinarity has emerged opposed to the idea of 
ethics as handmaid of revelation. In this case, ethics functions instead as the handmaid of 
a new kind of science: modern natural science. During the Enlightenment, ethics became 
an interdisciplinary mediation not so much between nature and society as between the 
socio-political order and the pursuit of science in its distinctly modern form, which 
conceives non-human realities as devoid of moral signifi cance except insofar as value is 
attributed to them by humans. In one version, ethics is cast as the protector of science. 
This notion of ethics argues for the autonomy of science and its support by the state 
because of its benefi t to society. In another version, that of ethics as Romantic critique, 
it argues for delimitations on science in order to protect humans from dominance by 
science.

Finally, in a fi fth formation, morality can be conceived as a practice leading to some 
kind of enlightenment or revelation from below. This view of morality may be inter-
preted as having roots in the Axial Age, through the example of Buddhism, but is also 
illustrated in the belief that adherence to the scientifi c method leads to the production 
of true knowledge. Additionally, modern psychology has proposed various methods, 
from psychoanalysis to educational techniques, as productive of knowledge. Although 
the enlightenments of Buddhist meditation and scientifi c methods are quite different, 
according to this formation of ethics both may be described as emerging in a natural 
manner from the disciplining of experience. The meaning of ‘discipline’ in this instance 
exhibits different but related meanings to those customarily associated with discussions 
of interdisciplinarity.

This brief historical overview of fi ve formations of ethics as interdisciplinarity may be 
summarized as follows. In generalized terms, ethics as interdisciplinarity has functioned 
as mediation and synthesis of: (1) human and cosmic reality, (2) individual and social 
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orders, (3) reason and revelation, (4) science and human affairs, and (5) as a pathway 
to insight. Only in the fi rst half of the twentieth century were efforts made to construct 
an ethics purifi ed of all forms of interdisciplinarity in what has come to be known as 
 ‘meta-ethics’. In the face of manifest needs for ethical guidance with regard to new forms 
of science and technology, however, the meta-ethics project gave way in the second half of 
the 20th century to what has come to be called applied ethics.

18.2  Interdisciplinarity in applied ethics: bioethics 
and nuclear ethics

The meta-ethics project aimed to set aside substantive debates about good and bad, right 
and wrong, and to focus instead on analyzing the meaning of moral terms and the struc-
ture of ethical discourse or argumentation, as in a seminal text titled The language of 
morals (Hare 1952). According to American philosopher Stephen Toulmin (1982), the 
practical problems created by scientifi c and technological advances in medicine ‘saved the 
life of ethics’ in a more traditional or normative sense. He might have extended his insight 
to note that salvation also involved resuscitation by interdisciplinarity. For Toulmin, when 
ethical reasoning became engaged in clinical work and considered the actual practices 
of physicians, hospital ethics committees’ and/or institutional or governmental bodies’ 
linguistic analyse of theoretical confl icts tended to be superceded by practical reasoning. 
Confl icts between deontology, utilitarianism, and virtue ethics are sidestepped in favor of 
ad hoc constructions to deal with particular problems.

Such social consensus in the area of medicine on the basis of multidisciplinary ethical 
practice was initially adumbrated in the post-World War II creation of the Nuremberg 
Code for research on human subjects. While in earlier periods medical scientists had at 
times exhibited a certain weakness in exercising their responsibilities for the protection of 
human subjects, Nazi concentration camp experiments dramatized the need to develop 
universally agreed-upon guidelines for the conduct of medical research. Judges from sev-
eral nations collaborated with medical experts to create protocols establishing applied 
ethical principles for technoscientifi c medicine. This transdisciplinary cooperation among 
legal experts and medical practitioners resulted in foundational statements about the 
basic rights of all medical research participants to free and informed consent. Subsequent 
debates about human stem cell research, cloning, and the patenting of genomic sequences 
have continued to depend on broad cross-disciplinary dialogues regarding what factors 
and kinds of knowledge are relevant to policy making.

Insofar as medicine engages with and is transformed by developments in biology 
and the life sciences, it becomes empirically interdisciplinary. This trajectory has 
turned medical ethics into the interdisciplinary fields of bioethics and biomedical 
ethics. In a well-cited article on the constitution of the field of bioethics’ Maurice de 
Wachter (1982) has argued that even when its interdisciplinary character is assumed, 
the implications require careful attention. In particular, de Wachter argues that flour-
ishing of interdisciplinarity calls for the suspension of all disciplinary approaches, 
even when formulating research questions.



Environmental and computer ethics 263

In light of the points made by Toulmin and de Wachter, it is important to acknowledge 
that the very term ‘applied ethics’ has been contested. Yet regardless of the different terms 
used to describe this domain—such as ‘practical ethics’ or ‘professional ethics’—all assert 
a notion of engagement between and among multiple disciplines as the proper course for 
determining moral action. Consider, for instance, the case of nuclear ethics and policy, 
which refers to the ethics of nuclear weapons development and deployment as well as the 
ethics of nuclear power generation and production. Here the engagement spans the tech-
nological disciplines of nuclear science and engineering, as well as the social sciences of 
economics and environmental policy, along with the health sciences and medicine. If such 
interdisciplinary engagements are to be fruitful, the particular issues posed for ethical anal-
ysis will need to be formulated from the beginning through dialogue among the disciplines, 
so that the results of analyse are not predetermined by any set of disciplinary concerns.

18.3  Interdisciplinarity in applied ethics: environmental 
and computer ethics

Similar observations apply to the fi elds of environmental and computer ethics. Indeed, the 
development of environmental ethics was originally informed by naturalist writers (such as 
Henry David Thoreau and John Muir) as well as by conservation biologists (such as Aldo 
Leopold and Rachel Carson), all of whom undertook to advance critical ethical refl ection 
on human—nature interactions from different disciplinary contexts. In previous formula-
tions, ethics had been concerned primarily with the relationship of human-to-human or 
human-to-divine. Wildlife biologist Leopold was the fi rst to make an explicit case for an 
environmental extension of ethics to include what he called a ‘land ethic’. In his words:

All ethics so far evolved rest upon a single premise: that the individual is a member of a community 

of interdependent parts. His instincts prompt him to compete for his place in that community, but 

his ethics prompt him also to co-operate (perhaps in order that there may be a place to compete 

for). . . . The land ethic simply enlarges the boundaries of the community to include soils, waters, 

plants, and animals, or collectively: the land. (Leopold 1949, p. 204)

Extending both the foundation of an ethical relationship to encompass both humans 
and the land required interdisciplinary collaboration to unpack the logic of this interac-
tion. Carson’s work (1962) in particular was instrumental in establishing a context for 
the creation of statutory laws and governmental agencies for protection of the natural 
environment. In turn, environmental protection has become a global discussion that now 
routinely engages politicians and economists on issues of sustainable development. In the 
early twenty-fi rst century, environmental ethics developed into a broad interdisciplinary 
fi eld that includes thinkers in the domains of literature, science, law, economics, public 
policy, education, and philosophy.

The formation of computer ethics unfolded in similar ways. In the early stages of the devel-
opment of computer technologies, it was scientists and engineers such as Norbert Wiener who 
argued for the need to direct ethical attention to the implication of the use of the new machines 
of data manipulation and communication. Wiener, the founding fi gure of cybernetics, titled 
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his second book The human use of human beings: cybernetics and society (Wiener 1950). His 
work was from the beginning an interdisciplinary endeavor situated in the interstices between 
mathematics, physics, and biology (Balsamo 1996). Through the interpretation of Terrell Ward 
Bynum (2008), Wiener also laid the foundation for computer or information ethics.

Following this early work, discussions in the Association for Computing Machinery 
(ACM), the largest non-governmental organization of computer professionals, led in 1973 
to the adoption of a code of ethics (Anderson 1994). Other computer professional societies 
formulated similar or related codes in the following decade, e.g. the British Computer Society 
in 1983 and the Australian Computer Society in 1987. In 1978, interdisciplinary engagement 
between computer professionals and philosophers led to coining the term ‘computer ethics’ 
and in 1985 to the publication of a textbook of the same name (Johnson 1985). There followed 
an explosion of interdisciplinary interest and collaboration among computer professionals, 
philosophers, social scientists, and others who shared a general recognition that the fi eld of 
computer ethics could not be pursued without extensive interdisciplinary collaboration.

As illustration of the implications of interdisciplinary ethics, consider the ACM code 
revision of 1992. The fi rst code emphasized professional self-promotion and discipline (for 
example, being competent, acting within the limits of competence, and not misrepresent-
ing one’s abilities). Only in the last of fi ve canons did the code specify that ACM mem-
bers should be concerned to use their ‘special knowledge and skills for the advancement 
of human welfare’. By contrast, the 1992 revision elevated the principle of contributing to 
‘society and human well-being’ to the fi rst commitment, while professional discipline was 
subordinated to education and raising consciousness. In a commentary on the revised code 
published in the Communications of the ACM in 1993, the interdisciplinary team of Ron-
ald E. Anderson (social scientist), Deborah G. Johnson (philosopher), Donald Gotterbarn 
(computer scientist), and Judith Perrolle (social scientist)—a subset of the code drafting 
committee—noted that ‘a major benefi t of an educationally oriented code is its contribu-
tion to the group by clarifying the professionals’ responsibility to society’ (p. 98).

One substantive moral commitment that stands out as a distinctive result of the inter-
disciplinary nature of the ACM code is an expressed respect for individual privacy. In the 
1973 version of the code, this idea took the form of obligations to minimize personal data 
collection, to secure such data collections, and to arrange for the disposal of data when 
their function had been served. In the 1992 revised code, a similar respect for individual 
privacy is expressed in the following terms:

Computing and communication technology enables the collection and exchange of personal infor-

mation on a scale unprecedented in the history of civilization. . . . It is the responsibility of pro-

fessionals to maintain the privacy and integrity of data describing individuals. . . . This imperative 

implies that only the necessary amount of personal information be collected in a system, that reten-

tion and disposal periods for that information be clearly defi ned and enforced, and that personal 

information gathered for a specifi c purpose not be used for other purposes without consent of the 

individual(s). (ACM code, 1.7)

According to Bynum, however, computer and information ethics, especially as grounded 
in the foundational refl ections of Wiener, raise issues that are more transdisciplinary than 
interdisciplinary. As Bynum describes it:
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[Wiener’s] way of doing information ethics does not require the expertise of a trained philoso-

pher. . . . Any adult who functions successfully in a reasonably just society is likely to be [able to 

contribute]. As a result, those who must cope with the introduction of new information technology –

whether they are public policy makers, computer professionals, business people, workers, teach-

ers, parents, or others – can and should engage in information ethics by helping to integrate new 

information technology into society in an ethically acceptable way. Information ethics, understood 

in this broad sense, is too important to be left only to philosophers or to information professionals. 

(Bynum 2008, p. 30)

In effect, Bynam suggests the possibility of an interdisciplinary ethics not simply of knowl-
edge and technological production, but also of knowledge and technological utilization. 
The users of technologies should be able to draw on their own broad non-disciplinary 
knowledge to assess them, a view that has also been termed end-user conviviality (Mit-
cham 2009).

Indeed, most discussions about the ethics of information focus on the production side 
(of information goods or solutions to problems) rather than on the use side, where con-
sumers and citizens take up and utilize information. Information production is admittedly 
diffi cult to thematize, analyze, and practice interdisciplinarily. But interdisciplinary use of 
information is a quite common phenomenon, well and easily practiced if seldom theo-
rized. Most ‘disciplinary’ producers engage frequently in ‘interdisciplinary’ consumption. 
When information producers leave the design shop or academic classroom they become 
citizens, members of families, churches, and users of all sorts of information goods and 
services—most of which they engage not as disciplinary experts or specialists but simply 
on the basis of common experience. In short, the disciplinary historian becomes an inter- 
and transdisciplinary human being when going to a health care provider. A physician’s 
diagnosis and treatment recommendation is only incidentally fi ltered through the histo-
rian’s perspective, insofar as questions might be asked about the historical development 
and origin of a diagnosis or therapy. The historian qua patient and consumer of medical 
services has an ability and indeed a motivation to draw from any number of disciplines in 
the process of making sense of a diagnosis or prescribed therapy: an old general chemistry 
course from high school, a required science course in college, a novel about medical care, 
newspapers reports and TV programs. Interdisciplinary consumption and use is a largely 
undertheorized aspect of interdisciplinarity that in fact functions in almost all areas of 
applied ethics.

18.4  Interdisciplinarity in applied ethics: professional 
ethics of engineering and science

The ‘disciplinarity’ that characterized the mode of knowledge production of the last half 
of the twentieth century, into which ‘interdisciplinarity’ is an intervention, exhibits a his-
torically specifi c character. In earlier periods, producers such as farmers, tailors, and even 
soldiers were both producers and consumers of their own goods: farmers ate their own 
food; tailors wore their own clothes; vernacular architects lived in the houses they built; 
soldiers fought with the weapons they designed, manufactured, and maintained. The 
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hyperstructural differentiation that resulted in the proliferation of disciplines with rigid 
boundaries did not arise until the modern period.

In the domain of professional ethics the typically modern separation of production and 
use is less pronounced than in other applied ethics fi elds. Consider, for example, the devel-
opment of engineering ethics and the ethics of scientifi c research. In both cases, interdis-
ciplinary work has become the norm. Engineering is a discipline that has evolved into 
several specialized subfi elds, from civil and mechanical to chemical, electrical, electronic, 
industrial, nuclear, computer, and more. Especially since the 1990s, the paramount com-
mitment, across all fi elds of engineering, has been articulated as the protection of public 
safety, health, and welfare—a commitment that has become known as the  paramountcy
clause. In the 1970s, the US National Endowment for the Humanities (NEH) and the 
National Science Foundation (NSF), stimulated in part by widespread public concern 
about a series of engineering-related failures (most prominently involving automobiles 
and airplanes) and in an effort to deepen understanding and practice of the paramountcy 
clause, jointly awarded a number of grants to research teams that included both philoso-
phers and engineers to study the ethics of engineering research and practice. The NSF 
even established a special Ethics and Values in Science and Technology (EVIST) grants 
program. This resulted in the creation of a number of interdisciplinary team-taught engi-
neering ethics courses and the publication of engineering ethics textbooks (e.g. Unger 
1982; Martin and Schinzinger 1983; Harris et al. 1995).

A similar interdisciplinary dynamic transformed critical refl ection and practice with 
regard to the ethics of scientifi c research. Stimulated again in part by public concern about 
fraud and misconduct in science, including the misuse of public funds as revealed in US 
Congressional hearings in the 1980s, the NSF and the US National Institutes of Health 
(NIH) funded interdisciplinary research and course development on the responsible 
conduct of research. This trajectory of scholarship was also promoted by interdisciplin-
ary professional scientifi c organizations such as the US National Academies of Science 
(NAS) and the American Association for the Advancement of Science (AAAS). A 1989 
pamphlet, On being a scientist—produced by an interdisciplinary team of representa-
tives from the physical sciences, life sciences, engineering, social sciences, and humanities 
under general direction of the Committee on Science, Engineering, and Public Policy of 
the NAS, National Academy of Engineering, and Institute of Medicine and published by 
the National Academies Press—became a standard teaching resource at both the graduate 
and undergraduate levels in universities. This and related texts review basic research pro-
tocols regarding notions of integrity and honesty in the reporting of research results, the 
avoidance of confl icts of interest, the fair treatment of subordinates and colleagues, and 
respect for animal welfare for the purposes of raising awareness and fostering ethically 
responsible scientifi c practice.

18.5 Applied ethics generalized

The permutations of ‘applied ethics’ discussed here display at least four common fea-
tures. First, the distinctions between multi-, cross-, trans-, and interdisciplinarity are of 



Ethics of interdisciplinarity as an ethics of shift work 267

marginal concern to those who practice interdisciplinary ethics. Interdisciplinary teams 
engage in their work and negotiate the parameters of their interactions on the fl y without 
feeling much need to analyze the particulars. Second, the practice of interdisciplinarity is 
often considered a transgression of proper disciplinary order. In the discipline of philoso-
phy, for instance, those who become involved in interdisciplinary work are often profes-
sionally marginalized. Philosophers who specialize in applied ethics are seldom accepted 
as equal members of their departments. Sometimes they are nudged out of the discipline 
and into interdisciplinary units such as programs and departments of science, technology, 
and society (STS) studies. Julie Thompson Klein (1990, 2001) has in this regard described 
the character of ‘interdisciplinarity’ that emerges in different institutional contexts as a 
consequence of the movement ‘out of the disciplines’ by interdisciplinary researchers.

Third, the notion of interdisciplinarity often expands beyond an initial grouping com-
prising engineers and scientists to eventually include social scientists and humanists 
(Frodeman et al. 2001). This results, fourth, in the formation of new questions about the 
professional and cultural boundaries of applied ethics work. Engaging in applied ethics 
in the context of contemporary globalization leads researchers to ask questions about the 
legitimacy of, for example, standards for the responsible conduct of research developed 
in Europe and the United States as distinct from China, India, or South Africa (European 
Commission 2009).

Along with a number of different, substantive ethical ideals such as free and informed 
consent in bioethics, sustainability in environmental ethics, and privacy protection in 
computer ethics, two other commitments are often incorporated into applied ethics fi elds. 
One is that technical experts have the obligation to promote public education regarding 
the most relevant aspects of their work. Another is that, when appropriate, these tech-
nical experts have obligations to involve the public in decision making about technical 
matters. Summarizing these two ideal commitments, it has been argued that the ethical 
determination of boundary conditions on research and knowledge production requires 
co-responsible or interdisciplinary collaboration between the scientifi c community and 
the public (Mitcham 2003). This, in turn, requires ethics (in its broadest formation) to 
refl ect upon its own unavoidable disciplinary blind spots, to shift from one frame of refer-
ence to another, in order to appreciate the specifi c character of different forms of knowl-
edge, different methods of knowledge production, and different purposes of knowledge 
creation. Clarifying the ethical responsibility of technical experts to engage members of 
the public in technical decision making enacts the political adage of ‘no taxation without 
representation’. We live in a world where scientifi c research and technological invention 
have a more signifi cant impact on citizens than do government tax policies. This partici-
patory principle also moves applied ethics from the realm of personal behavior into that 
of politics and policy (Winner 1980; Goldman 1992).

18.6 The ethics of interdisciplinarity as an ethics of shift work

The foregoing review of applied ethics indicates that it would be diffi cult to do such work 
without interdisciplinary engagements. This persistent fact in turn suggests a value: doing 



268 ID in ethics and the ethics of interdisciplinarity

interdisciplinarity in the most ethical way imaginable. Although value may not be deriv-
able from fact, facts can stimulate refl ection on relevant values. To think about the right 
and wrong ways of doing interdisciplinarity is to anticipate an ethics of interdisciplinarity, 
and in such an anticipation it would be useful to begin with a general characterization of 
interdisciplinarity itself. Although interdisciplinary collaboration comes in many forms—
multi-, cross-, inter-, and transdisciplinarity, to name only the four most common types—
uniting all forms of interdisciplinary is what may be described as the phenomenon of 
‘shift work’, literal and metaphorical. Taking this as the starting point, a manifesto on the 
ethics of interdisciplinarity will itself involve a shift in rhetoric and tone. This is but one 
more manifestation of the dynamic movement characteristic of interdisciplinary work.

Unlike shifts that start and end with the punch clock, interdisciplinary shifts from one 
framework to another require the on-going crossing of boundaries. Many studies treat 
boundary crossing as the exception rather than the rule: ‘At this historical point, how-
ever, the interactions and reorganizations that boundary crossing creates are as central to 
the production and organization of knowledge as boundary formation and maintenance’ 
(Klein 1996, p. 2). Yet it can be diffi cult to grasp the specifi c dynamics of this shift work 
across boundaries, let alone fi gure out how to exercise positive infl uence over it. In this 
case, ought need not imply can, but does imply try.

Although interdisciplinary shift work is enabled by new technologies, it is not techno-
logically determined. Enabled and stimulated by advancing technologies of transportation, 
communication, and information storage and retrieval, shift work takes form in classrooms 
and galleries, in virtual online worlds, in networked social spaces, and through mobile access 
points. The traditional spaces of cultural production and reproduction—research labs, art 
studios, universities, museums, libraries, galleries, theaters, and community centers—are 
themselves being transformed by those who inhabit them as they adopt new practices of 
communication, community formation, knowledge production, and technology use.

Given its dependence on, without being determined by, technological change, the shift 
work ethos invites cultivation of what may be called the technological imagination, a qual-
ity of mind that enables people to think with and through technology (Balsamo, forth-
coming). This is equivalent to what Albert Borgmann calls ‘real ethics’: an ethics that steps 
beyond ideas and theories and is more expansive than that focused on personal interac-
tions. ‘Real means tangible; real ethics is taking responsibility for the tangible setting of 
life’ (Borgmann 2006, p. 11). Real ethics rests on the recognition that even as we design 
the world of artifacts within which we live, those artifacts design us. Additionally, the 
technological imagination entails performativity and improvization, the cultivation of 
which rests on appreciation or understanding of: (1) the hidden character of knowledge 
in a digital age, (2) the multifaceted consequences of technological innovation, and (3) 
the development of new protocols for enacting interdisciplinary activity. The richer the 
technological imagination, the better the questions it will bring to these three aspects of 
the practice of interdisciplinarity.

(1) With regard to the hidden character of knowledge: for those now considered mem-
bers of a generation ‘born digital’ (who came to consciousness after the emergence of 
the internet in the 1990s), it is obvious that data ≠ information ≠ knowledge, and that 
daily life is a scene of constant shifts between different networked contexts. Consequently, 
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they often display a transgressiveness that emerges from repeated experiences of traveling 
across linked information fl ows. Their successful navigation of media fl ows, distributed 
learning, and social environments requires the fl uid mutation of interests, identities, and 
affi liations. Mutability becomes one of their strongest attributes. It is exactly this sensibil-
ity and fl uid mutability that can serve as the foundation for a lifetime of learning.

But mutability is not easily accommodated within established institutions that govern 
and sanction knowledge production and which depend on specifi c structures, conven-
tions, and often highly traditional rituals of production. In order to successfully navigate 
contemporary digital network worlds, participants must learn not only how to transform 
data into information, but then be able to integrate information that comes from different 
sources for purposes of creating knowledge. In short, they must learn how to synthesize 
material harvested from diverse information fl ows. To affect this, digital shift workers 
learn to produce knowledge through dialogues among disciplines, social negotiation, and 
collaboration with peers, experts, and multiple others. Knowledge-producing activities 
will thus depend on understanding how disciplinarity functions as the institutionalized 
practice of knowledge verifi cation. Shift workers learn how to engage in conversations 
with those who hold diverse cultural values or intellectual commitments. The everyday 
experience of the digital generation already incorporates creative synthesis practices such 
as data mining, remixing, and modding. But to create knowledge, interdisciplinarians 
must also learn how to critique the information fl ows they remix. In this sense, ‘critical 
reading’ is not an outmoded text-based literacy.

(2) The multifaceted consequences of innovation can be summed up in the formula: 
technological innovation = social transformation. Research that produces technological 
innovation is socially and culturally transformative insofar as all technologies shift social 
and cultural arrangements. Transformation takes shape through the formation of new 
publics, policies, social protocols, services, cultural narratives, as well as new technologi-
cal applications and devices. Innovation thus calls for multidisciplinary collaboration not 
just in pursuit of the creation of new technological products, but also in the formation 
of political alignments for interdisciplinary collaborations. In the past, such collabora-
tions have been unnecessarily limited. As the technohumanists Cathy Davidson and David 
Goldberg (2004) point out in their ‘Manifesto for the humanities in a technological age’, 
those who call for interdisciplinary collaboration that focuses on applied social problems 
frequently disregard the participation of humanists. As an example they cite Jeffrey Sachs, 
as Director of the Earth Institute at Columbia University and Special Adviser to the United 
Nations Secretary-General on Millennium Development Goals. Although insisting ‘that 
interdisciplinarity was the only way to solve world problems’, proposed bringing together 
only the earth sciences, ecological sciences, engineering, public health, and the social sci-
ences with a heavy dose of economics—leaving out the arts, culture, and philosophy. Yet 
complex social problems call for hybrid solutions that benefi t from the incorporation of 
intellectually nuanced cultural analyses. The cultural aspects of technology design, use, 
deployment, implementation, maintenance, and disposal are fundamental to the process 
of forming adequate responses to variegated social problems.

(3) Having called for including a broader range of disciplinary participants, it is 
 important to note that those who collaborate as members of interdisciplinary 
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shift teams must resist any facile division of labor that relegates scientists to studying 
 conditions, engineers to designing artifacts, and social scientists and humanists left to 
practicing critique. While different roles are to be played by different types of participants, 
all must be willing—indeed, eager—to learn new skills, analytical frameworks, methods, 
and practices. This is the starting point for a practical ethics of interdisciplinarity. When 
people with different disciplinary or even interdisciplinary backgrounds come together, it 
is important to acknowledge that everyone has something to contribute and to learn.

The following virtues may thus be as indicative of the ethical habits appropriate to shift 
work interdisciplinarity:

Intellectual generosity. A genuine acknowledgment of others’ work. This should be explic-
itly expressed to collaborators as well as mentioned via citation practices. Showing 
appreciation for other ideas in face-to-face dialogue and throughout a collaborative 
process stimulates intellectual risk-taking and creativity.

Intellectual confi dence. A belief that one has something important to contribute. Confi -
dence avoids boastfulness and includes a commitment to accountability for the qual-
ity of a collaboration. Everyone’s contribution to a collaboration needs to be reliable, 
rejecting short cuts and guarding against intellectual laziness.

Intellectual humility. A recognition that one’s knowledge is partial, incomplete, and can 
always be extended and revised. This is a quality that allows people to admit they do not 
know something without suffering loss of confi dence or self-esteem.

Intellectual fl exibility. The ability to change one’s perspective, especially based on new 
insights from others. This can include a capacity for play, for suspending judgment and 
imagining other ways of being in the world and other worlds to be within.

Intellectual integrity. The exercise of responsible participation. Such a habit serves as a 
basis for the development of trust, and is a quality that compels colleagues to bring their 
best work and thinking to collaborative efforts.

Beyond such particular virtues, however, the practical ethics of interdisciplinarity assumes 
that more effective interdisciplinary production and use is a natural good. It is pragmatic in 
orientation, seeking only to improve interdisciplinary output—making interdisciplinarity 
work well rather than questioning whether interdisciplinarity should work. 

At the same time, is there no need for a questioning of greater and greater productiv-
ity? Questioning is generally seen as legitimate with regard to material productivity. Why 
not also with interdisciplinary productivity, whether practiced in the realm of tangible or 
cognitive goods? Is it not possible to be overwhelmed by knowledge and innovation? Are 
these not the ultimate issues for any ethics of interdisciplinarity?

18.7 Conclusion

Ethics as a form of interdisciplinarity has been described in a broad-brush historical 
survey from the Axial Age to the twenty-fi rst century. This survey identifi ed fi ve basic 
frameworks in which ethics has mediated interactions between human beings and other 
aspects of reality. This constitutes an admittedly metaphorical extension of the notion 
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of  interdisciplinarity, but one that suggests possibilities deeper than those customarily 
imagined—and going beyond the commonplace of interdisciplinarity as useful for prob-
lem solving.

Beginning in the second half of the twentieth century it is also possible to identify a 
form of ethics—applied ethics—in which interdisciplinarity in a less metaphorical sense 
plays an increasingly constitutive role. A selective review of work in various applied ethics 
fi elds, from bioethics to engineering, reveals how integral interdisciplinarity is to almost 
any critical refl ection on life in a technoscientifi c world.

The prominence of interdisciplinarity in ethics in turn suggests the need for an ethics 
of interdisciplinarity, that is, for refl ections on what ethos could best guide interdisciplin-
ary practitioners in their shift work. In a sense, of course, the whole handbook of which 
this chapter is a part has the same aim. But as its own special contribution to such a gen-
eral goal, the ethics chapter concluded by identifying shift work as a key characteristic of 
all interdisciplinary activity and then ventured to explore differences between right and 
wrong ways to enact its ever recurring shifts in perspective and method. The result was 
to describe fi ve virtues for interdisciplinary practice. One way of testing the adequacy of 
these virtues would be to consider their relevance to the many other analyses of interdis-
ciplinarity that inform the present handbook.
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CHAPTER 19

Design as problem solving
PRASAD BORADKAR

The central theme of design is the conception and planning of the artifi cial

—Buchanan (1990, p. 78)

The word design is most frequently employed to refer to the action or process of plan-
ning and making (designing something), but it is also used to describe the end result or 
artifact of this action (a design). The etymological root of the word design can be traced 
back to designare, Latin for ‘to mark out’ or ‘devise’. Both marking out and devising signify 
an intent to create concepts that can be realized as objects. In other words, a designed 
object is ‘reifi ed intention’ (Mitcham 1994, p. 220); the outcome of this intention can be 
a machine, a building, a product or a logo. Thus, design fi nds itself used and claimed by a 
variety of disciplines including, but not limited to, architecture, engineering, automotive 
design, industrial design, graphic design, and interior design; new additions like experi-
ence design and service design continue to appear on a regular basis. In fact, all activities 
directed towards the materialization of an intent—developing a business plan for a new 
venture, writing a public policy or creating an artwork—can be described as forms of 
design. In order for the designed artifact to truly valuable to all those who interact with it, 
designers have to consider issues of aesthetics, usability, ergonomics, safety, marketability, 
manufacturability, functionality and sustainability. This requires a wide range of skills and 
knowledge. Design has therefore been described as science and art, as communication and 
argumentation, and as thinking and inventing.

Designers involved in such activity often refer to their task as problem-solving, and 
view their work as a response to opportunities and needs in the market identifi ed by 
corporations, entrepreneurs, consumers, governments, and non-profi t organizations. 
Design practice takes on problems that can range from the creation of such small things 
as business cards to the planning of entire urban systems. If design’s task, as Max Bill of 
the Hochschule für Gestaltung in Ulm once explained, is ‘to participate in the making 
of a new culture – from a spoon to a city’ (Lindinger 1991), its scope can be vast and its 
impact signifi cant. And while the design of a spoon might only call for the collabora-
tion between a designer and a metalsmith, the planning of a city certainly is not possible 
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 without the involvement of a large number of experts including urban planners, city 
offi cials, transportation engineers, citizens, and other experts representing a variety of 
disciplines, points of view and interests. As the problems of climate change and envi-
ronmental degradation worsen, the concerns of design have extended beyond the city to 
include the planet.

Horst Rittel argues that the problems design handles are ‘wicked’ (as well as incorrigible 
and ill-behaved) and require new methodologies to tame them (Rittel and Webber 1973). 
He outlines several factors that defi ne the nature of this wickedness. He lists some of the 
key characteristics of these problems: they are very diffi cult to formulate, they do not have 
right or wrong solutions, they do not have a logical end, and they are often symptoms of 
other problems. In such situations, the only way to devise comprehensive solutions that 
meet the needs of a large and diverse group of stakeholders is through an intense and inte-
grated collaboration among disciplines. Transdisciplinarity is one of the most promising 
strategies for dealing with and taming the wicked, ill-behaved and incorrigible problems 
of design.

19.1 Design’s wicked problems

Contemporary design practice is conducted in a world that is globally more con-
nected, technologically more complex, and economically more intricate than it has 
ever been before. According to socio-cultural anthropologist Arjun Appadurai, ‘the 
scale, penetration, and velocity of global capital have all grown significantly in the 
last few decades of this century’ (Appadurai 2001, p. 18). The complexity engendered 
by these global capital flows is expected only to increase in the future, complicating 
design’s task even further. In response to these impending developments, design has 
already started to re-imagine its scope. New conceptions of design now define its 
charter as the development of systems rather than individual artifacts. There is rec-
ognition that designers need to consider global needs rather than individual wants. 
New design thinking emphasizes concerns of social equity and environmental respon-
sibility, pushing design’s purview beyond its historical fixation on form. It is now 
also commonly recognized that design alone cannot solve these problems in isolation. 
The sheer wickedness and complexity of these issues warrants engagement with other 
disciplines.

The health care system in the United States, for example, presents a series of wicked 
problems. Take the problem of designing an effective patient transfer system for a hospital. 
Patients are generally transported between ambulances, emergency rooms, waiting rooms, 
laboratories, surgical wards, and pharmacies and using gurneys, stretchers, rolling beds, 
wheelchairs, lifts, hoists, and other devices. While being transferred, they are often hooked 
up to IV poles, oxygen tanks, or vitals monitors, and the transfers might involve, in addi-
tion to the patients themselves, nurses, nurses aides, family members, social workers, and 
paramedics. Health care workers moving patients from one position (reclining in a bed) 
to another (sitting in a wheelchair) often hurt their backs, and research shows that nurses 



Design praxis: a taxonomy 275

experience more injuries on the job than any other professionals. This has led to lost work, 
reduced pay, and workers’ compensation claims, which become fi nancial bu rdens for health 
care workers and hospitals. In addition, the problems posed by the growing rate of obesity 
and the increasing average age of nurses pose additional diffi culties for hospital personnel 
who might have to move bariatric patients (those weighing more than 152 kg).

A patient transfer system will not only have to handle the problems listed above, but it 
will need to be cost-effective, able to accommodate patients who represent a wide range of 
body types and cultural backgrounds, easy to install, effortless to use, and above all, safe 
for patients and health care professionals. And unless it is able to adapt to existing as well 
as new hospital buildings, it will not be compelling enough to hospital administrators 
and purchasing departments. This problem is diffi cult to understand thoroughly: it pos-
sesses no single right, wrong, or objectively perfect solution; and it lacks fi nite and reliable 
evaluative criteria. It is clear that developing such a system would need to involve teams 
of hospital staff, health care workers (nurses, nurses’ aides, paramedics, ambulance driv-
ers), engineers, product designers and marketing professionals, all working to inform and 
transform each other’s thinking. This is merely one example of design’s wicked problems 
that demand transdisciplinary efforts.

The process of new product development is inherently interdisciplinary, and is typically 
conducted in cross-functional teams of designers, engineers, and business professionals. 
In addition, depending upon the nature and scope of the project, other disciplines such as 
anthropology, medicine, psychology, nursing, etc. may be brought in to guide the design 
development. As design takes on the vast challenges of environmental pollution, global 
poverty, and lack of clean drinking water, it will need to inform and to learn from other 
disciplines: ‘Interdisciplinary skills are also particularly important for problem-solving in 
areas where there are a large number of variables together with high levels of uncertainty 
and risk. As Nobel Laureate Gunnar Myrdal commented “problems do not come in disci-
plines” ’ (Gann and Salter 2001, p. 99).

19.2 Design praxis: a taxonomy

No single defi nition of design, or branches of professionalized practice such as 

industrial or graphic design, adequately covers the diversity of ideas and methods 

gathered together under the label. Indeed, the variety of research reported in 

conference papers, journal articles, and books suggests that design continues to 

expand in its meanings and connections, revealing unexpected dimensions in 

practice as well as understanding (Buchanan 1992, p. 5)

The variety of domains in which designers operate and the range of outcomes they pro-
duce have made it diffi cult to establish a thorough taxonomy of design disciplines. In addi-
tion, as it evolves, design takes on new meanings, adopts new methodologies, addresses 
a broader range of problems and redefi nes its scope, making it challenging to keep taxo-
nomical structures current. If one imagines the totality of the built environment (from 
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InnovationSpace at Arizona State University

Prasad Boradkar

In 2004 Arizona State University established a program called InnovationSpace to engage faculty, 

students, and industry in the process of transdisciplinary design and innovation. Faculty from 

industrial design, visual communication design, business and engineering co-direct the program 

and teach classes in which teams of senior-level undergraduate students from these four disci-

plines work together over a period of a year on solving socially critical problems on such topics 

as health care, assistive technologies, and alternative energy.

The program is built on the premise that a traditional, discipline-specific education no 

longer provides enough expertise or variation in thinking to handle the complex challenges 

of new product development. The program’s goal is to teach students how to create sustain-

able product concepts that can anticipate the challenges presented by industry, consumers, 

society, and the environment: ‘One strand of TD problem solving centers on collaborations 

between academic researchers and industrial/private sectors for the purpose of product and 

technology development, prioritizing the design of innovative milieus and involvement of 

stakeholders in product development’ (see Klein, Chapter 2 this volume). In order to engage 

stakeholders from industry, InnovationSpace collaborates with corporate partners and has, 

to date, completed projects with Herman Miller, Inc., Intel Corporation and Procter and 

Gamble.

Students enroll for two courses over fall and spring semesters for a total of 10 academic cred-

its, and are placed in a studio team environment where they can learn from each other, from a 

multidisciplinary team of faculty members, and from industry leaders. The students, faculty, 

and industry experts bring to class a new set of resources, theoretical approaches, specialized 

methodologies and unique tools from a variety of disciplines that advance the level of general 

and specifi c knowledge of the entire group. This prepares the students to be professionals who 

are not only trained in their disciplines but who quickly learn that other areas of expertise can in 

fact improve the quality, depth and impact of their own work.

Integrated innovation

One of the critical guiding principles of InnovationSpace is integrated innovation. The model 

of innovation asks four questions that demand a holistic approach to new product develop-

ment:

● What is valuable to people?
● What is possible through engineering?
● What is desirable to business?
● What is good for society and the environment?

Using the model of integrated innovation, students aim to create products that:

● Satisfy user needs and desires.
● Apply innovative but proven engineering standards.
● Create measurable value for business.
● Benefi t society while minimizing impacts on the environment.

This model serves as a framework that guides the students’ research and analysis and helps 

them collect information about existing and potential users, the market, and emerging tech-
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nologies, as well as critical social and environmental issues. In addition, as they start generating 

product ideas, this model also serves as an evaluative tool, helping them gauge the effi cacy of 

their solutions for all stakeholders. This model serves as a very effective teaching tool because it 

is simple and it encourages in-depth exploration of all the constituencies that will be positively 

and negatively impacted by their solutions.

Students also start to recognize the dynamic tensions that exist among these factors of innova-

tion and realize that design involves making trade-offs. For example, certain commodity plastics 

may possess the right material properties and meet manufacturing requirements, but also may 

pose higher risks due to human and environmental toxicity. Or, certain executive decisions regard-

ing business process offshoring to poorer nations that have economic advantage for the corpora-

tion may not always translate into positive societal impacts for the workers in those countries. This 

model of innovation emphasizes that responsible design involves the delicate task of negotiating 

the tensions that exist between what’s valuable to users, what’s desirable to corporations, what’s 

possible through engineering, and what’s good for society and the environment.

Students also recognize that trade-offs extend beyond the scale of design—such as material 

capabilities versus formal decisions or appropriate ergonomics versus compactness—to larger-

scale compromises involving such business decisions as outsourced labor cost versus corporate 

social responsibility, brand strategy versus advertising budget, etc. This also helps the indus-

trial design students realize quickly that the birth and development of a product involves the 

expertise of several disciplines and compromises are central to moving products to market. The 

primary objective of Arizona State University’s InnovationSpace program is to equip designers, 

business professionals, and engineers with the knowledge and skills needed to transform the 

world into a better place, by design.

What is valuable
to the user

Integrated Innovation Model

What is desirable
to the corporation

What is good
for society and the environment

What is possible
through engineering
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the spoon to the city) to be the domain of the designer, it can be broadly (and incom-
pletely) classifi ed into the domains and disciplines shown in Fig. 19.1.

Though the divisions that exist among the various forms of design practice fracture the 
discipline, they do serve a critical role: ‘There are, of course, some good reasons why these 
practices were separated in the fi rst place, and the issue is not to meld them all into a new, 
comprehensive profession that is at once everything and nothing’ (Margolin 1989, p. 4). The 
design and manufacture of a hand-held device presents a set of challenges that are far differ-
ent from those faced by an architect who is called on to oversee the design and construction 
of a hospital. Similarly, the design of a car interior demands the attention of transportation 
designers, ergonomists, mechanical engineers, and others, making it a vastly different chal-
lenge from the design of an archeological exhibition that tells the complex story of Egypt’s 
rich history. The level of granularity in the division of design labor encourages the develop-
ment of domain-specifi c knowledge and allows designers to refi ne their craft. However, it 
also presents the danger of narrow and compartmentalized thinking that can seriously limit 
design’s impact. In order to generate holistic and comprehensive solutions to problems of 
the built environment, collaboration among disciplines is imperative.

Mitcham (1994) has classifi ed design into two broad categories—engineering design and 
artistic design; the former driven by performance specifi cations and the latter by form; the 
fi rst by effi ciency and the second by beauty. Engineering design uses physics and mathemat-
ics in visualizing its material outcomes, and artistic design relies on the senses and intuition 

The city and its environs

The Built Environment The Design Discipline

Urban Design, Landscape Architecture, Planning

Architecture, Interior Design, Exhibit Design, Set 
Design

Product Design, Industrial Design, Toy Design,
Transportation Design, Engineering Design

Graphic Design, Visual communication Design, Web
Design, Interaction Design

Service Design, Process Design, Experience Design,
Systems Design

Buildings and their interiors

Products

Communications and
new media

Services and infrastructures

Figure 19.1 The domains and disciplines of design.
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in c reating its results. However, with growing interdisciplinarity and the emergence of new 
disciplines, the boundaries of such classifi cations become blurred. For instance, web designers 
create graphic user interfaces that determine the aesthetic character of a website (a form of 
artistic design), but many of them are also required to know some computer programming (a 
form of engineering design) in order to make the sites functional: ‘Design is partly rational and 
cognitive, and partly irrational, emotive, intuitive, and noncognitive. It is rational to the extent 
that there is conscious understanding of the laws of nature; it is irrational to the extent that 
the sciences have not yet succeeded in revealing the laws of complex phenomena’ (Buchanan 
1995, p. 50). Most designers do not see their practice as purely artistic; although imparting 
beauty to everyday objects is certainly of importance, the agenda for design also includes solv-
ing problems that can improve people’s lives and minimize impacts on the environment. In 
other words, engineering and artistic work are both central to design and not easily separable.

19.3 Design: practice and theory

Most defi nitions of design refer primarily to design practice as manifest in the professions 
of architecture, engineering, planning, etc. In addition to the professional occupations, 
though, it is important to recognize the emergence of design studies, an interdisciplinary 
activity established to study design itself and develop a theory of practice. Bruce Archer, 
one of design’s leading voices and advocate for the establishment of design studies, cre-
ated a taxonomy outlining ten topics within which further research would be needed to 
develop a theoretical body of domain knowledge. These ten topics represent the earliest 
formation of design studies (Fig. 19.2).

Design studies seeks to develop refl exive knowledge about design itself, especially in 
the areas of history, theory, and criticism. As the labels imply, these are interdisciplinary 
areas of inquiry that depend upon thorough engagement with such disciplines as philoso-
phy, history, education (pedagogy), etc., for their development. Scholarship in these topics 
has been growing steadily through a variety of books and such journals as Design Issues,
Design Studies, The Design Journal, and Design and Culture.

19.4 Wicked, incorrigible, ill-behaved problems

For Rittel, design’s wicked problems are also ill-behaved because they frustrate the design-
ers’ efforts of wanting to create and follow a clear pathway to the solution from analysis to 
synthesis (Rittel 1971). He attributed this ill behavior to the following issues:

1. They are not well-defi ned; i.e., every formulation of the problem is already made in view of some 

particular solution principle [. . .]. 2. For design problems there is no criterion which would deter-

mine whether a solution is correct or false. Plans are judged as good, bad, reasonable, but never cor-

rect or false [. . .]. 3. For design problems there is no rule which would tell the designer when to stop 

his search for a better solution. He can always try to fi nd a still better one. Limitations of time and 

other resources lead him to the decision that now it is good enough. . . . (Rittel 1971: 19)
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Topics of study

Design Technology The study of the phenomena to be taken into account
within a given area of design application

The study of the design techniques

The study of the vocabulary, syntax and media for
recording, devising, assessing and expressing design ideas
in a given area

The study of the classification of design phenomena

The study of the measurement of design phenomena,
with special emphasis on the means for ordering or
comparing non-quantifiable phenomena

The study of goodness or value in design phenomena,
with special regard to the relations between technical,
economic, moral and aesthetic values

The study of the language of discourse on moral
principles in design

The study of the nature and validity of ways of knowing,
believing and feeling in design

The study of what is the case, and how things came to be
the way they are, in the design area

The study of the priniciples and practice of education in
the design area

Design Praxiology

Design Language

Design Taxonomy

Design Metrology

Design Axiology

Design Philosophy

Design Epistemology

Design History

Design Pedagogy

Definition

Figure 19.2 Areas of work and research likely to be involved in the future development of design studies 
(Baynes et al. 1977).

While not all problems that designers tackle behave so badly, there are several, especially 
in the health care and transportation industries, that certainly do. Buchanan argues that 
design problems are wicked because ‘design has no special subject matter of its own apart 
from what a designer conceives it to be’ (Buchanan 1992, p. 16). Designers tackle prob-
lems from a variety of domains, and the products of their labor range from paper clips to 
ai rplanes. For example, while a biologist may focus his or her life’s scientifi c efforts on the 
narrow and highly specialized examination of butterfl y coloration, an industrial designer 
may focus his or her efforts on the unique problems of the creation of a car, a guitar, and a 
chair within the span of a few months. The domain knowledge required to practice design 
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needs to be abstract enough to be applicable in a variety of contexts, while being specifi c 
enough to appropriately address the challenges at hand. And, the diffi culty in being able 
to develop content expertise in several domains makes it even more attractive to engage 
disciplines that possess deep knowledge in those topical areas.

19.5 Dealing with wickedness

If design problems pose a unique set of challenges, designers need a unique set of tools 
with which to tackle them. Brainstorming, mind mapping, visualization, prototyping, 
storyboarding, scenario development, etc., are some of the commonly used methods 
in design praxis. However, while these methods can help with discrete segments of the 
problems, they do not serve as overarching strategies for taming or coping with wick-
edness. Roberts (2000) classifi es problems as simple, complex, and wicked, and offers 
three unique coping strategies that she titles authoritative, competitive, and collaborative.
She cautions that no single approach can present itself as a panacea, and decisions about 
selecting the most appropriate strategy will depend upon the specifi city of the problem. 
Authoritative strategies are recommended when a few key stakeholders are in positions 
of power in the problem-solving group, competitive strategies work best when power is 
dispersed and contested, and collaborative strategies serve well in the remaining situa-
tions (Fig. 19.3).

There is no question that the design process—whether played out in small and medium-
sized design consultancies or in large corporations—does involve power hierarchies and 
disputes among stakeholders (as well as disciplines). While authoritative or competitive 
strategies might lend themselves to simple problems that involve few stakeholders or small 
projects that can be quickly executed, it is the collaborative strategy that can work best for 
design’s wicked problems. Collaboration offers the benefi ts of shared costs, the possibility 
of more comprehensive solutions, better problem prediction, and so on.

19.6 Interdisciplinarity in design

In examining the inter- and transdisciplinary nature of design, it is important to assess 
both design practice and design studies. Design straddles craft and science, the humani-
ties and the social sciences, as well as art and engineering in its practice and in its theory. 
Design is generative and analytical; it demands creative thinking and critical prob-
lem solving. If such is the task of design, its practice necessitates the practitioner and 
the theorist to draw upon the type of knowledge that resides in disparate disciplines, 
and requires a type of thinking that is fl exible enough to fl uctuate among them. Ken 
 Friedman refers to design as an integrative discipline that resides at ‘the intersection of 
several large fi elds’ (Friedman 2000). For Friedman, the natural sciences, humanities, 
and liberal arts as well as the social and behavioral sciences constitute the ‘Domains of 
Theory’ while the human professions and services, creative and applied arts, and tech-
nology and engineering make up the ‘Domains of Practice and Application’. However, 
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Problem
type

Simple

Authoritative

Power tightly
controlled by a few

in the team

Power contested in
the team

Power shared by
the team

Competitive Collaborative

Agreement on
problem and

solution

Conflict over
solution

Conflict over
problem and

solution

Complex Wicked

Figure 19.3 Coping strategies for wicked problems (developed from Roberts 2001).

classifying these domains on the basis of theory and practice presents problems; just as 
there are theories of engineering, there is application in the humanities. These disci-
plines should instead be conceived of as contiguous areas of study so as to demonstrate 
the interaction among them.

Figure 19.4 represents a model where design problems can be mapped out on the basis 
of their engagement with other disciplines. Locating design within this web of traditional 
disciplines speaks to its interdisciplinary nature. The domain map of the design project 
therefore takes form on the basis of the nature of the problem and the disciplines required 
to be involved.

While it is clear that wicked design problems require transdisciplinary approaches, 
scholars in design studies (Friedman 2000; Cross 2002) have sought to demonstrate 
that design theory and praxis possess components that are unique and distinct from 
other disciplines: ‘The underlying axiom of this discipline [of design] is that there are 
forms of knowledge and ways of knowing that are special to the awareness and ability 
of a designer, and independent of the different professional domains of design practice’ 
(Cross 2006, p. 100). Their goal is to set up design as an independent discipline, but one 
that enriches itself in transdisciplinary engagements: ‘This is the challenge for design 
research – to construct a way of conversing about design that is at the same time both 
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interdisciplinary and disciplined. It is the paradoxical task of creating an in terdisciplinary 
discipline. This discipline seeks to develop domain-independent approaches to theory 
and research in design’ (Cross 2006, p. 100). Cross describes design’s unique activities 
as ‘designerly ways of knowing, acting and thinking’ (Cross 2001). Multidisciplinarity, 
interdisciplinarity, and transdisciplinarity too can be described as three related yet dis-
tinct forms of knowing, acting, and thinking. As Klein explains in Chapter 2 of this vol-
ume: these three terms ‘constitute a core vocabulary for understanding both the genus 
of interdisciplinarity and individual species within the general classifi cation’. These three 
terms also represent varying levels of integration among disciplines; while multidisci-
plinarity might signify a mere juxtaposition of several disciplines aligned to tackle a 
specifi c problem, transdisciplinarity refers to the transcending of disciplines in develop-
ing transformative solutions to complex problems. Design praxis and design studies can 
be described as Klein’s ‘individual species’, and they represent different degrees of inter-
disciplinarity. Design praxis can be described as Klein’s ‘trans-sector transdisciplinary 
problem solving’. Design studies, on the other hand, fi ts the model Klein labels ‘critical 
interdisciplinarity’.

Natural Sciences

Technology and
Engineering

The Arts

Business

Health Sciences

Behavioral
Sciences

Social Sciences

Humanities

The
Design Project

Figure 19.4 Domain map of a transdisciplinary design project.
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19.7 A brief history of interdisciplinarity in design education

Students who wish to become designers in the postindustrial knowledge economy 

will enter an inherently multidisciplinary profession. This profession involves a 

wide variety of professionals, including scientists (physical, biological, and social), 

engineers (industrial, civil, biological, genetic, electrical, and software), and 

managers, as well as the many kinds of artists and artisans now called designers 

(Friedman 2000, p. 200)

While most of the coursework that students undertake in design-related academic pro-
grams is tightly circumscribed by the individual disciplines, there is a growing recognition 
of the need to create transdisciplinary opportunities. The formal tradition of incorporat-
ing multiple perspectives into design education can be traced to the Bauhaus, which in 
1919 strove to create a unity between arts and the crafts. Walter Gropius, in the Program 
of the Staatliche Bauhaus published in 1919 in Weimar, summoned architects, painters, 
and sculptors to return to the crafts (Wingler 1969). This manifesto proclaimed that there 
was no essential difference between the artist and the craftsman, and profi ciency in a 
handicraft was essential to every artist. Therefore, Werkstatt [workshop] instruction held 
supreme signifi cance, and made up a large part of the students’ quotidian learning activi-
ties. That the academic title of professor was supplanted by Formmeister [Master of Form] 
or Werkmeister [Master of Craft], and ‘student’ by journeyman or apprentice, authenti-
cated Gropius’ predilection for the artisanal approach to education.

By 1923, this mission had been redefi ned as a new unity between art and technology. 
This shift in focus was exemplifi ed in Gropius’ lecture, ‘Art and technology: a new unity’, 
when the Bauhaus embraced the ideals of mass production over craft-romanticism. They 
had decided to train not craftsmen but collaborators for industry, craft, and building. The 
workshops were renamed laboratories with the purpose of building prototypes of designs 
suitable for mass production. Towards the end of its life, the Bauhaus became an architec-
tural school, and it was eventually closed in 1933.

In 1937, László Moholy-Nagy founded the New Bauhaus in Chicago to continue the 
initial Bauhaus mission by forming art, science, and technology as the three primary 
dimensions of design. Moholy-Nagy sought advice from the philosopher Charles  Morris, 
who was then developing his theory of semiotics. Morris established coursework at the 
New Bauhaus in order to achieve ‘intellectual integration’ among these three key pillars 
of design: ‘Morris considered the design act to be a kind of semiosis, and he drew a par-
allel between the syntactic, the semantic, and the pragmatic dimensions of a sign and, 
respectively, the artistic, the scientifi c, and the technological dimensions of design’ (Fin-
deli 2001,  p. 7). Though these theories did not take root at that time, the attempt does 
demonstrate Moholy-Nagy’s desire to introduce philosophical and linguistic concepts in 
design education. The New Bauhaus, which later merged with the Illinois Institute of 
Technology, continues to function today as the Institute of Design.

The Hochschule für Gestaltung (HfG) founded in 1951 in Ulm expanded the Bauhaus 
vision and outlined design’s task as participating in the making of a new culture. Tomás Mal-
donado, who led the school from 1957 for a period of 10 years, suggested a more rigorous 
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interdisciplinary education that included social psychology, sociology, anthropology, cul-
tural history, and perception theory. The arts were no longer considered a critical founda-
tion for design, and there was a heavier emphasis on developing a stronger scientifi c basis. 
Maldonado was interested in developing scientifi c design methodology and turned to several 
new disciplines emerging at that time: ‘cybernetics, information theory, systems theory, semi-
otics, ergonomics’ (Maldonado 1990, p. 223). Though these disciplines were not thoroughly 
integrated into the curriculum, engaging them allowed Maldonado and the Ulm school to 
investigate and develop design’s own scientifi c base. This school, which eventually closed in 
1968, has been singled out as having infl uenced design pedagogy all over the world.

The three schools—Bauhaus, New Bauhaus, and HfG—developed interdisciplinary 
curricula around three primary concepts: art, science, and technology. As design itself 
has evolved, design education has extended its interdisciplinarity beyond these three to 
include new disciplines. At the undergraduate level, most programs require students to 
take courses in the natural sciences, social sciences, and the humanities (mathematics, 
physics, psychology, etc.) as a part of their general studies requirements. In addition, design 
programs also encourage or require courses in marketing, economics, anthropology, etc. 
However, this does not qualify as transdisciplinary design education, and therefore several 
design programs have set up team-based learning environments where students from a 
variety of disciplines (frequently business, engineering, and anthropology) work together 
on projects. At the graduate level, design programs exhibit a higher level of transdisci-
plinarity, and it is not uncommon to fi nd thesis and dissertation projects that critically 
engage several disciplines. Today, with varying degrees of integration, several departments 
and schools of design have partnered with programs in business, engineering and the 
social sciences across campus and at times across universities. Arizona State University, 
Art Center College of Design, Carnegie Mellon University, Illinois Institute of Technol-
ogy, Rhode Island School of Design, Stanford University, and the University of Cincinnati 
are but a few examples of academic programs actively engaged in interdisciplinary design 
education.

19.8 Conclusion

In order to devise solutions to the signifi cant challenges facing our world today, (such as 
clean drinking water, access to health care, climate change, renewable energy sources, and 
so on) we will need creative and innovative design thinking from transdisciplinary teams. 
These are wicked problems that elude quick solutions, and educational programs should 
prepare students by providing them with the tools they can utilize in their professional 
careers to be able to tackle these issues: ‘But if knowledge is to be genuinely interdisci-
plinary, it needs to do more than simply reach across campus . . . Our academic research 
portfolio must include an account of how to effectively integrate knowledge within the 
decision-making context faced by governments, businesspeople, and citizens’ (Frodeman 
and Mitcham 2005, p. 513).

It is clear that active participation from a large number and diversity of stakeholders is 
critical to doing transdisciplinary design in practice and teaching it in the university: ‘The 
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concept of superimposing various disciplines to address the problem or project in ques-
tion could spawn a new hybrid category of design activity, which will emancipate itself 
from traditional disciplinary concepts’ (Meurer 2001, pp. 52–3). This superimposition 
can be effective in design praxis and in design studies only if the boundaries among the 
overlapping disciplines can be made porous through truly integrated transdisciplinar-
ity. Over the years, design’s function has evolved from a craft-based practice of creating 
artifacts to the planning of artifi cial systems. The collaborative strategy which transdisci-
plinarity brings to problem solving can tame some of the wickedness of design problems. 
However, the highest possible level of integration among disciplines is necessary for this 
strategy to be truly effective. Only thus can society’s wicked problems be tamed.
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CHAPTER 20

Learning to synthesize: 
the development of 
interdisciplinary understanding
VERONICA BOIX MANSILLA

With the Vietnam Veterans memorial, I needed to ask myself the question ‘what is 

the purpose for a war memorial at the close of the twentieth century?’ . . . Perhaps it 

was the empathic idea about war that led me to cut open the earth, an initial violence 

that heals in time but leaves a memory – like a scar.

—Maya Lin, Boundaries

Water resource are critically infl uenced by human activity, including agriculture and land 

use . . . changes in population, food consumption, economic policy . . . In order to assess 

the relationship between climate change and freshwater, it is necessary to consider how 

freshwater has been and will by affected by changes in these non-climatic drivers.

—IPCC Climate Change Synthesis Report 2007

The tension is clear. Excerpts like the ones above shed light on forms of interdisciplinary 
reasoning that are increasingly in demand at the dawn of the twenty-fi rst century, and yet 
psychological studies of interdisciplinary learning and cognition to date have been sur-
prisingly sparse and non-paradigmatic. Missing, in my view, is a generative epistemologi-
cal foundation for the study of interdisciplinary cognition—one that can embrace a broad 
range of interdisciplinary intellectual agendas, while attending to the disciplinary founda-
tions on which such insights are built and the intellectual processes required to integrate 
them in a coherent whole. Consider the two excerpts above. In the fi rst, artist Maya Lin 
describes the Vietnam Veterans Memorial as a scar. Her metaphor frames the Vietnam 
War experience in terms of a country divided by the war and in need of healing. In Lin’s 
work, detailed analysis of military records gives room to names chronologically engraved 
on refl ective granite, where living selves and lost others meet and reconcile—where art 
and history intertwine to illuminate past and present human experience. Resulting from 
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a scientifi c collaboration of unprecedented scope, the second vignette highlights factors 
affecting the availability of fresh water in times of climate change. In the report produced 
by the Intergovernmental Panel on Climate Change, biological, chemical, and physical 
laws are used to determine the quality and quantity of available water resources. Super-
imposed on this natural phenomenon is an analysis of the human drivers that intensify 
natural water cycles: population growth, climate variation, and economic development.

How do memorials and complex explanations function as interdisciplinary learning 
achievements? How do individuals come to integrate disciplinary traditions, and what 
cognitive demands does interdisciplinary learning impose? A striking array of meta-
phors have been deployed to describe the nature of interdisciplinary intellectual activ-
ity—from working at ‘crossroads’ and in ‘trading zones’ to engaging ‘boundary objects’ 
and ‘bridges’ (Klein 2005). Metaphors have served us well as evocative approximations 
to interdisciplinary cognition. However, they have proven less productive in their abil-
ity to structure strong research agendas or to design empirically grounded programs 
on interdisciplinary learning and its assessment. This chapter seeks to move beyond 
evocative language to examine the phenomenon of interdisciplinary learning in episte-
mological and cognitive terms.

Interdisciplinary learning is a process by which individuals and groups integrate insights 
and modes of thinking from two or more disciplines or established fi elds, to advance their 
fundamental or practical understanding of a subject that stands beyond the scope of a 
single discipline (National Academies 2005; Boix Mansilla 2005, 2006, 2008). Interdis-
ciplinary learners integrate information, data, techniques, tools, perspectives, concepts, 
and/or theories from two or mores disciplines to craft products, explain phenomena, 
or solve problems, in ways that would have been unlikely through single-disciplinary 
means. Conceived as a cognitive phenomenon, understanding interdisciplinary learning 
demands an empirical examination of the mental processes involved, such as analogical 
reasoning, conceptual blending, and complex causal reasoning. However, because key to 
interdisciplinary learning is the integration of knowledge forms that respond to distinct 
epistemologies (preferred units of analysis, methods, validation criteria), a psychologi-
cal study of interdisciplinary learning requires a strong epistemological foundation. It 
requires an articulation of the nature of disciplinary knowledge and the methods and 
criteria by which such knowledge is produced and deemed acceptable. It also requires an 
epistemological theory that enables us to make sense of—and validate—the insights that 
emerge at multiple interdisciplinary crossroads.

In this chapter, an epistemological foundation for interdisciplinary learning is proposed. 
I argue that a pragmatic constructionist view of interdisciplinary learning can account 
for the variety of enterprises considered ‘interdisciplinary’. Such a view can illuminate 
the process of considered judgment and critique involved in advancing an understand-
ing that integrates multiple specialties effectively with a purpose in mind. Interdisciplin-
ary learning, it is argued, involves a series of delicate adjustments by which new insights 
are weighted against one another and against antecedent commitments about the sub-
ject matter under study. To advance the case for a pragmatic constructionist theory, I fi rst 
review available literature on interdisciplinary learning, considering its strengths and lim-
itations. I show how epistemological assumptions frame (and limit) our understanding 
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of  interdisciplinarity by revisiting two classic approaches—logical positivism and E. O. 
Wilson’s Consilience. I then introduce a pragmatic constructionist framework for interdis-
ciplinary learning and test it against the two learning examples described above: creating 
historical monuments and explaining water availability. The chapter concludes with rec-
ommended future avenues for research and instruction in which interdisciplinary learn-
ing is considered as a cognitive phenomenon with deep epistemological roots.

20.1 Interdisciplinary learning

Empirical studies of interdisciplinary learning today unfold without a generative episte-
mology or convergent lines of research that would render knowledge accumulation possi-
ble. Interdisciplinary learning has been linked to critical thinking skills; more sophisticated 
conceptions of knowledge, learning and inquiry, and heightened learner motivation and 
engagement (Hursh et al. 1988; Huber and Hutchings 2004; Minnis and John-Steiner 2005; 
Baxter Magnolia and King 2008). Occasionally, authors have advanced conceptual models 
of interdisciplinary learning mechanisms rooted in specifi c learning theories. Models vary 
in the degree to which they are empirically or conceptually based and the dimensions of 
interdisciplinary learning they seek to explain. For example, the conceptual blending the-
ory, advanced by Gilles Fauconnier and Mark Turner, captures a key human cognitive com-
putation: the capacity to combine two existing concepts to produce a new unit of meaning. 
Blended concepts such as ‘problem solving’ or ‘handwriting’ are pervasive in every day 
language and contribute to our capacity to make effi cient sense of the world around us. 
Matthew Miller (2005) showed how compound concepts—for example, empirical bioeth-
ics—and concepts of expanded meaning—such as innovation in evolution, cell develop-
ment, technology and organizations—enabled individuals to integrate disparate bodies of 
information. His study illuminates microrepresentations of interdisciplinary integrations; 
it does not address the process by which integrated concepts are constructed.

Researchers following a neo-Piagetian tradition put a premium on the construction and 
revision of knowledge structures of increasing levels of complexity and abstraction. Under-
standing the connection between two concepts must be preceded by a lower-level under-
standing of each concept in isolation. Further, understanding the connections between sets 
of related concepts builds on a prior low-level understanding of each participating set. 
Higher-order concepts such as ‘systems’ or ‘systems of systems’ organize lower-order ones 
rendering such abstractions a desirable mark of learning success. Applied to interdisciplin-
ary contexts, a neo-Piagetian approach suggests that, at fi rst, learners construct abstractions 
in one relevant discipline. They then acquire knowledge in two or more disciplines but do 
not draw connections among them. Third, they integrate knowledge from two disciplines 
around a central and more abstract theme. Eventually, Lana Ivanitskaya and her colleagues 
suggest, learners build an overarching knowledge structure of still further complexity and 
abstraction that can be applied to new interdisciplinary themes (Ivanitskaya et al. 2002).

Emphasizing the social dimension of learning and cognitive development, research-
ers such as Svetlana Nikitina and Rebecca Burns characterize progressive appropriation 
of disciplinary discourses and modes of thinking among individuals trained in different 
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fi elds. These authors take the social mediation of learning as their point of departure. 
Their proposed learning progressions begin with an individual’s sensitivity toward foreign 
concepts and terms from a colleague in another discipline, followed by a growing capac-
ity to defi ne such constructs and eventually utilize them productively in interdisciplinary 
contexts as part of an established personal repertoire. Similarly emphasizing communica-
tive dimensions of interdisciplinary learning, others examine collaborative learning in the 
construction of a common ground—a shared defi nition of a problem or approach on the 
part of a two or more individuals (Bromme 1999; Nikitina 2005).

The emerging research on interdisciplinary learning has benefi ted from multiple 
approaches to studying human cognition and their corresponding assumptions about 
the nature of knowledge. Perspectives are also limited. For example, an emphasis on 
integrative concepts must be complemented with a sense of how concepts are learned. 
A neo-Piagetian commitment to complexity and abstraction as markers of learning 
sophistication must be complemented with an account of learning in which other cogni-
tive goals are pursued, such as effectiveness or innovation. Models differ in their assump-
tions about the nature of knowledge and the process by which it is acquired. In fact, to 
be informative, a comprehensive framework for the study of interdisciplinary learning 
begins with greater clarity about the nature of what is being learned. What constitutes 
interdisciplinary knowledge or understanding? Can we discern key dimensions of this 
elusive epistemological phenomenon to inform a theory of interdisciplinary learning?

20.2 The problem of reductionism

‘Interdisciplinary learning’ encompasses diverse cognitive endeavors, from aesthetic inter-
pretations of past events to comprehensive explanations of water availability. It engages 
concepts and modes of thinking in a broad range of specialties. An epistemological foun-
dation for interdisciplinary learning must account for such variety, while illuminating 
the processes of learning involved. Generally speaking, epistemological theories seek to 
illuminate the nature, scope, and utility of knowledge. They differ, however, in the way 
they characterize the landscape of human knowledge and insight, the relative signifi cance 
they attribute to particular knowledge forms, and the standards and criteria by which 
knowledge is deemed acceptable (Elgin 1997). As a result, epistemological frameworks 
also differ in their utility to shed light on interdisciplinary knowledge integration.

The search for an integrated theory of knowledge has galvanized thinkers in a number 
of intellectual traditions (Gould 2003). Scholars have sought to distill underlying pat-
terns across apparently disconnected disciplinary facts or claims. While efforts to make 
reasonable connections across knowledge spheres are laudable, their results have all too 
often prioritized a single preferred mode of explanation typically stemming from logic 
and mathematics or, more recently, from biology. In what follows, two such reductions are 
considered: logical positivism as exemplifi ed in the classic work of A. J. Ayer, and Consil-
ience as introduced by E. O. Wilson (1998).

Logical positivism dominated English-speaking philosophy since its origins in the 
School of Vienna of the early 1920s. It regarded logic and mathematics as sources of 
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ZiF

Ipke Wachsmuth

The ZiF (Zentrum für interdisziplinäre Forschung/Center for Interdisciplinary Research) of 

Bielefeld University is an internationally operating institute for advanced study which supports 

and houses interdisciplinary research projects from all fi elds across the natural and social sci-

ences, engineering, and the humanities. ZiF’s aim is to promote and realize interdisciplinary 

basic research by offering residential fellowships, grants, and conference services to scholars and 

scientists from all fi elds and from all over the world.

Five principles frame all ZiF projects: interdisciplinarity, internationality, topic-orientation 

in the choice of projects and fellows, open application procedures, and scientifi c excellence of 

the projects, ensured by peer reviewing of all proposals. Any member of the international sci-

entifi c community may propose a topic to ZiF, throughout all fi elds of science and the humani-

ties. Applications are decided upon by the board of directors after external reviewing and—for 

longer-term projects—a hearing before the scientifi c advisory council. Support by the ZiF com-

prises fi nancial assistance as well as provision of its infrastructure. Languages of communication 

and correspondence at the ZiF are German and English. The ‘ZiF Mitteilungen’ newsletter comes 

out in four German–English issues per year.

ZiF is the oldest institute for advanced study in Germany and has been a model for numerous 

similar centers elsewhere in Europe. Renowned scientists and scholars, as for instance the later 

Nobel laureate for economics Reinhard Selten, have worked at the ZiF. One of the most famous 

ZiF fellows certainly was Norbert Elias, who, after being rediscovered by a new generation of 

scholars in the 1970s and eventually becoming one of the most infl uential sociologists in the 

history of the fi eld, worked and lived at the ZiF from 1978 to 1984.

The founding of the ZiF in 1968 preceded, but was directly related to, the creation of the 

 University of Bielefeld in North Rhine-Westphalia, which itself was founded in 1969. In this 

process a central idea from the very inception was to reinsert philosophical–humanistic ideals in 

the setting of a modern university, with the ZiF being the seed institute and intellectual center. 

Its principal design was laid out by the prominent German sociologist Helmut Schelsky who 

became the fi rst director of ZiF (1968–71). ZiF came to emphasize the role of thematically coher-

ent research groups but it insisted that all fi elds of knowledge should be included. These features 

have been characteristic of ZiF until the present day.

Usually running from October through August or September of the following year, ZiF 

research groups are the primary format to support long-term interdisciplinary collaboration. 

For several months, up to a year, the fellows reside at the ZiF and work together on a broader 

research theme. To name but a few recent ones: ‘E pluribus unum?—ethnic identities in processes 

of transnational integration in the Americas’ (2008–9), ‘Control of violence’ (2007–8), ‘Science 

in the context of application’ (2006–7), ‘Embodied communication in humans and machines’ 

(2005–6), or ‘Emotions as bio-cultural processes’ (2004–5). About two-thirds of the ZiF fellows 

come from outside Germany.

Besides the research years, ZiF workshops support interdisciplinary collaborations on a short-

term basis. They range from invitational colloquia on specifi c topics to larger-scale conferences 

on a variety of themes. More than a thousand scholars come to visit the center every year this 

way, giving ample evidence of ZiF’s great attraction as a meeting place for interdisciplinary 

exchange. The ZiF Author’s Colloquia are a special type of workshop featuring a distinguished 

scholar; they create a platform for discussion and critique by selected experts. To trigger new 
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developments in the research landscape, the ZiF network of young scientists was founded in 

2002. Also started in 2002 and convening smaller-size interdisciplinary research collaborations, 

ZiF cooperation groups offer the opportunity to invite fellows to the ZiF for up to 6 months.

Located in the west of Bielefeld in northwest Germany, the ZiF campus is situated on the 

edge of the Teutoburg Forest. ZiF’s main building houses a spacious plenary hall, fi ve confer-

ence rooms, and foyers for casual meetings. A satellite of the university library system, the ZiF 

library offers individual support to all fellows and moreover provides a comprehensive resource 

of literature on interdisciplinary research. More than 20 staff employees help create comfortable 

conditions for working and living. Situated on the park-like campus, apartments of various sizes 

and an indoor swimming pool with sauna are available to the fellows and their families. The 

proximity of the university campus facilitates contacts among scholars beyond their collabora-

tion at the ZiF.

By no means an ivory tower, the ZiF regularly opens its doors to the interested public. Once or 

twice a year scientists give public evening lectures to a wide audience, and well-known authors 

from Germany or abroad are invited to read from their work. Adding to the inspiring atmos-

phere of the place, ZiF hosts six art exhibitions per year which are, like the public lectures and 

authors’ readings, often connected to ongoing research themes.

In October 2008, ZiF celebrated its 40th anniversary—a development highly appreciated by 

Bielefeld University of which the ZiF is an integral part and whose international reputation the 

ZiF has contributed to decisively. The center also plays an important strategic role, as an incuba-

tion center and scope for development enhancing the university’s stature in the German Excel-

lence Initiative.

 analytical truths and the natural and social sciences as the only way to reveal verifi able 
truths about the world. It placed a premium in propositional knowledge, restricting the 
universe of meaningful claims to those that can be, in principle, verifi ed or falsifi ed by 
experience or logical proof (Ayer 1956; Popper 1965). Yet, as Ayer’s emotive theory of 
ethics suggests, propositions pertaining to the moral or aesthetic realm remain outside 
of the logical positivist worldview. They cannot be empirically or logically confi rmed or 
disconfi rmed. Similarly non-propositional knowledge embodied in images or movements 
cannot be considered properly meaningful. Logical positivism in its strictest form sought 
to guarantee that if a claim satisfi es its validation criteria it is highly credible. However, it 
does so at a cost. It restricts the kinds of knowledge it seeks to understand to science and 
logic, excluding important human cognitive achievements in the realms of art and nor-
mative moral reasoning (Goodman 1976, 1978).

When applied to knowledge representation in interdisciplinary learning, logical posi-
tivism emphasizes the acquisition of propositional knowledge in the disciplines and the 
development of deductive and inductive reasoning skills. Yet, confronted with Maya Lin’s 
Vietnam Veterans Memorial, it falls short. It remains unable to make sense of Lin’s aes-
thetic experience and is silent about her visually nuanced interpretation of the past. Too 
complex and uncertain to be encoded in a system of irrefutable premises and logic, too 
semantically dense for modeling and verifi cation, the monument falls outside the purview 
of the positivist mind and explanatory framework.
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Edward O Wilson’s theory of Consilience stands out as a rather recent effort to bridge 
C. P. Snow’s two cultures of sciences and humanities (Snow 1998; Wilson 1998).  Consilience 
admits, at least in principle, a diversity of intellectual endeavors. It seeks, in practice, to 
bring specialists together to ‘agree on a common body of abstract principles and eviden-
tiary proof ’ (Wilson 1998, p. 10). Wilson characterizes it as ‘a new 21st century enlightened 
unity of knowledge’ (1998, p. 14). Consilience, he proposes, can unite the humanities 
and the sciences legitimately. It grants the humanities the right to articulate human and 
cultural constructs to be studied—consciousness, beauty, altruism, cooperation—and 
entrusts the biological sciences with the power to explain them.

Yet, to understand Maya Lin’s aesthetic and evocative achievement, consilience side-
steps history, art, and architecture to look at the human biology of visual perception. Lin’s 
aesthetic use of notations on refl ective granite or her symbolic violation of the natural 
landscape is overlooked by consilience; as is the way in which multiple interpretations of 
the monument give new meaning to the experience of war. Rather, an unwavering aspira-
tion to scientifi c truths leads consilience to seek a biological explanation of our aesthetic 
mind. Aesthetics as a form of knowing in its own right is ‘black boxed’ and evolutionary 
hypotheses about our universally wired preference for slightly symmetrical visual patterns 
and open prairie landscapes prevail. Consilience is useful for framing interdisciplinary 
endeavors when learners seek to explain the biological foundations of human life. It is 
limited, however, when learners seek other goals, such as understanding the emotional 
cost of war, or exploring how to use the arts to heal and reconcile. A more pluralistic epis-
temological theory is in order—one that embraces the multiple knowledge forms on their 
own terms and at the same time discerns between more and less trustworthy insights.

20.3 A pragmatic constructionist epistemology

Interdisciplinary pursuits are diverse: the learning demands of designing a historical 
monument contrast substantively with those of explaining climate change. Substantive 
cognitive transfer across tasks can rarely be expected. What constitutes a productive epis-
temological framework for interdisciplinary learning? Arguably, four criteria are required. 
First, an epistemological framework must be pluralist in its capacity to account for multi-
ple forms of disciplinary understanding on their own terms and embrace various intellec-
tual agendas. Second, it must be relevant to the phenomenon of interdisciplinary learning, 
illuminating the processes of interdisciplinary integration. Third, the theory must explain
how knowledge advances from less to more accomplished instantiations; shedding light 
on the essential dynamics of learning. Finally, it must offer some form of knowledge qual-
ity assurance—an epistemic mechanism that diminishes the likelihood of error by putting 
forth robust and relevant standards of acceptability across interdisciplinary endeavors.

To shed light on knowledge integration in interdisciplinary learning, an epistemological 
theory must neither limit its reach to the realm of empirically validated propositions, nor 
reduce all forms of knowledge to a privileged one, such as biology. Such emphases, as we 
have seen, constrain the types of interdisciplinary learning that can be legitimately exam-
ined. Instead, a productive epistemology offers insight into how understanding of a subject 
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matter can be advanced, whether such understanding entails an aesthetic  interpretation of 
the Vietnam War or a comprehensive explanation of a shortage of fresh water. Relevant to 
interdisciplinary learning is an epistemology that sheds light on how humans can make 
increasing and better sense of the world, themselves, and others through the integration 
of available disciplinary insights.

A pragmatic constructionist epistemology rooted in the work of philosophers Nelson 
Goodman and Catherine Elgin meets the criteria above (Goodman and Elgin 1988). As 
constructionist, the epistemological framework proposed posits that the purpose of inquiry 
(and learning) is the advancement of understanding. Inquiry is not the accumulation of 
propositional knowledge in search for certifi able truths. Rather, inquiry seeks a broad, deep, 
and revisable understanding of its subject matter. Taking a pragmatist stance, the proposed 
epistemology puts a premium on the purpose of knowledge construction. It judges the 
worth of an emerging insight by its effectiveness in advancing the desired understanding.

Ultimately, understanding involves the construction of what Elgin defi nes as a system of 
thought in refl ective equilibrium. Elgin argues that a system of thought is in refl ective equi-
librium when its components are reasonable in light of one another and the account they 
comprise is reasonable in light of our antecedent convictions about the subject at hand. 
Such a system, she notes, affords no guarantees. It is rationally acceptable not because it 
is certainly true but because it is reasonable in the epistemic circumstances (Elgin 1996, 
p. ix). Building and validating understanding involve a series of delicate adjustments by 
which new insights are weighed against one another and against antecedent commitments 
about the subject matter. A conclusion is deemed acceptable not through a linear source 
of argumentation but through a host of sources of evidence (much of which may not 
precisely ‘match up’, but paints a telling picture) which include fi ndings, statements, and 
observations, as well as useful analogies, telling metaphors, and powerful exemplifi ca-
tions. The acceptability of a knowledge system is to be measured against the purposes of 
inquiry that guide its production. Justifi cation is also provisional. In Elgin’s view, consid-
ered judgment recognizes the unfortunate propensity for error of the human mind and 
adapts to it by demanding corrigibility. This epistemology demands that we be prepared 
to criticize, revise, reinterpret, and abandon intellectual commitments when more reason-
able ones are conceived.

The implications of a constructionist pragmatic approach for interdisciplinary learning 
theory are potent. By shifting our attention from accumulation of propositional knowl-
edge to deep and broad understanding, the proposed epistemology recognizes that prior 
knowledge matters in the ways in which individuals make sense of the world. Prior knowl-
edge sets the stage for the insights to come, by informing questions, affording hypoth-
eses, and providing an initial representation of a problem under study. By broadening 
the admissible sources of knowledge and inquiry beyond strictly certifi ed propositions, 
this pluralistic epistemology invites the inclusion of other symbol systems (visual, musi-
cal, kinesthetic) and ways of knowing such as artistic interpretations or literary fi ctions. 
Interdisciplinary understanding can thus be viewed as a ‘system of thought in refl ec-
tive equilibrium’—embodying insights and tensions across disciplines, representing an 
improvement over prior beliefs, and remaining open for review. A cognitive process for 
interdisciplinary learning can be derived.
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Creativity and interdisciplinarity

Thomas Kowall

Creativity has been widely discussed, and in a seminal paper David J. Sill (1996) has examined at 

length arguments about creativity in relation to interdisciplinarity. Underlying all forms of crea-

tivity as original production, cognitive problem solving, and subjective experience is the simple 

and pervasive use of language.

Speakers of natural languages exhibit a remarkable linguistic creativity as they fi nd an unend-

ing number of new things to say (or produce) across all disciplines. This occurs equally in con-

texts that manifest multidisciplinarity, transdisciplinarity, and other forms of interdisciplinarity. 

Such creativity is present in both young and mature speakers and is widely appreciated in cogni-

tive science, linguistics, and philosophy.

There is a parallel to cross-disciplinary linguistic creativity in perceptual experience (which 

includes both problem solving and subjectivity). As we assimilate experience, we understand an 

unending number of things perceived for the fi rst time. No one discipline has a monopoly on 

creative perception any more than on linguistic expression.

Because understanding the newly created infuses our everyday linguistic and perceptual experi-

ence, any theory of creativity needs to account for its ubiquity not just in but across disciplines. This 

account implies, perhaps surprisingly, that creativity is intersubjective and learnable. To the extent 

that creativity exhibits these properties, it does not serve as a criterion for distinguishing between 

disciplines but bridges them in unexpected ways and illuminates the character of interdisciplinarity.

Language versus perception disciplines

Many things are said for the fi rst time. Some things said once are never said again by anyone, 

anywhere, anytime. On many of the occasions when we say something for the fi rst or only time, 

we communicate as successfully as we do through utterances spoken or heard many times before. 

Language users, speakers and hearers, have the remarkable ability to communicate as successfully 

by means of the rare, even unique, as by the familiar, commonplace, or banal.

A signifi cant theory of linguistic communication must provide strategic insight into how 

language users achieve their remarkable success when uttering the novel and the unique. Addi-

tionally, by providing an explanatory description of the creative use of language, a theory of 

linguistic communication becomes an important component of a more encompassing theory of 

creativity. Because language and perception are immersed in the novel and unique, they contrib-

ute to the construction of a broader understanding, even a theory, of human creativity and its 

role in understanding interdisciplinarity.

The same holds for perceptions. The parallel between utterances and perceptions is seamless 

because some of the things we perceive, we perceive only once. Some things perceived once are 

never perceived again by anyone, anywhere, anytime. Many of the things we perceive, we perceive 

a number of times until they become entirely familiar to us. We successfully perceive something 

when we understand what we perceive. This success is achievable through perceptions of the rare 

and the unique as well as through perceptions of the familiar and commonplace.

One contribution of the relation between language and perception to understanding creativ-

ity is to clarify the relation between disciplines that place relatively more emphasis on natural 

language (linguistics, literature, philosophy) and those that emphasize perception (art, architec-

ture, design).
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For some, language-emphasis disciplines and perception-emphasis disciplines appear to be 

distinct. Popular and scholarly views alike propose distinguishing between these two discipline 

clusters. One view construes the difference as characterized by the degree of intersubjectivity 

required to practice in each cluster. Under this view, language-emphasis disciplines are treated as 

more intersubjective than disciplines that depend more heavily on perception.

Standards of intersubjectivity are required for teaching and learning natural languages. In the 

absence of parallel standards for perception-based disciplines, it is diffi cult to see how the dis-

ciplines of art, architecture, and design can be teachable. In the absence of the capacity to teach 

and learn about art, architecture, and design, these disciplines run the risk of being dismissed 

as not disciplines at all but as practices clustered by circumstance and chance. Standards drawn 

from language-emphasis disciplines would be, on this view, one attractive model for building 

standards for the teaching and learning of perception-emphasis disciplines.

In the quest to make perception-emphasis disciplines more intersubjective, efforts have been 

made to interpret them through explicitly language-based vocabularies. Examples include such 

expressions as ‘the languages of art’ and ‘the reading of images’ (Goodman 1976) and ‘the vocab-

ulary of design’ and ‘the syntax of architecture’ (Bloomer and Moore 1977). This approach aims 

to extend the strengths of language-emphasis disciplines to perception-emphasis disciplines.

This approach of modeling visual education after language education is nevertheless contrary 

to educational assumptions adopted in many post-secondary art and design programs. In the 

words of architect Philip Johnson: ‘Art has nothing to do with intellectual pursuit . . . it shouldn’t 

be in a university at all. Art should be practiced in gutters – pardon me, in attics. You can’t learn 

architecture anymore than you can learn a sense of music or painting. You shouldn’t talk about 

art, you should do it’. (Johnson 1978, p. 14)

Another view, with a consequence similar to Johnson’s, argues that the abilities of artists can-

not be taught because what constitutes the successful practice of art is too indeterminate to 

be generally accepted. When we create, we cause something to come into existence, to change, 

or to cease to exist. The range of these causes includes ideas, objects, patterns, and practices. 

Sometimes the creativity most highly prized is causing something to change or come into exist-

ence when what results is rare, even unique. From this perspective, the new and the novel are at 

the conceptual heart of creativity. But the new and the novel are also present quite naturally in 

language and perception.

There are popular views that creativity is a form of rare inspiration (Plato’s Ion and William 

Blake). From this perspective, creativity is thought to be caused by uncommon, even non-nat-

ural powers. Accepting this view of the creative process, some artists and authors await inspira-

tion from the muse. Others, however, see creativity as the outcome of a quotidian process. Hans 

Bethe, for instance, described his creative process as follows: ‘Well, I come down in the morning 

and I take up a pencil and I try to think, to put things together in a new way’ (quoted in Miller 

1987, p. 517). This view of creativity calls for no external intervention because creativity is con-

strued as a property emerging from, perhaps supervening on, the structured, daily activity of 

authorship and studio practice.

The second view of creativity is appealing for two reasons. First, the naturalization and conse-

quent demystifi cation of the creative process implies success through effort rather than election. 

Second, naturalization is consistent with the pervasiveness of creativity. Rather than being rare, 

creativity is a common, even ordinary, part of language and perception. The naturalization of 

creativity takes everyday experience seriously.
(cont. )
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Creativity and interdisciplinarity (cont.)

Interdisciplinary implications

This naturalized account of creativity suggests at least four implications for interdisciplinarity. 

First, because creativity is ubiquitous it offers no criterion for distinguishing alleged creative 

disciplines (architecture, the fi ne and performing arts, design) from non-creative ones (craft, 

engineering, history). This consequence holds for discipline clusters (art, science) as much as it 

does for specialized disciplines (industrial design, chemical engineering).

Second, eliminating creativity as a criterion for distinguishing disciplines points toward other crite-

ria better suited to distinguish disciplines. History and practice rather than ontology or epistemology 

provide stronger identity conditions for the disciplines. The standing and prerogatives granted by 

universities to current disciplines are not etched in stone but are the by-products of a pervasive incre-

mentalism analogous to that found in saying and seeing, both of which are imbued with creativity.

Third, because creativity is ubiquitous, there is every reason to expect it to be present in inter-

disciplinary thought and practice. There is no reason therefore to either stigmatize interdiscipli-

narity as lacking in creativity nor to praise it for possessing a hitherto undiscovered and unique 

form of creativity.

Fourth, understanding disciplines as created artifacts refl ecting the historical trajectories of 

saying and seeing sets the stage for more than disciplinary creativity. As with all effective creative 

endeavors, interdisciplinary creativity requires sound practice and good management. When we 

abandon the model of disciplines as silos, interdisciplinarity is a strong candidate for creating 

new forms of method and management. This is the fundamental challenge for fi rst understand-

ing creativity and interdisciplinarity and then acting on that understanding.
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20.4  Interdisciplinary learning as the construction of systems 
of thought in refl ective equilibrium

The epistemological framework outlined below offers a dynamic picture of interdisci-
plinary integration (see Fig. 20.1). Four core cognitive processes are involved: establishing
purpose; weighing disciplinary insights; building leveraging integrations; and maintaining a 
critical stance. In interdisciplinary learning such processes interact dynamically, inform-
ing one another as learning progresses. The result is a system of thought in refl ective 



Systems of thought in refl ective equilibrium 299

INTERDISCIPLINARY LEARNING
A Pragmatic-Constructionist View

Model Qualities:
· pluralistic vis-à-vis disciplines
· relevant to interdisciplinary integration
· explanatory of learning process

· quality conscious

Learning
Delicate adjustment by which
new insights are weighted
against one another and 
against prior understanding 
and prior understanding is 
transformed.

Prior Understandings
initial intellectual commitments
set starting point for meaningful learning·

·
·
·

INTERDISCIPLINARY
PURPOSE

a 
m

od
el

 o
f

CRITICAL
STANCE

DISCIPLINARY
INSIGHTS LEVERAGING

INTEGRATIONS

INTERDISCIPLINARY

UNDERSTANDING
a system of thought in 
reflective equilibrium

Disciplinary Insights

Concepts, theories, findings,
images, data

methods, techniques, tools,
assessments

applications, analogies,
discourse, language, genres

Leveraging Integrations

Can take the form of:

telling aesthetic interpretation

more comprehensive 
explanation

predictive integrative  models 

informative
contextualization

practical problem solving

Critical StanceInterdisciplinary  understanding :
A System of Thought in Reflective
Equilibrium
components are reasonable in light of one 
another

account is reasonable in light of antecedent
convictions

embodies insights and tensions across 
disciplines

represents improvements over prior beliefs

remains open for review 

Establishing Purpose

Question or problem that:

frames learning agenda,

calls for interdisciplinary approach 

informs standards for learning
success

is open to revision as learning 
progresses

Acceptable understanding is measured against:

purposes of inquiry and learning 

multiple sources of  disciplinary evidence

leverage offered  by disciplinary  integration

understanding is provisional, can be criticized,
revised, and abandoned when more reasonable
ones are conceived 

Harvard Interdisciplinary Studies Project.
Veronica Boix Mansilla with Flossie Chua 

se
tt

in
g

pu
rp

os
e

to
gu

id
e

le
ar

ni
ng

pr
oc

ess

refram
ing

purpose
in

lig ht
of

new
understandings

pro
ducing integrative understandings

discerning best form of integratio
n to meet

pu
rpo

se

revising
system

of
thoughtin

lightofcritique

weighting
em

erging
insights

agains t
one

another,

andagainstpriorknow
ledge

and
com

pet ing
understandings

em
ploying

selected insights and multiple forms of experti
se

dis

cer
nin

g need
for expertise by weighing and selecting insights

Figure 20.1



300 Learning to synthesize: development of ID understanding

 equilibrium—an improvement in understanding vis-à-vis prior beliefs as well as an 
understanding subject to further revision. How do these dimensions of learning play out 
in the construction of two interdisciplinary artifacts—a historical monument and an 
 explanation of climate change? What learning demands does interdisciplinary learning 
present? To test the capacity of our proposed epistemology to illuminate interdisciplinary 
learning and the challenges it presents, we now turn to the learning examples described 
earlier.

20.5 Crafting historical monuments or memorials

Successful historical monuments or memorials integrate an understanding of the past, 
and use of space, symbolism, and materials to advance evocative interpretations. Four 
cognitive processes are involved in their creation.

20.5.1 Establishing purpose

The purpose of a monument is to commemorate the memorable, to make past experiences 
part of our present. Memorials—a particular kind of monument—offer a special pre-
cinct, a segregated place where we come to honor the dead and refl ect about past present 
and future (Danto 2005). A study of interdisciplinary learning must examine how learners 
set their epistemic intention. For example, Lin seeks to re-represent the past aesthetically 
to invite refl ection about war and reconciliation. Other potential intentions such as to 
explain why the war happened are not addressed. The success of a learning enterprise of 
this kind will be measured by the monument’s effectiveness in provoking thought rather 
than by the explanatory power or the level of abstraction and generalization of one’s 
vision. In turn, the process of interdisciplinary learning often requires a readjustment of 
its purpose.

20.5.2 Understanding and weighing disciplinary insights

To construct such a system of thought in refl ective equilibrium learners also come to 
understand disciplinary contributions and weigh their role in informing the whole. Con-
tributing disciplinary insights vary. They may take the form of theories, fi ndings, mod-
els, methods, tools, techniques, characteristic modes of thinking, applications, discourses, 
languages, exemplifi cations, powerful analogies, or explanations. The example of the Viet-
nam War memorial challenges the learners to distill the signifi cance of the Vietnam War 
and identify a relevant story to be told about it. The cognitive demands are not minor. 
Without inquiry experience in history, even post-adolescents tend to view signifi cance 
solely as an intrinsic quality of key events, not one attributed to them in light of their con-
sequences or shifting interests in present societies (Seixas 2004, Danto 1985). Similarly, 
learners may construe historical accounts as stories unproblematically pasted together 
from literal interpretation of primary sources. In fact historical accounts are constrained 
by historians’ choices of perspective (military persons, political leaders, antiwar youth) 
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time frame (the Tet offensive versus colonialism or the Cold War), and forms of explana-
tion (individual triggers or long-standing cultural forces). These too become options for 
the learner who must, through considered judgment, decide on a representation of the 
past that will inform his or her monument. Weighing options is not simple. Deciding, for 
instance, where to draw the line marking the beginning and the end of the Vietnam War 
is still a contested matter.

The arts and architecture too impose important challenges on monument design. They 
call upon the artist to envision detailed versions of the monument in his or her mind; 
consider competing materials and techniques as well as provocative symbolisms. The art-
ist will need to overcome deeply rooted misconceptions such as believing that the quality 
of art depends merely on its decorative beauty or that an artist’s intention is unequivocally 
the last word on a piece. Thinking aesthetically will require a commitment to multiple 
interpretations, some intended, some emerging.

20.5.3 Building leveraging integrations

Interdisciplinary learning yields a system of thought in refl ective equilibrium typically 
organized around a preferred form of disciplinary integration. Learning to create a his-
torical monument involves learning to reframe a signifi cant past in terms of a central 
visual metaphor that drives the aesthetic design of a piece. In Maya Lin’s work, the dev-
astating consequence of the Vietnam War on the individual minds and social cohesion of 
American society is represented as a scar—a cut in the earth to be healed by time. When 
the purpose of learning is aesthetic synthesis, examining how the mind constructs meta-
phors becomes key.

Metaphors frame reality in terms of similarities between constructs pertaining to dif-
ferent realms. In them, a vehicle concept (e.g. the scar) highlights certain features of the 
topic one (e.g. the consequences of war), while obscuring others (Goodman 1976). Fram-
ing the Vietnam War as a scar sheds light on the personal emotional experience of war 
and its long-lasting impact. It does not illuminate, for instance, the political and military 
conundrums that the war presented to American administrations at different points in 
time. To the extent that the mind can explicate the tacit analogy presented by a metaphor, 
the metaphor offers parsimony and impact in our representation of reality. Visual think-
ing metaphors create a holistic synthesis and operate in a physical medium—in this case, 
the landscape, the stone, the engravings. (Arnheim 1960, 1966; Bruner 1986; Hetland 
et al. 2007).

Learning to interpret and produce metaphors of this kind imposes important chal-
lenges on the developing mind. Early in life children can make sense of metaphors based 
on concrete similarities ‘the wrinkled apple is an old lady’. However, the sophisticated 
interdisciplinary synthesis of the Vietnam War as a scar requires that learners understand 
the content of each portion of the statement to establish adequate analogy between vehi-
cle and topic (Vosniadu 1994) Furthermore, creating a workable metaphor about the past 
involves assessing tenable metaphors for their capacity to portray essential aspects of the 
past accurately, to lend themselves to powerful visual representation, and to maximize 
the likelihood that the overall purposes of commemoration, healing, and reconciliation 
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are served. A workable metaphor stands in a delicate tension among these three forces: 
historical accuracy, visual generativity, and power to heal.

20.5.4 Critical stance

Understanding is an endless and cyclical task. Our informed conclusions about a topic 
are challenged by novel contexts, insights, or experiences. A pragmatic constructionist 
epistemology draws its strength not from the attainment of fi nal infallible truths but from 
the recognition of the limitations of our knowledge. Understanding must stand the test of 
competing interpretations of the subject matter. The debate that followed the publication 
of Lin’s design centered on a refl ection about the purpose of a veterans’ memorial and the 
aesthetic choices that were or were not fi t.

Researchers studying critical thinking and the development of epistemological beliefs 
have documented the role of meta-cognition in student learning. The capacity to refl ect 
about the nature of knowledge, learning, and thinking has been associated with more 
complex understanding of subject matter and growing preparedness for independent 
learning. In interdisciplinary work, navigating multiple knowledge landscapes demands 
a meta-cognitive—and often a meta-disciplinary—stance. Students must recognize the 
preferred units of analysis in different domains or their sometimes confl icting standards 
of validation. Lin’s defense of her design involved a clarifi cation of her view of the sig-
nifi cance of the Vietnam War. Lin is also aware of limits in her interpretation—the many 
Vietnamese lives that were not engraved in her design. Such limitations often function as 
a pathway to further revision of understanding, new setting of purpose, novel disciplinary 
insights, integrations, and the construction of yet a new system of thought in refl ective 
equilibrium.

20.6  Explaining the shortage of fresh water under 
climate instability

Clearly not all interdisciplinary integrations seek an aesthetic synthesis of a past or present 
phenomenon. As the chapter’s opening excerpt suggests, understanding the availability 
of freshwater resources during times of climate change involves examining both natural 
and anthropogenic factors affecting the quality and quantity of available water. Framed 
in this way, the purpose of learning is primarily explanatory, e.g. to understand why water 
resources may be at risk in order to decide what to do about it. Advancing an interdisci-
plinary system of thought in refl ective equilibrium in this arena demands that learners 
make sense of selected concepts and fi ndings produced by fi elds ranging from climate 
science to oceanography and chemistry, from demography to economics and political sci-
ence (i.e. weighing disciplinary insights). It also requires that they integrate such insights 
in a complex and productive explanation of water availability (i.e. leveraging integration) 
and that they remain aware of the limitations and provisionality of their conclusions 
(i.e. critical stance).
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For example, understanding this topic invites learners to make sense of observed changes 
in temperature and precipitation and how these are measured. It demands understand-
ing the chemical composition of usable freshwater and the variations that may indicate 
particular forms of pollution. Learners will need to understand observed and expected 
 population growth, changes in land use and irrigation demands, as well as the role of 
pollutant emissions such as pesticides and thermal pollution. The insights and modes of 
thinking depicted above stem from work carried out by chemists, climate scientists, geog-
raphers, and demographers.

An interdisciplinary understanding of water availability involves more than the jux-
taposition of factors outlined above. Learners must integrate these factors in a complex 
explanation that serves as the driving cognitive structure for integration. In it, climate-
related factors are mediated by anthropogenic ones in a comprehensive explanation of 
water availability.

Building complex explanations is a demanding task for learners. From early in life chil-
dren are prone to linear explanations, in which causes and consequences stand in tempo-
ral and spatial proximity (Perkins and Grotzer 2005). Only through careful instruction 
can they advance explanations rooted in multiple mechanisms and agents. For example, 
learners face the challenge of understanding reciprocal causality where causes and con-
sequences intertwine in feedback loops—loss of glacial refl ective surface contributes to 
atmospheric temperature rise which in turn augments melting and further loss of glacial 
refl ective surface. Learners face the challenge of understanding causal variations associ-
ated with the temporal distance between cause and effect, e.g. glacial reduction increases 
river fl ow and fl ooding in the short term but decrease it in the long run. They face the 
challenges of understanding multiple non-linear causal mechanisms such as the emergent 
demands on water resources caused by population growth and growing food and irriga-
tion demands.

An explanatory and interdisciplinary system of thought in refl ective equilibrium inte-
grates these general and local causes into a complex account of water availability. Yet it 
also demands that learners remain critical of their resulting conclusion. Important fac-
tors may have been missed, the evidence used holds varying levels of confi dence, future 
developments may call for revisions in the account proposed. In sum, interdisciplinary 
learning as here conceived is clearly more than recording information about stated causes 
of water availability risk.

20.7 Toward a research agenda

This chapter has sought to advance an epistemological foundation for the study of inter-
disciplinary learning. I have argued for a pragmatic constructionist epistemology that 
offers a pluralistic view of knowledge forms able to account for a broad variety of inter-
disciplinary endeavors. Moving beyond metaphor, the proposed epistemology offers a 
dynamic construct to represent the phenomenon of interdisciplinary integration: a system 
of thought in refl ective equilibrium. Its articulation and dynamics invite further empiri-
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cal work. For example, future research on interdisciplinary learning may reveal additional 
forms of interdisciplinary integration.

As the call for interdisciplinary education expands to both primary education and the 
graduate years, understanding developmental progressions in interdisciplinary learning 
capacities will become key. We may expect to see young children able to produce aesthetic 
syntheses as long as metaphors refer to concrete dimensions of the problem under study—
the shapes of leaf cells under a microscope or the refl ection of a face on a fi shbowl. The 
pre-adolescent mind may begin to fi nd more abstract metaphoric representations more 
engaging. As least two dimensions of interdisciplinary learning will need to be addressed 
in a developmental study: the capacity to integrate disciplines, and the capacity to think 
and act in disciplinary informed ways. At the other end of the developmental spectrum, 
studies of interdisciplinary learning may examine the ways in which young adults man-
age the tensions, incompatibilities, and complementarities among insights from multiple 
domains. Studies may examine the role that students’ beliefs about the nature of knowl-
edge and inquiry may play in their capacity to construct systems of thought in refl ective 
equilibrium. They may address how a given interdisciplinary understanding (a system of 
thought in refl ective equilibrium) moves through phases of stability and contestation.

Finally, challenging interdisciplinary learning often demands collaboration. Research 
on group learning has addressed dimensions that range from leadership to group com-
position, from dilemmas of power to the nature of tasks, from the construction of trust 
to challenges of communication (see Stokols et al., Chapter 32 this volume). A pragmatic 
constructionist epistemology can add systematicity to our study of interdisciplinary col-
laborations. It can focus our attention on the key learning demands a group experiences 
in the construction of systems of thought in refl ective equilibrium: negotiation of intellec-
tual purpose, the weighing of disciplinary contributions, the advancement of leveraging 
integrations, and the disposition toward critical review. Expanding beyond the cognitive 
realm, such a study of interdisciplinary collaborations could also benefi t from examining 
how cognitive, social, emotional factors interact to advance understanding.

In sum, whether we focus on the construction of a generative taxonomy of interdis-
ciplinary endeavors or a progression of interdisciplinary capacities over the lifespan or 
socio-cultural conditions for collaborative work, understanding interdisciplinary learning 
necessitates a clear articulation of ‘the kind of knowledge being learned’. The approach 
promises lines of research in the area of interdisciplinary cognition that are as generative 
as those in historical, scientifi c, mathematical, or artistic cognition. It also promises to set 
the foundation for a new form of ‘pedagogical content knowledge’—an understanding 
of the unique teaching and learning demands presented by particular kinds of knowl-
edge—to ensure quality interdisciplinary assessment and instruction (Shulman 2004).
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CHAPTER 21

Evaluating interdisciplinary 
research
KATRI HUUTONIEMI

While interdisciplinarity has become a major topic in discussions of knowledge produc-
tion and research funding, criteria for its evaluation remain poorly understood. Analyses 
of the topic do exist, but they have been scattered across different genres and forums 
(e.g. the special issue of Research Evaluation 2006; Klein 2008). Whenever research crosses 
boundaries between disciplines, the problem arises that each discipline carries specifi c and 
sometimes confl icting assumptions about quality. If research also integrates expertise out-
side of academia, the dilemma of multiple standards is even more challenging. Following 
standard usage of terms (see Klein, Chapter 2 this volume) the former is ‘interdisciplinary’ 
and the latter ‘transdisciplinary’ research. This chapter will use the term ‘interdisciplinary’ 
in its broad sense, as a genus of integrative research activities that combine more than one 
discipline, fi eld, or body of knowledge. In contrast, the term ‘transdisciplinary’ is more 
focused: it will refer to trans-sector problem solving where various stakeholders in society 
are actively involved in knowledge production.

In both interdisciplinary and transdisciplinary research, the presence of various per-
spectives raises questions about the contents and procedures of research evaluation—
How can a balance be achieved between different epistemic viewpoints, and what criteria 
may be used to assess them? How should we organize the evaluation of research, and who 
should we include in the process?

The present chapter provides neither a recipe for conducting interdisciplinary evalu-
ations nor a normative framework for successful integrative work. Instead, it highlights 
some key features of interdisciplinarity as a special type of challenge for research evalua-
tion, and the practices through which those features have been refl ected. These issues are 
considered by including insights from conceptual and descriptive discussions of interdis-
ciplinary research, empirical analyses of evaluation activities, and experiences and initia-
tives of participants.

The chapter is structured as follows. This introductory section summarizes the func-
tions of evaluation for both interdisciplinary research itself and society at large. The next 
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section considers the merits and criteria of interdisciplinary research from three con-
ceptual perspectives, since competing positions on interdisciplinarity shape competing 
assumptions about quality and how it is best determined. We then look beyond the nor-
mative canon of appropriate standards and illustrate the contextual and situated aspects 
of the evaluation process, revealed by the empirical analyses of quality judgments. In the 
light of empirical fi ndings and the recent literature on science studies and research policy, 
the chapter then concludes by considering whether and how the challenges of interdisci-
plinary evaluation are distinct from the more general problematic of research evaluation 
today.

‘Research evaluation’ means the systematic determination of the merit, worth, and 
signifi cance of a research activity. While the bulk of the evaluation literature deals with 
the general mechanisms and techniques of evaluation, this chapter is framed using as a 
point of departure the defi ning characteristics of interdisciplinary research, rather than 
evaluation methodology. In terms of evaluation theorists, the concern here is with the 
subject of an evaluation, as well as with the process of valuation: that is the evaluator 
placing value on the subject. According to this approach, evaluation is not only about 
detecting evidence of quality, but ‘concerns the making of value judgments about the 
quality of some object, situation or process’ within some value framework (Eisner 1998, 
p. 80). The subject of evaluation, as understood in this chapter, is an interdisciplinary 
research effort, ranging from a single study to a cluster of work carried out within a 
network of researchers.

As we will see, it is not easy to avoid arbitrariness in determining which is a bet-
ter interdisciplinary or transdisciplinary research effort. Nonetheless, evaluations are 
needed for organizational learning and the improvement of performance and quality 
of research activities. Another essential function of evaluation is to bolster the cred-
ibility of research. Whether or not evaluation has an impact on an ongoing research 
activity, it helps legitimate research and its results both across the academy and within 
society. The question of legitimacy is prominent among the obstacles confronted by 
people engaged in inter- and transdisciplinary research. While there is a strong polit-
ical and social pressure to cross disciplinary boundaries, the quality of integrative 
research is often seen to be dubious because of the lack of epistemological standards 
and proper peer reviewers—the cornerstones of disciplinary quality control (Gibbons 
and Nowotny 2001).

The current momentum for the topic derives from political demands for accountability 
and transparency in the use of public funds. While interdisciplinarity and especially trans-
disciplinarity have gained an informal status of being indices of accountability in knowl-
edge production (Strathern 2004, pp. 79–80), more explicit discussion is needed about the 
criteria and procedures which make these activities themselves accountable. In the current 
budgetary setting, scholarly excellence needs to be clearly demonstrated. Evaluations are 
now used not only for separating the qualifi ed from the unqualifi ed, but for distinguish-
ing between competing types of high-quality research. It is in this context that inter- and 
transdisciplinary research face the most serious problems. When competing with disci-
plinary research, the benefi ts of integrative approaches confront the warranted quality of 
more established forms of inquiry.
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21.1 Values in interdisciplinary research

Quality is not a unitary concept. It has a distinctive meaning within each discipline. ‘Dis-
cipline’ denotes a set of codifi ed rules, beliefs, perceptions, and procedures with regard 
to producing and evaluating knowledge. These often tacit standards determine the crite-
ria for admission into that community of researchers or scholars, the range of problems 
considered important, the approaches considered appropriate, and the criteria for legiti-
mizing fi ndings as new knowledge (Russell 1983). The existence of rules provides clear 
indicators for assessing performance within disciplines. Empirical studies of quality judg-
ments in research have illustrated the differences between disciplines in this sense. Quality 
criteria such as originality, soundness, feasibility, and relevance have different meanings 
and roles within each disciplinary community. Such differences are likely to be highest 
between conceptually distant disciplines, like those between ‘hard’ versus ‘soft’ fi elds, or 
basic versus applied fi elds (Montgomery and Hemlin 1991).

Interdisciplinary research is, by defi nition, a hybrid compounded by more than one 
discipline, and is thus a form of scholarship that is not easily amenable to evaluation. 
It is widely acknowledged that rigorous criteria for judging interdisciplinary quality are 
strongly needed. However, scholars are equally unanimous in their observation that there 
is no single phenomenon of interdisciplinarity; instead, multiple interdisciplinarities exist. 
Quality standards for these activities have thus to accommodate the various types of work 
across boundaries. Competing formulations of interdisciplinarity also shape competing 
assumptions about quality (Klein 1996).

In the literature on the topic, three identifi able, albeit overlapping, conceptual approaches 
appear to answer the question of quality criteria for interdisciplinary research. While the 
fi rst approach deals exclusively with interdisciplinary research within the academy, the 
second and third ones include insights relevant for the evaluation of both interdisciplin-
ary and transdisciplinary activities. The three approaches are summarized in Table 21.1 
and discussed below.

21.1.1 Mastering multiple disciplines

The most common approach to the assessment of interdisciplinary research has been to 
prioritize disciplinary standards, premised on the understanding that interdisciplinary 
quality is ultimately dependent on the excellence of the contributing specialized compo-
nents. This view treats interdisciplinary research as one more form of the general division 
of labor in the production of knowledge. For example, the Organisation for Economic 
Cooperation and Development (OECD) states in its discussion of best practice in inter-
disciplinary that ‘highly competent profi ciency in a single discipline is the only acceptable 
basis for interdisciplinary success’ (OECD 1998, p. 18). A similar conclusion, though less 
exclusive, was reached by a recent symposium of interdisciplinary experts, convened by 
researchers from Harvard University and the American Association for the Advancement 
of Science: ‘A basic premise of quality interdisciplinary work is that it satisfi es quality stan-
dards arising from the disciplines involved’ (Boix Mansilla et al. 2006, p. 73).
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From this vantage point, disciplinary originality or excellence is the baseline for assess-
ment. The specifi c meaning of excellence is defi ned according to the standards of the 
relevant scholarly or scientifi c communities. It is assumed that good interdisciplinary 
research must fulfi ll existing methodological requirements and theoretical standards. 
This is a common perception among funding agencies and science administrators, but 
also among the frontline researchers who serve as peer reviewers. As illustrated by an 
empirical study of interdisciplinary peer review panels in fi ve American funding orga-
nizations in the social sciences and the humanities (Lamont 2009), panelists considered 
interdisciplinarity as a separate criterion of excellence. Interdisciplinary attributes of 
proposals and applicants were considered a ‘plus’, but not substitutive for disciplinary 
markers of quality. Good interdisciplinary proposals successfully combine breadth, par-
simony, and soundness, the panelists concurred, but to meet these stringent standards 
researchers have to gain adequacy in several fi elds. According to Lamont’s conclusion, 
‘Combining traditional standards of disciplinary excellence with interdisciplinarity 
presents a greater challenge and creates the potential for double jeopardy for interdis-
ciplinary scholars, because expert and generalist criteria . . . have to be met at a same time’
(Lamont 2009 p. 210, emphasis added).

Table 21.1 Three approaches to the question of quality criteria for interdisciplinary research (IDR).

Mastering multiple 
disciplines

Emphasizing 
integration and 
synergy

Critiquing 
disciplinarity

Epistemic assumptions 
about IDR

Enriching disciplinary 
knowledge production 
by cross-fertilization

Alternative, integrative 
model of knowledge 
production

Diverting narrowly 
focused disciplinary 
trajectories; redefi ning 
knowledge

Scholarly standards Standards of 
contributing disciplines 
are combined

Standards of 
contributing disciplines 
cannot be by-passed, 
but new criteria of ID 
expertise are needed

Standards of 
contributing disciplines 
are transformed in the 
act of interpenetration; 
emphasis on external 
criteria

Valuation context Relevant disciplinary 
communities

Integrative research 
environment

Knowledge 
production–
consumption system 
with permeating 
boundaries

Policy implications More fl exibility in 
current evaluation and 
funding mechanisms

Choices among modes 
of research support; 
specifi c mechanisms 
for promoting IDR

Reassessment of 
the governance of 
knowledge production

Proponents Most funding 
organizations and 
academic institutions

Interdisciplinary 
organizations and 
practitioners

Theorists of science 
in society; critical 
interdisciplinarities
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Since the evaluation community of interdisciplinary research is usually a hybrid of 
existing disciplinary communities, detecting the scholarly networks that the particular 
research is built on may require extra effort. In the assessment of proposals, funding 
organizations often acknowledge the need to identify proposals that do not fall within 
discipline-based evaluation panels, and to be fl exible in the allocation of projects, cross-
referencing several panels and relying on joint evaluation. Some funding organizations 
have also developed new review procedures to ensure expertise in each discipline repre-
sented in a proposal. For example, the Australian Research Council has set guidelines for 
the handling of what they call ‘multi-panel’ proposals and navigating them through the 
existing discipline-based panel structure (Grigg 1999, p. 48). Apart from the challenge 
of identifying the multiple disciplines involved and locating the right peer communities, 
most of the standard means for evaluating disciplinary research are assumed to be appli-
cable to interdisciplinary research as well (National Academy of Sciences 2005, p. 152). In 
general, the stance has been to enhance equality between disciplinary and interdisciplinary 
research in evaluation outcomes rather than actively promote interdisciplinary research.

However, basing the evaluation of interdisciplinary research on the traditional disciplin-
ary standards of scholarly excellence often punishes boundary-crossing activities. From 
a specialist’s point of view, an interdisciplinary endeavor may not be original enough, 
or may not represent cutting edge research. An obstacle called the ‘reception problem’ 
(Salter and Hearn 1996, p. 146) is likely to occur: ‘Interdisciplinary work . . . easily falls 
between the cracks. It is “outside the lines”. It fi nds no easy audience in the literature either 
because it appears to deal with issues that are not being debated or because it draws on 
methodological and paradigmatic assumptions that are unfamiliar (and thus not likely 
to be acceptable) to the established disciplines’. Another problem may be caused by the 
incompatibility of different disciplinary standards—what is valuable from the perspective 
of one contributing fi eld may not be similarly prized from the other. For example, while 
humanists often defi ne interpretative skills as essential for the production of high-quality 
scholarship, social scientists, especially those who champion empiricism, deride interpre-
tation as a corrupting force in the production of truth (Lamont 2009). Moreover, putting 
a premium on the excellence of disciplinary components does not tell us much about the 
success of their interplay within an interdisciplinary research effort.

21.1.2 Emphasizing integration and synergy

Another approach is to argue that the evaluation of knowledge integration across multiple 
fi elds is an enormously complex effort requiring a novel conceptual framework with dis-
tinctive methodological tools. While the conventional ideology of scholarly excellence rests 
on the assumption of a standard body of knowledge or a fi xed body of content, according 
to this view the basis of interdisciplinary work is different. The appropriate approach to 
judging quality is thus not to impose disciplinary standards but to create a new model of 
excellence for interdisciplinary research. The common bond shared by integrative activi-
ties is the need to combine knowledge resources in order to develop an integrated prod-
uct, either a conceptual advance or a solution to a practical problem. This goal implies 
that these activities should be judged by the quality, novelty, and degree of  integration 



314 Evaluating interdisciplinary research

of knowledge they achieve. On this view, transdisciplinary research is seen as even less 
amenable to evaluation by disciplinary standards, since the involvement of different non-
academic stakeholders as research participants broadens the domain in which the values 
and merits of research are to be assessed. Transdisciplinary research is thus understood as 
a part of a broader process of innovation, which brings into play an interactive and itera-
tive pattern of mutual infl uence between different actors (e.g. Spaapen et al. 2007).

The strongest proponents of this view are typically those who work within boundary-
crossing organizations, or as consultants or practitioners themselves. Many of these orga-
nizations include both interdisciplinary and transdisciplinary research in their analysis. 
For instance, commissioned by two interdisciplinary research programs of the Swiss 
National Science Foundation (SNSF), Defi la and DiGiulio built a heuristic profi le of 
‘building blocks’ to be operationalized for inter- and transdisciplinary evaluation, based 
on the special characteristics of this kind of research. According to their criteria, coop-
eration and cross-fertilization should be at the core of evaluation, even though ‘the sub-
projects or research groups of such a project group may not always be at the cutting edge 
of disciplinary and specialized research’ (Defi la and DiGiulio 1999, p. 7). Disciplinary 
excellence is thus regarded as less essential than a rigorous process of integration. While 
mastery of the participating disciplines is not required, it is still acknowledged that inter-
disciplinary study should build explicitly and directly upon the work of disciplines.

As a new, integrative model of competence, under this second approach inter- and 
transdisciplinarity call for revisions to the research evaluation system at large (see Stokols 
et al., Chapter 32 this volume). To evaluate such research in a reliable way, Spaapen et al.
(2007) suggest, an assessment needs to be both comprehensive—consisting of a review of 
the various activities of the research group—and interactive—allowing for the infl uence 
of stakeholders in the evaluation process. Both the benefi ts and challenges of integrative 
research are often found primarily in the collaboration and communication process itself, 
which is best to assess on an ongoing basis alongside the traditional ex ante and ex post
evaluations. Accordingly, some scholars have suggested organizational learning or inte-
grative skills as a criterion of inter- and transdisciplinary research, instead of whether or 
not it makes a contribution to an existing body of knowledge. The replacement of a ‘jury 
model’ in evaluation by an interactive coaching model or an interactive peer review can 
facilitate self-refl ection about what members are supposed to be doing as well as mutual 
learning and trust between researchers and reviewers. The participation of researchers in 
the defi nition of criteria and the selection of reviewers ensures that all aspects of the work 
could be competently assessed. This ongoing dialogue and feedback between researchers 
and reviewers also supports a mutual commitment to long term goals.

A downside of emphasizing the unique features of inter- and transdisciplinary research 
is the unintentional creation of a new boundary within the academy, the one between dis-
ciplinary and interdisciplinary research. The existence of ‘double standards’ of quality may 
lower the credibility of boundary-crossing activities by signaling that they do not meet the 
approved quality standards of academic research, which can thus ‘ghettoize’ inter- and 
transdisciplinary research, distancing them from the ongoing development within disci-
plines (Feller 2006). Moreover, the impact of integrative endeavors may be undermined if 
the performance of each effort is evaluated in relation to its mission, without an attempt 
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to evaluate the mission itself from an outsider’s perspective. Another problem inherent in 
the creation of distinct criteria and practices for inter- and transdisciplinary evaluations is 
that it would require an operational defi nition of such research, plus a set of viable param-
eters to empirically distinguish it from disciplinary research—a problem that has not been 
solved, despite decades-long defi nitional debates (Huutoniemi et al. 2010).

21.1.3 Critiquing disciplinarity

The most radical approach to the question of evaluation criteria is that offered by numer-
ous theorists who argue for a critical mode of interdisciplinarity which moves away from 
the idea that interdisciplinary pursuits draw their strength from building on the meth-
ods and fi ndings of established fi elds, or on their integration. Unlike the two approaches 
discussed above, this standpoint views disciplinarity and interdisciplinarity as strongly 
opposed. Disciplinary expertise or excellence, if understood as the key measure of qual-
ity research, serves to heighten the incommensurability among disciplinary trajectories. 
This, in turn, leads towards the fragmentation of research, failure to communicate across 
disciplinary boundaries, and the separation of epistemology from politics.

The major contribution of this approach is to undermine the prevailing status of disci-
plinary standards in the pursuit of a non-disciplinary, integrated knowledge system. For 
example, drawing on Popper’s falsifi cationist methodology, Fuller (1993) argues against 
disciplinary ‘pluralism’, a position which implies that issues resolved in one discipline leave 
untouched the fate of cognate issues in other disciplines. Similarly, Campbell (1969) has 
criticized the ‘ethnocentrism’ of disciplines, which has the unintended consequence that 
‘the disciplinary clusters may at their edges overlap other clusters, but as ships that pass in 
the night, they fail to make contact’. These and other critical voices imply that the diffi cul-
ties of evaluating interdisciplinary research will not be overcome by creating new quality 
standards for that type of research, but by transforming the prevailing ethnocentrism and 
mutual ignorance between disciplines.

A complementary trend is the ‘transdisciplinarization’ of knowledge, the erosion of 
the distinction between academic and non-academic contexts of research. The concepts 
of ‘Mode-2 science’ (Gibbons et al. 1994), ‘post-normal science’ (Funtowicz and Ravetz 
1993), and ‘knowledge policy’ (Fuller 1993, 2002) are examples of the overarching trend 
to attach interdisciplinarity to a wider set of processes that have become the hallmark of 
modern knowledge societies, such as democratization and accountability. These authors 
would replace disciplinary values by a form of integrated societal values that empha-
size comprehensive knowledge responsive to political and social needs. Unlike the more 
instrumental or opportunistic stance towards transdisciplinarity, discussed in the previ-
ous section, this position on transdisciplinarity is aligned with principles of democratic 
community and addressing problems caused by technology.

As inter- or transdisciplinarity is viewed in this third approach as the force that diverts 
the discipline-driven direction of knowledge production, the success of those efforts can-
not merely be measured by asking how well the research is done. Instead of judging quality 
on the basis of internal criteria, that is, answering the question above by using the criteria 
that are generated within the fi eld or by the practitioners themselves, judgments should be 
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made by using external criteria. According to Weinberg (1962), such criteria should answer 
the question ‘Why pursue this particular research?’, and can only be generated outside the 
fi eld. The importance of external criteria is evident when making choices among different, 
often incommensurable, fi elds of science. As noted by Fuller (1993), internal criteria are 
equally worthless when evaluating cognitive transfer between disciplines, since the inter-
action itself leaves the constitutive disciplines and their criteria permanently transformed. 
The same goes for cognitive interaction in a transdisciplinary context. Unlike internal 
criteria, external criteria are relational and depend on the particular context in which the 
knowledge is produced. Thus, there is no recipe for how to do it.

By this standard, the revisions needed for the evaluation system are profound. Com-
petitive evaluation by one’s peers is the capital sin in the current disciplinary overproduc-
tion: specialist evaluators are experts in judging whether a research effort is an excellent 
example of the kind of research they themselves are conducting, and their evaluation cri-
teria will thus function to support continued research efforts in directions that a broader 
perspective might deem unproductive. Peer judgments would be improved if peers were 
selected from a larger population, including also non-elitist members of academia, such as 
teachers and administrators, and representatives of neighboring fi elds. On another front, 
Funtowicz and Ravetz (1993) argue that to guarantee the quality and safety of scientifi c 
research, ‘extended peer communities’ should be established, consisting not only of per-
sons with some form of institutional accreditation, but rather of all those with a desire to 
participate in the resolution of the issue at stake.

There are several points of debate in an approach that rejects disciplinary merits alto-
gether. First, most theorists have taken purely ideological, programmatic, or antagonistic 
stances to the question of criteria, while both the alternative measures of quality assur-
ance and the empirical puzzles of conducting evaluations are for the present left intact. 
Second, and partly due to the lack of empirical tests, it is not clear that simply extending 
the process of evaluation and the pool of judges to practitioners in other disciplines or 
even non-academics will result in knowledge that is truly socially responsive. Third, if 
traditional academic values are to be replaced by external goals, there is a risk that research 
will simply become pressed into the service of the innovation system, a wealth-creating 
technoscientifi c motor of the whole economy. It can be argued that the pursuit of high-
quality science needs an autonomous space, where curiosity is the driving force, pursued 
by creative minds in a nourishing academic culture (Nowotny 2006).

21.2 Evaluators and the process of valuing

From a conceptual point of view, the lack of appropriate quality criteria introduces a 
remarkable degree of uncertainty in the evaluation of interdisciplinary research. However, 
as illustrated by empirical studies of reviewers’ conceptions of scientifi c quality, criteria 
always have some fuzziness when applied in concrete evaluation settings, whether inter-
disciplinary or not. ‘Quality’ appears to be an intangible character of research, which is 
very diffi cult to articulate but which experienced evaluators nevertheless seem able to 
recognize (Lamont 2009). Moreover, even within a scientifi c community, different experts 
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may weigh evidence differently and adhere to different standards of demonstration. Qual-
ity is thus not an objective property of research, but is located to some extent ‘in the eyes 
of the beholder’. Accordingly, evaluation is not only about detecting evidence of quality, 
but also placing value on evaluation data. The role of evaluators as valuing subjects and 
the act of making judgments are thus crucial for evaluation.

This perspective allows one to see beyond the prescribed quality criteria, which so often 
are counter-intuitive for interdisciplinary assessments, and to focus on the more tangible 
aspects of evaluation—the procedure itself, including the selection of reviewers and the 
way different evaluators use their expertise during the review. From a pragmatic perspec-
tive of research administrators, ‘getting the process right’ may partly compensate for what 
remains unsettled in the characterization of the quality of interdisciplinary research efforts 
(Boix Mansilla et al. 2006). In order to understand the process of valuing and the way in 
which judgments are reached in the face of epistemological diversity, scholars have studied 
evaluation procedures from the perspective of the evaluators themselves. These studies have 
shown that evaluation is essentially a social and emotional undertaking, rather than a purely 
rational or cognitive process. Lamont and colleagues (Lamont et al. 2006; Lamont 2009) 
analyzed the social conditions for building a consensus in interdisciplinary funding panels, 
and found that group context may prevent disciplinary cronyism by the reviewers, since 
reviewers often lose their credibility with colleagues by pushing their own fi elds. Not every-
one agrees, though. Langfeldt (2004), for example, found in her research on the decision 
making of various expert panels in Norway that most collective evaluation processes were 
characterized by a clear division of scholarly tasks, little interaction, and tacit compromises.

The role of evaluators includes not only making fi nal judgments about evaluation data, 
but also making judgments about what questions to ask and on what to focus. To some 
extent, evaluation is based on the experience and ‘connoisseurship’ of those who conduct 
the evaluation. In regard to interdisciplinary research, however, there are few pre-existing 
peer communities from which to draw connoisseurs. To avoid cognitive particularism 
and disciplinary parochialism, evaluators should be open-minded, respectful of various 
traditions, and tolerant to approaches other than their own. As noted by Boix Mansilla 
et al. (2006), reviewer selection is important not only for producing valid evaluations, 
but also to convince researchers that their work will be appropriately evaluated by those 
truly able to do so. Researchers are particularly suspicious about the evaluators’ expertise 
in broad, interdisciplinary areas, because the reviewers themselves are often believed to 
represent established disciplines and narrow mainstream thinking. Given the uncertain-
ties around interdisciplinary evaluations, the need for mutual trust and credibility should 
not be underestimated.

21.3 Conclusion

While the evaluation of interdisciplinary and transdisciplinary research has recently 
raised special concern, it is more rarely asked to what extent this discussion should be 
extended to other research as well. Even without disciplinary differences, there is dissatis-
faction with, for example, the peer review system and the insuffi cient operationalization 
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of  quality criteria (see Holbrook, Chapter 22 this volume). Although interdisciplinary 
research has by defi nition many characteristics that make it particularly diffi cult to evalu-
ate, it is important to note that there is also much contingency and variation within disci-
plinary research. Quality and performance are relative not only to disciplinary standards, 
but also to the goals, expectations, norms, and values of stakeholders and thus vary from 
one evaluation context to another.

In the recent literature on science studies and research policy, there are clear indications 
about a shift in academic quality control, which is in line with the reforms called for in 
inter- and transdisciplinary evaluations. According to this literature, much of today’s aca-
demic quality control is transforming into a monitoring system that has a process rather 
than product orientation, uses new criteria, has other foci and goals, and uses different peers 
and evaluation times. In a knowledge society, the contextualization of problems and social 
accountability of knowledge have become just as important indicators of quality as scientifi c 
reliability and disciplinary rigor (Hemlin and Rasmussen 2006). At the same time, compara-
tive studies of research evaluations by, for example, funding organizations are not particu-
larly alarming from the perspective of interdisciplinary research. Comparisons between the 
success rates of disciplinary and interdisciplinary proposals imply that the current system 
is relatively non-biased, and only few studies have found evidence of practices inhibiting 
interdisciplinary applications and their success in the evaluation process.

These observations raise the question of whether the evaluation challenges of interdis-
ciplinary research are, in the end, so distinct from the general problematique of research 
evaluation in the current age, or whether they simply illustrate the profound needs of the 
whole evaluation system. One lesson learned from the analyses of inter- and transdisci-
plinary evaluations is that the recent emphasis on accountability has limits, too, as the 
concept is increasingly linked with quantifi cation and other forms of standardized knowl-
edge that constrain the local, subjective, and personal. While the core premise has been 
that efforts to produce a mechanical uniformity across evaluators and settings promote 
fairness, attention diverted from goals, context, or distributive effects can produce poor 
outcomes (Espeland and Vannebo 2007). Inter- and transdisciplinary evaluations reveal 
the invaluable importance of the latter aspects. Trust in persons and their expertise cannot 
be entirely replaced by trust in numbers and evaluation mechanics.
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CHAPTER 22

Peer review
J. BRITT HOLBROOK

Peer review serves a gatekeeping function both within and outside academe. Sub specie 
academicus, academic excellence is validated by the process of peer review. Academic 
excellence, however, is often inversely proportional to societal relevance. Interdisciplinary 
research is increasingly encouraged as a way of making academic research more societally 
relevant. Sub specie societatis, academic research is also called upon to help societal deci-
sion makers craft evidence-based policies, and peer review is the preferred tool for ensur-
ing the integrity and reliability of the research used by decision makers.

These trends toward interdisciplinarity and transdisciplinarity for research strain the 
process of peer review. The key issue for advocates of peer review is whether a tool that has 
been used mainly to determine academic excellence can be adapted to judge societal rel-
evance without undermining the foundations of knowledge production (Sarewitz 2000).

22.1 Background: the view from inside academe

Peer review is a process by which a group of individuals renders judgment on the work of 
others in order to determine whether that work is meritorious enough to warrant consid-
eration (e.g. for publication or tenure) or support (e.g. in the form of a grant or fellow-
ship). Typically, the individuals asked to render such judgments are selected from a pool 
of reviewers who are considered to be ‘peers’ of whoever has produced the work to be 
judged. What constitutes a peer is more complicated than one might think; but given the 
uses to which the process of peer review has been commonly put, a peer has traditionally 
been characterized in terms of shared disciplinary expertise.

The a priori justifi cation for using peer review as an assessment tool is relatively straight-
forward: no one is in a better position to assess the merit of work in a particular area 
than experts in that particular area. Thus, in order to judge whether work in area P is 
meritorious, it makes sense to ask individuals renowned for their expertise in area P rather 
than people who know comparatively little or nothing about P. Although individual non-
conformists exist, along with several quasi-disciplines, which may or may not be  evolving 
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toward disciplinary status, areas of academic expertise are most often carved out by and 
within academic disciplines. Indeed, the connection between academic excellence and dis-
ciplinary expertise is so common that interdisciplinarity among academics is often per-
ceived as amateurism (cf. Frodeman and Mitcham 2007).

Despite the fact that the standards of one academic discipline are incommensurable 
with those of other disciplines, relying as they do on expert (and often tacit) knowledge 
within the fi eld, there is universal agreement across academe that peer review is essential 
for determining what counts as academic excellence. Indeed, publications that are not 
peer-reviewed typically do not count—either at all or as much as—peer-reviewed articles 
when it comes to tenure and promotion standards for higher education faculty; and the 
majority of grants from public funding agencies are allocated only after and on the basis 
of some form of peer review. For this reason, the process of peer review is usually charac-
terized in terms of ‘quality control’ or as having a ‘gatekeeper’ function, and it is no exag-
geration to say that peer review is the sine qua non of academic excellence.

The most common uses of peer review are in academic publishing (e.g. to determine 
whether a paper submitted for publication in an academic journal is worthy of being pub-
lished in that journal) and in the review of proposals for grants (e.g. to determine whether the 
proposed activities deserve to receive funding). Both prepublication peer review and grant 
proposal peer review are prospective uses of peer review, which puts a great deal of pressure 
on reviewers to predict the future: will this paper (or this proposed research) ultimately be 
well-received by the fi eld (see Rip 2000)? In most, though not all, cases of prospective peer 
review, the identity of the reviewers is withheld from the reviewee (a process known as blind 
peer review); and in many cases of prospective peer review, the identity of the reviewee is 
also withheld from the reviewers (a process known as double-blind peer review).

The process of peer review is also increasingly employed to conduct retrospective analy-
ses of particular people, practices, or institutions. Thus, for instance, peer review may be 
employed within an academic department to rank the performance of individual mem-
bers of the department relative to other members of the department. Often, ‘external’ 
reviewers are brought in to assess the strengths and weaknesses of the business practices 
of a particular company or to identify strengths and weaknesses on an institutional level, 
judging a university, a particular program within a research funding agency, or the agency 
as a whole. Usually, cases of retrospective peer review make fewer, if any, attempts to hide 
the identity of reviewers and reviewees from one another through blinding. Because of 
dissimilarities with the typical peer-review process, which relies heavily on the use of dis-
ciplinary peers as reviewers, many are reluctant to call retrospective institutional review 
peer review at all, preferring instead to refer to this practice as expert review. There also 
exist other ‘extensions’ of the peer-review process, i.e. atypical uses of peer review, such as 
the use of peer review in relation to regulatory decision making (Jasanoff 1990).

Typical criticisms of the process of peer review include the worry that it may be poten-
tially biased against people for reasons unrelated to the merit of their work (Wennerås and 
Wold 1997). Blinding reviewers and reviewees to the identity of the other is an attempt 
to allay this criticism. Some critics suggest that peer review is ineffi cient and unwieldy as 
a tool for evaluating large volumes of research. In response, some funding agencies have 
taken the step of limiting grant proposal submissions, e.g. by shortening the allowable 
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length of proposals, by previewing letters of intent and accepting only invited full propos-
als, limiting the number of proposals particular institutions may submit for particular 
calls, or limiting the number of submissions a particular researcher may make of the same 
proposal.

Another common criticism of peer review is that it is inherently conservative, tend-
ing to favor work conducted along traditional lines (in the sciences this concern is often 
expressed in terms of bias toward existing paradigms and against novel, transformative, 
or revolutionary ways of thinking). To counter conservatism, reviewers are sometimes 
instructed to value paradigm-shifting or ‘transformative’ ideas. Another tactic that fund-
ing agencies use to counter conservatism is to put out calls for interdisciplinary research 
proposals. Reviewing interdisciplinary proposals, however, presents special diffi culties 
(Lamont 2009; Huutoniemi, Chapter 21 this volume).

One of the most notorious criticisms of peer review is that it is ineffective at determin-
ing quality and/or detecting errors (e.g. the so-called Sokal affair or the widely publicized 
failure of reviewers to detect the falsifi cation of data by Hwang Woo-Suk in publications 
on stem cell research in 2004 and 2005 in the journal Science). The typical response to 
this criticism is to defl ect it with humor: Winston Churchill’s quip about the value of 
democracy is paraphrased, and peer review is admitted to be the worst form of research 
evaluation, except for all the others. In this way, advocates of peer review effectively divert 
the conversation back to considerations that do not threaten the very existence of peer 
review: how to improve its effi ciency, reliability, responsiveness, and fairness (and hence 
its overall effectiveness).

22.2 A history of peer review

It is a commonly held belief that the process of peer review is venerable because it is 
ancient, as opposed to merely respectable because it is institutionally well-entrenched. 
Searching for ‘the fi rst documented description of a peer review process’, the 2007–2008
peer review self study published by the National Institutes of Health (NIH) cites two arti-
cles published in a 1997 issue of the Annals of Saudi Medicine that note a peer-review 
process described ‘more than a thousand years ago in the book Ethics of the physician,
authored by Syrian physician Ishaq bin Ali al-Rahwi (ce 854–931)’ (NIH 2008, p. 8). Ethics 
of the physician ‘outlines a process whereby a local medical council reviewed and analyzed 
a physician’s notes on patient care, to assess adherence to required standards of medical 
care’ (NIH 2008, p. 8). This description seems most reminiscent of medical peer review, 
which is a quasi-judicial, retrospective fact-fi nding procedure to determine whether 
(as with a grand jury) a hearing is necessary. Of course, according to a suffi ciently broad 
defi nition of peer review, one might also cite the Athenian judicial system: Socrates’ trial 
(as documented in Plato’s Apology) might be seen as a kind of peer-review process, and 
whose practice of confronting and examining his ‘peers’ in the agora (as documented 
throughout Plato’s early dialogues) could also count.

Most histories of peer review trace the origin of prepublication peer review to the 
Royal Society of London and its journal Philosophical Transactions, founded by The Royal 
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 Society’s fi rst joint secretary, Henry Oldenburg, in 1665. Although no one questions 
whether Oldenburg deserves credit as the founder of the world’s longest-running scien-
tifi c journal, whether his practice of passing manuscripts around to members of the Royal 
Society prior to publishing them in the Philosophical Transactions actually constitutes 
the ‘real’ origin of the prepublication peer-review process is the matter of some debate 
(Kronick 1990; Spier 2002; Royal Society 2009). Regardless of its ‘real’ origin, Spier (2002) 
notes that both the practice of prepublication peer review and the time of its adoption 
vary from journal to journal, and that the practice did not become widespread until after 
the Xerox photocopier became commercially available in 1959.

Scarpa (2009) dates the very fi rst (ad hoc) peer review of grant proposals to 1879, and 
Germany’s Notgemeinschaft der Deutschen Wissenschaft, predecessor of the Deutsche Forsc-
hungsgemeinschaft (DFG), had a review system during the 1920s, which was later adopted 
by the DFG in 1951. But the robust institutionalization of grant proposal peer review began 
around the middle of the twentieth century with the passage of the Public Health Service 
Act of 1944 in the United States, which authorized the NIH to make grants, an extension of 
the power that in 1938 had been limited to the National Cancer Institute. The NIH quickly 
established a Division of Research Grants to oversee the NIH’s peer-review process. In the 
late 1940s, the US Offi ce of Naval Research (ONR) also began making grants, although no 
process of peer review was required. Instead, grants offi cers sometimes asked experts to 
review proposals in order to help them make their decisions. In 1950, the US National Sci-
ence Foundation (NSF) was founded, and NSF adopted a process of grant allocation that 
not only copied the strong program manager model from the ONR, but also incorporated 
a process of peer review like the NIH. The NSF’s peer-review process remains to this day 
less standardized than that of the NIH, but more standardized than that of the ONR.

Two salient features regarding peer review stand out from the foregoing historical 
account: (1) peer review is not as ancient a practice as many assume—it was not widely 
practiced in either publication or grantmaking until after the middle of the twentieth 
century; and (2) in both prepublication peer review and grant proposal peer review, 
practices vary widely. Nevertheless, despite some criticisms of the process, members of 
the academic community are almost unanimous in their support of the peer review as a 
decision-making tool, both for publication and for grantmaking purposes (Boden Report 
2006). This near unanimity of support cannot stem from the fact that peer review is the 
way things have always been decided in academe, for that simply is not the case.

22.3  Autonomy and expertise: the disciplining 
of peer review

In part, the institutionalization of peer review is motivated by the growth of academic disci-
plines, both in terms of the fact of their growth (i.e. the fact that academic disciplines became, 
in the nineteenth century, the new model for how research was to be conducted within the 
German and American research universities) and in terms of the need for growing particular 
disciplines (a need generated by the invention of this new model of the university). Along 
with the disciplinary division of labor advocated by Kant at the end of the eighteenth century, 
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this new model for the university incorporated a strong demand for autonomy. Wilhelm von 
Humboldt’s ‘On the spirit and organizational framework of intellectual institutions in Berlin’ 
proclaims: ‘The state must always remain conscious of the fact that it never has and in principle 
never can, by its own action, bring about the fruitfulness of intellectual activity. It must indeed 
be aware that it can only have a prejudicial infl uence if it intervenes. The state must understand 
that intellectual work will go on infi nitely better if it does not intrude’ (von Humboldt 1970, 
p. 244). According to Humboldt’s vision, the state’s only role should be to facilitate the condi-
tions necessary for the greatest production of knowledge (for the sake of knowledge, rather 
than for the sake of the state)—to serve an instituting, but not an institutional, role vis-à-vis the 
university. Humboldt’s justifi cation for the state’s playing this facilitating role is that the state 
will ultimately benefi t from supporting the unfettered pursuit of knowledge in the university.

Incorporating both a division of labor and a strong sense of autonomy, the new universi-
ties produced both more knowledge and more specialized knowledge, thus simultaneously 
cultivating depth (as defi ned by particular disciplines) as the mark of excellent research and 
reinforcing the divisions between disciplines. Just as the desire to form the ‘new science’ led 
to the formation of The Royal Society of London and to Oldenburg’s establishment of the 
Philosophical Transactions, the desire to form new disciplines led to the establishment of 
new, disciplinary journals. As disciplines grew, they produced both more and more special-
ized knowledge, which spawned both more and more specialized journals. Competition 
for resources between universities, between different disciplines within universities, and 
between faculty members within departments eventually led to the ‘publish or perish’ men-
tality, as well as to increasingly sophisticated ways of judging whether one journal was better 
than another, ranging from the relative prestige of the editors or the academic home of the 
journal to circulation and impact factors. The most widely used—and crudest—measure 
of the worth of any particular journal, however, is whether that journal is peer reviewed. 
This is true despite the fact that the peer-review process varies widely across journals. The 
case is much the same for the outputs of research, i.e. publications. Indeed, that a particu-
lar line of research does not appear in the peer-reviewed literature is taken as prima facie
evidence of its lack of quality (e.g. the case of intelligent design theory); and publication 
in peer-reviewed journals is the coin of the realm of many disciplines, largely determining 
the outcome of many tenure and promotion cases. The close link between peer review and 
disciplines also presents problems for those who are seeking to explore interdisciplinarity 
in their own scholarship (Graybill and Shandas, Chapter 28 this volume).

There is a remarkable unity of themes between Kant’s call for the division of labor in 
research, Humboldt’s plea for facilitated autonomy for the university, and the canonical 
document of post-World War II science funding policy in the United States, Vannevar 
Bush’s Science – the endless frontier (Bush 1945). Echoing both Kant and Humboldt, Bush 
argues for state support of autonomously pursued basic research, that is, research pursued 
for its own sake, without concern for the practical ends that are the proper province of 
applied research. According to the Bush conception, applied research, which yields tech-
nological, medical, and military advancements, fundamentally depends on basic research. 
Just as Humboldt had argued at the turn of the nineteenth century, Bush suggests that 
although the particular uses of basic research and the eventual benefi ts that will accrue are 
diffi cult to predict, societal benefi ts cannot occur unless scientists are allowed to pursue 
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science without interference from the state—a notion that was later labeled as the linear 
model (or sometimes, the linear-reservoir model) of science.

Because Bush was asking for large outlays of public funds, and on a continuing basis, in sup-
port of the unfettered pursuit of basic scientifi c research, some form of accountability needed 
to be built into the system. Indeed, there was a great deal of debate between the strong-auton-
omy advocates in the Bush camp and the more pragmatic adherents of the views expressed 
in the Steelman Report (Steelman 1947), which advocated more limited scientifi c autonomy 
in the name of a stronger connection to public benefi t. Bush’s advocacy of a strong form of 
autonomy ultimately won the day when the NSF was created in 1950. Arguably, however, 
one reason why the NSF abandoned the ONR model for grants decision making, in which a 
program offi cer can make funding decisions without subjecting proposals to peer review at 
all, was the controversy over the demands for the autonomy of research and the demands for 
more closely linking research to societal benefi ts. Peer review of grant proposals is meant to 
guarantee that scientists have a large degree of autonomy when it comes to making decisions 
about which particular research proposals ought to receive funding, while simultaneously 
demonstrating their accountability for making wise use of public funds.

The success of the process of peer review in guaranteeing autonomy for the academic 
pursuit of knowledge, along with concomitant fi nancial support in the form of public 
funding for research, are key drivers of academe’s love affair with peer review. But the fact 
that society allows peer review to serve this dual function—providing autonomy and ask-
ing only self-regulation as accountability—perhaps needs some explanation, given society’s 
ambivalence, or what Jasanoff (1990, p. 9) terms ‘oscillation between deference and skepti-
cism’, toward experts. Even as we profess our distrust of experts, we evidence faith in exper-
tise. In part, this faith can be attributed to what Chubin and Hackett (1990) call ‘enclaves 
of expertise’ in the face of which ‘we usually delegate to experts the authority for making 
decisions in areas we do not understand’ (Chubin and Hackett 1990, p. 4). We routinely fol-
low the advice of doctors when it comes to our health and of mechanics when it comes to 
our cars. Indeed, we ignore the advice of experts at our own risk. It is also the case that what 
constitutes an autonomous academic discipline, at least in part, is there being something 
it is, some fi eld of knowledge, which is its special task to pursue. Academic journals mark 
out this disciplinary territory, and prepublication peer review ensures that this territory is 
marked well (i.e. according to the standards of the discipline). Academics are experts, and 
even within academe, perhaps especially so in the context of peer review, scholars from 
different disciplines display a remarkable deference to the expertise of scholars from other 
disciplines (Lamont 2009). The experts trust the other experts; is it really any wonder, then, 
that non-academics should have some faith in peer review?

There is also a growing political problem for anyone who would question society’s 
faith in peer review, as much of the current rhetoric surrounding global climate change 
attests: so-called climate deniers are routinely characterized as having ulterior motives 
(something other than truth, such as greed), and decision makers who question scientifi c 
consensus—which was gained only after a thorough trial by peer review—run the risk of 
being charged with the politicization of science (Mooney 2005). Although Sarewitz (2009) 
is correct that the Obama administration’s attempt to ‘restore science to its rightful place’ 
in US policy making—in contrast to the presumably wrongful place science occupied in 
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the Bush administration—is yet another politicization of science, the political appeal of 
Obama’s strategy rests on a more basic faith in the value of knowledge and a philosophical 
presumption about what knowledge actually is.

Academics and non-academics tend to share the presumption that knowledge is some-
thing that comes along with specialization and the depth that such specialization brings—
what Frodeman (2004) critiques as an epistemology of external relations and opposes 
to a kind of epistemological holism. An epistemology of external relations—or episte-
mological reductionism—tends to support analysis: knowledge is gained by examining 
parts of reality, which can later be pieced together to generate a view of the whole. Episte-
mological holism, however, holds that knowledge of the whole is always greater than the 
sum of knowledge of its parts. Epistemological reductionism tends to support the idea 
of expertise, whereas an epistemological holism tends to undermine the idea of expertise 
(Sarewitz, Chapter 5 this volume). Epistemological reductionists tend also to think that 
more knowledge is always a good thing, whereas epistemological holists tend to believe in 
limits to knowledge. Discipline-based peer review is essentially founded upon an episte-
mology of external relations, and part of the explanation for our overall acceptance of the 
process of peer review is that we tend—whether we realize it or not—to view knowledge 
in (reductionist) terms of external relations. Because we tend to view knowledge in reduc-
tionist terms, the notion of expertise seems intuitively obvious to us. (Note that although 
this last point is a holistic claim, there is no necessary incompatibility between holism 
and reductionism. The seeming opposition between the two ways of viewing knowledge 
simply reveals our own reductionist tendencies.)

Another factor supporting our faith in peer review is that we tend to ignore the fact that 
peer review has a history—and it has a far shorter one than many presume. Adhering to 
the process of peer review is not simply a disinterested matter of scholarly housekeeping 
on the part of academe or objectivity on the part of grant-making institutions or societal 
decision makers. Rather, the process of peer review has its roots in the institutional disci-
plinization of knowledge production, a process that has always been as political as it has 
been epistemological. Within the university setting, disciplines deserve at least as much 
identifi cation with power as knowledge does: in its role as the valuator of academic and 
scholarly work, the process of peer review acts to wall off disciplines from each other, 
guaranteeing the existence of disciplinary islands where petty princes (or tyrants) rule. 
In its role as guarantor of autonomy from societal infl uence, peer review also walls off aca-
deme from the rest of society, guaranteeing autonomy at the price of isolation. Discipline-
based peer review is the gatekeeper—not only of the little disciplinary hearths within 
academe, but also of the ivory tower itself.

22.4  Interdisciplinary and transdisciplinary pressures 
on peer review

Academic excellence is one thing; relevance to anything in the real world outside academe, 
however, is something altogether different. Often, academic rigor—and relevance within 
disciplinary scholarship—is achieved only at the price of irrelevance to anyone outside 
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that academic discipline or subdiscipline. Put differently, academe has disciplines and the 
real world outside of academe has problems—none of which are ‘merely academic’.

Interdisciplinarity is often touted as the way to free academics of their disciplinary blind-
ers so that they can begin to develop real solutions to real problems. Yet interdisciplinarity 
creates all sorts of problems within academe, not the least of which are problems with peer 
review. As Huutoniemi (Chapter 21, this volume) points out, evaluating interdisciplinary 
research is exceedingly diffi cult given the lack of agreed upon standards that disciplines 
provide. Graybill and Shandas (Chapter 28, this volume) also point to problems for early 
career academics trained as interdisciplinarians, who are caught between publishing for 
the discipline that houses them or for a ‘new academy’ that is yet to materialize: pro-
motion and tenure decisions invariably turn on a record of publication in high-quality 
journals, which, with a few notable exceptions, are organized (and peer reviewed) along 
disciplinary lines. Both of these chapters raise the fundamental question for academic 
interdisciplinarity: who counts as a peer?

Although this question does arise for the ‘old academy’—for instance, it is typical to 
question whether more established investigators within a fi eld are truly peers of early 
career academics or vice versa—the typical answer is that disciplines defi ne peers. It is 
this answer that brings into relief the diffi culty of evaluating interdisciplinary research 
(whether publications or grant proposals). Lamont (2009) provides a way of viewing the 
process of peer review—as an interactive social process in which the participants (all mul-
tidisciplinary panels of reviewers in her study) aim at a kind of Habermasian ideal speech 
situation, in which reviewers from different disciplines respect each other’s differing dis-
ciplinary standards and aim to reach a consensus decision—that may prove useful in the 
review of interdisciplinary grant proposals. She also suggests that more intensive training 
of personnel at public funding institutions may be necessary in order to sensitize agencies 
to the exigencies of evaluating interdisciplinary research. Since many journal editors do 
not aim for consensus among reviewers, but treat reviews as a way to improve submis-
sions, it may be easier for them to navigate the diffi culties presented by an interdisciplin-
ary submission, provided they are attuned to those diffi culties and sympathetic to the 
approach the author takes. It may not be intellectually satisfying, but it may simply be a 
case of waiting things out until more and more of the old guard is replaced by members of 
the ‘new academy’ for which Graybill and Shandas yearn, in much the way that Kuhn sug-
gested paradigm shifts might ultimately occur. Once the Graybills replace the graybeards, 
it is likely that things will be different.

Although it is tempting to think of interdisciplinarity as only the labor pains that 
accompany the birth of ‘new disciplines’ for a ‘new academy’—a kind of organic-devel-
opmental timeline view—interdisciplinarity within academe could also be seen as a kind 
of mean between the extremes of isolated disciplinarity and engaged transdisciplinarity. 
Disciplines serve both to carve out territory within academe and to separate academe 
from the real world. Interdisciplinarity breaks down disciplinary boundaries within the 
halls of academe; but transdisciplinarity is needed to tear down the walls of the ivory 
tower. This may sound like what Huutoniemi (Chapter 21, this volume) terms a criti-
cal approach to disciplinarity, in which case it would make sense to reference ‘Mode 2 
 science’, ‘post-normal science’, and ‘knowledge policy’—one might also add ‘well-ordered 
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science’ (Kitcher 2001) and ‘Pasteur’s quadrant’ (Stokes 1997)—and to call for some form 
of extension of peer review beyond academe to include not just reviewers from different 
academic disciplines but also other stakeholders in the decision-making process. But such 
an approach can always be criticized as overly theoretical (or even ideologically commit-
ted to epistemological holism).

Rather than approaching the issue of transdisciplining peer review from an ideological 
or theoretical standpoint, i.e. from an academic point of view, let us begin with a problem 
in the real world, one for which some empirical evidence already exists, and on which 
experiments could be conducted: the Government Performance and Results Act (GPRA) 
of 1993. The GPRA is designed to focus US federal agencies on measuring and improving 
results, which, once communicated to Congress, will provide decision makers with the 
necessary data to assess the ‘relative effectiveness and effi ciency of Federal programs and 
spending’. The GPRA’s explicit mandate is to require three things of all federal agencies: 
(1) multiyear strategic plans; (2) annual performance plans; and (3) the development of 
metrics that would gauge adherence to the annual performance plans. The underlying 
message of the GPRA is that agency plans must be tied to societally relevant outcomes. 
This presented a particular challenge to the NSF, since it is the one federal agency devoted 
to supporting basic research.

Basic research, as Vannevar Bush has so clearly articulated, is conducted without con-
sideration for the results. With the passage of the GPRA, the NSF found itself, more starkly 
than before, caught between politics and science. The NSF is what Guston (2000) refers 
to as a ‘boundary organization’—as the federal agency responsible for supporting basic 
research, it owes allegiance both to the government and to scientists. While the govern-
ment wanted to see results, basic scientists wanted still to be able to pursue basic, rather 
than applied, research (Kostoff 1997). How did the NSF respond to these confl icting 
demands?

Not surprisingly, the NSF did not respond as an academic might, by turning to the 
literature about post-normal, well-ordered, Mode 2, use-inspired science to create a new 
knowledge policy. Instead, the National Science Board (NSB), the NSF’s policy branch, 
restructured the NSF’s peer-review process (known as ‘merit review’) to enlist the scien-
tifi c community—both as proposers and as reviewers—in the task of articulating the soci-
etal relevance of the basic research NSF funds (Holbrook 2005). In 1997, the new merit 
review criteria were introduced, and they asked only two questions: ‘What is the intellec-
tual merit of the proposed activity?’ and ‘What are the broader impacts of the proposed 
activity?’. Essentially, the NSF engaged in what Miller (2001) calls ‘hybrid management’. 
Peer review has always served both academic and political purposes—the NSF simply 
manipulated these elements to place a greater emphasis on the political function of peer 
review, without stripping scientists of the academic autonomy they demand. Proposers 
and reviewers were still asked to articulate and evaluate the intellectual merit of proposals 
(for which they could still appeal, in most cases, to disciplinary standards of excellence); 
but they were also asked to articulate and evaluate the impact of basic research on society 
(for which they lacked the expertise).

In effect, the NSF was asking scientists to break free from their disciplinary bounds and 
to engage in activities that involve interdisciplinary and transdisciplinary  interactions 
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(e.g. communicating one’s research beyond one’s discipline, either to academics in dif-
ferent fi elds or in novel ways to non-academic society; communicating one’s research to 
political decision makers in useful ways; enhancing diversity in ways that go beyond a 
simple head count of minorities; training graduate students and mentoring postdoctoral 
researchers in the ethics of research; etc.). Scientists, to put it baldly, balked (Frodeman 
and Holbrook 2007). In part, this is because most scientists trained along disciplinary 
lines to conduct basic scientifi c research are generally not trained either to articulate or 
evaluate the societal impacts of their work. The broader impacts criterion (BIC) was at 
fi rst simply ignored, until the NSF announced that they would begin returning without 
review proposals that failed to address the BIC, at which point compliance began to rise. 
Even after more than a decade, however, the quality of responses to the BIC remains a 
persistent problem.

Beginning in this way with a real world problem—the NSF’s response to the GPRA, 
scientists’ response to the BIC—allows for an important point: science studies scholars 
need not call for a ‘transdisciplinarization’ of the process of peer review, for the transdis-
ciplining of peer review has already begun. Moreover, the case of the NSF, unique as it is, 
is not unlike changes to peer-review processes at other public science funding agencies 
around the world, many of which have incorporated similar societal impacts criteria into 
the process of peer review (CSID 2009).

22.5  Evaluating disciplinary, interdisciplinary, 
and transdisciplinary relevance

Disciplinary expertise is required to assess disciplinary excellence. Hence, reviewers 
charged only with assessing the disciplinary merit of a grant proposal (or article submis-
sion) need only be selected from the particular discipline under consideration. A mix of 
disciplinary expertise(s) is required to assess academic excellence beyond a single disci-
pline. Hence, reviewers charged with assessing the merit of multidisciplinary or interdis-
ciplinary proposals ought ideally to be selected from all the disciplines included in the 
proposals. Although review of such multidisciplinary and interdisciplinary proposals is 
more complicated than monodisciplinary review, it nevertheless takes place within aca-
deme, where each reviewer is ideally accorded a kind of authority over his or her own 
disciplinary domain. What sorts of expertise are required to address and assess societal 
relevance?

To the extent that societal impacts criteria ask proposers and reviewers to address issues 
that can be addressed from within academe, experts can be drawn from the relevant dis-
ciplines to address those issues in the proposal and its review. For example, some societal 
impacts criteria can be addressed in terms of educational impact—in which case it would 
seem necessary to employ experts in education both in writing and in reviewing the pro-
posals. This would simply present another case of interdisciplinarity with which peer 
review must cope. However, some societal impacts criteria take peer review beyond the 
disciplines to such issues as offering policy-relevant knowledge for societal decision mak-
ers. When societal impacts criteria go beyond the realm of academe to address  societal 
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relevance, if proposers are to make their research societally relevant and reviewers are 
to judge societal relevance, then who counts as a peer must be extended to include non-
academic members of society at large.

Although these claims are normative, they are not based on an ideological imposition 
of theory onto reality. The claim is not that peer review should be de-disciplined, and 
either interdisciplined or transdisciplined in order to pursue some ideal form of knowl-
edge. There is no ideology of epistemological holism at work here. Instead, the point can 
be expressed as a hypothetical imperative: If we introduce transdisciplinary criteria into 
the process of peer review, then we should expand the defi nition of who counts as a peer 
beyond the boundaries of the disciplines.

There is also a more comprehensive lesson to be learned: instead of thinking of peer 
review only in terms of its academic disciplinary use as an evaluation tool (according to 
which interdisciplinarity presents a special problem for peer review), peer review must 
also be addressed in terms of its larger social context. Doing so will allow us to see that 
peer review has never been only a disciplinary activity, one that ought to be jettisoned as 
an artifact of prepostdisciplinarity, but has always been a transdisciplinary activity, as well. 
Patrolling the border between academe and society, peer review can be the ultimate tool 
of transdisciplinary hybridization.
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CHAPTER 23

Policy challenges and 
university reform
CLARK A. MILLER

In the twenty-fi rst century, humanity faces an array of policy challenges that are likely to 
demand the kind of broad, sweeping policy reforms reminiscent of the Progressive and 
New Deal eras of a hundred years before. Like those previous eras of policy upheaval, many 
of the challenges of the twenty-fi rst century are driven by rapid changes in the scientifi c and 
technological foundations of every aspect of human society, from agriculture and health 
to economic production and global security. Unlike those prior transformations, however, 
universities seem ill-prepared to provide the necessary ideas and human resources to suc-
cessfully address the policy challenges of the twenty-fi rst century (Crow 2007). What will it 
take for universities to reverse course? A lot depends on the possibility of developing new 
and innovative approaches to interdisciplinary policy research and education.

23.1 Twenty-fi rst-century policy challenges

The twenty-fi rst century has brought an array of novel policy problems that have fun-
damentally challenged the capacity of states and societies to develop meaningful policy 
responses. Consider, for example, the impacts of globalization on the social fabrics of 
societies, the risks of long-term climate change and biodiversity loss, the rise of powerful 
terrorist networks, the continued threat of nuclear proliferation, and the emergence of a 
wide range of novel epidemics, from AIDS and SARS to avian and swine fl u.

Part of the complexity of these policy challenges derives from their transnational scope. 
The fundamental lodging of sovereign decision-making authority in states, coupled with 
the general illegitimacy and ineffectiveness of international policy institutions, has made 
policy responses to these challenges piecemeal, ad hoc, and, in some cases, deeply oppres-
sive. Just as importantly, however, the challenges posed by these policy problems arise 
from their fundamental interdisciplinarity. In recent years, social and political historians 
have illuminated just how interconnected the social science disciplines are, institutionally 
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and in their basic conceptual frameworks, with the origins of the modern welfare state 
(Rueschemeyer and Skocpol 1996; Calhoun and Rhoten, Chapter 7 this volume). It is not 
surprising, therefore, that problems that lie beyond the capacity of any individual state 
also lie beyond the capacity of any one discipline.

Perhaps even more challenging to universities, however, are the interdisciplinary link-
ages that these policy problems demand, between on the one hand the humanities and 
social sciences and on the other the natural sciences and engineering. In the wake of the 
transformation wrought in funding for the sciences and engineering after World War II, 
no more fundamental divide exists in universities today than between the humanities and 
social and policy sciences and the ‘harder’ physical and life sciences that the former aspire 
to imitate. For all that the basic infrastructure of the university—promotion and tenure, 
departments and disciplines, undergraduate and graduate degrees—appears the same, 
fundamental differences have evolved in universities over the past half century in how 
graduate education, career development, and professional advancement are organized 
and evaluated between these two halves of the university. This transformation has been 
driven almost entirely by external funding, which as will be described below, has funda-
mentally altered the political economy of the natural sciences and engineering, reducing 
the internal controls exercised within the university by disciplinary units.

These differences in academic reward systems and their impacts on society will be 
described in greater detail below, but for the moment let me simply note that the natural 
sciences and engineering, today, are in many respects fundamentally organized around 
key policy problems of the twenty-fi rst century. By contrast, top-ranked social science 
or humanities programs in the United States often have few, if any, faculty working on 
problems of global environmental change, international pandemic policy, regulation of 
science and technology, or even nuclear proliferation or global terrorism (with the excep-
tion of a few scholars in international relations). From the standpoint of the social sci-
ences, these problems are not theoretically sexy, not likely to result in publication in the 
top journals, too complex to be analyzed with what is taken to stand for methodological 
rigor, and, therefore, neglected. Thus, while universities might be argued to be ideal places 
for combining the diverse knowledge and forms of expertise necessary to address twenty-
fi rst-century policy challenges, their current organization seriously limits their capacity to 
respond in ways that meaningfully include the social and policy sciences and humanities.

23.1.1 The food crisis

One illustrative example of a current policy challenge is the rise in food prices across 
much of the globe during 2007 and 2008. From an economic perspective, rising food 
prices seem relatively easily explained. During this period, the demand for grain in global 
markets consistently outpaced supply. Why this occurred is a more complicated story.

One piece of the story begins in the 1960s, with the Green Revolution. While much of 
the attention on the successes of the Green Revolution has focused on the use of plant 
breeding to increase yields, the key to plant breeding in many cases was the ability to 
design cereal varieties that would respond greatly to increases in agricultural inputs—par-
ticularly water, fertilizer, and pesticides—while another aspect of increases in productivity 
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came from the introduction of mechanization to agriculture. As a consequence, global 
agriculture today, in many parts of the globe, consumes a great deal of energy, both in 
the production of fertilizer and pesticides and the use of farm equipment. With the rapid 
rise in prices of oil and gasoline, the costs of agricultural production have risen rapidly. 
Among producers working at low profi t margins this could and did have a signifi cant 
effect on, to some extent, profi tability and production levels, but more importantly on 
commodity prices, which rose alongside the rise in production costs.

A second piece of the story relates to changes in consumption patterns. In recent 
decades, meat consumption has risen signifi cantly on a per capita basis (while the num-
ber of people has risen as well) in all regions of the globe, and especially in East and South 
Asia. In relation to its nutritional content (in terms of calories), meat production requires 
far higher quantities of grain than if people consume the grains directly. Shifts in daily 
calorie consumption from grain to meat therefore require signifi cant increases in global 
consumption over and above population growth rates.

A third piece of the story appears to be drought conditions in parts of the world, espe-
cially Australia, that have signifi cantly reduced supplies of rice. Australian droughts are 
consistent with, but may be entirely unrelated to, climate change, which has the potential 
to require large-scale shifts over the next few decades in the geographic location of crop-
growing zones as temperature and precipitation patterns shift, driven by the accumula-
tion of greenhouse gases like carbon dioxide and methane in the atmosphere.

Responding to the threat of long-term climate change, the United States and several 
European countries have also put in place new policies that call for long-term shifts in 
energy production toward biofuels. Coincidentally, the amount of grain purchased for 
use in biofuel production is roughly equivalent for each of the past 3 years to the shortfall 
between global production and consumption of grains. Thus, it is perhaps not surprising 
that many developing countries have called on the United States and Europe to back away 
from their policy commitments to increasing biofuel production in order to relieve pres-
sure on global commodities markets and help to halt further price increases, which are 
creating severe disruptions for poor communities around the globe.

Ironically, just at the time that food riots were beginning to appear around the globe, the 
US government announced its intentions to eliminate its share of funding for the Con-
sultative Group on International Agricultural Research (CGIAR), a collection of interna-
tional agricultural research centers located around the globe and widely credited with the 
success of enhancing yields during the Green Revolution. This policy likely originates with 
large agricultural seed companies in the United States, who see the CGIAR institutions 
as competitors in the business of providing seeds to agriculture in developing countries. 
Eliminating the primary international agricultural research institutions at a time of global 
food crisis seems counterintuitive, however.

23.2 Policy research and training in the twentieth century

The complexity of social and policy challenges at the start of the twenty-fi rst century 
 mirrors a similar set of social and policy challenges that faced nations at the end of the 
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nineteenth century. Driven by the Industrial Revolution, society had changed dramati-
cally, accommodating the rapid rise of factory labor and the increasing centralization 
of  production in large-scale enterprises (oil, steel, railroads, etc.). The result was the 
emergence of several novel social problems, including worker accidents, unemploy-
ment, boom-and-bust business cycles, and extreme poverty among a handful of social 
groups, including the elderly, women, and veterans. Responding to these problems 
became a key policy challenge for states in the late nineteenth and early twentieth 
centuries (Skocpol 1992).

From this period emerged a ‘double institutional transformation’ of modern societ-
ies: the creation of the administrative or welfare state and the research university, each 
linked to each other. The specialization of labor within the university helped to give rise 
to new disciplines, especially but not entirely in the social sciences—economics, sociol-
ogy, political science—each oriented around specifi c aspects of social problems and each 
involved in training a new class of public sector managers who could take social science 
research methods and insights and apply them to solving society’s problems: managing 
the economy, promoting social welfare, and improving public administration (Nowotny 
1991; Porter 1995; Wittrock and Wagner 1996). Through the 1940s, much of the most 
important social and economic legislation in the United States developed from ideas fi rst 
articulated in the social sciences.

After World War II, universities took a different direction. While the social sciences 
had helped to secure universities’ prestige in the early twentieth century, postwar 
prestige came to be dominated almost exclusively by prowess in the natural sciences 
and engineering. The rise of military research dominated postwar research funding, 
while the research budgets of other science and technology oriented agencies, from 
the National Aeronautics and Space Administation (NASA) and the National Oceanic 
and Atmospheric Administration (NOAA) to the National Institutes of Health (NIH) 
and the National Science Foundation (NSF), created in 1950, also rose dramatically. 
The postwar emergence of MIT and Stanford as rivals for the nation’s top science and 
engineering schools, both driven by huge influxes of military research and develop-
ment funds, helped radically restructure the nature of American science and Ameri-
can universities (Leslie 1993).

In the social sciences, the rise of behaviorism in the 1950s shifted attention away 
from social problems toward more theoretical questions with less immediate and 
intuitive implications for social policy. By the 1960s and 1970s, policy researchers and 
educators at many universities had become increasingly dissatisfied with the direction 
of disciplinary departments and had begun to look outside the disciplines for support 
for their work. From the 1960s to the 1980s a number of US universities established 
interdisciplinary schools of public policy that brought together political scientists, 
economists, and, to a lesser extent, sociologists, with an explicit interest in policy-ori-
ented research. Training changed, too, as these new policy schools moved away from 
academic training in disciplinary methods toward novel methods and approaches to 
policy and cost–benefit analysis and the administrative skills required of government 
managers.
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23.3  The rise and consequences of interdisciplinarity 
in US universities

The emergence and consolidation of policy schools at many of the largest US universities 
occurred as part of a broader trend toward interdisciplinarity during the last few decades 
of the twentieth century. From the 1970s onward, universities pursued a handful of inter-
disciplinary programs like policy schools and occasional research centers (e.g. centers for 
research on poverty, which fl ourished alongside policy schools) in the social sciences, and 
even more in the humanities (e.g. programs in American studies, gender studies, African-
American studies, regional studies, religious studies, and environmental studies with a 
humanities focus).

By far, however, the largest number and greatest scale of interdisciplinary programs 
created during this period occurred within the natural sciences and engineering. To see 
this, walk through the halls of America’s premier science and engineering research uni-
versities. At major research universities, interdisciplinary research centers in the sciences 
and engineering number in the multiple dozens. Across the United States, the number 
of environmental science and science-oriented environmental studies programs far out-
numbers the number of environmental studies programs with a primary humanities and 
social science orientation.

The primary driver for this shift towards interdisciplinarity in the natural sciences and 
engineering was large-scale government funding of research oriented toward the solution 
of societal problems, from curing disease and ensuring national security to protecting 
the environment. Although the NSF has long maintained discipline-based funding pro-
grams for science and engineering research, most federal agencies never made that dis-
tinction in their research funding, and by the 1980s, even the NSF was fully committed to 
high-profi le funding streams devoted to breaking down and transcending the disciplinary 
boundaries of research. Recent programs have included the $50 million Biocomplexity 
Initiative and the multi-agency National Nanotechnology Initiative that has been funded 
at approximately $1 billion per year. Indeed, by the time the concept of interdisciplinarity 
had emerged as a key focus of NSF funding programs in the 1990s, the NSF already had 
several decades of experience with large-scale, interdisciplinary programs. It is also useful 
to note that external funding has also been crucial to those areas of the humanities and 
social sciences that exhibit high levels of interdisciplinary research, such as regional stud-
ies centers and programs. For these, US Department of Education Title VI grants have 
proven essential to long-term stability.

The broad shift of attention of the funding agencies away from disciplinary bound-
aries gave rise to the rapid proliferation of new, interdisciplinary fi elds in the sciences 
and engineering, from biochemistry and atmospheric chemistry to bioengineering, envi-
ronmental engineering, and nanotechnology. In almost all cases, training programs fol-
lowed research, especially at the graduate level, with students in electrical engineering, 
for example, being trained in semiconductor physics, power engineering, plasma physics, 
ionospheric physics, circuit design, and more, each requiring its own unique combination 
of interdisciplinary activity. Disciplinary departments became little more than shells, as 
multiple departments hired researchers with very similar research skills and programs, 
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whose work tended to take place as much or more in interdisciplinary networks or centers. 
Today, one of the most common developments in engineering colleges is, for example, the 
creation of centralized instrumentation facilities that hold instruments that are routinely 
used by faculty and graduate students from many different departments.

A signifi cant consequence of the shift toward interdisciplinarity in the natural sciences 
and engineering has been a substantive differentiation of reward systems in the social 
and natural sciences. In the social sciences and humanities, hiring and tenure evalua-
tion decisions have evolved to focus almost exclusively on the theoretical contributions of 
individual scholars to disciplinary canons. By contrast, in the natural sciences and engi-
neering, hiring and tenure decisions focus more pragmatically on whether the individual 
in question has the intellectual and managerial skills necessary to develop and maintain a 
highly productive research facility (most frequently a laboratory). Where informal, quan-
titative benchmarks in the social sciences tend to focus on numbers of publications in top 
disciplinary journals, their counterparts in the sciences and engineering tend to focus on 
the scale of annual research expenditures (and the successful grantsmanship skills neces-
sary to secure them). While natural scientists and engineers are often expected to have 
graduated at least one PhD student (and have several more in the pipeline) by the time 
they come up for tenure, social scientists are often discouraged from taking on any gradu-
ate students at all in order to reserve more time for their own work. In my own experi-
ence and among my colleagues at several major research universities, social scientists are 
even discouraged as junior faculty from pursuing large-scale research grants that would 
support research teams, this being seen most frequently as ‘service’ rather than ‘research’, 
which is evaluated solely in terms of the researchers’ own personal work.

23.4 The disciplinary limits of policy schools

In the United States, policy schools have arguably been among the strongest and most 
consistent exemplars of interdisciplinarity in the social sciences. Most policy schools 
include signifi cant faculties with training in economics, political science, and statistics, 
with smaller faculties trained more broadly in the social sciences (e.g. history and sociol-
ogy) and, increasingly, in interdisciplinary public administration, public policy, or public 
affairs PhD programs. This emphasis on building interdisciplinary research and teaching 
programs as well as the focus of policy research on concrete policy problems—rather 
than advancing social theory—have tended to isolate policy school faculties from their 
disciplinary colleagues in the social sciences, especially where policy schools retain inde-
pendent hiring and tenure authority.

One cause—and consequence—of the drift of policy schools away from the tradi-
tional disciplines of economics, politics, and sociology has been the emergence of distinct 
research trajectories and problems in policy research. Here we come to the core of the 
problem of interdisciplinarity, in my view, and one that policy schools illustrate nicely. 
Too often, the view of interdisciplinarity is that it occurs when problems have multiple 
disciplinary dimensions (say, political and economic), requiring disciplinary specialists 
to collaborate to create robust knowledge. This view presumes that disciplines cover the 
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Transdisciplinary efforts at public science agencies: NSF’s SciSIP program

Erin Christine Moore

Publicly funded scientifi c research exists in a boundary space: as science, it is purportedly value-

free; but being publicly funded, it is supposed to serve societal (that is, political) goals. The 60-year 

history of publicly funded science is marked by a continuing struggle to square this circle.

The dominant model for public research funding in the United States was established in the 

years after World War II. The most famous—and still prototypical—articulation of this model 

can be found in Vannevar Bush’s 1945 report to President Roosevelt, Science, the endless frontier.

This document, formally a recommendation for shaping the policy for science funding in the 

United States, is in fact an apologia—an explanation and defense of the scientifi c enterprise. 

Bush argues that progress in science will result in societal progress: ‘New products, new indus-

tries, and more jobs require continuous additions to knowledge of the laws of nature, and the 

application of that knowledge to practical purposes’ (Bush 1945, p. 1).

But note the means by which knowledge benefi ts society: Bush insists that the path from 

knowledge to benefi t cannot be anticipated or controlled. Benefi ts will automatically ensue 

simply by adding to the ‘reservoir’ of scientifi c knowledge. Although Bush justifi es the public 

funding of science by pointing to future societal benefi t, he simultaneously claims that it is inap-

propriate to use societal needs or priorities to guide the use of that funding. In the Bush model 

one simply takes it on faith that science funding will always result in societal benefi t. While this 

model has been called into question over the years, it has shown remarkable longevity and infl u-

ence in terms of how national science policy is pursued and justifi ed.

This is especially true for the National Science Foundation (NSF), the major funding 

agency for basic science in the United States. In fact, the NSF was the federal answer to Bush’s 

 recommendation. The NSF was founded on the assumptions that Bush put forth in 1945: that 

basic (non-applied, non-targeted) research is the primary limiting factor for societal progress, 

including the growth of wealth, full employment, relief from disease, and national security in 

both wartime and peacetime. According to Bush, ‘Scientifi c progress on a broad front results 

from the free play of free intellects, working on subjects of their own choice, in the manner dic-

tated by their curiosity for exploration of the unknown’ (Bush 1945).

In the past 15 years, however, policy makers have placed new demands for accountability and 

social relevance on the research funding system. It is no longer suffi cient to assume that more fed-

eral dollars automatically equals more societal benefi t; policy makers (and tax payers) increasingly 

want to see evidence of the outcomes of investments in science. In 1993 Congress cancelled the 

Superconducting Super Collider project after having already spent $2 billion on it, largely because 

the massive project costs (cost projections ballooned from $4.4 billion estimated at project inception 

to over $12 billion by 1993) could not be justifi ed as having suffi cient societal benefi t. Also in 1993 

Congress passed the Government Performance and Results Act (GPRA), demanding strategic plan-

ning and proof of the return on investment for all government-funded programs including science. 

Some in the science policy community—especially agencies like the NSF who funded so-called basic 

research—reacted to the GPRA with dismay, as its demand for performance-driven management 

threatened the autonomy and isolation from social concerns they had grown accustomed to.

Responding to such calls for science to prove its social relevance, the NSF has implemented a 

suite of ways to require and demonstrate the societal impacts of the research funded through this 

agency. In 1997 the NSF updated its merit review criteria for evaluating research proposals. All 

(cont. )
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Transdisciplinary efforts at public science agencies (cont.)

proposals were required to include a ‘broader impacts’ statement, anticipating how the proposed 

research would impact society. In principle, the broader impacts criterion negates the assump-

tion that basic science is best pursued without regard to societal relevance. It also calls into ques-

tion time-honored disciplinary boundaries—by requiring science to prove its relevance, it can 

no longer be claimed that disciplinary knowledge is autonomous and self-justifying. Scientists 

had (and continue to have) mixed reactions to the broader impact criterion, some even claim-

ing that it confl icts with the intellectual merit criterion: to advance basic science. But Congress 

continued to support a focus on broader impacts, twice calling for an investigation to ensure 

compliance within NSF.

Within the science policy community it became apparent that more knowledge was needed 

about the connection between publicly funded science and social impacts. SciSIP, a NSF research 

program newly funded in 2005 in the ‘science of science and innovation policy’, is an attempt to 

rethink that relationship by investing in research on the science policy process. SciSIP-funded 

projects are aimed toward understanding the relationship between science and society and pre-

dicting the outcomes of public investments in science and technology.

It is notable, however, that almost as soon as this transdisciplinary research effort was imple-

mented, its inter- and transdisciplinary aspects were cast aside in pursuit of disciplinary stabil-

ity. Of the 81 projects funded by SciSIP over its fi rst 3 years, over half of the awards centered 

on economic analysis. Further, the vast majority of all funded projects emphasize the process 

and measurement of ‘innovation’, where innovation is almost always associated with economic 

profi tability. Nearly all the successful proposals state economic gains as a main goal of the pro-

posed research. Contributing to this orientation is an overt attempt by the directors of SciSIP to 

‘disciplinize’—to solidify its research portfolio in order to establish a recognizable fi eld that can 

be associated with the title ‘science of science policy’. Program offi cers have stated that their goal 

is to have PhD programs in the area within the next 10 years.

But has SciSIP correctly identifi ed the sort of knowledge it actually needs to address the prob-

lems that gave rise to the program? Rather than challenging the reservoir model of scientifi c 

knowledge, SciSIP has put most of its resources in measuring the inputs and outputs of research 

and development (R&D). It can thus be seen as reinforcing the very model it was intended to cri-

tique. This is in large part because the SciSIP research portfolio is focused on economic growth 

instead of examining the multifaceted relationship between science and society. Continuing 

along this path will provide measures of the outputs but not the outcomes of investments in sci-

ence and technology.

To better understand the societal impacts of investment in R&D it is necessary to question 

the real outcomes of science—both positive and negative—and to evaluate how science is used 

in society, and to what end. In order to do so we must fi rst ask: What knowledge is needed in 

order to understand the relationship between science and society? How might that knowledge 

be integrated with the economic data SciSIP is currently gathering in order to inform decision 

makers about the best way to go about funding research in science and technology, in order to 

best benefi t society?
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 terrain of potential research topics fully, so that all interdisciplinarity needs to do is to 
bring divergent disciplinary perspectives together in collaboration.

By contrast, one fi nds an alternative model of interdisciplinarity operating in policy 
schools (and other fi elds, such as science and technology studies). In these cases, what 
we clearly see is that, at any given moment in time, disciplines constitute a broad but not 
infi nite set of interesting problems and potential methods that can be applied to those 
problems. At that same point in time, however, for whatever historical reason, disci-
plines leave other sets of research problems unexamined, or partially examined, as well as 
methods unapplied. Part of the value of interdisciplinarity lies in expanding the range of 
potential problems and methods that are available for use in research and teaching. Policy 
schools, for example, have emerged largely to fi ll the gap that was left when the social sci-
ence disciplines moved away from important but supposedly theoretically uninteresting 
research oriented toward understanding and solving the kinds of problems that face gov-
ernments in their day-to-day activities. But they have also, freed from disciplinary evalu-
ation, advanced research into these problems in new ways, identifying new problems, and 
adopting new methods that were never taken up by prior disciplinary approaches.

Despite their leadership in interdisciplinary research and teaching, however, policy 
schools remain limited in key respects in their ability to address the policy challenges of 
the twenty-fi rst century. The gap between reward structures in the social and natural sci-
ences has complicated the ability of policy schools to extend their faculty to the natural 
sciences. Policy schools have thus also typically been isolated from science and engineer-
ing schools and faculties. Although science and technology are increasingly central to a 
wide array of policy domains (energy, environment, defense, health, etc.), only a handful 
of policy schools have signifi cant research foci that examine science and technology pol-
icy or that include signifi cant numbers of science and engineering faculty. Scientists and 
engineers with an interest in policy have typically sought out opportunities for careers in 
Washington, DC, or other policy capitals, and signifi cant resources have been created by 
organizations such as the American Association for the Advancement of Science (AAAS) 
for facilitating the transition from the laboratory to policy agencies. By contrast, very 
few policy schools have explicitly sought to foster closer connections with science and 
engineering faculty or to make available career paths for them that would bring them 
into greater engagement with policy research and training. Similar, if not larger, gaps 
exist between many policy schools and other professional schools at research universities, 
including law, medicine, public health, and agriculture.

Policy schools are also increasingly limited by the rise of disciplinary tendencies within 
the policy sciences. Driven as much by the desire for standardized curricula for professional-
level policy education as anything, policy schools have become increasingly narrowly focused 
on a suite of policy analytic methods and tools that include econometrics, microeconomic 
policy analysis, cost–benefi t analysis, and advanced statistical methods at their core. This 
development has created something of a tussle between proponents of these quantitative 
and statistical approaches, who tend to focus narrowly on effi ciency as the primary goal of 
policy making, and others who view policy analysis as an art, as much as a science; who are 
broadly interested in public value rather than a sole focus on private, economic value; and 
who emphasize the dimensions of ideas, meaning, and identity in policy-making processes.
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23.5  The need for university-level reform 
and strategic policy research initiatives

Universities need to pursue high-level reform if they are going to position their research 
and teaching to contribute meaningfully to understanding and addressing the policy 
challenges facing humanity in the twenty-fi rst century. In particular, I believe universities 
need to invest in new policy research initiatives or centers that explicitly cross interdisci-
plinary boundaries. Like the highly successful policy research centers focused on poverty 
at the University of Michigan and the University of Wisconsin, these centers would bring 
together a wide range of social science researchers to concentrate on high-profi le policy 
problems (I do not necessarily believe that these initiatives must specifi cally focus on indi-
vidual policy problems as their primary focus; there are lots of reasons to believe that 
cross-cutting initiatives that focus on similarities across a range of policy problems would 
also work very well).

These initiatives would need to develop a new model of interdisciplinarity that recog-
nizes and promotes transformational research on new problems, with new methods, that 
signifi cantly extends existing domains of scholarship into new territories. While this has 
happened in the sciences and engineering (e.g. in the development of nanotechnology 
and synthetic biology), there is a need to invest strategically in comparable programs in 
the social and policy sciences and to bridge these fi elds with the sciences and engineer-
ing. Twenty-fi rst-century policy problems cannot be readily differentiated into scientifi c 
and policy problems and demand more integrated approaches to research and teaching 
(I describe each of these elements below in greater detail). In this fashion, universities can 
leverage this foundation of interdisciplinary capacity by investing strategically in coordi-
nated, university-wide research initiatives that specifi cally address key policy challenges 
for the twenty-fi rst century.

23.5.1 A new foundation of interdisciplinarity

Problems like the current global food crisis, climate change, or the transition to sustain-
able energy systems cannot be addressed by any single discipline. This fact is well recog-
nized. What is less well recognized is that even combinations of existing disciplines will 
not provide the intellectual foundations necessary to solve these problems. The econom-
ics problems associated with climate change are fundamental, complex, challenging, and 
deserving of careful university research. Sadly, such work will not, in most economics 
departments, be rewarded with recognition, hiring, or tenure. Comparable examples can 
be found across most of the major disciplines, especially in the social sciences.

What is needed is a new foundation of interdisciplinarity in universities that starts from 
an archipelago model of disciplines: namely, that disciplines are like islands in the ocean, 
refl ecting limited defi nitions of what counts as signifi cant research problems and viable 
research methods and maintained by social practices and institutions that reward certain 
kinds of research but not others. Disciplines have come over the past century to be seen, 
especially in the social sciences and humanities, as the ultimate arbiters of what does and 
what does not count as legitimate research. If we are to be able to grapple with the grand 
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policy challenges of the twenty-fi rst century, universities need to engage meaningfully 
with how to allow inquiry in the broad domains of intellectual turf that lie beyond and 
outside of the conventional disciplines. Acknowledging that there is lots of room for valu-
able inquiry in intellectual domains surrounding contemporary policy problems, a new 
foundation of interdisciplinarity would build new social structures and reward systems 
that allow researchers to focus energy and initiative on new kinds of research that extend 
well beyond the shallow waters surrounding the existing disciplines. In many respects, this 
foundation—and this model of interdisciplinarity—already exists in the natural sciences 
and engineering. Now is the time to expand this foundation to the social and policy sci-
ences and humanities.

23.5.2 Strategic investments in interdisciplinary social sciences

To create a new foundation for interdisciplinary research and education in the social sci-
ences will require substantial shifts in the distribution of fi nancial resources in universi-
ties. Disciplinary departments have maintained their control over the terrain of acceptable 
problems and methods largely through their control over hiring, tenure, and the fi nanc-
ing of graduate education. All three will require direct attention, but arguably the most 
important piece is the last. For the most part, teaching assistant positions fi xed to large 
undergraduate majors fund all but a tiny fraction of graduate education in the social sci-
ences. So long as disciplinary departments control the allocation of these resources, grad-
uate education in the social sciences will continue to make it very diffi cult for students to 
acquire training in interdisciplinary research opportunities.

Two approaches to altering the reward structure in the social sciences can be imagined. 
On the one hand, teaching assistant positions can be distributed to a broader and more 
diverse community of graduate students. There is little a priori reason, for example, that 
teaching assistants for a freshman-level introduction to American government class must 
go to disciplinary political science graduate students. Presumably, many graduate students 
in policy fi elds with substantial exposure to the structure and functioning of governments, 
and with adequate preparation and training, could teach this class very well. On the other 
hand, universities could also invest new resources into interdisciplinary social science 
research and teaching programs. Much as interdisciplinary funding from federal agencies 
has provided a fi nancial incentive to alter the structure of disciplines in the natural sci-
ences, universities could opt to create similar fi nancial incentives in the social sciences.

23.5.3  Bridging the humanities, social and natural sciences, 
and engineering

Meeting the policy challenges of the twenty-fi rst century will also require new and sub-
stantial efforts to bridge the humanities and social sciences, on the one hand, with the 
natural sciences and engineering, on the other. In recent decades, a handful of programs at 
the NSF have begun to emphasize the incorporation into science and engineering research 
programs of research on the societal dimensions of major scientifi c challenges. As a conse-
quence, a growing array of experiments exist that could provide valuable lessons for how 
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to make such collaborations work and what pitfalls to avoid. Yet, other federal funding 
agencies, whose budgets dwarf those of NSF, have largely failed so far to follow NSF’s lead 
in this area. Thus, the vast majority of research funding in the United States today does 
not aim to foster strong linkages between the social and natural sciences.

The experience of those participating in experiments in bridging the humanities, 
social and natural sciences, and engineering suggests that differences in reward structures 
make collaborative work extremely diffi cult. Publication strategies vary widely between 
the social and natural sciences, for example, with the former largely insisting on single-
authored publications while the latter emphasize collaboration and co-authorship. Social 
science fi elds that rely on books further complicate the publication picture. Graduate stu-
dent research assistant positions often work differently, too. Social science research assis-
tants often work part time on faculty projects, while doing their own, separate topic in 
their spare time. In the natural sciences, grants typically fund students to work on their 
own dissertation research (or, to put it differently, students’ dissertation research topics 
are typically selected to match available grant-funded projects).

Bridging these gaps frequently requires even more careful attention to collaborative 
strategies than the challenges of learning problem framings, methods, and jargons across 
disciplinary bounds. Here, again, universities need to recognize the challenges of building 
interdisciplinary programs and be fl exible in accommodating creative solutions. The value 
of bringing research and training from diverse facets of the university into dialogue cannot 
be underestimated, however, as universities seek to contribute to addressing policy challenges 
from climate change and sustainable energy to emerging diseases, hunger, and poverty.
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CHAPTER 24

Administering interdisciplinary 
programs
BETH A. CASEY

Higher education has entered a transformational period in the twenty-fi rst century. ‘This 
implies both a new social contract for universities and a restructuring to support inter-
disciplinary collaborations. In the latter half of the nineteenth century governments and 
institutions of higher learning sought to make higher education more accessible and more 
directly connected to society with the establishment of land-grant colleges and universities. 
In the last half of the twentieth century another transformation occurred, as the multi-
versity emerged in response to increased pressure for research, to resolve complex societal 
problems, and to educate large and diverse student populations (Scott and Awbrey 1993).

As the multiversity responded to societal demands, interdisciplinary programs, centers, 
and institutes proliferated and fl ourished to assist problem-focused research. This twen-
tieth-century transformation in higher education sparked controversy, especially with the 
seeming alignment of the multiversite with the military–industrial complex and its dis-
ciplinary hegemonies (Casey 1990). Such controversy will surely emerge again with the 
present transformation—one in which interdisciplinary programs, centers, and institutes 
will support networking both within institutions of higher education and outward to 
society. As Julie Thompson Klein (1996, p. 1) has noted ‘Crossing boundaries is a defi ning 
characteristic of our age’.

Today, however, the university is but one element in a suffused knowledge society, and 
one member of the triple helix of academia, industry, and government (Scott 2000; Becher 
and Trowler 2001). To continue to have signifi cance it must both increase its ability to 
respond to the need for the resolution of systemic problems in economies, the environ-
ment, and medical practice while meeting the demands of mass education. What is espe-
cially stressful is that restructuring research, teaching, and service must also take place in a 
changing economy in which it is diffi cult for states to support public education  adequately 
and for private education to acquire funding, except at the most elite levels.

An examination of the newer structures for interdisciplinary research and teach-
ing indicates that a transformation of the university is under way. We are  moving, as 
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Klein and Newell (1996) have noted, from simple to complex systems. Burton Clark has 
called for each institution to develop ‘a steering core, an expanded developmental periph-
ery, a diversifi ed funding base, a stimulated academic heartland, and an integrated entre-
preneurial culture’ (Clark 1998, pp. 137–45). The steering core, most critics agree, must be 
a devolvement—a movement of hierarchic authority downward to a fl exible, fl at, heterar-
chal level for decision making. Collegiate and school structures will seek decentralization, 
team focus, and the infrastructures that will enable faculty to cross departmental bound-
aries. Interdisciplinary centers, programs, and institutes are central to Clark’s ‘develop-
mental periphery’ and amplify the ‘diversifi ed funding base’. Interdisciplinary study also 
occurs within the departments that constitute ‘the academic heartland’.

This chapter fi rst examines general policies for the support of interdisciplinary pro-
grams, centers, institutes, schools, or colleges devoted to both teaching and research. It 
then turns to administrative organization, beginning with interdisciplinary programs. 
Each of these structures has a steering core, a developmental periphery, and an entrepre-
neurial culture.

24.1  Setting the context: administrative organization 
and policies

Administering interdisciplinary programs, centers, institutes, or schools is a challenge 
requiring entrepreneurial leadership, knowledge of the best processes of interdisciplinary 
scholarship, curricular design, pedagogy, and assessment, as well as the ability to network 
for collaboration both within and without the university or college. University and col-
lege missions should specifi cally address problem-focused interdisciplinary teaching and 
research that serves societal mandates within a well-connected curriculum. In turn, inter-
disciplinary programs, centers, and institutes need a clear mission congruent with institu-
tional goals. A structure must exist to coordinate interdisciplinary programs, centers, and 
institutes and establish a working context. For programs and centers, the simplest con-
text for support is an interdisciplinary program council chaired by an associate dean of 
the college who will meet monthly with directors. Directors should also sit on the dean’s 
council with department chairs.

Contracts for directors should be equitable with respect to administrative versus 
research/teaching time. Since contracts are negotiated individually, disparities may be per-
ceived as injustices. Deans should have an institution-wide policy for a dual appointment 
of tenure in an interdisciplinary program and department. Normally, genuinely hybrid 
faculty are most desirous of tenure in an interdisciplinary program as well as a disci-
plinary department, though institutions vary according to how frequently this practice 
is invoked. Deans must also have policies in place to reward departments for releasing 
faculty for participation in interdisciplinary programs as well as rewarding the faculty 
participants themselves on annual evaluations. Frequently, divisions or centers are cre-
ated to support and nurture interdisciplinary programs. These may, however, result in 
the directors fi nding the interests of their programs inadequately represented or rendered 
invisible to higher administration.
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24.1.1 Faculty

Program directors in need of teaching faculty must normally recruit and arrange their 
participation by negotiating with the chairs of departments to release faculty. Most fre-
quently, departments loan them as part of the faculty member’s desired teaching interests, 
but chairs may request remuneration for replacement of instruction. If faculty ‘loaning’ is 
to continue for a number of years, a contract should be arranged with the department chair 
and the dean for a term or continuing appointment in the program if desired, though ten-
ure most often remains in the department. Policies must be established as well for fair and 
equitable evaluations of teaching, research, and service in the consideration of merit salary, 
tenure, and promotion. The Council of Environment Deans and Directors of the National 
Council for Science and the Environment’s website document on guidance for hiring, ten-
ure and promotion is an excellent guide to this topic (<http://ncseonline.org/CEDD/cms.
cfm?id=2042>) as is the material in Facilitating interdisciplinary research (National Acad-
emy of Sciences 2004). The reports of program directors on the evaluations of teaching, 
research, and service for probationary faculty must be included in institutional portfolios 
for committees on tenure and promotion. As we will see in case histories, programs some-
times become departments in order to offer tenure tracks to all new faculty when enroll-
ments become very large in both graduate and undergraduate programs.

24.1.2 Committee structure

Interdisciplinary programs, centers, and institutes most commonly have both an execu-
tive committee for central administrative matters composed of participating faculty and 
a sizable advisory committee of relevant chairs and faculty across the college and the 
university. The associate dean or associate provost in charge of programs may sit on the 
executive committee as well. Creative planning for college- and campus-wide initiatives, 
such as lectures, conferences, and symposia; for civic or business initiatives; or for external 
funding can take place through discussions with members of the advisory committee. 
Committed members of that committee can often actively assist in initiatives that help 
make the unit visible on campus. In larger programs a curriculum committee should be 
formed to discuss the assessments of core courses in the program and the design of the 
interdisciplinary curriculum. In small programs the executive committee in consultation 
with all faculty may fulfi ll that function.

24.1.3 Students

The director’s duties include organized planning for recruitment; the development of 
brochures that explain the nature and purpose of the program as well as vocational path-
ways, employment opportunities, or graduate school placement; and the development of 
internships where relevant. Advising is of central importance and should be a strength 
of the program. It can be distributed among faculty, though large programs should have 
one or more staff advisors. Continuing contact should be made with graduates of the 
 program. In addition, the director should plan with faculty to conduct productive  learning 
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 assessments of the program and course learning outcomes on a regular basis and discuss 
the results of these with the curriculum and executive committees. Interdisciplinary units 
normally undergo external review every 5 years.

24.1.4 Collaboration

The community for any interdisciplinary unit is both external and internal. The director’s 
leadership is entrepreneurial and developmental in this respect and of central importance. 
The unit must connect to relevant faculty both on campus and community, scientifi c, or 
business institutions to seek out opportunities for service, for creative changes in mission 
and program direction, as well as for the formation of fl exible research teams or more 
informal networks of interdisciplinary communication and connection. Normally this 
also involves fundraising for unit-sponsored symposia, conferences, lectures, or fi lm series 
that make the program or center visible and invite broad participation by students and 
faculty. A large part of the director’s time may go to seeking external funding to support 
research, internal events, or external service initiatives.

24.2 Interdisciplinary programs

In the 1960s and 1970s, when the prevailing structures of knowledge could not supply new 
societal needs, programs such as environmental studies, urban studies, area studies, women’s 
studies, or studies in technology and society emerged. In the early decades, programs sprang 
up without inclusion in the institutional mission or adequate administrative connections or 
structure. In 1978 such programs were still perceived by departments and colleges as ‘mar-
ginal’ and appeared to fl oat on administrative charts (Eckhardt 1978). Often that ‘fl oating’ 
was an actuality and not an appearance. In the past three decades, however, growth in student 
enrollments in most of the interdisciplinary fi elds cited above as well as growth in interdisci-
plinary understanding both within and without disciplines have produced expansion.

Some of the expansion of programs has meant moving conservatively from program 
status to departmental status, as part of seeking after tenured faculty and organizational 
security in spite of the dangers of closing off collaboration that that might entail. How-
ever, innovative schools embracing both programs and departments for better research 
and instructional collaboration among faculty have also emerged, and some successful 
structures might well be emulated. The latter schools may foster the continued existence 
of interdisciplinary programs and even small departments in times of economic down-
turn. Three examples of these changes and structures will suffi ce.

24.2.1 Women’s studies

Courses in women’s studies began in the late 1960s; by 1990 such courses were estimated to 
enroll between 30,000 and 50,000 students across 630 programs (Messer-Davidow 2002). 
Women’s studies has advanced with a constant refocusing and broadening of  mission. In the 
1970s urgent political needs often seemed to be more pressing than the evolution of  feminist 
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theory and cultural critique. At present many women’s studies programs characterize their 
mission as one focused both nationally and globally on issues that disproportionately affect 
women in all cultures, such as poverty, violence, and political disenfranchisement. A well-
focused mission congruent with institutional goals is essential for interdisciplinary pro-
grams in a time of fi nancial duress. Moreover, interdisciplinary programs appearing to be 
disconnected or isolated from departments and colleges are vulnerable for elimination.

On the other hand, growth can present new requirements for restructuring even in 
what may be regarded as a conservative direction. Growth in enrollment has encouraged 
a move from program status to that of an interdisciplinary department at Minnesota and 
Michigan. The University of Minnesota’s Department of Gender, Women and Sexuality 
Studies has both a large graduate and undergraduate program. The graduate program 
alone involves faculty from 28 different programs, departments, colleges, and institutes. 
The University of Michigan’s program in women’s studies became a department in 2008. 
Michigan’s women’s studies program had 30 budgeted faculty and 40 unbudgeted as well 
as four joint doctoral programs with other departments.

24.2.2 Environmental studies

Environmental programs fi rst arose in the late 1960s with the rise of ecology and of envi-
ronmental awareness. Most of these were coordinated multidisciplinary programs focused 
on ‘environment’ with ecology as a locus for integration (Klein 1996, pp. 96–8). Environ-
mental studies and, indeed, other interdisciplinary programs as well, can be placed in 
structures which foster dialogue with other relevant disciplines, giving rise to interdisci-
plinary graduate programs and an infrastructure of community networks, meetings, and 
opportunities for collaborative research.

Stanford University’s School of Earth Sciences is composed of four departments: geophys-
ics, geological and environmental sciences, energy resources engineering, and environmental 
earth system science; and three interdisciplinary programs: earth systems, graduate program 
in earth, energy, and environmental sciences, and the Emmett interdisciplinary program 
in environment and resources (<http://pangea.stanford.edu/about/>). The primary goal of 
the School of Earth Sciences is to integrate, synthesize, and apply scientifi c and engineer-
ing knowledge to societal problems. For example the graduate program in earth, energy, 
and environmental sciences has the goal of complementing the disciplinary departments 
of earth science and engineering by training graduate students to integrate knowledge from 
these disciplines through tools and methods needed to evaluate the linkages among physical, 
chemical, and biological systems of the earth. The responsibility to share understandings of 
the earth with the greater community is recognized by offering programs for students aged 
5–17, their teachers, and the general public. The Earth Science Advisory Board provides 
perspectives for industry, government, and other academic institutions, and faculty work 
collaboratively with corporations in a formal program of industrial affi liates.

Many colleges and universities do not have the resources to emulate Stanford’s example, 
but the environmental studies program in the College of Arts and Sciences at Bowling 
Green State University in Ohio provides a more typical case. In 2007 the environmental 
studies program joined with the program in environmental health and the departments of 
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geology and geography to form a School of Earth, Environment, and Society. Though more 
modest in scale, the school has increased opportunities for external funding by this collab-
oration. The department and programs in the school have worked together for many years, 
with the department faculty often on split time appointments in environmental studies. 
The mission of the school is to strengthen interdisciplinary and disciplinary approaches 
to issues dominant in the twenty-fi rst century such as sustainability, human health issues, 
non-renewable resources, population growth, or global climate change which require cross-
disciplinary collaboration. Environmental studies and environmental health merged into 
one large department and, hence, may now tenure faculty. Signifi cantly, at least one tenure 
track line has been created which will be in the school itself across the departments, and it 
is assumed that other lines will follow. Two interdisciplinary programs have emerged thus 
far in the school to address interdisciplinary issues: geospatial science and environmental 
quality. At least one common course has emerged for all undergraduate majors as well.

This structure has been of suffi cient success at Bowling Green to encourage discus-
sions on the formation of a similarly constructed School for Cultural Studies that would 
include the American culture studies and women’s studies programs and the ethnic stud-
ies and popular culture departments. These interdisciplinary units have long worked 
closely together in an informal network and are strong candidates for integration. Such 
schools can also protect faculty teaching in small interdisciplinary programs and depart-
ments that may not survive in times of economic downturn. Such schools can catalyze 
opportunities for more entrepreneurial collaborations and a better external funding base 
than might emerge from solitary ‘silo’ status.

24.3 Centers and institutes

The growth of interdisciplinary research and teaching has caused centers and institutes to 
increase on campuses at a more rapid rate than programs. Over the past four decades they 
have fostered new areas of research; enabled institutions to recruit and retain important 
research faculty; increased and strengthened funding possibilities from a range of sources; 
served business, community, state, and national needs for resolving complex problems; 
and above all fostered and supported collaboration among faculty in departments and 
programs across the college and university (Ikenberry and Friedman 1972; National 
Academy of Sciences 2004). Centers abound for social philosophy and policy, medical 
ethics, neuroscience, material science, biotechnology, public policy, and hundreds of other 
subjects. Signifi cantly, institutes are playing new roles in helping centers collaborate with 
one another, fostering cross-disciplinary conversations, assisting with grant preparation, 
and fulfi lling the institutional mandates to serve societal needs. Collaboration among cen-
ters is more productive than the simple proliferation of centers.

Centers and institutes are also under pressure to fulfi ll needs for what has been 
termed Mode 2 research (Gibbons 1995) to resolve society’s most complex issues when 
 appropriate. Mode 2 research involves practitioners, is most often interdisciplinary and 
transdisciplinary in nature, is transient in character, and is carried out in a context of 
application. An extensive amount of such research takes place in university centers with 
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close ties to industry. Over a thousand of these existed as early as 1990 (Brooks 1994), and 
as many as 12,000 faculty participated in them in that year (Mode 1 research, according 
to this paradigm, is knowledge production based on disciplines). Mode 2 research is con-
tinuously negotiated with the resolutions to problems beyond any single discipline.

What is needed to support Mode 2 research in centers and institutes is contextual planning 
rather than strategic or long-range planning. For example, policies need to be developed by 
the Offi ce of Sponsored Research for agreements between corporate universities and indus-
trial and commercial organizations. Such agreements should be consistent with the univer-
sity’s mission and with the need to maintain a balance between the pursuit of research as an 
integral part of education and industry’s need for applied knowledge. Policies must exist for 
procedures such as the center’s authority to make contracts, to develop publications or patent 
policies, for liability and risk, and the shared general administration of projects.

The examples which follow present the administrative structure of one dynamic, col-
laborative and entrepreneurial center in the physical sciences; one institute in the social 
sciences; and one university center for the humanities, providing new kinds of assistance, 
experiences, and infrastructure for the support of interdisciplinary research and teaching 
based in several centers.

24.3.1 The Center for the Study of Complex Systems (CSCS)

The study of complex systems, one of the newest areas of interdisciplinary research, is 
based on the recognition that different kinds of complex adaptive systems have a common 
underlying structure despite apparent differences. Methods of analysis can therefore be 
transferred from one fi eld to another. Ecology, economics, immunology, physics, math-
ematics and public policy, cognitive science, political science, biology, and sociology are 
among the disciplines where the study of complex systems is important.

The CSCS at the University of Michigan (UM), Ann Arbor is representative of the way 
in which centers in general can encourage and catalyze research, expand educational 
opportunities, and form a university-wide community of researchers and students. Fifty 
faculty members currently participate in the center, representing nearly every college in 
the university. More than half are considered primary faculty. These take an active role 
in grant proposals, research groups, administration, and teaching. They teach a complex 
systems course, do research on complex systems, and help administer the center, creating 
a democratic or ‘devolved’ administrative group. A smaller group called the Bach Group 
represents a kind of ‘steering core’. (The original planning group for the center called 
themselves the Bach Group based on the fi rst initials of their names, hence a historical 
connection is maintained to provide foundation for a new interdisciplinary area.) Ten-
ured split and dual appointments are utilized for the Primary Group. Associated faculty 
whose research includes complex systems attend weekly CSCS seminars and events as 
desired and constitute a ‘developed periphery’.

The goal of the CSCS is to catalyze research on complex systems at the university and in the 
regional area through weekly seminars, conferences co-hosted with other research groups 
on campus, regular workshops, an annual Nobel symposium, connections to units such as 
the Ford Research Laboratories and Argonne National Laboratory, and the  acquisition of 
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external funds through grants and corporate and private donations. A community of com-
plex systems researchers and students at UM and involved practitioners throughout south-
east Michigan is thus formed. The center supports numerous research groups and projects, 
publications, and technical reports and has received strong external support.

24.3.2 Social Science Research Institute (SSRI)

The mission statement of Duke University includes two signifi cant goals: to increase the 
capacity of faculty to develop and communicate disciplinary and interdisciplinary knowl-
edge through a faculty enhancement initiative, and to strengthen the engagement of the 
university in real-world issues by continuing institutional commitment to fl agship inter-
disciplinary programs and advancing new initiatives that build on distinctive university 
strengths. This focus supports the work of the university-wide SSRI, which fosters the 
creation and dissemination of new interdisciplinary knowledge in the social sciences by 
serving as a gathering point for collaboration.

Specifi c academic partners include numerous centers such as: child and family policy; 
globalization, governance, and competitiveness; social demography and ethnography, 
population research; race, ethnicity and gender. Programs and labs support faculty and 
graduate student research projects from both centers and departments. The mission is 
to contribute to knowledge in the service of society by connecting research and theory to 
policy and practice. A highly interactive scholarly community is fostered among centers 
and programs where basic researchers can work collaboratively with more problem-ori-
ented researchers. SSRI has an educational core offering workshops and seminars as well 
as a data and statistics core to support research. It also provides administrative support for 
externally funded research. The faculty fellows program identifi es specifi c topics, selects 
faculty participants, and provides release time for collaborative investigation. Fellowships 
exist for graduate students as well.

24.3.3 Center for Social Justice Research, Teaching, and Service

Georgetown University in Washington, DC has a founding mission for education in the 
service of justice and the common good. The Center for Social Justice Research was created 
as a concrete manifestation of that university-wide commitment. It was initiated in 2001 to 
promote and integrate community-based research, teaching, and service by collaborating 
with diverse partners and communities in the District of Columbia. The center involves 
students in several large community service programs from local schools and helps faculty 
to develop both interdisciplinary and disciplinary courses across centers and departments 
in the university to incorporate community-based work and service to justice.

The center advances this work through faculty workshops, course development grants, 
and continued support of conferences that enable faculty to learn the pedagogy of service 
learning, design courses to incorporate it, and link theory to practice. The center trains col-
lege students to mentor and tutor in schools throughout the city, supports a large service 
learning credit program, provides job development training, and serves as a base for urban 
research combined with service learning. The center also supports the program on justice 



Interdisciplinary schools and colleges 353

and peace, an interdisciplinary unit offering an undergraduate minor in the emerging area 
of peace studies with special emphasis on developing practical solutions to problems of 
social inequality and injustice. The offi ce of research in the center supports the collaboration 
of teachers, students, and community members and validates multiple sources of knowledge 
and multiple methods of discovery and dissemination of the knowledge produced.

24.4 Interdisciplinary schools and colleges

Interdisciplinary schools and colleges, many of which began in the 1960s and 1970s, have 
been described as ‘telic reforms’ (Grant and Reisman 1978), meaning that the founding 
faculty and administrators attempted to change undergraduate education to embody a 
distinctively different set of ends or purposes. Many of these did not survive unless they 
had very experienced leadership. As has been noted above, congruence and fi t with the 
host university or college is important for connection, support, and collaboration. It is 
also essential, as Trow (1998) also noted, that the founding administrators and faculty of 
interdisciplinary colleges or schools see themselves as adding signifi cant innovations to 
academic culture rather than producing ‘a counterculture’.

24.4.1 The Evergreen State College

Located in Olympia, WA, Evergreen State College is a public college enrolling 4300 stu-
dents. Founded in 1971 with a mission to serve as a non-traditional institution, evergreen 
maintains a special relationship with state government, and provides service to south-
western Washington State (Smith 2001). Early development was fortunate in that a core 
of 18 planning faculty and administrators, most of whom had experience with earlier 
interdisciplinary alternative institutions, had a fully funded planning year to design the 
college. The faculty brought with them progressive ideas such as narrative evaluations, 
team teaching, and collaborative and community-based learning and internships. The 
college’s fi rst president was committed to placing responsibility in the hands of faculty 
and students to a degree almost unknown in the annals of administration. Departments 
were avoided to ensure faculty would join together to create coordinated studies. The fi rst 
central committee on governance was termed ‘the Disappearing Task Force’, a name that 
continued to be used for primary policy recommending committees that are dissolved 
after they complete their tasks. More radically, tenure and ranking were rejected to reduce 
hierarchy. A uniform salary scale was created based on years of experience, which has 
never proved a problem in recruiting good faculty. Retention of faculty is based on evalu-
ations by students and by the faculty with whom they have worked.

The founding deans at Evergreen agreed to a team-taught interdisciplinary theme-
based curriculum in which students and faculty would work in year-long programs rather 
than discrete courses creating a practice. Students still enroll in a single comprehensive 
‘program’ rather than a series of separate courses with the  curriculum being renewed each 
year. Programs vary from ‘animal behavior’ to ‘Greece and Italy’ or ‘the extraordinary sci-
ence of everyday life’. Faculty work in teams of two to four in each program and plan labs, 
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seminars, and fi eld trips. In addition, the college acted dynamically on the mission to serve 
the community by establishing four public service centers to support innovation and col-
laboration with key communities, including labor, Native American tribes, the K-12 sys-
tem, and the rest of higher education. With support from Exxon Foundation and the 
Ford Foundation, Evergreen also established the Washington Center for Improving the 
Quality of Undergraduate Education, a statewide public service initiative to share Ever-
green’s experience. The latter has been extraordinarily successful and played a major role 
in creating the Learning Community movement. As Barbara Leigh Smith has noted, the 
Washington Center has shown that many aspects of the Evergreen experience are transfer-
able, and that learning communities and collaborative learning are successful in diverse 
institutional settings (Smith 2001, p. 79).

24.4.2 Hutchins School of Liberal Studies

Interdisciplinary colleges are formed in times when the need to experiment is powerfully 
felt and deemed essential and when funding for such institutional developments is avail-
able. Historically and economically this is rare, though a college of ‘sustainability’ is cur-
rently being developed as part of the State University of New York at Stonybrook. However, 
interdisciplinary schools that offer alternative programs in general education or a Bachelor 
of Arts in liberal studies or integrative studies often endure even in economic downturns. 
These bachelor’s degrees may often involve individualized majors, much like the standard 
liberal studies degrees that exist in most universities and are often mandated by the state 
either to serve non-traditional students or simply encourage college enrollment.

The Hutchins School of Liberal Studies at Sonoma State University, California was 
founded in 1969 by a group of faculty and administrators with experience in innovative 
programs much like the faculty at Evergreen. Hutchins offers a lower-division general 
education program consisting of four semester-long thematically organized, integrative 
courses. As at Evergreen, faculty working collaboratively design and discuss the curriculum 
to be offered each year. The administrative structure is heterarchal, with multiple and over-
lapping patterns of relationship. Seminars are small and experiential learning is common. 
As at most schools of this design, students may take elective courses and prerequisites for 
future majors in departments while enrolled in Hutchins. Upper-division students, how-
ever, may choose to remain in the school and take a Bachelor of Arts in liberal studies offer-
ing three tracks to the degree. Community outreach is deemed important, and four public 
service programs have been created. Recently the school initiated the Hutchins Institute for 
Public Policy Studies and Community Action, which offers a masters program and pro-
motes discussions about environmental and socio-economic issues on and off campus.

24.5 Interdisciplinary general education

At present, interdisciplinary, integrative, or multidisciplinary education plays an exten-
sive role in the general education curriculum of most colleges and universities. Directors 
of interdisciplinary programs have realized that general education courses can become a 
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part of their offerings if they can recruit the faculty to teach them. Such general educa-
tion courses bolster enrollment in a program and may gain increased funding for faculty 
participation. Furthermore, requirements for multicultural education and international 
education, often interdisciplinary in nature, are now common to most institutions. Envi-
ronmental studies and women’s studies have experienced signifi cant increases in enroll-
ments through general education.

In acknowledgment of the benefi ts to be derived from interdisciplinary problem-fo-
cused study, some universities have created an upper level interdisciplinary required cur-
riculum or even implemented it as an option if faculty resources were not available for 
a requirement. Liberal arts colleges often create one or more required interdisciplinary 
courses for the freshman curriculum and a capstone for seniors, sometimes thus provid-
ing a ‘signature’ curriculum or one unique to the mission of the college. Interdisciplinary 
general education can exist in both large and small institutions, but all upper and lower 
implementations require an administrative structure still lacking in most institutions.

In large universities the development and coordination of any general education pro-
gram—interdisciplinary or disciplinary—requires the establishment of a university-wide 
offi ce for general education with a director or coordinator. In larger institutions an under-
graduate studies dean might be appointed to coordinate advising and supervise other 
academic needs of undergraduate students. The goal of the offi ce is to ensure that inter-
disciplinary general education development is continuous and not an activity that takes 
place periodically after a 10-year review.

A general education committee in large universities should involve representation from 
all colleges and participating departments. It may be elected and be a part of the fac-
ulty senate committee structure, or it may be appointed. It is often good to begin with 
an appointed committee of faculty experienced in general education. Small development 
committees can also be organized to focus on interdisciplinary development or specifi c 
curricular areas of the program, and thus distribute program leadership. Informal lun-
cheon groups can be organized as open forums at which pedagogical strategies can be 
shared by faculty and graduate students. Plans to develop pedagogy for an interdisciplin-
ary program and to work collaboratively with faculty on curriculum development as well 
as long-term assessments of it must also be in place. Not only will such plans lead to the 
enhancement of student learning, but they can also create a community among faculty 
who are otherwise without cross-departmental academic engagement.

Let us look administratively at two universities whose institutional size might be thought 
to preclude such possibilities, at a representative liberal arts college, and at the learning 
communities now being developed on many campuses.

24.5.1 Portland State University

In administration, ironically, adversity often leads to innovation and good fortune. When 
Portland State University, Oregon, suffered budgetary shortfalls and declining retention 
rates, administrators and faculty decided to design a distinctive interdisciplinary 4-year 
general education program that would benefi t not only students and faculty but the com-
munity as well. Numerous obstacles had to be surmounted. An urban university,  Portland 
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had to establish a clear identity and a sense of involvement for its many part-time students. 
It also had to deal with large numbers of transfer students, often a formidable barrier 
to general education development in large institutions. Portland’s administrators found 
funding by reducing administrative support staff by 13 per cent and middle management 
by a third to generate savings of more than $35 million. In addition, tenure and promo-
tion guidelines for faculty were changed to support the new program, and faculty replace-
ments in departments were linked to program participation—a necessity for success.

A director and a Center for Academic Excellence were created to support faculty team-
work in the development of interdisciplinary curriculum design, pedagogies for imple-
mentation, and a portfolio-based program assessment that would create a culture of 
evidence for learning. The three-tiered curriculum concludes with a required senior cap-
stone designed to build cooperative learning communities, taking the students out of the 
classroom to apply learning from both the major and general education to issues and 
problems in the city itself. Retention at Portland rose to 80 per cent for fi rst-year students 
after implementation and is expected to continue to grow. Applications increased by 40 
per cent. In 2008 the Portland administration committed to 25 new tenure track lines to 
continue to maintain and develop the interdisciplinary curriculum.

24.5.2 Michigan State University

Michigan State University formerly had three cluster colleges in the social sciences, natural sci-
ences, and the humanities and arts, which eventually closed. However, physical spaces existed 
as well as a signifi cant cultural memory. This inspired faculty and administrators to create a 
distinctive integrative general education program organized around three centers for integra-
tive studies. In each of the centers a director aided by an advisory committee of faculty and 
students appointed by the appropriate dean is charged with the responsibility of soliciting new 
courses from college faculty members. The faculty from two or more departments collaborate 
in the construction and delivery of courses, some of which have large enrollments. Arts and 
humanities, for example, offer a single multimedia course called ‘America and the world’ which 
is required of all students. Many courses strive to introduce students to such cross-disciplinary 
subjects as global diversity, world urban systems, or social differentiation and equality. More 
complex plans for upper-division courses were abandoned, which often happens eventually in 
the interest of easier and more effective management.

24.5.3 St Lawrence University

In 1986, St Lawrence University, a small college of about 1200 in Canton, NY, piloted an inter-
disciplinary fi rst-year program in general education consisting of a residentially based team-
taught course in the fall and a single instructor, research-skills-oriented, fi rst-year seminar in 
the spring. The founders also explored the possibility of providing more of an international 
base to the rest of the general education program as whole or even an alternative general edu-
cation curriculum. Planning began with an interdisciplinary faculty reading group entitled 
‘cultural encounters’. Describing their experience, the founders have stated that the fi rst-year 
program seemed to spawn an alternative faculty culture, which then became a resistant one, 
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and fi nally an ‘emergent one’ (Cornwell and Stoddard 2001). The structural outcome, they 
report, has been a substantially transformed faculty culture engaged in sustained and critical 
thinking about teaching (Cornwell and Stoddard 2001, p. 164). St Lawrence now offers a num-
ber of in-service workshops, seminars on teaching, and training sessions for faculty entering 
the program. To assure progress, language about the program is included in all faculty job 
advertisements, and some departmental positions are tied to participation. Participation also 
has a stronger role in mid-probationary and tenure reviews.

24.5.4 Learning communities

Residence halls have become the site of learning communities for entering freshmen 
focused along broad lines of interest such as the humanities, science, international stud-
ies, or integrated arts. Spurred by a seminal book entitled Learning communities: creating 
connections among students, faculty, and disciplines (Gabelnick et al. 1990), the movement 
has met with success. Residence-based learning communities for one or two interdisci-
plinary general education courses are now the place where most faculty encounter the 
pleasures and intellectual rewards of team teaching and cross-disciplinary communica-
tion. The movement itself has fostered an overarching principle of cooperation, enhanced 
collegiality and intellectual community, and creating a new reciprocity between academic 
and student life. Experiential and service learning has also become an expected part of 
these endeavors. Learning communities have had an impact on retention in most cases 
and a positive impact on budgets as well.

However, learning communities are encountering the same problems that interdisci-
plinary programs once had on most campuses. Faculty are given released time to head a 
community, but it is increasingly diffi cult to recruit faculty, and there usually is no central 
coordinating offi ce. This was not dealt with early in the movement nor thought to be a 
problem. A number of possible resolutions would assist with this, including placing the 
programs under the Offi ce of General Education, creating a university college to coordi-
nate advising and the community-based programs, or assigning the units to a vice provost 
for academic affairs or an associate dean with time to resolve the numerous administrative 
problems that the communities encounter.

24.6 Conclusion

This examination of interdisciplinary programs, centers, institutes, and schools or general 
education suggests some useful administrative principles. First, the goals, structure, and 
praxis of an interdisciplinary curriculum must be developed as democratically as possible 
by administrators and faculty working in collaborative groups and continually renewed. 
Second, a pedagogical philosophy and strategies for its implementation must provide a 
foundation for the delivery of instruction, and new faculty must be carefully socialized 
to the educational practices of the institution. Third, innovation in any interdisciplinary 
institution, large or small, requires decentralized decision making in order to increase the 
desired commitment and ownership. The latter is essential and requires entrepreneurial 
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thinking. Leaders of interdisciplinary colleges and schools need the ability to create struc-
tures for work in collaborative groups to manage the problems associated with the very 
team work by which instruction is delivered. Hence the institutions model the ‘devolve-
ment’ universities at large are seeking. Fourth, problem-focused, experientially based inter-
disciplinary education produces graduates who have a sense of social responsibility and the 
ability to participate in a democratic society. These simple values in a market society assist 
universities and colleges to move toward placing all education—disciplinary and inter-
disciplinary—in a meaningful context, and one that should fulfi ll pressing societal needs. 
Fifth and fi nally, interdisciplinary research and teaching require networking both within 
the university or college and outward to society for the resolution of societal issues and 
systemic economic, social, political, or environmental problems where needed.

The discussions above also make manifest some of the structural transformations occurring 
within interdisciplinary programs, centers, institutes, schools, colleges, and general education 
and demonstrate a movement from simple to complex systems. Signifi cantly, many of the 
administrative arrangements for interdisciplinary learning suggest some of the more holis-
tic transformations that universities and colleges must create to foster faculty empowerment 
and better opportunities for collaboration with industry and government. It is possible that 
departments and programs might be organized around research issues of common interest to 
them in cooperative boundary-crossing schools such as the school of earth, environment, and 
sustainability at Bowling Green noted above. The administrative lessons of such institutions 
as the Evergreen State College should be studied to develop ideas about ‘devolvement’ or the 
movement of decision making downward to include faculty. Center and institutes in particular 
demonstrate the power to create ‘a diversifi ed funding base’ and extend to a developed periph-
ery. The extensive outreach for research and service that interdisciplinary endeavors can foster 
will contribute abundantly to new societal expectations. Lastly, the restoration of an ethically 
based community for liberal education can be seen in the movements toward interdisciplinary 
general education. Examples exist in suffi cient number to suggest that it is indeed possible to 
construct an entrepreneurial culture in the university with a developed periphery and a dif-
ferential funding base ready to fulfi ll a new social contract and better serve students.
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CHAPTER 25

Undergraduate general 
education
WILLIAM H. NEWELL

Across the twentieth century, undergraduate general education in the United States 
became increasingly identifi ed with the development of core curricula general education 
and interdisciplinarity. This chapter provides a broad overview of the evolving role of 
interdisciplinary studies in undergraduate education in the United States, especially its 
relationship with disciplinarity and with various pedagogical innovations, and concludes 
with a brief survey of interdisciplinary general education in other countries.

25.1 Historical background

Seen in the broad sweep of Western civilization, interdisciplinarity is the latest response 
to the dominant intellectual tradition of rationality and reductionism that is ultimately 
grounded in dichotomous thinking. Unlike earlier responses, such as romanticism, that 
sought to replace reason with affect and reductionism with holism, interdisciplinarity takes 
a both/and approach, embracing reductionism as well as holism, and the dichotomies and 
systemic thinking lying behind them, respectively, as it draws on disciplinary perspectives 
and integrates their insights. Instead of rejecting the increasingly narrow specialization bred 
by reductionism, interdisciplinarity embraces salient specialties while transcending them as 
it constructs a more comprehensive understanding from their insights. As such, interdisci-
plinarity can be understood as an attempt to right the balance of Western thought.

The choice of interdisciplinarity as the response to the continuing disciplinary hegemony 
of the twentieth century refl ects the distinctive nature of the intellectual and pragmatic 
challenges currently confronting humans as individuals, as societies, and as a species. It is 
now commonplace to observe that contemporary societal problems have become increas-
ingly complex, and to the extent that those problems refl ect globalization of transporta-
tion, communication, and markets the claim is undoubtedly accurate. But to some extent 
complexity has always been with us; it was merely obscured by more obvious simple or 
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complicated problems (e.g., the eradication of some pervasive infectious  diseases or the 
dampening of business cycles) whose solution drew largely on the insights of a single dis-
cipline (e.g., biology or chemistry, and economics). Thus, the complexity facing modern 
human societies refl ects to some extent the inherent limitations of the disciplines. As the 
most effective means available for addressing complex problems, interdisciplinarity was 
the obvious response to the burgeoning of academic disciplines taking place at the end of 
the nineteenth and the beginning of the twentieth centuries.

From the perspective of higher education, interdisciplinarity offers desirable general 
education outcomes that extend well beyond preparing students to cope with complexity, 
as important as that is. Without a general education, human beings tend to be somewhat 
parochial. We are disinclined to think beyond the scope of direct human experience—to 
factors or forces that operate on different scales of time or space, that function systemically 
rather than individually, or that have multiple causes; nor are we inclined to see a problem 
from other perspectives (be they grounded in cultures, religions, or disciplines). Even well 
educated humans have some diffi culty moving back and forth between the general and 
the specifi c, theory and application, the abstract and the concrete. Interdisciplinary stud-
ies provide an approach in which such skills become habits of mind; they fall naturally 
out of the interdisciplinary process. Indeed, a host of intellectual skills, sensitivities, and 
sensibilities valued by educators are developed as by-products of interdisciplinarity. Thus, 
it is not surprising that early experiments with interdisciplinary general education began 
in the 1930s, only a few decades after the modern ascendancy of disciplinarity.

25.2 Interdisciplinary general education in the United States

Interdisciplinary general education started with pioneering efforts at a few prominent 
universities in the fi rst half of the twentieth century, became a hallmark of experimen-
tal colleges on the radical fringe of higher education in the 1960s, gained legitimacy as 
part of the liberal mainstream through its embrace by national movements in honors, 
women’s studies, and environmental studies in the 1980s, emerged as a small but normal 
part of a university education in the 1990s, and achieved the (somewhat dubious) distinc-
tion of being the latest academic fad in the fi rst decade of new millennium. As the loca-
tion and standing of interdisciplinarity evolved within the academy, so did its conception 
and application. The story of interdisciplinary studies over the last century, especially in 
American general education, is bound up in the joint evolution of how interdisciplinarity 
was understood and where and how it was applied.

The fi rst signifi cant effort at interdisciplinary general education was probably the con-
temporary civilization program at Columbia University in 1919. Its approach to interdis-
ciplinarity ‘was not a survey of the subject matter in history, economics, government, and 
philosophy; instead it applied the inherent perspectives and methods of these disciplines to 
[help] the student understand his present-day world, so he could more effectively develop 
values, make judgments, and participate in the world’ (Miller 1988, p. 41). Like the pro-
gram at Columbia, founded by President Nicholas Murray Butler, many of the pioneer-
ing experiments in at least quasi-interdisciplinary general education were  established by 
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infl uential education leaders such as John Maynard Hutchins at the University of Chicago 
(‘great books’), Alexander Meiklejohn at the University of Wisconsin (‘experimental col-
lege’), and John Dewey (the inspiration for the ‘general college’ at the University of Min-
nesota, among others). Their educational philosophies differed considerably, though: 
Hutchins took an elite view of education as a decontextualized conversation among 
prominent mainstream intellectuals; Meiklejohn experimented on the fringe of higher 
education to create an academic community that used mental problem-solving skills to 
extract lessons of living adaptable from one context to another; while Dewey sought a bal-
ance between passing on the cultural heritage and critiquing it. Dewey advocated starting 
with student interests and then drawing them out into larger contexts, where insight into 
pressing social and political issues could be achieved through discussions among people 
with different perspectives. Nonetheless these thinkers shared a concern for creating an 
integrated educational experience that prepared students for modern life.

In the 1960s and very early 1970s, interdisciplinarity became identifi ed with the exper-
imental college movement and radical curricular experiments within more traditional 
institutions. Many of these experiments were indirectly infl uenced by Dewey, while oth-
ers recognized the legacy of Meiklejohn or Hutchins, but they were typifi ed by a ‘thin 
veil’ of ‘Apollonian consciousness’ (Apollo being the god of light) covering ‘the whole 
Dionysiac realm’ (Dionysus being identifi ed with rapture). The Apollonian–Dionysian 
tension played itself out between those who wanted to embrace disciplines and then 
transcend them, and those who rejected the legitimacy of disciplines; those who sought 
rigor in interdisciplinarity, and those who saw interdisciplinarity as freedom; and those 
who strove for intentionality in integration, and those who embraced serendipity (Newell 
et al. 2003). Most interdisciplinary programs dealt with these tensions by presuming but 
not discussing their interdisciplinarity.

In the early 1980s the National Collegiate Honors Society declared that ‘honors’ was 
‘synonymous’ with interdisciplinarity, thus linking it with quality and rigor. Women’s 
studies programs asserted that they were interdisciplinary by their very nature, linking 
interdisciplinarity with fundamental critiques of the academy in general and the disci-
plines in particular. And environmental studies, seeking to pull together insights from a 
variety of disciplines into holistic conceptions such as ecosystems, likewise embraced the 
interdisciplinarity impulse. By the middle of the decade, an examination of interdisciplin-
ary general education programs revealed that ‘when faculty wish to revitalize the core 
of the liberal arts, promote excellence, or fundamentally reexamine orthodoxy, they are 
turning increasingly to interdisciplinary studies’ (Newell 1986, p. vi). While such move-
ments did much to legitimize interdisciplinarity within the liberal mainstream of the 
academy, they encouraged divergent views about the relationship between the disciplines 
and interdisciplinarity (are they complementary or antagonistic?) and perpetuated the 
impression that the nature of interdisciplinarity is self-evident. Professional associations 
such as INTERSTUDY (in the sciences and research) and the Association for Integrative 
Studies (see Box, p. 364) did much to clarify the nature and practice of interdisciplinarity, 
but they were working against a major national trend.

In the 1990s, interdisciplinarity was widely recognized as part of a package of curricular 
and pedagogical innovations including collaborative learning, multicultural education, 
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learning communities, inquiry- and problem-based learning, writing-across-the-curric-
ulum, civic education, service learning, and study abroad. Thanks in part to the leader-
ship of the Association for American Colleges and Universities, those innovations were 
widely adopted within mainstream higher education. By late in the decade, several studies 
revealed that a majority of all colleges and universities in the United States included at least 
one interdisciplinary experience in their institution-wide general education requirements. 
These interdisciplinary experiences were typically only at the introductory level, though 
interdisciplinarity also began to seep into upper-division general education and capstone 
courses. While those innovations could be argued to implicitly share a kind of general-
ized interdisciplinary process, what I called ‘integrative learning’ (Newell 1999), most saw 
them as loosely interconnected at best; indeed, most faculty members were inclined to 
focus on one or two of these innovations and leave the rest to others. (Most new doctoral 
programs established after 1990 were interdisciplinary as well, but that development is 
outside the mandate of this chapter). Inevitably, as interdisciplinarity became accepted by 
a wider range of discipline-based faculty members unfamiliar with its origins, the historic 
roots of interdisciplinarity were lost and the range of conceptions of interdisciplinarity 
grew wider and even more fuzzy, at the same time that the sometime antagonism between 
interdisciplinarity and the disciplines was being greatly reduced.

In the fi rst decade of the new millennium, interdisciplinarity became the new ‘in thing’ 
in higher education, not just in general education (and disproportionately in the humani-
ties and social sciences) but also in scientifi c research (a major development extending 
into governmental funding mandates, but again beyond the scope of this chapter). Any 
faculty, program, or university wishing to appear cutting edge was likely to claim they 
were doing interdisciplinary work. One ironic casualty of this popularity were prominent 
long-standing interdisciplinary programs remaining from the 1960s and 1970s (notably 
at Appalachian State University, Miami University, and Wayne State University), which 
came to be seen as obsolete experiments that had out-lived their usefulness.

On the other hand, thanks to the burgeoning of scholarship on interdisciplinarity and 
the tireless work of prominent and highly networked individuals such as Julie Thompson 
Klein, considerable clarifi cation of the nature of interdisciplinarity was fi nally achieved 
during the fi rst decade of the twenty-fi rst century. A spate of highly visible national 
reports by prestigious groups as well as path-breaking books or articles by key scholars 
revealed the details of an emerging consensus fi rst tentatively identifi ed in the mid 1990s 
(Klein and Newell 1996): an interdisciplinary study has a specifi c substantive focus that 
is so broad or complex that it exceeds the scope of a single perspective; interdisciplinarity 
is characterized by an identifi able process that draws explicitly on disciplines for insights 
into that substantive focus; those insights must be integrated; and the objective of integra-
tion is instrumental and pragmatic—to ‘solve a problem, resolve an issue, address a topic, 
answer a question, explain a phenomenon, or create a new product’ (Newell 2007).

While the extent of agreement on interdisciplinarity is refreshing after decades of ignor-
ing or papering over differences in conception, important issues remained:

● Is there a single interdisciplinarity that manifests itself differently depending on the task 
at hand, or are there different interdisciplinarities, e.g. instrumental and critical (and, if 
so, what do they have in common)?
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● Should interdisciplinarity draw from the perspectives of disciplines, professions, areas 
of instruction, fi elds of research practice, approaches from outside the academy, or any 
or all of the above (and how should the choice be determined)?

● Just how broad or complex must a specifi c substantive focus be before an interdiscipli-
nary approach is required (and must it be broad at all, or merely complex)?

● What is the interdisciplinary process (or are there many legitimate processes)?
● From what, exactly, do interdisciplinary studies draw their disciplinary insights (infor-

mation, data, techniques, tools, concepts, theories). How do those insights get inte-
grated, and are there prerequisites for successful integration?

The motivations for the new millennium appeal of interdisciplinarity extend beyond 
the confl uence of factors that led to its mainstream acceptance a decade earlier. Those fac-
tors include general education reform, professional training in fi elds that were becoming 
increasingly interdisciplinary (e.g., medicine, public administration, social work), real-
world problem solving, fundamental epistemological and structural critique of knowl-
edge production in the academy, faculty development, down-sizing by administrators, 
and the production of new knowledge (Klein and Newell 1996). The twenty-fi rst-century 
appeal of interdisciplinarity also includes the recognition that a globalizing and thus 
interdependent world is increasingly characterized by complexity, which, in the absence 
of other viable alternatives for dealing with complexity, turns public intellectuals (e.g. 
Thomas Friedman) as well as academicians (e.g., Jared Diamond) towards interdiscipli-
narity. Societal, and especially global, problems are increasingly systemic, produced by 
multiple causes and infl uenced by factors studied separately by a variety of disciplines. 
Individual disciplines, indeed individual perspectives whatever their source, can illumi-
nate some single aspect of those complex problems, and multiple perspectives can offer 
alternative partial solutions, but only interdisciplinarity holds out the hope of moving 
towards full or comprehensive solutions.

The Association for Integrative Studies

William H. Newell

The Association for Integrative Studies (AIS) was founded in 1979 at a conference on the teach-

ing of interdisciplinary social science to create the profession of interdisciplinary studies and 

serve as its national association. The decision to use ‘integrative’ rather than ‘interdisciplinary’ in 

the name of the organization refl ected a belief that the term ‘interdisciplinary’ was debased by 

association with too many non-rigorous courses and programs, while ‘integrative’ highlighted 

what the founders felt is the key distinguishing characteristic of good interdisciplinarity. Mem-

bership today totals 2000. The AIS journal, Issues in Integrative Studies, publishes annually.

Membership has been a roughly equal mix of undergraduate faculty and administrators, typi-

cally from second-tier institutions, e.g. from the California State University system rather than 

the University of California system, associated with interdisciplinary studies programs. With the 

recent provision of student travel grants to conferences and the publication of Repko’s (2008) 

Interdisciplinary research: process and theory, graduate students more interested in research than 
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teaching are being attracted as well. While AIS was initially conceived as a national organization, 

it has become increasingly international in leadership and in those attending conferences; there 

have been Canadians on the Board of Directors for most of the last decade, and a number of 

conference participants come from Europe and Australia/New Zealand.

In the fi rst decade, papers at annual conferences and articles in Issues in Integrative Studies

focused on the nature of interdisciplinarity or on undergraduate interdisciplinary curriculum 

and pedagogy. Since then, scholarship has broadened to include interdisciplinary research, insti-

tutional politics, complex systems, and most recently the details of interdisciplinary theory and 

process. The AIS has been prominent in sponsoring the publication of a substantial number 

of books on interdisciplinarity in higher education, publishing directories of undergraduate 

interdisciplinary programs and now an on-line directory of interdisciplinary doctoral programs, 

sponsoring the development of assessment tools and strategies for interdisciplinary programs, 

managing a Listserv, and making available a cadre of consultants and external evaluators on 

interdisciplinary higher education who have collectively served hundreds of American colleges 

and universities. Its website also features an electronic job market, a collection of exemplary 

syllabi and supporting documents, and a North American teleconference on interdisciplinary 

studies today.

The AIS has worked collaboratively over the years with the Association of American Col-

leges and Universities, the Association for General and Liberal Studies, the Society for Values in 

Higher Education, and a variety of other national professional associations, and is an affi liate of 

the American Association for the Advancement of Science.

25.3  Interdisciplinary general education 
and pedagogical innovations

It has already been remarked that interdisciplinary general education was embraced by 
mainstream higher education at about the same time (roughly, the 1990s) that a variety of 
other pedagogical and curricular innovations were gaining prominence. That synchronic-
ity deserves closer examination than it usually gets.

Multicultural education and educational practices based on multiple intelligences and 
varied learning styles have in common with interdisciplinary studies the belief that there 
are legitimate and useful alternative ways of perceiving the world. Teachers must seek out 
the intellectual strengths, learning styles, and cultural perspectives of their students and 
fi nd diverse ways of communicating their material that are responsive to the diverse ways 
students perceive, understand, and learn. They also have in common a predisposition 
towards a more constructivist epistemology than has characterized much of traditional 
education.

While these pedagogies share with interdisciplinary studies a belief in the value of diver-
sity, interdisciplinary study moves beyond the mere celebration of diversity to a more 
critical stance, one that requires attention to the weaknesses or limitations of each per-
spective as well as its strengths. In their classic article, Cornwell and Stoddard (1994) make 
the case that we must move beyond multicultural to intercultural education, in which 
cultural diversity is not just celebrated but confronted. Their essentially interdisciplinary 
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argument applies with equal force to multiple intelligences and learning styles: teach-
ers need to move beyond mere validation, celebration, and utilization of diverse ways of 
thinking and learning to confront their limitations and confl icts as well as their strengths 
and complementarities.

Where this interdisciplinary approach becomes especially important is in other peda-
gogical innovations that came to the forefront in the 1990s, such as collaborative learning, 
learning communities, and service learning, as well as in study abroad that took on new 
urgency in response to globalization. These pedagogies all require students to confront 
differences in perspective not just from disciplines but also from people who think, learn, 
and perceive differently from them in order to complete a group task or interact pro-
ductively in a community. Teachers and administrators who recognize and present such 
‘integrative learning’ (Newell 1999) as a generalization of the interdisciplinary process can 
make these pedagogies mutually reinforcing and thus enhance their educational impact.

Other innovations such as problem-based learning, team teaching, and writing across 
the curriculum focus on some single aspect of interdisciplinary education. By the begin-
ning of the twenty-fi rst century, there was consensus among interdisciplinarians that 
interdisciplinary study needs to focus on a problem, question, or issue that is broad or 
complex. Thus one could argue that interdisciplinary study is (complex) problem based, 
though the inherent connection between problem-based learning and interdisciplinary 
studies was largely overlooked. Team teaching, on the other hand, had long been pre-
sumed to be desirable if not necessary for interdisciplinary education. Thanks in large 
part to literature sponsored by the Association for Integrative Studies, interdisciplinary 
studies was uncoupled from team teaching. While team teaching can serve useful func-
tions in the classroom (e.g., ensuring that contrasting perspectives are ably presented), 
it has potential disadvantages as well, such as permitting faculty members to function as 
advocates of their discipline instead of serving as models of the solo interdisciplinarian, 
not to mention its exorbitant cost (for the relations among a variety of innovative peda-
gogies, including team teaching, and interdisciplinary studies, see Haynes 2002). Writing 
across the curriculum, with its focus on the distinctive writing conventions of different 
disciplines, has an obvious affi nity with interdisciplinary studies. Both seek to make dis-
ciplinary perspectives visible, but writing across the curriculum has essentially taken a 
multidisciplinary ‘when in Rome . . .’ approach and largely ignored the unique writing 
challenges of interdisciplinary studies.

Perhaps because they were introduced into the mainstream of higher education around 
the same time, it has been tempting to think of interdisciplinary studies as just another 
curricular or even pedagogical innovation. But while interdisciplinarity is complementary 
to these other innovations, making their joint entrance into the mainstream of higher 
education quite understandable, it is much more than just another curricular innova-
tion. Indeed, as discussed above, interdisciplinarity represents a fundamental rethinking 
of the reductionist, dichotomous strategy of knowledge production that characterized 
mainstream Western thought for nearly four millennia. It represents not the abandon-
ment of that strategy, but its expansion to include holistic, inclusive (both/and) thinking. 
By embracing disciplines while transcending them, and by pulling together disciplin-
ary insights and applying them to real-world problems, interdisciplinary studies makes 
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 general education relevant; more generally, it forms a much-needed bridge between the 
ivory tower and the rest of society. Looking ahead, interdisciplinary studies offers our best 
collective hope for harnessing knowledge from the disciplines to confront the looming 
challenges of a complex, interconnected world.

25.4 The status of interdisciplinary general education

The strengths of interdisciplinary general education at the end of the fi rst decade of the 
twenty-fi rst century are practical, institutional, and intellectual. It is widely recognized 
that modern societies require leaders, experts, and citizens who can function effectively if 
not thrive in a world characterized by globalization, interdependence, and diversity—in 
short, by complexity—and that academic disciplines alone are insuffi cient to meet that 
need. While complex systems thinking is useful in developing general intellectual tools 
(see Strijbos, Chapter 31 this volume), only interdisciplinary studies can integrate what 
insights the various disciplines have to offer into the most comprehensive understanding 
currently possible of any particular complex problem. Major governmental funding agen-
cies in the United States, such as the National Science Foundation and the National Insti-
tutes of Health, are earmarking ever-larger programs for interdisciplinary research, while 
prominent national research organizations such as the Social Science Research Council 
and the National Academies of Science, Engineering, and Medicine issue reports promot-
ing interdisciplinary research. University administrators are eager to respond to these new 
opportunities by inventing procedures and institutional structures. While the funding 
initiatives and national reports are usually aimed at interdisciplinary research, they even-
tually create a derived demand for general education programs connecting the results of 
the new interdisciplinary research to the future careers, civic activities, and personal lives 
of undergraduate students. Finally, interdisciplinary theory has blossomed at the start of 
the new millennium, as captured in Allen Repko’s Interdisciplinary research: process and 
theory (2008), and early formulations, while quite controversial, have made possible the 
fi rst tentative steps of a complete step-by-step interdisciplinary process.

The weaknesses of interdisciplinary general education are professional and institu-
tional. The professional literature on higher education has never been held in high regard 
by faculty, and the professional literature on interdisciplinarity suffers from being, at best, 
the third fi eld for most faculty teaching interdisciplinary general education courses—after 
their discipline, and then the substantive topic on which they are teaching. Consequently, 
few faculty members involved in general education will voluntarily seek out the profes-
sional literature on interdisciplinary higher education, putting the onus on administra-
tors to provide incentives and lower costs for faculty to encounter that literature. Even 
when faculty members become aware of the new generation of professional literature 
on interdisciplinarity, many of them may fi nd the intellectual demands of implement-
ing the full interdisciplinary process excessive, since it requires signifi cant time and intel-
lectual energy devoted to learning about other disciplines as well as developing a whole 
set of interdisciplinary skills. Most faculty teaching general education courses see their 
discipline as the primary source of professional advancement and general education as 
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a luxury they permit themselves or as an institutional obligation. Again, administrators 
will need to fi nd ways to increase the payoff for the faculty teaching university-mandated 
general education courses.

Finally, higher education institutions are notoriously slow to change. Over a century ago, 
a president of Harvard University famously quipped that the pace of institutional change 
is inversely proportionate to the lifetime of the faculty. Intellectually, interdisciplinary 
integration in particular runs against the grain of Western thought, requiring holism not 
reductionism, both/and not either/or thinking, and multiplicities and continuous grada-
tions, not dualities. Institutionally, interdisciplinarity similarly subverts the hierarchical, 
decentralized (if not semi-autonomous) departmental structure by requiring horizontal 
links and preferably a degree of integration, affecting everything from staffi ng to budgets 
to promotion/tenure policies.

A number of professional organizations have a stake in the success of interdisciplin-
ary general education: the Association for Integrative Studies (see Box), the Association 
for General and Liberal Studies, the American Association of Colleges and Universities 
(AAC&U), and The Carnegie Foundation for the Advancement of Teaching, to name just 
a few. These organizations may make the difference in determining if the strengths of 
interdisciplinary general education programs outweigh their weaknesses. Some, like the 
AAC&U, have the visibility to focus national attention and the initiatives, conferences, and 
institutes (many of which are already focused on general education) to facilitate coherent 
institutional change in member institutions.

25.5  Interdisciplinary general education 
outside the United States

‘General education’ is primarily an American term, one that is not in use in the UK, 
Australia, or New Zealand, for example. Similarly, US-based distinctions among general 
education (the breadth component of a college or university undergraduate education), 
liberal education (non-professional, intellectually liberating undergraduate education 
that can include depth as well as breadth), and interdisciplinary studies (a process of 
drawing on disciplines and integrating their insights that is equally applicable in general, 
liberal, and professional education at the graduate as well as undergraduate levels) do 
not always translate well to the educational systems of other countries. Having said that, 
some useful connections can still be made between the preceding US-focused discussion 
of interdisciplinary undergraduate education and emerging educational developments 
in developed Western countries (especially Canada, Europe, and Australia) as well as in 
developing nations in the East and Middle East (including portions of the former Soviet 
Union such as Tajikistan, Kyrgyz Republic, Kazakhstan, and Russia itself; Pakistan; and the 
United Arab Emirates).

Because general education requirements in Canadian universities are traditionally 
determined by each faculty, not institution wide, interdisciplinary efforts have been more 
spotty than in the United States. There are a few long-standing interdisciplinary graduate 
programs (particularly Green College at the University of British Columbia) and recent 
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institution-wide efforts towards interdisciplinarity in graduate education and research 
at York University, Toronto, but much less interdisciplinarity at the undergraduate level 
(perhaps refl ecting in part a national resistance to American cultural hegemony). Notable 
exceptions are the culture division in the Faculty of Communication and Culture at the 
University of Calgary (adapted from the former general studies), a series of interdisciplin-
ary majors and minors at the University of Alberta, and efforts at York University to move 
in the direction of interdisciplinarity at the undergraduate level through enhanced team 
teaching and double major interdisciplinary BA programs.

In European universities, interdisciplinary efforts became focused towards the end of 
the twentieth century primarily on transdisciplinary research and graduate education, 
notably at the University of Bielefeld (Germany) and Linköping University (Sweden). 
Globalization and the knowledge society helped shift the role of higher education from 
‘an emphasis on social mobility to wealth creation’ (Nowotny 1995), contributing to the 
‘professionalization of general education’ (Sporn 2001, p. 15976). With rare exceptions,  
such as the liberal arts and sciences program at Utrecht University or the Institute for 
Interdisciplinary Studies at the University of Amsterdam, the call of the Council of Europe 
for education for democratic citizenship that encourages ‘multidisciplinary approaches 
and actions combining civic and political education with the teaching of history, philoso-
phy, religions, languages, social sciences and all disciplines having a bearing on ethical, 
political, social, cultural or philosophical aspects’ (Council of Europe 2002) has led to few 
efforts at interdisciplinary liberal, much less general, education.

In Australia, Melbourne University’s ‘new generation’ degrees represents a limited revival 
of interest in interdisciplinary undergraduate education. The Melbourne model incorpo-
rates US-inspired liberal education objectives grounded in the belief that ‘the ability to use 
multiple knowledges, methods, skills and ways of knowing is critical in the global knowl-
edge era and for lifelong learning’, and includes interdisciplinary units (university breadth 
subjects) such as ‘Introduction to climate change’, which draws on science, history, eco-
nomics, public policy, and law (Devlin 2008). At Murdoch University, Perth, founded in 
the 1970s on models such as the Open University and Sussex University in the UK and 
The Evergreen State College in the United States, the commitment to interdisciplinary 
is sustained in the curriculum through team-designed cross-university foundation units 
that aim ‘to expose students to different viewpoints and modes of inquiry centered on an 
integrated and coherent theme’. Examples of arts interdisciplinary foundation subjects at 
Griffi th University, Queensland, include Democracy, From Homer to Hollywood, Know-
ing Nature, Australian Indigenous Studies, Globalization, Understanding Asia, and Self 
and Other. This burgeoning interest in broad interdisciplinary undergraduate courses, 
however, is largely confi ned to the ‘new wave’ universities founded in the 1960s and 1970s 
(Franks et al. 2007).

In sharp contrast, a number of nations seeking to democratize or modernize have 
become acutely aware of the importance of undergraduate liberal arts education, and some 
of their newest universities make extensive use of US-inspired interdisciplinarity, albeit 
applied to subject matter refl ecting their own cultural legacy. The University of Central 
Asia, a private international university with campuses in Tajikistan, the Kyrgyz Republic, 
and Kazakhstan, now offers an interdisciplinary core humanities curriculum and is setting 
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up a School of Undergraduate Studies featuring required foundation courses emphasizing 
critical thinking and interdisciplinary approaches. Aga Khan University, the only private 
university in Pakistan, follows a liberal arts model that develops problem-solving skills 
and prepares students to integrate information from a spectrum of academic fi elds. Zayed 
University for women in the United Arab Emirates requires an interdisciplinary core gen-
eral education curriculum featuring a colloquy on integrated learning. Smolny College, 
part of St Petersburg University in Russia and in collaboration with Bard College, offers 
interdivisional programs including interdisciplinary liberal arts courses. These scattered 
examples demonstrate that interdisciplinary general education can take root in diverse 
cultures, even those without a history of liberal education.

25.6 The future of interdisciplinary undergraduate education

All indications are that interdisciplinary studies will become increasingly prevalent in 
coming decades. The economic and technological forces that continue to drive globaliza-
tion create conditions of increasing complexity and scale that require an interdisciplinary 
approach to understanding and coping with twenty-fi rst-century life and the myriad of 
problems it presents. Diverse perspectives grounded not just in academic disciplines but in 
ethnicity, race, religion, culture, gender, geography, education, class, and so on are brought 
into ever-closer proximity and are becoming increasingly volatile, creating the need for 
citizens as well as leaders who know how to create common ground, bridge differences, 
and construct understandings that are more inclusive as well as more comprehensive. As 
the effects of globalization spread across the planet, even nations new to general or liberal 
education seem to be drawn to interdisciplinarity as an organizing approach for reform 
in higher education.

A second factor that shows promise of undermining disciplinary hegemony and pro-
moting interdisciplinarity is the continuing intellectual shift from modernism to post-
modernism. Disciplinary meta-narratives are increasingly forced to compete with a 
cacophony of contesting perspectives, and many new voices in the academy are fi nding 
common causes that cut across disciplinary lines. Even if this trend follows a Hegelian dia-
lectic process, as I expect it will, the synthesis of modern thesis and postmodern antithesis 
seems likely to embrace interdisciplinarity at least as much as the disciplines.

A third factor driving the academy toward a more prominent role for interdisciplinarity 
is the rising chorus of voices throughout the rest of society demanding greater account-
ability from the academy. As the relative cost of higher education continues to increase, 
state legislatures and public intellectuals alike are insisting that higher education demon-
strate its real-world relevance. Since interdisciplinary studies provide the most promising 
vehicle for the disciplines to demonstrate the applicability of their research and teaching 
to the problems facing society, it is hard to see how higher education can meet those 
demands without greater and greater use of interdisciplinarity.

What is now a pipeline effect, with undergraduate students exposed to interdisciplin-
ary ways of thinking becoming graduate students who chafe under disciplinary con-
straints, seems likely to become a generational effect as newly minted PhDs with more 
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 interdisciplinary doctoral training enter the academy and slowly gain positions of more 
infl uence within the academy as their careers advance. Thus, these shifts towards interdis-
ciplinarity have a positive feedback loop that will intensify them in the coming decades.

The predictable cumulative effect of these separate trends is the continued burgeoning 
of interdisciplinarity well into the twenty-fi rst century.
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CHAPTER 26

Interdisciplinary pedagogies 
in higher education
DEBORAH DeZURE

Interdisciplinary teaching and learning do not claim any unique set of pedagogies. Instead, 
interdisciplinary teachers employ an array of instructional methods to promote and sup-
port interdisciplinary learning outcomes. This chapter identifi es an array of productive 
pedagogies, providing the background and context in which they emerged and their rel-
evance to interdisciplinary teaching and learning. These include:

● advances in cognitive science and the scholarship of teaching and learning that support 
active and experiential approaches to teaching and learning;

● efforts to promote diversity in higher education through multicultural curricula and 
inclusive pedagogies designed to ensure that all students can succeed;

● accreditation, external calls for accountability, and the Assessment Movement that 
focuses attention on what students know and can do upon graduation;

● the shift from mastery of content to competencies, and the importance of student 
learning outcomes;

● the emergence and development of pedagogies that support the skills needed to engage 
in interdisciplinary problem-solving;

● the emergence of the World Wide Web, the Internet, and instructional technologies; 
and

● the proliferation of faculty development and teaching centers to disseminate pedagogi-
cal innovations.

26.1 Defi ning interdisciplinary and integrative learning

Interdisciplinary outcomes for student learning include learning to solve complex prob-
lems that are too broad to be addressed through a single disciplinary lens (Klein 1990) as 
well as the related abilities to analyze problems from several perspectives, including dis-
ciplinary ones, to compare and contrast, to critically analyze resources, to place  problems 
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and solutions within a larger context, to develop critical arguments, to empathize with 
multiple perspectives and stakeholders, and to tolerate ambiguity and complexity (Haynes 
2002). More recently, Boix Mansilla (2005) defi ned the goal of interdisciplinary under-
standing as:

The capacity to integrate knowledge and modes of thinking in two or more disciplines to produce 

a cognitive advancement – e.g., explaining a phenomenon, solving a problem, creating a product, 

raising a new question – in ways that would have been unlikely through single disciplinary means. 

(Boix Mansilla 2005, p. 4)

One additional term, integration, requires clarifi cation because it is used frequently in 
defi ning interdisciplinary student learning outcomes. Interdisciplinary learning is a spe-
cial case of integrative learning, requiring several of the same skills and habits of mind:

Integrative learning comes in many varieties: connecting skills and knowledge from multiple sourc-

es and experiences; applying theory to practice in various settings; utilizing diverse and even contra-

dictory points of view; and, understanding issues and positions contextually. Signifi cant knowledge 

within individual disciplines serves as the foundation, but integrative learning goes beyond aca-

demic boundaries. Indeed, integrative experiences often occur as learners address real world prob-

lems, unscripted and suffi ciently broad to require multiple areas of knowledge and multiple modes 

of inquiry, offering multiple solutions and benefi tting from multiple perspectives. (Association of 

American Colleges and Universities 2004)

These are all useful working defi nitions for instructors. They can help faculty and stu-
dents differentiate interdisciplinary learning outcomes from other forms of discipline-
based problem solving and integrative learning. However, these defi nitions are not widely 
understood or employed by instructors across the disciplines and not everyone concurs 
that interdisciplinary learning should be deeply rooted in or dependent on disciplinary 
knowledge. For a comprehensive discussion of interdisciplinary defi nitions, see Klein 
(Chapter 2, this volume).

Many faculty use the term interdisciplinary learning variably and loosely to mean: 
(1) multidisciplinary learning outcomes that engage students in the study of two or more 
disciplinary perspectives on a problem or phenomenon without producing an integrated 
analysis or solution, (2) cross-disciplinary learning in which one discipline is used in the 
service of another, or (3) proto-disciplinary outcomes that enable students to draw on 
resources without knowledge of the disciplinary modes they represent. Other faculty 
describe their courses as interdisciplinary when they present their own interdisciplinary 
syntheses of disciplinary materials without formal explication or instruction on how to 
employ disciplines to arrive at integrated interdisciplinary solutions, while some assign 
interdisciplinary tasks to students without instruction on how to proceed or what inter-
disciplinary work entails.

The defi nitions by Klein (1990), Haynes (2002), and Boix Mansilla (2005) are deeply 
rooted in knowledge of the disciplines and disciplinarity. While many faculty embrace these 
defi nitions, there are others who challenge the centrality of disciplinary knowledge inherent 
in these defi nitions, preferring interdisciplinary approaches to teaching and learning that 
reduce the hegemonic infl uence of the disciplines in higher education, focusing instead on 
general skills in critical and analytical thinking and integrative problem solving.
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Nonetheless, the defi nition by Klein is widely used and cited by those engaged in inter-
disciplinary studies and those who have read her prodigious body of work in this fi eld. 
Many more faculty are engaging in interdisciplinary work today, entering through dis-
ciplinary pathways, often prompted by federal funding sources for research, such as the 
National Science Foundation (NSF) or National Institutes of Health (NIH), and are now 
looking for defi nitions to guide and describe their research and teaching. Klein’s work is 
foundational for many who have worked with intentionality on interdisciplinary teach-
ing and learning during the last few decades. With the current exponential expansion of 
interest in interdisciplinary teaching and learning, these defi nitions continue to guide 
thought and practice while inviting elaborations by new waves of scholars in interdis-
ciplinary teaching and learning, including Augsburg (2005) and Repko (2008), among 
others.

26.2 The context in higher education

Signifi cant changes have occurred in teaching and learning in higher education during the 
past 30 years. These changes were propelled not by a single engine, but by many different 
developments acting as levers—shaping attitudes, creating opportunities, and promot-
ing shifts in policies, practices, and programs. Together they provided the critical mass to 
enable higher education to make unprecedented strides in the development of teaching 
and learning generally and interdisciplinary teaching and learning specifi cally (DeZure 
2000, p. 423).

These factors can be seen as both causes and effects of the changes that occurred in 
teaching and learning during this period. None of them is discrete and the interactive 
effects are profound and ongoing. The factors cannot be offered in strict chronological 
order because many of these developments emerged concurrently, albeit in different sec-
tors of higher education, gaining momentum and signifi cance at different rates, e.g. open 
admissions and affi rmative action introduced more diverse learners to higher education, 
the Assessment Movement, proliferation of teaching centers, and the dissemination of 
research on teaching and learning, among others. Others have had an ongoing impact that 
is periodically energized by innovations in the fi eld, as in the case of new technologies. 
Collectively the signifi cant changes in pedagogy in higher education were made possible 
by other shifts; some antecedent, some concurrent; some proactive, some reactive. They 
help to explain why, for example, many of the student-centered active learning meth-
ods particularly relevant for interdisciplinary teaching and learning that were advocated 
four decades ago are now taking root and fl ourishing as never before. These methods 
are gaining acceptance because a suffi cient number of preconditions now exist, enabling 
innovations to be adopted, assessed, rewarded, and sustained. Taken together, these devel-
opments represent a cultural shift, one that increasingly promotes and supports an active 
culture of interdisciplinary teaching and learning.

As noted by Newell (Chapter 25, this volume), interdisciplinary curricula and programs 
are proliferating in disciplinary departments (with the ironic reduction in interdisciplin-
ary studies programs), offering compelling evidence that interdisciplinary curricula are 
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increasingly mainstream in higher education. With the proliferation of interdisciplinary 
programs and courses, there has been an increased interest in how to design, teach and 
assess them—enabling instructors to document that students have attained competence 
in interdisciplinary problem solving and integration.

While interest is high, institutions and faculty are struggling with how to meet this 
challenge. In a study of 139 institutional applications to participate in a national project 
entitled ‘Integrative Learning: Opportunities to Connect’, designed to promote integra-
tive and interdisciplinary learning, DeZure et al. (2005) found that campuses that already 
employed numerous integrative and interdisciplinary curricular and pedagogical practices 
nonetheless had fundamental questions about what are integrative and interdisciplinary 
learning, what teaching methods are most effective, and what methods can be used to 
assess and document student mastery. In sum, interdisciplinary teaching and learning are 
alive and well in higher education, and there are models to inform instructional decision 
making; but there is much more work to fulfi ll their promise and potential to enable grad-
uates to solve the magnitude and diversity of the challenges we face as a global society.

26.3 Levers for change

What were the levers that supported the growth of interdisciplinary teaching and learning 
in higher education? Advances in cognitive science and neuroscience have affi rmed the 
effi cacy of teaching methods that actively engage students, requiring students to be active 
agents in the learning process rather than passive recipients of information. Students 
should interact with the materials to be learned and refl ect on their work to reinforce their 
learning and to promote meta-cognitive skills. Cognitive science also spawned research 
into students’ preferred learning styles, underscoring the need to diversify approaches to 
teaching and learning and to include opportunities for experiential learning and peer 
interaction.

These insights from brain research reinforced the proliferation of active and experien-
tial approaches to teaching and learning, including collaborative, cooperative, and team-
based learning; case studies; role-playing, simulations, and serious gaming problem-based 
learning; discovery-based learning; and fi eld experiences, including internships, service 
learning, and study abroad (Klein 2006). While these methods can be enacted through 
a disciplinary lens, they also invite multidisciplinary perspectives and opportunities for 
interdisciplinary integration. The more the pedagogy engages students in experiences 
based in the complexities of the real world, the more there is a need to employ interdisci-
plinary approaches to problem solving and authentic assessment.

In the mid 1990s, new conceptions of the social construction of knowledge began to take 
hold in higher education, particularly in the humanities and social sciences, leading to the 
emergence of constructivist teaching and assessment methods. In constructivist methods, 
students actively construct knowledge with their peers, often in the context of collaborative 
and cooperative learning groups. These methods differ, particularly with regard to the level 
of structure and guidance provided by the instructor. But both approaches involve work-
ing with peers to construct knowledge, invite multiple perspectives as part of the critical 
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 examination of solutions, and require analysis and synthesis skills, often leading to an inte-
grative solution. This is true whether the task is discipline-based, multidisciplinary, or inter-
disciplinary. These methods are all learner-centered, although the degree to which power 
and authority shifts from teacher to students can vary considerably. Collaborative learn-
ing often has a looser structure with low levels of instructor intervention, and cooperative 
learning often has a tighter structure with high levels of instructor design and oversight.

Collaborative learning (Bruffee 1995) is a philosophy and process of interaction with 
roots in the humanities in which individuals are responsible for their actions, including 
learning and respect for the abilities and contributions of their peers. It is not primarily 
concerned with converging on a correct or predetermined answer; rather, it is concerned 
with the nature of reasoning, questioning, and informed conversation, or what Bruffee 
has called the ‘conversation of mankind’.

Cooperative learning (Johnson et al. 1991) is a structure of interaction that involves 
students working in teams to accomplish a common end product or goal and includes all 
the following elements:

(1)  Positive interdependence. Team members are obliged to rely on one another to achieve 
the goal. If any team members fail to do their part, there are consequences for all team 
members.

(2)  Individual accountability. All students in a group are held accountable for doing their 
share of the work and for mastery of all of the material to be learned.

(3)  Face-to-face promotive interaction. Although some of the group work may be divided 
and done individually, some must be done interactively, with group members provid-
ing one another with feedback, challenging one another’s conclusions and reasoning, 
and teaching and encouraging one another.

(4)  Appropriate use of collaborative skills. Students are encouraged and helped to develop 
and practice trust-building, leadership, decision-making, communication, and con-
fl ict management skills.

(5)  Group processing. Team members set group goals, periodically assess what they are 
doing well as a team, and identify changes they will make to function more effectively 
in the future.

Cooperative learning emerged from the social sciences, particularly work with K-12 
(primary and secondary school) students who benefi ted from the high levels of structure 
and teacher guidance.

Although Bruffee emphasizes that originally collaborative learning was designed for 
adults engaged in the higher-order critical thinking skills of reasoning and question-
ing, and cooperative learning was designed for younger students mastering foundational 
knowledge, both of these approaches have proven to be highly effective with students in 
higher education across the disciplines for a range of learning outcomes. Both have a place 
in promoting the skills inherent in interdisciplinary analysis and problem solving, and 
methodological borrowing is common across these two models based on the nature of the 
students, the disciplinary paradigms, and the goals for student learning. Instructors may 
also take a developmental approach to these models, providing beginning students with 
the tighter structure of cooperative learning for introductory group work and mastery 
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of material and more advanced students with the looser structure and more open-ended 
critical thinking goals of collaborative learning.

A ‘jigsaw’ is a highly structured model of cooperative learning that is particularly well 
suited to interdisciplinary problem solving because it breaks down complex problems into 
more manageable pieces and presents them in a sequence that students new to interdis-
ciplinary studies can more readily handle. The jigsaw method has two stages. In the fi rst 
stage, students are assigned to primary groups in which they address one dimension of a 
large, complex problem. Each primary group focuses on a different dimension of the same 
problem. In the second stage, students are dispersed into secondary groups comprising 
one member from each of the primary groups. In these secondary groups, students share 
the insights from their primary groups and then work collaboratively to integrate their 
insights into a holistic solution to the complex problem (Smith 2000, pp. 32–3).

This model is particularly useful for interdisciplinary problem solving. In phase one, 
students are assigned to primary groups in which each group studies a different disciplin-
ary perspective on a complex problem (with materials often selected by the instructor). 
In phase two, students are reorganized into secondary groups comprising at least one 
student from each of the primary groups. The secondary groups then endeavor to bring 
together their disciplinary insights into an integrated interdisciplinary solution to the 
larger problem. The model is complex and time-consuming, but it models the systematic 
and challenging steps in interdisciplinary problem solving and demonstrates the relation-
ship between discipline-based and interdisciplinary solutions.

While collaborative and cooperative learning were beginning to take hold in the 
humanities and social sciences, the sciences, technology, engineering, math, and medicine 
have long been developing and pursuing problem-based learning (PBL), discovery-based, 
and inquiry-based learning which resonated as a variant of the scientifi c method. These 
approaches also reinforced the integration of multiple sources of information and per-
spectives, higher-order critical thinking skills, and student-centered learning in groups 
and teams—all required for authentic work in these fi elds.

Beginning with open admissions and affi rmative action in the 1970s, efforts to promote 
diversity and multiculturalism in higher education led to the identifi cation of ‘inclusive 
pedagogies’, characterized by approaches that invite multiple perspectives and discussion 
to ensure that the voices of all members of the learning community are heard. As noted 
by Patricia Cross (1973), the new clientele for higher education in the 1970s consisted of 
everyone who wasn’t there in the 1940s, 1950s, and 1960s, including low academic achiev-
ers, adults and part-time students, ethnic minorities, and women in disciplines tradition-
ally dominated by men.

Diverse learners brought more variation in learning styles, requiring diverse approaches 
to teaching. Increasingly, dialogue, panel discussions, refl ective journals and narratives, 
and more relational and feminist pedagogies preferred by minorities and women were 
introduced to structure the expression of different positions toward an issue—promoting 
empathy and understanding for other viewpoints, critical analysis, and synthesis.

The proliferation of academic service learning (i.e. tying academic course goals to 
required service experiences in the community) and study abroad further broadened 
the exposure of students to diverse populations and perspectives—requiring students to 
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integrate learning from in-class and out-of-class with exposure to diverse people in real 
world contexts. One of the hallmarks of good practice in service learning is critical refl ec-
tion (often in the form of student journaling and a culminating refl ective essay) to inte-
grate multiple sources of insight and experience. All of these approaches support the skills 
required for interdisciplinary integration and solutions that are relevant for real world 
contexts.

Beginning in the late 1960s, writing across the curriculum (WAC) underscored that 
effective writing differs according to its purpose, audience, and disciplinary context. 
Advocates for WAC proposed that writing be taught and assessed by faculty across the dis-
ciplines and not relegated entirely to a single freshman composition course, often located 
within an English department. In response, institutions established upper-division inten-
sive writing courses in the disciplines to assist students to learn the paradigm of writ-
ing in at least one discipline beyond English, usually in their major. This movement also 
refl ected the move away from the traditional liberal arts curriculum and general educa-
tion toward greater emphasis on the major and electives, a movement often fueled by the 
wishes of faculty to teach their areas of narrow specialization and the needs of depart-
ments to increase required courses in the major, often for fi nancial reasons.

By the mid-1980s, the Assessment Movement was emerging in American higher educa-
tion, focusing on the articulation and assessment of student learning outcomes along with 
institutional accountability for their attainment. Initially driven by accrediting bodies, 
these efforts were reinforced by employers, who found that college graduates were weak in 
fundamental skills such as critical thinking, written and oral communications, quantita-
tive literacy, civic responsibility, ethics, and teamwork—all core skills in the workplace. 
As institutions sought to comply with assessment mandates, they began by conducting 
college-wide evaluations to identify the outcomes they most valued for their college grad-
uates: they too identifi ed these same cross-cutting skills and attributes for their outcomes 
of liberal learning and general education. These campus processes accelerated the gradual 
shift in higher education from mastery of content to competencies, from passive to active 
pedagogies, from traditional testing methods to assess student learning to more authentic 
methods that modeled and mirrored the complexities of the real world (DeZure 2000). 

In their efforts to defi ne critical thinking, campuses relied heavily on Benjamin Bloom’s 
Taxonomy of educational objectives, focusing primarily on goals in the cognitive domain, 
that identifi ed levels of critical thinking—knowledge, comprehension, application, analy-
sis, synthesis, and evaluation—with the latter four levels as higher-order and inclusive of 
all the lower-level skills. All of these shifts reinforced the relevance of interdisciplinary 
problem solving and its capacity to engage students actively in the complexities of analy-
sis, synthesis, and evaluation in addressing real-world problems.

The Assessment Movement also reasserted the importance and centrality of writ-
ing to attainment of student learning outcomes, both in terms of ‘writing to assess’ 
student learning and ‘writing to learn’ in which writing is used to promote learning 
and to provide formative feedback to instructors and students about whether students 
are understanding the material and are able to express concepts in their own terms. 
Classroom assessment techniques (CATs) were popularized by the publication of Tom 
Angelo and Patricia Cross’s (1993) Classroom assessment techniques, offering  instructors 
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dozens of informal, quick, and easy methods to determine whether students are learn-
ing and to integrate writing across the disciplines. Many of these techniques were tied 
to integrative skills, particularly the most famous of the CATs, the minute paper, which 
asks students at the end of class to take a couple of minutes to summarize the key thesis 
or theme of the class session—requiring them to focus on the big picture, the forest, not 
just the trees. For many students, listening to lectures is an exercise in verbatim note-
taking, often without thought, documenting everything that is said. The minute paper 
challenged that pattern by requiring students to listen for the big theme and weave 
the disparate threads together into an integrated whole at the end of each class ses-
sion. CATs are generally ungraded and anonymous, offering a low-risk way to learn this 
important integrative skill.

Writing continues to be the primary means by which to teach and to assess written 
communications and critical thinking generally and interdisciplinary critical think-
ing more specifi cally. This trend was reinforced by the emergence of more rigorous and 
multidimensional approaches to the evaluation and documentation of learning required 
by external accrediting agencies and the designation of assessment units on campuses 
to promote, support, and evaluate those efforts. By 1999, a study of American colleges 
and universities by the National Center for Post-Secondary Improvement indicated that 
everyone was doing assessment of student learning outcomes, but few institutions were 
using the data to inform practices or guide curriculum. Accrediting agencies then revised 
their expectations to require institutions to document student learning outcomes and 
close the feedback loop by indicating how they used or intended to use their assessment 
data to improve teaching and learning.

To address the challenge to document student learning outcomes for interdisciplin-
ary learning, interdisciplinary studies scholars developed a writing curriculum to teach 
and assess interdisciplinary learning and related critical thinking skills. Haynes (2004), for 
example, identifi ed a developmental sequence of writing assignments to assist students 
to support disciplinary analysis and interdisciplinary synthesis. The preliminary step was 
to help students identify and make explicit the thinking of the disciplines under study: 
their assumptions, frameworks, foci, methods, and key questions. This is not to suggest 
that disciplines speak with one voice; there are deep divides within disciplines, and they 
too should be identifi ed. Subsequent assignments ask students to analyze a problem using 
different disciplinary frameworks, later moving to assignments that require comparison 
and contrast among the analyses. This is followed by integrative assignments in which 
students must draw on the methods and insights of several disciplines, reconciling them 
in an integrated approach. Repko (2008) elaborates on reconciliation in a step he calls 
‘fi nding common ground’ among disciplinary perspectives on a problem, which adds a 
distinctive and important phase to this process.

It is important to note that these methods are grounded in the disciplines. Further, 
they require meta-cognitive skills to critique the limits, biases, and unique opportunities 
offered by both disciplines and interdisciplinary solutions; and they require all the higher-
order critical thinking skills—from analysis through evaluation—to arrive at viable inter-
disciplinary solutions. These processes are designed to increase awareness through which 
we seek and perceive information and by which we construct knowledge.
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One model proposed by Wolfe and Haynes (2003) for assessing interdisciplinary writ-
ing identifi es four key dimensions: (1) drawing on disciplinary sources; (2) critical argu-
mentation; (3) multidisciplinary perspectives; and (4) interdisciplinary integration. The 
evaluation of writing and interdisciplinary critical thinking continue to pose signifi cant 
challenges to teachers of interdisciplinary studies, but scholars like Christopher Wolfe 
and Carolyn Haynes (2003), Michael Field and Donald Stowe (2002) and more recently 
Veronica Boix Mansilla (2005) are providing promising approaches to clarify this terrain.

In the twenty-fi rst century, in addition to the liberal learning outcomes identifi ed ear-
lier, e.g. written and oral communications, teamwork, etc., integrative learning has been 
identifi ed as an additional core competence in undergraduate education. In 2003, the 
Association of American Colleges and Universities released its ‘Statement on integra-
tive learning’, which defi nes integrative learning as the ability to integrate from multiple 
sources of knowledge and experience, that is, to integrate theory and practice, in-class and 
out-of-class learning, learning in general education courses and in the major, and learning 
across the entire collegiate experience.

This competence is a response to concerns that the collegiate experience is atomized 
with too many fragmented experiences and too few connections. To promote integration, 
institutions are turning to student portfolios, particularly e-portfolios, keystone and cap-
stone courses, learning communities, living-learning communities, and interdisciplinary 
courses. All of these provide opportunities for refl ective writing and structured integra-
tive assignments to enable students to bring together their disparate collegiate experiences 
and to make meaning of them. Interdisciplinary pedagogies offer models of how to foster 
connected learning that leads to integration. These approaches honor disciplinary ways 
of knowing while enabling students to reach across the disciplines and their disciplinary 
coursework to create robust integrated interdisciplinary solutions to real-world problems.

Advances in instructional technology that make online resources readily accessible have 
also enabled innovations in interdisciplinary teaching and learning. This generation of 
traditional-aged college students has grown up with the Internet. For them, traversing its 
interdisciplinary universe is comfortable and normative and each new form of technology 
is welcomed and easily adopted. The Internet is not discipline-based. Most online searches 
take you to resources that represent multidisciplinary and interdisciplinary perspectives, 
both challenging and inviting users to think outside of disciplinary boxes.

The use and development of interdisciplinary materials have never been easier nor more 
affordable for both instructors and students. The Internet also enables access to disciplin-
ary and interdisciplinary experts from around the world to engage with classes and, more 
importantly, the ability to bring news and real-world challenges into classes as they occur, 
giving an immediacy and urgency to the complexity of local, national, and global events 
as they occur. Whether it was news of 9/11 or hurricane Katrina or the 2004 tsunami, stu-
dents were afi re with questions about what caused these events. While single-disciplinary 
perspectives were helpful in answering student questions about important dimensions of 
these events, campuses also responded with multidisciplinary and interdisciplinary dis-
cussions of the complex interaction of causes and effects. When students ask, as they did 
after 9/11 and Katrina and the tsunami, ‘What caused this?’ they are asking questions that 
require interdisciplinary responses.
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After hurricane Katrina, for example, Michigan State University sponsored a series of 
campus-wide forums entitled, ‘Katrina and its aftermath’, including three interdisciplin-
ary events:

● the cost of marginalization: place, race, class and media in the Katrina catastrophe;
● the city at the end of the river: the unique setting of geology, engineering, history, and 

culture of New Orleans; and
● Katrina’s impact on human and animal health: now and for generations.

While clips from the Internet were shown during these presentations, providing artifacts 
about the event and deserving critical analysis themselves, the Internet had been the key 
factor motivating students to attend and to learn more about this complicated national 
tragedy.

Technology also provides the means to store student work for future reference, be it for 
integrative student refl ection in capstone courses or student advising. In their study of 
integrative learning nation-wide, DeZure et al. (2005) found that e-portfolios were identi-
fi ed most frequently as the method campuses were using (or planned to use) to promote, 
document, and assess integrative and interdisciplinary learning. E-portfolios have all the 
advantages of traditional portfolios that contain artifacts selected by the student to repre-
sent his or her learning and progress over time.

E-portfolios take traditional hard-copy portfolios to the next level, eliminating the 
problems of physical storage, retrieval, and transport, while expanding their multifunc-
tionality and access by current and future instructors and advisors as well as students 
themselves. E-portfolios can provide an organic document that can be used throughout 
the collegiate experience. It has huge capacity to store and archive many types of artifacts, 
including CDs and other audiovisual materials, photos of projects, and traditional written 
documents written by the student. It can be used by instructors across the disciplines as 
well as advisors and student affairs staff who may interact with students on co-curricular 
and other experiential learning activities, such as service learning, study abroad, engage-
ment in leadership activities, and student government.

As with all instructional technologies, issues of security, privacy, and expense for ongo-
ing technology infrastructure are non-trivial. Emerging e-portfolio technologies will pro-
vide students and administrators with options to control levels and types of access by 
advisors, instructors, peers, future employers, and others selectively, greatly enhancing the 
desirability and fl exibility of this new and promising technology. And last but not least, 
e-portfolios can provide compelling data about student learning for the purposes of inter-
disciplinary program review and institutional assessment.

26.4  New approaches to supporting and evaluating 
interdisciplinary teaching

Faculty development programs and teaching centers have proliferated across the United 
States in the last 25 years, with recent increases in the number of programs that explicitly 
support interdisciplinary teaching and learning. Coupled with the dramatic increase in 
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the availability of research on teaching and learning (both discipline-based and interdisci-
plinary), faculty efforts to expand their repertoire of instructional strategies are supported 
at most institutions.

For example, for several years the Center for Research on Learning and Teaching at 
the University of Michigan sponsored a year-long facilitated cohort program entitled 
Interdisciplinary Faculty Associates to enable teams of faculty to study the research on 
interdisciplinary teaching and learning, design interdisciplinary team-taught courses, and 
produce course portfolios documenting their experiences with interdisciplinary teaching, 
learning, and assessment.

Although many individual faculty employ interdisciplinary approaches in their own 
teaching, many interdisciplinary courses are team taught by faculty with expertise in dif-
ferent disciplines. Team teaching has the potential to be a powerful source of interdisciplin-
ary learning if students are able to witness how experts from different disciplines approach 
issues and how they negotiate integrative solutions between them. Interdisciplinary faculty 
teams have to determine the degree of integration they wish to use and how it will impact 
their planning, curricular choices, instructional methods and delivery, assignments, and 
assessment practices (Davis 1995). But having faculty present their disciplinary perspec-
tives in serial fashion is not suffi cient. If students are to engage in complex intellectual tasks 
to integrate the insights of different disciplines, then faculty should join in this endeavor, 
modeling it and sharing the diffi culties and the richness of doing so.

It is often challenging for faculty members to describe succinctly the basic epistemology 
within their discipline, and harder still to describe the range of beliefs and contested top-
ics within their fi eld. Nonetheless, it is such unpacking that helps students to understand 
disciplinary perspectives and the contributions that different disciplines can make toward 
interdisciplinary solutions. In team-taught classroom settings (or in distance-learning 
contexts) in which faculty panelists or presenters are asked to represent a disciplinary 
perspective on an issue, it may be appropriate to begin with a brief introduction to their 
discipline, identifying the key questions or topics that concern practitioners in the fi eld, 
what counts as evidence, and what methods they commonly use to search for answers. 
Depending on the context, it can be useful to identify key points of contention or differ-
ence in the fi eld to avoid over-simplifi cations that suggest the fi eld speaks with one voice. 
This type of introduction grounds the discussion, enabling students to better appreciate 
how the views of faculty on an issue are shaped by the differences in their disciplinary 
ways of thinking and why interdisciplinary syntheses are challenging to create but often 
provide more robust solutions to complex problems.

New approaches to documenting and evaluating teaching go beyond the use of student 
ratings to enable faculty to capture the complexity of their instructional efforts and their 
impact on student learning. These newer forms of peer review are appropriately multi-
dimensional and include teaching portfolios, course portfolios, and the scholarship of 
teaching and learning (i.e. research on the instructor’s own teaching and its impact on 
student learning that is critiqued by peers and made public). The proliferation of these 
approaches is a particularly important development for instructors who teach interdis-
ciplinary courses because it enables them to clarify the complexity of interdisciplinary 
teaching and learning to their disciplinary colleagues and administrators.
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Course portfolios are particularly well suited for documenting interdisciplinary courses 
by individuals or teams. In addition to describing the design of the course, course portfo-
lios provide opportunities for instructors to convey their assessment of the actual enact-
ment of the course as well as recommendations for ways to improve the course and to 
enhance the climate to promote interdisciplinary teaching and learning in the future.

The movement to promote the scholarship of teaching and learning (SoTL) endeavors 
to foster research on teaching and learning, to open it to critical review, and to make it 
public so that others can build on it. Course portfolios provide an important model for 
the scholarship of interdisciplinary teaching and learning because they meet all the crite-
ria for SoTL work and are able to document the complex processes by which faculty and 
students engage in interdisciplinary problem solving (Bernstein et al. 2006). Course port-
folios were originally developed as part of the Peer Review of Teaching Project, sponsored 
by the Carnegie Foundation for the Advancement of Teaching. Course portfolios have 
proliferated so that there are now online repositories of disciplinary and interdisciplinary 
examples to make them more visible to the public.

Course portfolios are generally 12 to 15 pages in length plus appendices and are increas-
ingly electronic documents. They begin by clarifying the audience (1 page) for the docu-
ment, most commonly other faculty who will teach the course in the future; evaluation 
committees or department chairs for purposes of reappointment, tenure or promotion; 
and/or faculty at their institution or across higher education who are interested in inter-
disciplinary teaching and learning and ways to document its complexity.

The genesis and context section (2–3 pages) includes the motivation for the develop-
ment of the course, the course background and history, and administrative logistics. Given 
the challenges of administrative logistics in planning interdisciplinary courses, this type 
of information provides a useful resource about emerging practices. The anatomy section 
(4–5 pages) describes the course design, including intended goals for student learning, 
content, teaching methods, assessment methods, and approaches to interdisciplinarity and 
collaboration throughout the course and its planning. The course enactment and imple-
mentation then describe what really occurred. The outcomes section (2–4 pages) refl ects 
on student learning (with support from evidence of student learning in the appendices) as 
well as faculty learning. The recommendations section (1–3 pages) provides thoughts for 
the future of the course, advice to colleagues who may teach similar courses, and ways to 
promote and support interdisciplinary teaching and learning at the institutional level. The 
appendices provide the syllabus, the assignments, activities, and other course materials, 
including websites, and evidence of student work with instructor feedback. If the course 
is team taught, the instructors can create a collaborative document, with points of agree-
ment and difference identifi ed by each instructor, offering a form of public dialogue and 
mutual feedback about their teaching.

Beyond faculty development on individual campuses, there are national associations 
that provide excellent faculty development seminars, resources, and access to networks 
of peers committed to interdisciplinary teaching and learning. The Association for Inte-
grative Studies (AIS) provides annual meetings, research, and pedagogical resources 
on interdisciplinary teaching and learning (<http://www.units.muohio.edu/aisorg/>). 
Likewise, the Association of American Colleges and Universities (AAC&U) sponsors 

http://www.units.muohio.edu/aisorg/
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national and regional meetings, peer-reviewed publications. and campus projects 
on liberal learning, general education, and integrative and interdisciplinary learning 
(<http://www.aacu.org/>).

Faculty development focused on interdisciplinary endeavors is increasingly being sup-
ported by external funding agencies, e.g. the NSF and NIH, to promote large-scale inter-
disciplinary research projects. These projects often engage faculty, graduate students, and 
undergraduate research assistants on interdisciplinary cross-generational research teams. 
The inclusion of faculty is to increase their ability to work on interdisciplinary research 
teams, and to productively engage graduate and undergraduate students in those efforts. 
The inclusion of graduate students is to foster a pipeline of early career faculty who wish 
to pursue interdisciplinary work. The inclusion of undergraduates is to promote under-
graduate research as a form of active, inquiry-based learning that is fast becoming a hall-
mark of undergraduate education at research universities. In the process, undergraduates 
are gaining experience with interdisciplinary teamwork. In this time of limited resources, 
signifi cant funding opportunities to pursue interdisciplinary work are likely to generate 
great faculty interest, even among those who have not previously done interdisciplinary 
work.

Interdisciplinary teaching and learning is a burgeoning phenomenon, moving from 
the margins to the mainstream of higher education. Discipline-based faculty are eager 
to learn more about what interdisciplinary teaching entails, how to design and deliver 
instruction, and what impact it is having on student learning and on the instructors them-
selves. These new approaches to documenting teaching offer productive vehicles to open 
the classroom door on interdisciplinary teaching and learning—and to inspire others to 
explore its possibilities.

26.5 Conclusion

Echoing the thesis of this chapter, Haynes (2002) concludes that there is no single, unique 
method associated with interdisciplinary teaching and learning:

Interdisciplinary pedagogy [ . . . ] is not synonymous with a single process, set of skills, method or 

technique. Instead, it is concerned primarily with fostering in students a sense of self-authorship 

and a situated, partial and perspectival notion of knowledge that they can use to respond to complex 

questions, issues and problems. While it necessarily entails the cultivation of the many cognitive 

skills such as differentiating, reconciling, and synthesizing [ . . . ] it also involves much more, includ-

ing the promotion of student’s interpersonal and intrapersonal learning. Because interdisciplinar-

ity is a complicated psychological and cognitive process, it cannot be taught with one approach. 

(Haynes 2002, p. xvi)

Indeed, interdisciplinary teaching and learning requires a host of powerful pedagogies 
to inspire and enable teachers and students to grapple effectively with the complexity of 
problems we face in the twenty-fi rst century. This work is challenging for students, but in 
many ways it is even more challenging for faculty who will be crossing borders and chart-
ing new terrain in higher education, leaving the relative safety of disciplinary expertise 
behind for what Donald Schön (1995) has called the ‘swampy lowlands’ of important and 

http://www.aacu.org/
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real-world problem solving. Just as students benefi t from peers to support them in this 
endeavor, it is equally important for faculty to have colleagues to share their wisdom of 
practice, their triumphs, and their challenges—recognizing that this is, as Haynes notes, a 
‘complicated psychological and cognitive process’, requiring creativity, commitment and 
courage. In an era in which interdisciplinary teaching and learning is coming into its own, 
interdisciplinary instructors no longer have to go it alone.
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CHAPTER 27

Facilitating interdisciplinary 
scholars
STEPHANIE PFIRMAN AND PAULA J. S. MARTIN

Through the control over faculty appointment, promotion, and tenure decisions, 

departments shape the intellectual capital of the campus in tune with the cultures, 

norms and intellectual orientations of the disciplines. Universities also derive 

recognition and prestige through the collective achievement of their departments 

as probed by discipline-based mechanisms (e.g. the National Research Council’s 

assessment of doctoral programs)

Sá (2008)

As innovation increasingly occurs at the boundaries of disciplines, scholarship is now break-
ing out of the lines that make the ‘discipline within a department’ structure troublesome for 
the interdisciplinary scholar. Traditionally, power, money, hiring, and promotion are allo-
cated by departments, posing barriers to interdisciplinarity at every turn—in the universities’ 
organizational design, lack of motivation within the institutional power structure, and lack 
of institutional incentives. These lead to diffi culties in managing the complexity of interdis-
ciplinary relations—the transaction costs—both within and outside of the institution. Even 
students feel the strain when they undertake interdisciplinary programs of study and fi nd 
themselves being taught and advised by faculty on loan from departments, unstable course 
offerings leading to diffi culty in completing requirements, and a lack of facilities, commu-
nity, and information on potential career trajectories. This chapter reviews the dynamics of 
interdisciplinary scholars functioning within a disciplinary tradition and provides guidance 
for better support mechanisms to facilitate interdisciplinary scholarship.

27.1 Personal approaches to interdisciplinarity

In many cases, a variety of issues are confl ated with the pursuit of interdisciplinary scholar-
ship and teaching (Table 27.1). This adds a level of complexity to the life of  interdisciplinary 
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scholars as they work within the traditional disciplinary framework. Many interdisciplin-
ary endeavors are in new fi elds, requiring the establishment of new scholarly communi-
ties, with new resource needs (e.g. the need for shared space or additional travel) and new 
relationship demands (e.g. the need to learn a shared language). Interdisciplinary research 
and education is often collaborative, using informal, ad hoc teams (Evaluation Associates 
Ltd 1999; Lattuca 2001). Informal arrangements result in questions about credit for lead-
ership, and challenges in negotiating group interactions. Assessment of an individual’s 
contribution (crucial for promotion and tenure) is also problematic in that interdisciplin-
ary scholars tend not to specialize (Porter et al. 2007). And researchers who don’t special-
ize pay a productivity penalty (Leahey et al. 2008), as coming up to speed in new fi elds and 
setting up new collaborations slow down publication rates. An additional complication 
is that members of groups underrepresented in the academic elite (women and perhaps 
minorities) appear to be disproportionately drawn to interdisciplinary research and edu-
cation (Evaluation Associates 1999; Beraud 2003; Rhoten and Pfi rman 2007a,b).

However, not all interdisciplinary research is collaborative, nor is it all applied—as 
Rhoten and Pfi rman (2007a,b) point out, there are many ways to be interdisciplinary 
(Fig. 27.1). One can approach interdisciplinarity at a variety of scales, ranging from 
intrapersonal—where an individual decides to tackle research from multiple perspec-
tives; to interpersonal—working with others; to interfi eld—working with non-academic 
stakeholders, for example business and policy makers. Interdisciplinary teaching ranges 
through the same categories, each with their own set of administrative issues: the need 
for course release to develop the intrapersonal expertise, co-teaching credit for the inter-
personal approach, departmental buy in for the interfi eld class, and adjunct support for 
practitioners when external stakeholders are involved.

Table 27.1 Characteristics often associated—and confl ated—with disciplinary and interdisciplinary 
research and education.

Disciplinary Û Interdisciplinary

Departmental Û Interdepartmental
Mainstream Û Non-mainstream (WISELI 2003)
Specialized Û Diverse (Leahey 2006)
Discovery Û Integration, application (Boyer 1990)
Specialization Û Integration (Porter et al. 2007)
Laser Û Searchlight (Gardner 2007)
Disciplinary Û Synthesis
Basic Û Applied
Hierarchical Û Collaborative, democratic
Formal Û Informal (Lattuca 2001)
Established Û New (‘fringe’) (Spanner 2001; Choucri et al. 2006)
Established order Û Dissolution and amalgamation (Weingart and Stehr 

2000)
Majority Û Minority (Rhoten and Pfi rman 2007a,b)
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Stakeholder:
Community
Connections

Cross-fertilization – adapting and
using ideas, approaches and
information from different fields
and/or disciplines   

Team-collaboration – collaborating in 
teams or networks that span different 
fields and/or disciplines 

Field-creation – topics that sit at the 
intersection or edges of multiple fields 
and/or disciplines 

Problem-orientation – problems that 
engage multiple stakeholders and 
missions outside of academe, for 
example that serve society

Intrapersonal:
Cognitive
Connections 

Interpersonal:
Collegial
Connections

Inter-
departmental:
Cross-field
Connections 

Figure 27.1 Interdisciplinary ways of conducting research and of teaching (Pfi rman et al. 2007; 
based on Rhoten and Pfi rman 2007a, b).

What this means in practice, for the establishment and fostering of interdisciplinary 
scholars, is that they are dealing with many issues at the same time: not only the gathering 
of their own, individual expertise and gaining recognition for their creative contributions, 
but also the need to justify both their fi eld and their approach (Langfeldt 2006), even 
within small interdisciplinary research teams:

Each of us has had the experience of feeling as though we do not ‘really’ belong to the research 

team, or that, upon returning to our scholarly ‘homes’ after a research meeting, we do not really 

belong there either. Working at the boundaries of communities of practice, team members can feel 

uprooted, alien, frustrated. […] When data from one’s discipline is under scrutiny in an analysis 

session, the insider may perceive a need to defend her turf, provoking a sense of resentment and 

confl ict with the rest of the team […] (Lingard et al. 2007)

Spanner (2001) found that most interdisciplinary scholars believed that they operated 
in a more complex environment than disciplinary scholars, and many thought that they 
needed to know more information—with signifi cant problems in locating useful infor-
mation scattered across diverse fi elds (see Palmer, Chapter 12 this volume):

When one considers the unique problems and barriers ID [interdisciplinary] scholars face, particu-

larly in tandem with their expressed discomfort levels in non-affi liate fi elds and dissatisfaction with 

available resources, the lot of the average ID scholar might be more stressful and pressure ridden 

than those conducting traditional single-discipline research. (Spanner 2001)

Co-teaching an interdisciplinary course raises similar issues in the classroom as fac-
ulty feel compelled to justify their teaching methods and content selection (Jang 2006). 
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These continued self-examinations and appeals for acceptance can lead to a sense of 
personal vulnerability, tension, insecurity, and demoralization. Many believe they must 
continually declare, and be modest about, their limited knowledge of other fi elds in 
which they are working, or they risk being considered as ‘dilettantes who knew too 
little and claimed too much’ (Lattuca 2001). As scholars move away from a disciplinary 
base into interdisciplinary endeavors, they often report that they no longer fi t in as well 
as they once did: while their peers establish identity and status within the discipline, 
interdisciplinary scholars have to live without the comfort of expertise’ (Lattuca 2001). 
It is therefore not surprising that the University of Wisconsin’s Women in Science and 
Engineering Leadership Institute (WISELI) found the critical determining factor in the 
quality of workplace interactions (including informal departmental interactions, col-
leagues’ valuation of research, isolation and ‘fi t’, and departmental decision-making) 
was whether or not individuals thought their colleagues considered their research to be 
‘mainstream’.

Despite these challenges to personal identity, many scholars are determined to follow 
their interdisciplinary research and teaching agendas, even when they are not in support-
ive environments. In the analysis of UK researchers by Evaluation Associates (1999), 30% 
of highly interdisciplinary scholars were based at institutions where they rated the ‘overall 
environment in your institution for interdisciplinary research worse than that for single 
disciplinary research’. For others it is a choice between interdisciplinarity or something 
else completely: as Kinzig commented in Haag (2006) ‘I think we have an increasing num-
ber of students who aren’t that interested in being disciplinary. I think if I had had to focus 
narrowly within a particular discipline, I would not have fi nished graduate school. I just 
would have gotten bored’.

Junior interdisciplinary scholars are especially affected by issues of academic 
community, evaluation, and administrative responsibility. When they first embark 
on interdisciplinary research and education, they are buoyed by excitement and see 
mainly the positive aspects of venturing into new territory (Table 27.2). By breaking 
new ground, they are able to set themselves apart from others, have a lot of autonomy 
in their research agenda, and can work with colleagues from a variety of disciplines 
and communities. But then, as they continue their research, often moving toward 
tenure consideration, the negatives become more and more problematic (Choucri 
et al. 2006), and many of the conflated issues (Table 27.1) raise difficult challenges. 
It is harder to publish interdisciplinary research in traditional journals well known 
by the disciplines. Collaborative projects take a long time to get up and running due 
their high transaction costs. Additionally, if scholars have affiliations with more than 
one department, they may be getting conflicting advice (or none at all) on how best 
to demonstrate their research contributions.

Similar issues arise from the perspectives of education, community participation, and 
service (Table 27.2). Given these challenges, junior scholars are often wary—or warned 
off—of embarking on interdisciplinarity, while senior scholars tend to be more open and 
willing. Mentors, champions, and role models are often helpful in easing the personal 
anxieties of junior scholars at the same time that they provide professional guidance and 
support.



Table 27.2 Positive and negative aspects of conducting interdisciplinary research (1) and education (2) 
are disproportionately skewed towards positive in the early stages, followed by negative at later stages 
(adapted from Pfi rman et al. 2007).

(1) Interdisciplinary research

Often early attraction . . . But later diffi culties . . .

New area Can break new ground Less recognition by established 
scholars

Less competition
Less urgency Fewer sustained funding 

opportunities
Fewer journals
Fewer peer reviewers
Career trajectory not known
Long start-up time

Social/applied connections
Appeals to social conscience Less prestigious research area
Connect with public good Considered less rigorous

Complex questions Holistic approach required Considered less rigorous

Collaborative Build on strengths of others Time to cultivate and maintain

Use people skills Critical literature in other fi eld
Dependent on collaborator
Idea origin not clear

Between depts/centers Freedom because outside of 
established hierarchy

Less administrative support

Interinstitutional Broadens network for letter 
writers

Requires travel

Less visibility on home campus

(2) Interdisciplinary education and community

Often early attraction . . . But later diffi culties . . .

Teaching Exciting subject
Student interest
Co-teaching
Field experiences
Service learning
No textbooks, resources

Fewer textbooks, resources
Less infrastructure and fewer 
rewards to sustain ‘extra’ activities 
(fi eld, service)
Co-teaching
Heavier student advising load

Campus life Campus programming
Community connections
Bridge between disciplines: search 
committees, presentations
Become known on campus

More service and outreach 
expectations

Scholarly participation Field more open, can initiate 
programs

Fewer high level, prestigious 
committees
Fewer honors than in disciplinary 
fi elds

Promotion and tenure Criteria often disadvantage 
interdisciplinary scholars
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Table 27.3 Spectrum of institutional interdisciplinary commitment, investment, and therefore also 
responsibility (adapted from Pfi rman et al. 2007).

Commitment and 
investment

Modest Intermediate Signifi cant

Students and 
curriculum

Minor. General 
education elective

Concentration. Special 
major

Major. General education 
requirement

Administration Committee Center, program Interdisciplinary 
department. Dissolution 
of departments

Faculty Affi liated hire in 
disciplinary department. 
Adjunct hire

Off-ladder. Joint hire Tenure-track 
interdisciplinary 
appointment

Research scientists Soft-money support 
for single or short-term 
project

Multiyear support Institution-committed 
career interdisciplinary 
research scientist line

27.2 Institutional support for interdisciplinary scholars

Institutions have recognized that departmental structures create barriers for scholars 
working between departments and are adjusting to the needs of interdisciplinary scholars 
(Table 27.3).

While most institutions have now made at least modest efforts to include interdisciplin-
ary educational programs through establishment of minor courses of study, many others 
have established interdisciplinary centers and programs, created interdisciplinary depart-
ments, and hired senior interdisciplinary scholars: some have gone as far as breaking down 
the disciplinary departmental structure altogether (Collins 2002; Feller 2002). The Consor-
tium on Fostering Interdisciplinary Inquiry (2008) includes 10 large research universities 
who are in partnership to build upon their interdisciplinary policy and process experiences, 
aiding each other to improve institutional structures affecting interdisciplinary activities.

The greatest stress seems to occur at intermediate levels of investment as institutions and 
individuals attempt to adjust to the needs of interdisciplinary scholars. Because their needs are 
novel, the scholars often fall between the cracks of administrative responsibility (Fig. 27.2). As 
Monroe, et al. (2008) commented (with regard to women in academia) the ‘[…] lack of estab-
lished procedures refl ect an institution in fl ux, not one that is biased so much as unfamiliar 
with the needs […] and struggling hard to catch up to a new institutional reality and culture’.

Being intentional about supporting interdisciplinary scholars requires thinking through 
the potential challenges in advance. The individual should not be put in the position of 
having to create their own process at the same time as they are attempting to navigate 
it. Creating an awareness of differences between interdisciplinary and disciplinary experi-
ences—as we discuss below—can be helpful, from structuring a new hire, to understanding 
issues related to productivity, teaching, recognition, and evaluation. Awareness, however, is 
not enough. Funding and administrative support must also be provided. It is critical that 
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Figure 27.2 Impediments to interdisciplinary research identifi ed by individuals and provosts in response 
to a request to rank the top fi ve impediments to interdisciplinary research at their institutions (Committee 
on Facilitating Interdisciplinary Research 2004). Note the high ranking of promotional criteria as well 
as structural/administrative concerns: budget, indirect costs, space, and unit reporting. ICR = indirect 
cost recovery. Reprinted with permission from the National Academies Press. Copyright 2004, National 
Academy of Sciences.

institutions make commitments at the level of provost, vice president for research, or dean 
to the implementation—not just to the initiation—of interdisciplinarity (Feller 2002).

27.3 Structuring an interdisciplinary hire

The process of creating a new interdisciplinary position and the negotiation of the hire 
often determines the administrative framework of a position, and it is this framework that 
needs special attention for interdisciplinary scholars. Decisions about new interdisciplin-
ary positions require more extensive cross-institutional preparation than for traditional 
disciplinary hires. At the start of position creation, roles and expectations must be clari-
fi ed and agreed upon, by all the departments and academic administrators involved, ide-
ally including representatives of promotion and tenure committees, and those responsible 
for allocating facilities and resources (Fig. 27.2; Pfi rman et al. 2007).

While joint appointments (department–department or department–center) appear to 
make sense for interdisciplinary scholars, such appointments often lead to mismatches 
in their professional life. One is the expectation for service, an expectation that is often 
double for the joint appointment, serving the needs of two entities (or being penalized for 
appearing not to serve—for example when teaching is bought out by a research center). 
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Joint appointments may be held to the tenure standards of both departments, which may 
be at odds (e.g. publications in journals versus books, sole versus multiple authorship). 
Because responsibility for joint hires is divided, the junior scholar may not get the guid-
ance that they would within a disciplinary department or even through a professional 
association (Table 27.2). The annual meeting of a discipline’s professional association is 
the place to give presentations, test ideas, and meet the leaders in the fi eld. Interdisci-
plinary scholars either contribute at the fringe of disciplinary meetings, or risk limited 
mainstream visibility when they participate in smaller workshops closer to their fi eld of 
endeavor.

When interdisciplinary faculty are joint hires, it becomes imperative that each depart-
ment manages their expectations, so that the time and activity demands on the joint 
appointment are reasonable and not doubled. Having a departmental split of 60:40 or 
70:30 may be preferable over a 50:50 split to provide immediate clarity about departmental 
service (Pfi rman et al. 2007). For junior faculty, an even better arrangement might be an 
‘affi liated hire’ where they are clearly based in one department, but have specifi c research 
and teaching contributions to another department, program, or center (Table 27.2).

For all interdisciplinary hires, but especially for those that are joint between depart-
ments, the scope of the position should be articulated in a memorandum of under-
standing (MOU) that spells out scholarship expectations, promotion criteria, teaching 
responsibilities, departmental and community service, budget, indirect costs, graduate 
student/technician support, and space (Table 27.2, Fig. 27.2). These expectations can then 
be shared with potential candidates, and later adjusted as part of the negotiation package 
for the new hire.

Interdisciplinary teaching expectations need particular attention. Co-teaching classes 
with scholars from other departments can result in diffi cult negotiations with the admin-
istration and each department about course load, credit, responsibility, content, and 
classroom management methods. Also, many interdisciplinary educational goals would 
be best served by student-centered pedagogy—taking students out into the fi eld, interact-
ing with stakeholders, getting involved in civic engagement, or conducting student-led 
research (e.g. van Hecke et al. 2003). While these types of programs are often cited by 
students as transformative educational experiences, they are generally considered by the 
administration to be optional for faculty where the academic program has traditionally 
been delivered through in-class lectures and structured laboratories. Faculty who choose 
to incorporate these aspects in their teaching therefore do so at the expense of time they 
could spend on research, and may even risk having their teaching considered ‘soft’ or ‘not 
rigorous’ in comparison with colleagues who use more traditional approaches.

An institutional structure that can work well for interdisciplinary hires is a cluster 
hire (usually two to about eight new positions) (Sá 2008) to support a general theme or 
initiative, such as environmental sustainability. University of California campuses have 
been using cluster hires to quickly build interdisciplinary research teams. The admin-
istration, relevant departments, and centers, work to create the cluster, setting the stage 
for broad acceptance of the theme. Departments can compete to be the home depart-
ment of the new hires, thereby creating greater departmental acceptance of the inter-
disciplinary scholar.
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27.4 Productivity and the interdisciplinary scholar

One of the most critical aspects to the success of any scholar is that they are productive: 
the number of publications is the factor fi rst reviewed for faculty hires and candidates for 
tenure (Steinpreis et al. 1999). Interdisciplinary scholars face hurdles in being productive 
beyond those of other researchers for a variety of reasons, the fi eld may be new, the schol-
arly community not yet established; collaborative research requires high overhead/trans-
action costs in terms of communication, administration (Tables 27.1 and 27.2,  Collins 
2002; Shanken 2005; Sá 2008), and additional training requirements. Moreover, each dis-
cipline has its own convention for writing grants and publications, and disciplinary-based 
reviewers often raise issues and request revisions inappropriate for the scope of the inter-
disciplinary project or diffi cult to reconcile because they are at odds.

An interdisciplinary scholar could deal with this situation by building expertise in their 
particular interdisciplinary area—effectively specializing in that area—and then branch-
ing into related research topics and publishing in related journals. Leahey et al. (2008) 
showed that in sociology and linguistics, researchers who specialized (had a more limited 
set of key words associated with their publications) were twice as productive as research-
ers who pursued a research agenda that changed fi elds substantially over the course of 
their career trajectory.

Although junior researchers in any fi eld are often admonished not to ‘spread them-
selves too thin’ this advice might be especially important for interdisciplinary scholars. 
Research by Porter et al. (2007) indicates that scholars who are highly integrative tend not 
to specialize (Table 27.1). It may be that people with a ‘synthesizing mind’ (Gardner 2007) 
use integration as part of their methodology, just as a lab scientist may enjoy addressing 
lab research problems through experiments in their lab throughout their career. Spanner 
(2001) also found that interdisciplinary researchers—especially those at the junior level—
reported that they often deviated from their research agenda as they received input from 
another fi eld.

Börner has tracked intersections among the disciplines by mapping knowledge 
domains—in the process creating a communication tool (e.g. Shiffrin and Börner 2004; 
Börner, Chapter 31 Box this volume). Interdisciplinary scholars can use this approach 
to work through related communities in linked networks, expanding their connections 
(e.g. Ginsparg et al. 2004), and therefore spreading their professional recognition. Mapped 
knowledge domains not only connect scholarly communities but can act as another mea-
sure of interdisciplinary productivity (Börner 2006; Palmer, Chapter 12 this volume).

27.5 Recognition of the interdisciplinary scholar

Along with productivity, assessment of research performance relies on reputation, espe-
cially recognition for creativity and achievement (Avital and Collopy 2001). Recognition 
arises from scholars reading and discussing each other’s work, often within disciplinary 
boundaries. As noted by Csikszentmihalyi (1996), individuals who act as gatekeepers 
for a fi eld have the responsibility to decide whether a new idea or product should be 
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included in the domain. It is much easier for gatekeepers to recognize innovation when 
the advance is a direct extension of their own work or that of known colleagues. This issue 
is compounded by publication in new, interdisciplinary journals with nascent reputa-
tions (Campbell 2005). Without a process and a community for achieving recognition for 
creativity, the interdisciplinary scholar is faced with signifi cant hurdles in promotion and 
tenure as well as in funding.

One way to create an interdisciplinary culture on campus, as well as to raise the pro-
fi le of specifi c interdisciplinary scholars, is for interdisciplinary scholars to invite leading 
researchers to give presentations locally. This allows the local scholar to be the host: they 
get to know the external speaker better, they have the opportunity to talk about their own 
research, and issues of common interest become something known and talked about on 
campus. Such interactions are useful for any junior scholar, but are particularly impor-
tant for those who are interdisciplinary or are in emerging fi elds (Tables 27.1 and 27.2). 
Lee and Bozeman (2005) showed that scholars typically spend about 50% of their time 
working with members of their own department, 15% working alone, 10% with others 
in the same institution, and 25% with outside collaborators. This means that, within a 
discipline-based department, there is a tremendous amount of shared knowledge. Inter-
disciplinary scholars often work with a broader community outside of the department, 
with collaborators who may be unknown to their departmental colleagues; it is helpful in 
gaining trust if departmental members get a chance to meet prominent interdisciplinary 
experts fi rst hand.

While our focus thus far has been mainly on junior interdisciplinary scholars, senior 
scholars also experience recognition challenges (Pfi rman et al. 2007). Most disciplinary soci-
eties have something along the lines of a ‘lifetime achievement award’ that identifi es major 
accomplishments and gives credit for accumulated success. In emerging interdisciplinary 
areas, the scholarly community structures, and therefore the opportunities for recognition, 
are not well formed (Tables 27.1 and 27.2). Also, if the interdisciplinary scholar has not 
specialized, their contributions may be spread over a number of different communities and 
therefore may not rise to the level of an award in any one of them. Less likely to be the targets 
of recruitment from other institutions, interdisciplinary scholars may not get the offers that 
stars do within the disciplines. It is essential that institutions recognize these fundamen-
tal differences, and that they support their interdisciplinary scholars—perhaps through the 
establishment of institutional awards and medals that recognize their overall impact.

27.6 Interdisciplinary evaluation and promotion

Conventional, disciplinary-based procedures and standards to assess the work of inter-
disciplinary scholars ignore the real asymmetries between disciplinary and interdisci-
plinary research and teaching. In the 2004 Committee on Facilitating Interdisciplinary 
Research study, concern about ‘promotion criteria’ was the most frequent issue raised by 
both individuals and provosts in response to a request to rank the top fi ve impediments 
to interdisciplinary research at their institutions (Fig. 27.2). Mismatched metrics include: 
the number of publications (as noted above, interdisciplinary, multi-authored work often 
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has a slower production rate), focus on single- or fi rst-authored papers (interdisciplinary 
publication often involves multiple authors), prioritizing well-known, disciplinary jour-
nals (not always an outlet for interdisciplinary scholarship), and citation indexes (inter-
disciplinary research is often new and must build its own constituency) (Table 27.2).

While tacit knowledge including unwritten guidelines for tenure within a department 
are passed along through informal collegial interactions and following the outcomes of 
individual cases, the interdisciplinary scholar is commonly the test case that establishes 
the criteria through their own performance. But it is not their responsibility to do so—
institutions that hire interdisciplinary scholars should create appropriate procedures and 
metrics, and then be clear about expectations. A compelling way to address this situation 
is to change how scholarship is evaluated. Boix Mansilla (2006) noted that interdisciplin-
ary work can be viewed through the lens of ‘consistency with multiple disciplinary ante-
cedents, balance of disciplinary perspectives in relation to research goals, and effectiveness 
in advancing knowledge through disciplinary interventions’. Lattuca (2001) recommends 
judging all scholarship simply ‘on the basis of its contribution to the advancement of 
knowledge’. Another option is to shift from using only ‘discovery’ as the critical com-
ponent, to the use of Boyer’s (1990) expanded set of criteria: ‘discovery’, ‘integration’, 
‘application’, and ‘teaching’ (e.g. Porter et al. 2006). Individuals can be asked to provide 
information on their contributions in each of these areas in their annual performance 
reports and then the same categories can be used in tenure review. The University of 
Southern California, Duke University, the University of Michigan Medical School, along 
with some small liberal arts colleges and some large US land grant universities do this 
now, because of their historic mission. However, a word of caution, one study of applied 
health researchers found that even when interdisciplinarity is at the core of an institution’s 
mission, the chairs of promotion committees, and to a lesser extent the deans, tend to 
accord signifi cantly more value to traditional scholarly outputs, ranking the importance 
of non-traditional research output at or below the level of teaching (Phaneuf et al. 2007).

Reviews of interdisciplinary scholars and proposals can also be facilitated by providing 
institutional clarity in terms of overall staffi ng/budget priorities and helping evaluators 
understand their mission. Letter writers, reviewers, and evaluation committees, can be 
alerted that the scholar or request for proposals is interdisciplinary, and then providing 
them with the original position or program description. Other options are to collect input 
from more areas of expertise, permit proposers to provide input on reviewer selection, 
and allow for proposer response to initial reviews (Langfeldt 2006).

In the case of a tenure review, the make up of the review committee itself can be critical: 
it is frequently helpful to include an external expert in the fi eld of the candidate on a tenure 
review. A problem that can arise, particularly with new areas of interdisciplinary endeavor, 
is that the outside expert may not be a senior scholar, and therefore may not carry the 
same professional capital that the external member typically wields in this situation. In 
order that the review does not depend on this one scholar, individuals can also provide an 
annotated curriculum vitae, detailing their specifi c contributions to co-authored publica-
tions and grants, co-taught classes, informal advising, and standing of journals/publica-
tions; venues which may not be known to members of the committee (Pfi rman et al. 2005; 
Pfi rman et al. 2007).
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27.7 Funding for interdisciplinary research and education

Traditionally, funding sources, whether internal or external to the university, have been 
channeled through disciplines. Therefore, support for interdisciplinary research is less 
stable than that for disciplinary research. When interdisciplinary calls for proposals are 
issued, they often have incredible proposal pressure, resulting in low funding rates: for 
example 4% for the National Science Foundation (NSF)-Environmental Protection 
Agency (EPA) Water and Watersheds (NSF AC-BIO 1996). Then, the funding area is often 
either discontinued, or moved to another administrative structure. The NSF, after a period 
of attention toward an interdisciplinary area, frequently migrates support back into the 
disciplinary directorates, with the goal of changing the culture in the directorates, as well 
as allowing for new areas of focused attention at the cross-directorate level. However, 
because the established, disciplinary communities are strongly manifested in the director-
ates, the emerging interdisciplinary areas may not fare well (especially under conditions 
of budgetary stress). As a result, interdisciplinary scholars lack continuity in programs 
and program managers to go to for support. When responsibility for the program shifts, 
interdisciplinary researchers must establish new contacts, spending considerable effort in 
rebuilding professional capital.

Funding agencies and institutions can help support interdisciplinary scholars by fi rst 
recognizing that as they initiate interdisciplinary activities, the individual will move ‘out 
on the limb’ with their infrastructure lagging behind their needs (Collins 2002). They can 
be provided with release time, co-funding, matching funds, and other support for crafting 
and implementing complex or major research proposals, as well as new interdisciplinary 
or co-taught classes. Investing and promoting a small number of high-profi le projects 
likely to have success can help institutions develop models that will then reduce resistance 
to tackling more risky endeavors.

The second major need in terms of funding is to explicitly support all four approaches 
to interdisciplinarity: intrapersonal, interpersonal/collaborative, interfi eld/departmental, 
and working with external stakeholders. The scholar wishing to develop intrapersonal 
expertise will need seed funding, sabbatical time, course release as well as perhaps travel 
support to learn from other institutions, along the lines of the Andrew W. Mellon Founda-
tion ‘New Directions’ grants.

Scholars who are pursuing collaborative, interfi eld, and stakeholder approaches can be 
facilitated by funding agencies allowing more than one principal investigator (PI) to be 
listed on the grant, permitting PIs to be rotated or even added as the grant evolves, and 
crediting non-academic products.

Support is also required to develop opportunities for collegial contact, both professional 
and social: time and space is needed for collaboration to occur. Co-funding of research 
centers is one way many institutions are supporting interdisciplinarity. But funding for 
informal interactions is also helpful. As noted above, most interdisciplinary research is 
conducted in ad hoc, rather than formal, research teams (Evaluation Associates 1999). 
Similarly, 91% of the interdisciplinary scholars in the 2001 Spanner study rated colle-
gial contact as being very important for their work. Trust, in addition to serendipitous 
connections, can be built through shared experiences such as social occasions and fi eld 
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trips, as well as through the more usual academic paths such as seminar series and work-
shops. Managing teams is diffi cult, but managing ad hoc interdisciplinary teams is even 
more challenging, due to issues confl ated with interdisciplinarity (Table 27.1). Explicitly 
training interdisciplinary scholars in team management could lessen stress and increase 
effectiveness.

Interdepartmental and interinstitutional initiatives also face major hurdles in nego-
tiating terms of budgets, indirect cost recovery, and space. In fact, the Committee on 
 Facilitating Interdisciplinary Research found that, after promotion criteria, these are the 
most critical issues faced by interdisciplinary scholars (Fig. 27.2). Having a particular 
 person within the institution’s administrative structure whose job it is to sort out these 
issues greatly reduces the transaction costs of initiating new projects.

27.8 Concluding Remarks

Clearly, institutions serious about interdisciplinarity need to invest in support for indi-
viduals conducting interdisciplinary scholarship and teaching. Discretionary resources, 
incentives, and administrative support such as seed funding, incubation grants, co-fund-
ing and matching grants, cross-disciplinary workshops and seminars, leaves, travel, and 
joint appointments can go a long way toward helping people overcome personal and 
professional challenges. Funding agencies and donors can also help improve the work-
ing environment for interdisciplinary scholars by supporting research on the reform of 
faculty reward systems and investing in research on ways to evaluate and facilitate inter-
disciplinarity.

Institutions interested in fostering interdisciplinarity should review their administrative 
processes to determine whether there are impediments to fair and objective review and 
support of scholars working across disciplines. Administrative structures must be fl exible 
to address the needs of interdisciplinary scholars, as one size does not fi t all. Attention to 
the particulars of the interdisciplinary scholar’s position is crucial, starting from the point 
of position creation to those of a senior faculty member. The lifecycle analysis by the 
Council of Environmental Deans and Directors (Pfi rman et al. 2007) provides guidance 
for overcoming typical questions and challenges at each stage of career development.

High-level administrative leadership—through a committee or an individual with 
strong support from the provost-level—should oversee the implementation of interdis-
ciplinary activities and fostering of interdisciplinary scholars. Leadership actions include: 
crafting MOUs for interdisciplinary hires, hosting an interdisciplinary speaker series, 
running interdisciplinary faculty research and pedagogy events, providing training on 
managing and evaluating interdisciplinary scholarship, and recognizing junior and senior 
scholars who have contributed signifi cantly to interdisciplinary scholarship or teaching. 
An interdisciplinary faculty pedagogy forum, joint with schools or departments of educa-
tion, can be designed to foster sharing of best practices, as well as an increased awareness 
of new educational approaches and challenges faced within different disciplines. It can 
also open up education as an area of common ground, building ties between disciplinary 
and interdisciplinary academic professionals.
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Interdisciplinary faculty can thrive when institutions make the investments neces-
sary to create the support structures commensurate with those provided—and taken for 
granted—by departments and professional societies for those within the established dis-
ciplines.
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CHAPTER 28

Doctoral student and early 
career academic perspectives
JESSICA K. GRAYBILL AND VIVEK SHANDAS

Interdisciplinarity is heralded as a new educational and research paradigm that can 
 effectively address complex problems at disciplinary boundaries. Proponents of cross-
disciplinarity, particularly inter- and transdisciplinarity, proclaim that it creates new kinds 
of researchers and educators ‘at the leading edge’ by promoting new forms of communi-
cation and collaboration among disciplines. Developing interdisciplinary research and 
education has become a goal for many universities, within both programs and individual 
courses, as noted in the mission statements of universities and funding institutions. Often, 
interdisciplinary research and training (IDRT) programs are conceptualized and imple-
mented by faculty interested in conducting cross-disciplinary research, but they are also 
often managed by those most entrenched in the structure and experience of traditional 
universities, colleges, and departments.

While collaborative initiatives have typically occurred in the realm of established senior 
scientists (Dubrow and Harris 2006), they are now appearing earlier in academic careers, 
including undergraduate and graduate education. Those who actually experience and 
potentially reap the longest-term benefi t from these programs are graduate students and 
early career academics. Moreover, as increasing numbers of doctoral students trained in 
interdisciplinary approaches enter the academic workforce, they carry with them their 
experiences, infl uencing how or whether they decide to continue such work in their future 
careers. The challenges and opportunities they face during doctoral training and in the 
transition to academic careers provoke questions about interdisciplinary research, train-
ing, and pedagogy within academia.

Extensive theoretical discourse exists regarding interdisciplinarity (e.g. Tress et al. 2003; 
Max-Neff 2005), but understanding the experience from the viewpoints of graduate stu-
dents and early career academics who are explicitly trained within an IDRT frame pro-
vides a unique perspective on the benefi ts and challenges of pursuing interdisciplinarity. 
In fact, few publications address the graduate student and early career experiences in 
IDRT programs in traditional university settings. Published perspectives are largely those 
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of  well-established faculty or researchers, for whom it is diffi cult to ‘understand and empa-
thize with the ways students experience the institution. Faculty and staff tend to see the 
institution from their own perspective’ (Hunt et al. 1992, p. 103). Additionally, guidance is 
virtually non-existent for students in interdisciplinary programs and early career faculty 
considering the pursuit of interdisciplinary academic trajectories in traditional university 
settings. Thus, the experiences of doctoral students and junior faculty—perhaps the most 
useful source of information on conducting interdisciplinarity—remain largely unheard, 
despite the proven utility of investigating such perspectives to understand innovative ped-
agogy (Anderson et al. 2000).

When heeded by faculty, departments, and universities, this perspective provides useful 
information for the creation and management of successful, long-term interdisciplinary 
programs. Whether universities are able to adequately support newly minted interdisci-
plinary scholars may determine the future success of these efforts.

This chapter contributes to an emerging body of literature about ‘doing’ interdisciplinarity 
(Graybill et al. 2006; Morse et al. 2007). By ‘doing’ interdisciplinarity, we refer to the formal 
and informal mechanisms that enable scholars from multiple disciplinary backgrounds (and 
epistemological persuasions) to engage in mutually benefi cial and effective collaborations that 
may address a pressing societal challenge. We draw on existing literature and our own experi-
ences to ground the pursuit of interdisciplinary research and pedagogy (IDRP)1 in practical 
questions in how to guide multiple participants (individuals, departments, institutions, and 
disciplines) in cross-disciplinary endeavors. We address the benefi ts and challenges of par-
ticipating in IDRP from the perspectives of doctoral students and early career academics, the 
latter defi ned as recently graduated PhDs in professorial academic positions.

Specifi cally, we address three major topics. First, we identify the transitional stages of the 
interdisciplinary career, from doctoral student to early career academic. Second, we provide 
an account of the overarching concerns arising for doctoral students and early career aca-
demics simultaneously pursuing disciplinary and interdisciplinary research and pedagogy 
in traditional university settings. Finally, we visualize potentially ideal IDRP institutions for 
newly minted interdisciplinarians. When addressing each topic, we draw on the existing lit-
erature and our experiences to pose questions and suggest pragmatic answers for promoting 
successful interdisciplinarity experiences for doctoral students and early career academics. 
Each topic contains opportunities and challenges for students, faculty, and institutions alike. 
Each of these must be addressed if interdisciplinary endeavors are to be successful.

28.1 Transitional stages

Four major transitional stages for doctoral students and early career academics 
trained in interdisciplinarity can be identified. In what follows we define and describe 
each stage, concluding each stage with questions aimed to promote reflection of 
IDRP across multiple institutional settings. The focus here is on critical questions 
that students and early career academics face concerning academe and the purpose 
and intent of interdisciplinarity as they progress through doctoral programs into 
academic positions.
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28.1.1 Initiation

Doctoral students being initiated into interdisciplinary research and training must 
understand and meet a number of expectations that are not necessarily integrated 
across intellectual communities, subject matter, or mode of conducting research 
(e.g. qualitative versus quantitative approaches, empirical versus theoretical foci, 
etc.). Interdisciplinary doctoral students are often asked to develop dual intellectual 
communities—disciplinary and interdisciplinary—simultaneously, while also bal-
ancing disciplinary and interdisciplinary expectations and becoming familiar with 
disparate knowledge bases, all of which compete for time as students contemplate 
their advancement through their doctoral programs. In this early stage, students 
must develop identities in disciplinary departments and interdisciplinary programs. 
Combined with establishing solid theoretical footing and fulfilling expectations in 
both disciplinary and interdisciplinary realms, these tasks can be liberating, yet also 
exhausting and potentially disorienting if an individual’s grounding in disciplinary 
research is not solid before interdisciplinary links are attempted. In this stage, stu-
dents grapple with the process of doing interdisciplinary research and are most fully 
immersed in the training aspect of becoming interdisciplinarians.

Questions confronted during the initiation stage include: Where do I situate my schol-
arship? What is my identity in my disciplinary department and interdisciplinary program, 
and are they (should they be) the same or different? How can I strategize to obtain maxi-
mum benefi ts from the daunting task of creating one or more research projects that must 
be undertaken simultaneously? How do I craft research project(s) so that (a) I may com-
plete them in a timely manner, and (b) they are rigorous and acceptable in both disciplin-
ary and interdisciplinary realms?

28.1.2 Familiarization

Once initiated into interdisciplinary research and training, familiarization occurs as stu-
dents become comfortable with creating potentially dual research paths and disciplinary 
and interdisciplinary identities, and have learned to anticipate some of the competing 
intellectual inputs, expectations, and reward mechanisms coming from disciplinary and 
interdisciplinary directions. Familiarization implies that students have met with some 
degree of success in initiating interdisciplinary research, are fully immersed in the training 
aspects of it, and have grappled with many of the ‘nuts and bolts’ issues of doing interdis-
ciplinarity discussed at length elsewhere (e.g. Rhoten and Parker 2004; Lélé and Norgaard 
2005), such as learning/creating a common language, developing the professionalism 
needed for cross-disciplinary interaction, accommodating the extra time needed for team 
work, and practicing appreciative inquiry (learning to understand and value different 
kinds of scholarship).

The familiarization stage also requires that doctoral students have oriented themselves 
enough to know how to navigate the dual loyalties to disciplinary and interdisciplinary 
intellectual communities and research projects, and have learned to juggle the demands 
of completing all requirements in each intellectual realm (including interdisciplinary 
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team research, individual disciplinary coursework, general exams, dissertation proposals 
and defenses, fi eldwork, fellowships, and publications). Navigating through these mul-
tiple requirements and expectations requires students to learn and practice sophisticated 
negotiation techniques in order to defi ne the limits of individual and team research possi-
bilities. Navigation is a skill developed and used by individual students with peers, faculty 
advisors, and potentially with departments, as the boundaries of feasible research must be 
carved out to maintain timely progress through the degree.

Finally, in the last phases of familiarization, doctoral students have become comfortable 
with their dual identities in home departments and in interdisciplinary working groups, 
and may be nearing completion of all degree requirements. At this point, publication 
outlets are identifi ed, and academic career searches begin. Doctoral students who are now 
already familiar with the process of doing interdisciplinarity on a daily basis must dem-
onstrate in publications and to potential employers their breadth and depth acquired by 
dual accomplishment of disciplinary and interdisciplinary research and training agendas. 
Further strategizing and negotiation may be involved, as students emphasize either disci-
plinary or interdisciplinary training, research, and potentially also pedagogy, to potential 
employers based on the job descriptions and the characters of institutions, disciplines, 
and individual departments.

Questions confronted during the familiarization stage include: How do I maintain rigor 
and depth in my disciplinary and interdisciplinary research, yet still complete the PhD 
in a timely manner? What qualifi es as legitimate amounts and types of research in my 
disciplinary and interdisciplinary fi elds? Where will my interdisciplinary research be pub-
lished, and how will choice of publication venues impact my hire-ability in a university 
setting (e.g. within or external to a discipline)? In a job interview, how do I describe the 
benefi ts and value of my interdisciplinary training to scholars entrenched in disciplinary 
knowledge bases?

28.1.3 Adaptation

Once placed in academic posts, newly minted interdisciplinary PhDs face new chal-
lenges and potential benefits. Most challenges derive from adapting to what inter-
disciplinarity means across different institutions, departments, and among new sets 
of colleagues. While there is certainly excitement at being in a new institutional set-
ting and facing the opportunity for new collaborations and funding arrangements for 
conducting IDRP, there is also a caution that may develop as recent graduates from 
interdisciplinary programs and early career academics find that new colleagues and 
institutions may have differing interpretations of—and value for—interdisciplinary 
research, training, and pedagogy. As Palmer (2001) points out, interdisciplinarity is 
now essential to dialogues about knowledge production, yet ‘because the notion of 
interdisciplinary research has not solidified, debate about what it really means goes 
on’ (p. ix). Recent attempts to delineate and describe the range of cross-disciplinary 
endeavors (e.g. Klein 2005) aid in solidifying understandings of multi-, inter-, and 
transdisciplinarity, but as increasing numbers of practitioners across disciplines and 
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institutions continue to pursue cross-disciplinarity, the range of interpretations and 
practices also increases.

It is into this milieu that early career academics trained in interdisciplinarity today 
arrive in their fi rst job postings. From the point of view of an early career academic, it is 
exciting to enter a new institution with the possibility of conducting new collaborations as 
a doctorate holder. However, one formidable challenge is the reality that academics from 
different disciplines often only come together (1) when research proposals are formulated, 
or (2) when cross-disciplinary courses are taught. In either case, these collaborations often 
remain among established faculty who are already familiar with each other’s research or 
pedagogical modus operandi. Although the reasons may vary by department or by insti-
tution (e.g. collaboration is seen as risky to obtaining promotion, the quality/record of 
a junior faculty’s work is unknown by established faculty, collegial relations are already 
established among certain departments/colleagues, etc.), early career academics are often 
held at bay from such collaborations.

In the case of faculty coming together only when research proposals are the site of col-
laboration, deeper ties may not form among faculty, as concern rests largely with obtaining 
funding to support student research, attend conferences, purchase data/equipment, etc. In 
the case of faculty joining forces for pedagogical reasons, the focus may only be on provid-
ing students with multiple viewpoints on a particular topic rather than on faculty creating 
deeper, collaborative ties related to research and teaching interests. Without these deeper 
ties developing in either case, the interaction between researchers may remain limited—or 
may even become strained—as space for trust and social bonding has not been created.

Early career academics trained in IDRP can become particularly frustrated by these 
issues, because they already know the challenges of conducting IDRP (see stages 1 and 2 
above), but must now weigh the benefi ts and challenges of pursuing it on top of institu-
tional and departmental requirements. For some, this adds to the exhilaration of continu-
ing to pursue dual career interests (disciplinary and interdisciplinary), but for others it 
is overly taxing or unrealistic in their individual institutional settings, which may lead to 
reduced capacity (personal or institutional) to continue with IDRP.

Questions confronted during the translation stage include: How much should I intro-
duce and promote my vision for interdisciplinarity in my new institution and/or depart-
ment as an early career academic? Does my institution consider interdisciplinary research 
or pedagogy risky in the tenure process, and how much should I risk as a non-tenured 
faculty? Should new pedagogical techniques that incorporate interdisciplinarity be intro-
duced while I am in a pre-tenure phase? How will I manage the time commitments to 
building new IDRP collaborations on my new campus, when my time is already appor-
tioned by the university’s pre-existing expected research, teaching, and service commit-
ments? Am I conducting IDRP alone, or are there other faculty who share my commitment 
and interests on whom I can call?

28.1.4 Protected enthusiasm

Within the fi rst few years of placement in traditional academic institutions, early career 
academics trained in IDRP reach a point at which they know what is expected for 
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 advancement within their individual institutions. While enthusiasm for and commitment 
to the ideals of IDRP may remain, they may become protected or even diminished as 
the individual must consider self-preservation within the institution in order to remain 
a viable candidate for tenure. Palmer (2001) attributes this to the fact that there are ‘few 
concrete incentives’ for academics to prove themselves outside their disciplines, largely 
due to entrenched systems of rewards and promotion based on individual achievements 
and awards. Without incentives, academics ‘engender more potential risks than rewards’ 
for pursuing cross-disciplinary, collaborative endeavors (p. 71). After all, ‘[t]here is a 
serious disaccord between what leads to a successful scientifi c project and what leads to 
advancement at a university’ (p. 80). The tenure and promotion system remains primarily 
based upon the construct of division and competition among disciplines, and evalua-
tion is about whether a pre-tenure academic has contributed to the scholarship within 
a discipline. In other words, the luxury afforded to doctoral students in today’s IDRT 
programs—the time and space to think creatively and collaboratively—is removed for 
early career academics who must concentrate their energy on becoming experts in their 
disciplinary fi elds in time-limited, promotional academic positions.

Additionally, early career interdisciplinarians may arrive at their new institutions 
unaware of real and pre-existing disciplinary divisiveness and of the protectionist mecha-
nisms that may exist for disciplinary preservation within any given institution. A hypo-
thetical example of this is the following. Prior to the arrival of an early career academic 
at a new institution, cross-campus ties between academics could have become strained 
due to an event involving two departments or the larger institution, perhaps what one 
individual perceived to be an unfair or unethical decision regarding their department or 
the institution, or perhaps disciplinary ‘dissing’ had become the norm (e.g. ‘social sciences 
are not “rigorous” ’ or ‘natural sciences are only concerned with narrow, laboratory-based 
learning and don’t address the “larger picture” ’). As a result, an early career academic’s 
hopes to bring together specifi c researchers/departments on an IDRP research project 
may be diffi cult or impossible.

During this stage, these issues could halt the best intentions of any individual seeking 
interdisciplinary research or pedagogical collaboration across disciplinary divides, but may 
be particularly devastating to early career academics who are interested in jump-starting 
new collaborations in the early years of a tenure-track career. The reality sets in that some 
of these divides are best not battled in pre-tenure years, which may change the nature of 
how collaboration or the possibilities for interdisciplinary research or pedagogy are con-
sidered. Early career academics may fi nd that instead of seeking new collaborators within 
their new institutions, they rely on existing, trusted connections to continue researching 
and publishing. While the phenomenon of continuing to conduct research and publish 
with prior collaborators is not unique to interdisciplinarians, the trick for those trained in 
IDRP becomes to maintain meaningful and truly interdisciplinary research and pedagogi-
cal collaboration between not only disciplines, but also perhaps across different institu-
tions scattered worldwide, which logistically may be very diffi cult.

Questions confronted during the protected enthusiasm stage include: How should I best 
represent my dual identity as a disciplinarian and interdisciplinarian and my dual research 
agendas to internal and external reviewers for promotion purposes? What does my 
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 discipline/institution consider ‘risky’ in the pre-tenure years (e.g. co-teaching across disci-
plines, conducting more interdisciplinary research than disciplinary research, publishing 
more co-authored interdisciplinary research than single-authored research)? How do I 
maintain enthusiasm for interdisciplinarity in my new institution when I may not be able 
to pursue it as I was trained as a doctoral student? Should I seek to build  interdisciplinary 
bridges within my institution, or maintain them with collaborators trained as I was and 
who are likely external to my institution? How can I seek to challenge or change my insti-
tution’s views and practices of interdisciplinarity as an early career academic?

28.2 Overarching concerns

While this handbook attests to the growing body of literature on ‘doing’ interdisciplinar-
ity, many colleges and universities claim that they have been conducting IDRP for several 
decades, and the ‘doing’ is already being done. What is different for doctoral students 
and early career academics now, however, is the fact that many institutions are only just 
acquiring newly minted PhDs who are formally trained in interdisciplinarity (coincident 
with the rise of large-scale, funded interdisciplinary programs nationwide, such as the 
National Science Foundation’s Integrative Graduate Education and Research Traineeship 
[IGERT] program). Formal training of interdisciplinary doctoral students still occurs 
largely by disciplinarians, although this will change over time. Currently, one primary 
challenge for institutions is to engage these newly minted interdisciplinary PhDs in ways 
that support their scholarship while also ensuring that traditional disciplinary-focused 
research continues.

The simultaneous pursuit of disciplinary and interdisciplinary research and pedagogy 
raises one major question (which in turn spawns several other questions) for doctoral 
students and early career academics: are they performing for their disciplines, or for a new 
academy? Posing this provocative question pushes past the rhetoric of interdisciplinarity 
to address today’s pressing scientifi c problems that lie at the boundaries of disciplinary 
interests and capabilities. It is the one overarching question that serious interdisciplinar-
ians must address explicitly—and as early as possible—in their research and pedagogical 
agendas.

For example, imagine a scenario in which an interdisciplinary doctoral student seek-
ing a tenure-track post composes her list of publications and notes that there are many 
interdisciplinary contributions, but only one disciplinary contribution. Her publications 
refl ect the proportion of interdisciplinarity and disciplinarity in her degree, which has 
been well received by her doctoral committee. However, as she applies for jobs, she notes 
that most remain disciplinary based, which she knows will most likely require perfor-
mance as a disciplinarian fi rst, and as an interdisciplinarian second. She begins to doubt 
if her publication record speaks to this ability, and wonders how potential employers will 
evaluate her for a tenure-track job, or if she will be free to perform in the future in cadence 
with her doctoral training if she is hired. Will she need to adapt her scholarly trajectory to 
be more disciplinary? If so, then why did she go through the exciting, cutting edge inter-
disciplinary program? She questions if existing, largely traditional disciplinary programs 
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and universities can (or will) accept this new type of academic in their junior faculty 
positions. Thus, should she continue to perform for a new academy that values interdis-
ciplinarity, when that focus may not be present in the universities where job postings are 
open, or should she revert to performing for a discipline, which requires her to become 
more traditional in approach to research and pedagogy?

If research and pedagogy are truly aimed at advancing interdisciplinarity, then some 
serious questions must be raised about the structuring of knowledge accumulation, learn-
ing processes, and promotional structures entrenched in institutions of higher education. 
Three major points related to these overarching concerns are discussed below.

28.2.1 Meaning of the interdisciplinary PhD

One concern is what interdisciplinary training means in the transition between academic 
career phases (from doctoral students to early career academics and beyond). Recogniz-
ing that a major challenge for IDRP is that it is still being formulated—and variably—
across different institutions and disciplines, early career academics must evaluate the 
level of risk associated with remaining involved in IDRP at different institutions. While 
important breakthroughs or scientifi c advancement are more likely in settings that allow 
for early risk-taking and failure, this is often not an opportunity for many tenure-track 
academics (regardless of career stage). In fact, it is rare for any department to include 
risk-taking as an explicit agenda in research or pedagogy (one exception is the promo-
tion and tenure standards in the Department of Philosophy and Religion Studies at the 
University of North Texas). Typically, if risk is encouraged at all, it may reside only in 
individual classes or advising relationships; but activities involving actions that do not 
result directly in typical scholarly outputs (e.g., grant awards, publications)—such as 
consulting with public or private agencies or developing new educational programs—are 
usually not rewarded. This is not to argue that IDRP academics should not conduct these 
activities, but rather to point out that early career interdisciplinarians are particularly 
vulnerable because of their formative training in problem-based, innovative research 
approaches and educational curricula.

The challenges of ‘doing’ interdisciplinarity are magnifi ed by the shifting requirements, 
expectations, and understandings (theoretical and practical) of interdisciplinarity across 
disciplines and institutions. Ironically, perhaps the one thing that remains constant in 
the academic setting is an individual’s disciplinary home base. As doctoral students and 
early career academics explicitly trained in IDRP continue to move into the professoriate, 
defi ning the notions and expectations of IDRP for the individual and the academic com-
munity will become increasingly important.

This raises the issue of clarity related to interdisciplinarity. As increasing numbers of 
academics formally trained in IDRP join the academic workforce, questions about how 
interdisciplinarity is defi ned and practiced (theoretically and practically), and who has 
‘ownership’ of it (e.g., those who have formal training in it versus those who have tried to 
design it without formal training) will increasingly emerge as central to ‘doing’ interdis-
ciplinarity. Related to clarity are the following questions: if academics in multiple stages 
of their careers are responding to calls for increased interdisciplinarity, how do we know 
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(1) what it is, (2) if it has arrived, and (3) how it will be sustained? These questions speak 
to the need to continuously refl ect on the use of the term, and to evaluate our individual 
and collaborative practices of IDRP.

28.2.2 Evaluation

Interdisciplinary doctoral students and early career academics are trained to evaluate 
and consider knowledge, to conduct research, and potentially to teach in new ways. How 
these academics are evaluated, however, has not changed either in graduate school or in 
the early career stages. This raises the issue of how the existing systems of internal insti-
tutional and external evaluation could also be changed to make the pursuit of interdisci-
plinarity within largely traditional institutional settings holistic instead of dualistic (i.e., 
on top of existing performance requirements). Addressing transdisciplinarity, Klein et al.
(2001) write that such ‘projects should be evaluated in a different mode than disciplin-
ary projects’ (p. 16). The same can be argued for interdisciplinary projects, which also 
have what Klein and co-authors call a ‘special context of application, team process and 
participation [and] outcome and problem solving’ (p. 17). Part of that special context 
is that interdisciplinary grants and projects are often undertaken to advance innovative 
research in new directions. As such, expected fi ndings may be unknown ahead of time, 
and consensus among multiple reviewers on the purpose or merit of interdisciplinary 
grants and projects is diffi cult to obtain (Porter and Rossini 1985; Holbrook, Chapter 22 
this volume).

External peer evaluation of interdisciplinarity in grant writing and publishing is also 
an overarching concern for graduate students and early career academics. Of particular 
concern are (1) what aspects of interdisciplinary research should be evaluated, and (2) by 
whom? Are the criteria commonly considered in the peer review of disciplinary research 
suffi cient for interdisciplinary research? Are the same peer evaluators qualifi ed to judge 
disciplinary and interdisciplinary research? Russell (1983) argues that ‘criteria which 
acknowledge the unique qualities of interdisciplinary research’ are necessary, including 
consideration of a research team’s need to ‘maintaining cooperation and communica-
tion towards a common goal’ (p. 190). This may suggest that peer reviewers attuned to 
competition-driven grants and publications may not appreciate the structuring of inter-
disciplinary endeavors, and thus may not be suitable reviewers for such research. With 
increasing numbers of interdisciplinarians seeking grants and new publication venues, 
this is a critical issue that deserves new attention today.

28.2.3 Institutional adaptation

Interdisciplinary doctoral students and early career academics have been asked to become 
‘agents of change’ and to accommodate a ‘new academy’ in their doctoral training, yet the 
institutions in which they function have largely not been asked to change. How this mis-
match will be addressed in the future is important for the success of interdisciplinarity. 
For example, many innovative doctoral training programs bring together students from 
multiple disciplines to address a regional problem with global signifi cance (e.g., urban 



ID futures: strategizing for and visualizing success 413

sprawl, infectious disease migration, climate destabilization). These programs produce 
PhDs and early career academics who are already familiar with the substantive, linguis-
tic and syntactical, conjunctive, and value domains of multiple disciplines (see Phenix 
1986). As a result, such early career academics instinctively engage with those outside 
their own disciplines, but often institutional barriers preclude a deeper integration of 
disciplines.

Previously mentioned, of course, is the primary barrier of the existing awards and pen-
alties system of tenure. Additionally, accommodating interdisciplinarity could be done 
by fi nding ways for faculty to ‘share’ student course credit hours across divisions or col-
leges within one institution, establishing interdisciplinary centers/programs that assist in 
creating cross-disciplinary dialogue, recognizing and accommodating the time require-
ments for teaching interdisciplinary courses in addition to ‘required’ courses, and assist-
ing doctoral students and early career researchers in fi nding other new IDRT researchers 
on campus. In other words, good intentions to conduct (by doctoral students and early 
career academics) or encourage (by institutions) interdisciplinarity may not be enough 
for ‘doing’ IDRT in higher education, and specifi c institutional strategies for encourage-
ment may be needed.

28.3  Interdisciplinary futures: strategizing 
for and visualizing success

A commitment to interdisciplinary training and research taken on by doctoral students 
and continued into further research and pedagogy by early career academics is admi-
rable, as it is often conducted on top of existing requirements during the PhD or the 
pre-tenure years. Some authors have suggested that the commitment interdisciplinar-
ians make to go ‘above and beyond’ in research or pedagogy is done by a self-selecting 
kind of person or group (e.g., Stone 1969; McCorcle 1982; Cassell 1986). Regardless of 
the type of person who may pursue IDRP in their career, successful encounters with it 
require strategizing for success in it and, at the next level, visualizing what individu-
als, departments and institutions need in order for IDRP to gain in stature and to be 
recognized as a force both internally and externally to any discipline. Below we briefl y 
discuss some individual strategies for success and propose some scenarios for visualizing 
success for individuals, departments, and institutions. This discussion and the scenarios 
are not exhaustive or conclusive; rather they are meant to provoke responses and further 
thought from those most interested in the overall, long-term success of interdisciplinary 
research and pedagogical endeavors.

For interdisciplinary doctoral students and early career academics, part of the process 
of bridging disciplines is recognizing the need to negotiate a ‘best’ career path with one-
self, one’s department, and one’s institution. This requires identifying strategies for indi-
vidual success, which is counter to much collaborative, interdisciplinary research training. 
Particularly for doctoral students and early career academics trained as interdisciplin-
arians, strategizing for success means examining one’s ethics and making choices about 
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the pursuit of disciplinary or interdisciplinary endeavors and individual or team projects 
based on individual needs. For example, academics at these stages must decide what the 
balance of disciplinary and interdisciplinary research and pedagogy will be and how to 
maintain integrity in research and pedagogy in their individual disciplines while remain-
ing ‘true’ to interdisciplinary interests. Indeed, Palmer (2001) writes that ‘even the most 
interdisciplinary scientists have to make “cold-blooded” decisions about how to concen-
trate their energy’ (p. 82). Decision making involves strategizing the routes for survival 
through internal (departments, institutions) and external (greater disciplinary) career 
pathways. Every individual trained in IDRP navigates differently based on these three sites 
of knowledge and career production, largely in response to the tenure system of promo-
tion fostered by their institutions.

A common ethical concern that arises from strategizing is maintaining and building on 
IDRP momentum when also asked to operate in the current tenure-track system of pro-
motion and penalties that is so strongly tied to individual disciplines. Individual responses 
to this task become ‘ethical strategies’ for survival, as interdisciplinarians seek to remain 
ethical to themselves, to their colleagues, and to the project of interdisciplinarity. For 
many, this requires strategizing about a ‘best path’ to carve through the dissertation and 
early career academic phases. That best path may come across as disingenuous to one’s 
identity as an interdisciplinarian or to the project of interdisciplinarity when individuals 
are forced to negotiate their research and pedagogical agendas to accommodate increased 
disciplinarity. This is particularly poignant for pre-tenure faculty.

Table 28.1 attempts to visualize what ideal institutions could look like for interdisci-
plinary doctoral students and early career academics. The scenarios in the table directly 
address the substantive issues that arise for individuals, departments, and institutions as 
interdisciplinarity continues to be sought as a new paradigm for research and pedagogy 
within multiple institutions. Specifi cally, we target solutions to the needs of interdisciplin-
ary doctoral students and early career academics so that they may thrive in the sustained 
rise of this new paradigm.

Conceptualizing and exploring the five dimensions of support (for research and 
pedagogy, by organizational structures, and through incentives and evaluation) needed 
to do interdisciplinarity provides this handbook with tangible recommendations for 
supporting doctoral students and early career academics through the early years of an 
interdisciplinary career in academia. What is key is to recognize that younger genera-
tions of academics committed to interdisciplinarity are being asked to perform for 
a new academy, not necessarily only for their disciplines. As such, these individuals 
champion interdisciplinarity, but wonder how and when institutions will also com-
mit to this new modus operandi, while also promoting and protecting individuals and 
disciplines. If institutions continue to respond positively to interdisciplinary endeav-
ors, then promoting it and protecting those who practice it will become increasingly 
necessary at institutional levels (departmental, administrative). As more interdiscipli-
narians enter academia, it will become more urgent and imperative that universities 
increase their support. Fostering it now will pave the way for long-term and successful 
engagement with and growth of interdisciplinarity.



Table 28.1 Framework for encouraging institutional support of interdisciplinary training, research, and pedagogy for doctoral students and early career academics

Dimension of support Need Selected ideal scenarios Career stage

Research Opportunities for formal and informal 
interaction with scholars from multiple 
disciplines

Create multiple cross-disciplinary forums for 
interaction:

Doctoral student (with other IDRT 
students and faculty). Early career 
academic (with other early career and 
interdisciplinary faculty)

Research symposia
Methodological workshops
Social events

Pedagogy Encouragement for innovative and 
interdisciplinary approaches to engage 
students in cross-disciplinary coursework

Give faculty time to develop service- or 
enquiry-based courses (e.g. course releases for 
development of IDRP courses)

Early career academic

Provide institutional fl exibility for cross-disciplinary 
classroom interactions (e.g. sharing course credit 
hours, listing courses across divisions)
Promote campus-wide initiatives to practice 
appreciative inquiry of other disciplines in courses
Create topical seminars and workshops on 
interdisciplinary pedagogy

University/institutional 
structures

Opportunities to meet outside 
departments. Support for collaboration

Fund IDRP centers that include research 
and training facilities

Early career academic

Create on-line networks to aid learning about 
and participating in cross-disciplinary research/
pedagogy clusters
Provide workshops on ‘doing’ interdisciplinarity 
and team research with external facilitators

Incentives Explicit and effective rewards system for 
pursuing IDRT/P

Develop language and guidelines in PhD 
programs to support IDRT students

Doctoral student. Early career academic

(cont.)



Table 28.1 Continued

Dimension of support Need Selected ideal scenarios Career stage

Develop language and guidelines in tenure and 
promotion cases to support early career academics
Create institutional or departmental mission 
statements and goals regarding disciplinary and 
interdisciplinary research
Fund internal grants for promoting team-based, 
cross disciplinary efforts

Evaluation Recognition of contributions made outside 
disciplines (e.g. interdisciplinary journals, 
professional reports).

Laud disciplinary and interdisciplinary 
contributions to scholarship

Doctoral student. Early career academic

Recognition of interdisciplinary teaching 
that draws together students with diverse 
disciplinary backgrounds.

Promote enrollment of students from multiple 
disciplines in disciplinary courses

Evaluate the process and product related to 
efforts to conduct research with members of other 
disciplines (e.g. recognize the time and ‘leeway’ for 
IDRP efforts to succeed)

Space for students and faculty to express 
needs to administrations

Instill adaptive management of IDRP in the 
administration as a mode for faculty to actively 
engage with institutional structures



References 417

References

Anderson S.K., MacPhee, D., and Govan, D. (2000). Infusion of multicultural issues in curricula: 

a student perspective. Innovative Higher Education 25: 37–57.

Cassell, E.J. (1986). How does interdisciplinary work get done? In: D.E. Chubin (ed.) 

In terdisciplinary analysis and research: theory and practice of problem-focused research and 

de velopment, pp. 339–45. Mt Airy, MD: Lomond.

Chubin, D.E. (ed.) (1986). Interdisciplinary analysis and research: theory and practice of  problem-

focused research and development. Mt Airy, MD: Lomond.

Dubrow, G. and Harris, J. (2006). Seeding, supporting, and sustaining interdisciplinary initiatives 

at the University of Washington: fi ndings, recommendations and strategies. Seattle, WA: Network 

of Interdisciplinary Initiatives, University of Washington. Available at: <http://www.grad. 

washington.edu/acad/interdisc_network/ID_Docs/Dubrow_Harris_Report.pdf> (accessed 

20 April 2008).

Graybill, J.K., Dooling, S., Shandas, V., Withey, J., Greve, A., and Simon, G. (2006). A rough guide 

to interdisciplinarity: graduate student perspectives. Bioscience 56(9), 757–63.

Hunt, J.A., Bell, L.A., Wei, W., and Ingle, G. (1992). Monoculturalism to multiculturalism: 

lessons from three public universities. In: Adams (ed.) Promoting diversity in college 

classrooms: Innovative responses for the curriculum, faculty, and institutions. San Francisco: 

Jossey-Bass.

Klein, J.T. (1996). Crossing boundaries: knowledge, disciplinarities, and interdisciplinarities.

 Charlottesville: University of Virginia Press.

Klein, J.T. (2005). Interdisciplinary teamwork: the dynamics of collaboration and integration. 

In: S.J. Derry, C.D. Schunn, and M.A. Gernsbacher (eds) Interdisciplinary collaboration: an 

emerging cognitive science, pp. 23–50. Mahwah, NJ: Erlbaum.

Klein, J.T., Grossenbacher-Mansuy, W., Scholz, R.W., and Welti, M. (eds) (2001). 

Transdisciplinarity: joint problem solving among science, technology, and society. Basel: Birkhäuser.

Lélé, S., and Norgaard, R.B. (2005). Practicing interdisciplinarity. Bioscience 55(11), 967–75.

McCorcle, M.D. (1982). Critical issues in the functioning of interdisciplinary groups. Small Group 

Behavior 13, 291–310.

Max-Neff, A.M. (2005). Foundations of transdisciplinarity. Ecological Economics 53, 5–16.

Miller, N. and Brimicombe, A. (2004). Mapping research journeys across complex terrain with 

heavy baggage. Studies in Continuing Education 26, 405–17.

Morse, W.C., Nielsen-Pincus, M., Force, J.E., and Wulfhorst, D. (2007). Bridges and barriers to 

developing and conducting interdisciplinary graduate-student team research. Ecology and 

 Society 12(2), 8.

Pallas, A.M. (2001). Preparing education doctoral students for epistemological diversity. 

Educational Researcher 30, 6–11.

Palmer, C. (2001). Work at the boundaries of science. Dordrecht: Kluwer.

Phenix, P. (1986). Realms of meaning: a philosophy of the curriculum for general education. Los 

Angeles, CA: National/State Leadership Training Institute.

Porter, A.L. and Rossini, F.A. (1985). Peer review of interdisciplinary research proposals. Science, 

Technology, and Human Values 10(3), 33–8.

http://www.grad.washington.edu/acad/interdisc_network/ID_Docs/Dubrow_Harris_Report.pdf
http://www.grad.washington.edu/acad/interdisc_network/ID_Docs/Dubrow_Harris_Report.pdf


418 Doctoral student and early career academic perspectives

Rhoten, D. and Parker, A. (2004). Risks and rewards of an interdisciplinary research path. Science

306(5704), 2046.

Russell, M.G. (1983). Peer review in interdisciplinary research: fl exibility and responsiveness. In: 

S.R. Epton, R.L. Payne, and A.W. Pearson (eds) Managing interdisciplinary research, pp. 184–202. 

Chichester: John Wiley and Sons.

Stone, A.R. (1969). The interdisciplinary research team. Journal of Applied Behavioral Sciences 5(3), 

351–65.

Tress, B., Tress, G., and Fry, G. (2003). Potentials and limitations of interdisciplinary and 

 transdisciplinary landscape studies. In: B. Tress, G. Tress, A. van der Walk, and G. Fry (eds) 

Interdisciplinary and transdisciplinary landscape studies: potential and limitations, pp. 182–91. 

Wageningen: Delta Program.

Weingart, P. and Stehr, N. (eds) (2001). Practicing interdisciplinarity. Toronto: University of 

Toronto Press.

Young, L.J. (2001). Border crossing and other journeys: re-envisioning the doctoral preparation of 

education researchers. Educational Researcher 30, 3–5.



CHAPTER 29

A memoir of an 
interdisciplinary career
DANIEL CALLAHAN

It was the late 1960s, searching about for a professional niche in life, that I became inter-
ested in the emerging ethical and policy problems of what was then called ‘the biological 
revolution’, but could no less have been called the ‘medical revolution’.

Where was biology taking us? In the air were utopian speculations about remaking 
human nature, allowing us to choose the genetic characteristics of our children, and radi-
cally extending human life expectancy. How should we ethically assess those possibilities? 
At the same time, complaints were rising about medicine’s power to keep us alive too 
long and too miserably, anxieties were emerging about the rising costs of health care, and 
revelations were surfacing about wrongful exploitations of human beings for research 
purposes. How should those issues be evaluated?

29.1 Creation of the Hastings Center

With such questions in mind, in 1969 I helped create a research center devoted to the 
ethical and policy problems of medicine and biology. It was eventually called the Hastings 
Center, named after the town in which we started, Hastings-on-Hudson, NY (Callahan 
1999). I recruited a neighbor to work with me, Willard Gaylin, a psychiatrist who had been 
an English major at Harvard before going into medicine, and the author of interesting 
books on various social problems having little to do with the technical problems of psy-
choanalysis, his specialty. So far as I know, he never wrote a single article for professional 
journals in psychiatry, but managed to make a solid name for himself in the fi eld, and far 
beyond it. For my part, I had a PhD in philosophy, focused on moral philosophy. We made 
a fi ne interdisciplinary pair.

Not only because of our own proclivities, but also because of the breadth of the issues, 
we quickly agreed that our Center, and the fi eld (still to be created), should be interdis-
ciplinary. I was at that time working with demographers at The Population Council in 
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New York on the ethical problems of trying to lower birth rates in developing countries; 
that was my introduction to demography and reproductive biology. Gaylin, meanwhile, 
had simultaneous appointments at the Columbia University College of Physicians and 
Surgeons, Union Theological Seminary, and the Columbia University School of Law, an 
uncommon mix.

How did I become interested in interdisciplinary work? I have to go back in my personal 
history to explain that. As an undergraduate at Yale in the late 1940s I was unsure what 
fi eld interested me the most. Then Yale created what it called an ‘interdisciplinary major’, 
allowing students to take a variety of courses but without any single disciplinary focus or 
any effort to coordinate the courses one took. My combination was literature, history, and 
psychology. It was not much of a program, and was subsequently improved with seminars 
and course coordination. But it was quite enough to whet my interdisciplinary appetite.

I fi nally decided on graduate work in philosophy, though I had only one philosophy 
course as an undergraduate. I chose the Harvard philosophy department, then in the 
throes of Oxford-dominated analytic philosophy. Along the way to getting my degree 
I taught a freshman writing course and also served as a research assistant to a cultural 
historian. By the time I received my degree I decided I was not enthralled with analytic 
philosophy, and particularly its narrow approach to ethics; nor did I see myself settling 
down in an academic philosophy department. My work with historians made me acutely 
aware of the cultural setting of ideas, and how even analytic philosophy was the child of 
a special Anglo-American outlook on philosophy, narrowly indifferent to other ways of 
thinking and insensitive to the unexamined culture that had shaped it.

Instead of teaching, I then took a job in New York as a magazine editor, a position I 
kept for 7 years. I wanted to make some use of my philosophy education, but outside of 
the university; that desire—combined with my interest in medicine and health care—led 
to the idea of starting the Hastings Center. The combination of my own checkered aca-
demic and journalistic life, and the nature of the fi eld we were shaping—which came to be 
known as bioethics—made the need for interdisciplinary work obvious.

Why was interdisciplinarity necessary for bioethics? After all, its focus is on ethics, a 
standard academic discipline in philosophy and religious studies. It seemed to us, how-
ever, that the ethical problems emerging from medicine and biology required that they 
be set in a wide context, not only to understand them well but no less to see the way they 
played out in the wider world (Callahan 1973).

Our fi rst project was on the changing defi nition of death, which was then moving from 
death traditionally defi ned as the cessation of heart and lung activity to the cessation of 
whole brain electrical activity. The change was being driven by two forces. One of them 
was that new technologies were able to keep hearts and lungs going for indefi nite periods 
of time, making it unclear when to stop treatment. The other was that the fast-developing 
technology of organ transplantation made it necessary to have a more precise defi nition 
of death, one that decisively allowed treatment to be stopped, thus making transplanta-
tion morally acceptable.

Or did it? Our research project aimed to look at this change to determine how morally 
valid the move from one defi nition to another was, and particularly to examine whether 
the desperate desire for transplantable organs was seductively shaping the debate in a 
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dangerous way. We put together an interdisciplinary team of philosophers and theolo-
gians (to include their modes of dealing with ethics), neurologists (to help us understand 
the concept of brain death), lawyers (to determine how laws and regulations needed to be 
changed to deal with the new defi nition), physicians (to understand the implications of 
the change for the care of dying patients), sociologists and psychologists (to get a sense 
of how the public would react to the new defi nition, and whether it would help or hinder 
the procurement of organs), and medical historians (to grasp the history of defi nitions 
of death and the force of the symbolic move from the heart to the brain as the locus of 
death) (Pernick 1999).

It was a fi ne and interesting exercise, with each of the participants learning from the 
others. It led to articles in medical, law, and social science journals as well as contribu-
tions to public policy in effecting the changed defi nition. Yet it had already become clear 
that perhaps our success with that fi rst project was a fl uke. Other efforts were not so easy. 
We were asked to initiate a course in medical ethics at a major New York medical school. 
That sounded interesting and we agreed to do so. Problems quickly surfaced. What kinds 
of credentials were necessary to teach such a course? Physicians said that obviously they 
should be the teachers since one could hardly teach such a course without actual medical 
experience in caring for patients, and that, anyway, to teach ethics was in the end to shape 
character and that no formal education in ethics was necessary to do that; good role mod-
els would do the job. Those with a training in ethics said that ethics was itself a discipline, 
one that required far more analytical skills than simply serving as a role model.

The compromise solution was to have team teaching, a doctor and a philosopher, some-
times supplemented by a social scientist or nurse. As time went on, however, it gradually 
became acceptable to have either a physician only, or a philosopher only to teach such 
courses. It came to be understood that the teacher should have a good disciplinary back-
ground in one fi eld but be an educated amateur in the other: a physician teacher should 
have some education in ethics, and a moral philosopher should understand reasonably 
well what it was like to practice medicine and understand its culture.

But that was not the end of the problems. Some people held that while the fi eld should 
be interdisciplinary in the end one fi eld should have a privileged position. Not surpris-
ingly, philosophers believed that their discipline deserved that position and doctors that 
theirs should. That argument has more or less faded away now, but that is perhaps because 
the earlier interest on the part of philosophers in the fi eld has cooled considerably. During 
the 1970s moral philosophy took a more applied form, with the journal Philosophy and 
Public Affairs leading the way. Of late that interest appears to have faded. A larger number 
of physicians and lawyers are entering the fi eld as the number of philosophers seems to 
have declined. Bioethics remains a fringe branch of philosophy, widely taught but with 
no special prestige, and in some departments not taught at all (at Yale, for instance, where 
I have a ‘senior scholar’ appointment but do not teach).

Another problem was that, in medical schools, there were no departments ready made 
for those hired to teach ethics. In what have been called ‘convenience appointments’, vari-
ous medical departments were willing to give them a home. But when the time came for 
promotions and tenure decisions, matters often got complicated. If they were housed in, 
say, the department of surgery, the standards of judgment in surgery would not make 
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sense. Yet if they were philosophers, but not in the philosophy department (much less 
doing standard philosophy research), that department was not in a position to evaluate 
them either. Who then were their peers, able to judge their research and teaching (see 
Holbrook, Chapter 22 this volume)? A common answer was to make use of ethicists at 
other institutions, doing the same kind of academic work. Moreover, since their work was 
interdisciplinary, they had to be judged by interdisciplinary, not disciplinary, standards. 
To ask a philosophy department to use its usual standards of judgment was thought to be 
unfair. Yet it is probably also fair to say that there are to this day no clear standards about 
what counts as good interdisciplinary work (see Huutoniemi, Chapter 21 this volume).

While the work of the Hastings Center is carried out by research groups drawn from 
national talent, that talent has always been interdisciplinary as well: mainly philosophers, 
lawyers, and social scientists. Staff at Hastings have had to learn how to work with people 
from other disciplines, understanding their modes of reasoning, their criteria for good 
work, and the folkways of different disciplines. Three traditions of the staff developed 
over the years. I told those newly hired that I hoped they would, after a time, learn how to 
talk in ways that did not reveal their own disciplines; what they said should just sound like 
ordinary language common sense. That meant, in effect, picking up enough law, philoso-
phy, or social sciences over the years to be able to converse comfortably with experts from 
those fi elds—yet without quite sounding like them.

There was also an unwritten rule that no one, under any circumstances, should try to 
pull disciplinary rank; that is, to claim some special deference in a discussion because of 
one’s discipline. Physicians at our conferences were often the worst offenders, opening 
their interventions with a sentence that typically began ‘well, as a physician…’, implying 
that no one but a physician could have the necessary experience and knowledge to say 
anything of value.

In order to keep interdisciplinarity alive and well at the Center, our hiring practices 
focused on making certain no one discipline had a disproportionate number. My rule 
when I was president was that there should be at least one person from every major dis-
cipline, but no more than two. Two from a major discipline was the ideal number, so that 
every staff member would have at least one colleague from the same discipline to talk and 
work with—but more than two would make it too easy for them to fall into shop talk and 
not be forced to talk with colleagues in different disciplines. It is a rule that has worked 
well over the years.

Moreover, as is true with many other free-standing research centers, the fact that we 
are not part of the university culture—which is heavily organized around disciplinary 
departments, and with few rewards for serious interdisciplinary work that truly cuts 
across departments and schools—is a great advantage. My colleagues do not as a rule 
much care what people in their own disciplines think about them, and they don’t feel that 
they are held hostage by disciplinary peer review. Of course there is a price to be paid for 
that independence: their work may not be highly thought of by those in their disciplines, 
in great part because they feel no compunction about working outside of the traditional 
boundary lines. At the same time it can be said that, though not conforming to disciplin-
ary traditions or worrying much about getting published in peer-reviewed journals, many 
staff members over the years have been lured away from us to take university jobs.
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I have been drawn to interdisciplinary work over the years for some personal and some 
professional reasons. I like interdisciplinary work because I enjoy reading the literature of 
different fi elds, learning things I don’t know, and taking on large topics that spill over dis-
ciplinary boundaries. Most disciplinary work I think of as painting carefully crafted min-
iatures: a very careful working through of a small and manageable problem. But I prefer 
to paint murals and panoramas. And the kinds of panoramas I most enjoy professionally 
are those that can’t be fully assessed without crossing many disciplinary boundaries. The 
last point can be illustrated by showing how I have approached three major problems in 
health care in recent years: the clash between government-oriented and market-oriented 
ideologies in health care reform (Callahan and Wasunna 2006); the control of technology 
costs in health care (Callahan 2009); and the relationship between birthrates and health 
care for the elderly (Callahan, manuscript).

29.2 Medicine and the market in health care

A key issue in the American debate on health care reform—driven in great part by some 
47 million uninsured—is that of the comparative roles that government or the private 
market should play. If there is to be universal care, should it be put in the hands of the gov-
ernment, which most liberals would like, or should it be managed by private insurers, as 
most conservatives would prefer? The European health care systems cover all citizens and 
are either fi nanced directly by government (tax-based systems) or by mandated contribu-
tions from employers and employees (social health insurance). Both systems are heavily 
regulated by government. The American system, sui generis among developed countries, 
is a 50% mix of government fi nanced and managed care and employer-provided private 
care.

When I fi rst became interested in that issue, I turned to the work of health care econo-
mists, who have done research on the performance of both government and private care 
(Rice 2002). What I wanted to know was the comparative empirical evidence on the mar-
ket versus government in light of health outcomes, access, quality, and costs. By that stan-
dard, European health care systems are easy winners. But as I was reading the economists, 
I was also following the debate in the pages of The Wall Street Journal and other conser-
vative publications and the simultaneous push by President George W. Bush for more 
private market-driven care. Their test of a good health care system is an ideological one, 
based on a profound distrust of government and a full embrace of the market. They are 
far less worried about access and far more worried about consumer choice and private 
competitive insurers and providers.

The economist heroes of conservatives are Friedrich von Hayek and Milton Friedman, 
who believed that democracy requires a strong private market, and that a strong private 
market requires democracy. To understand that ideology requires a grasp of the history of 
market thinking, going back to Adam Smith. To understand the specifi c force of market 
thinking in the United States I read political scientists, ever returning to Thomas Jeffer-
son who said that ‘the best government is the least government’. To understand the his-
torical resistance of American physicians to a government-run system, it was necessary to 
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 understand their objection to any outside force that would interfere with the practice of 
medicine as they saw fi t or threaten their incomes (Starr 1982). To understand the prob-
lem of inequity in health care I turned to philosophers, who have given problems of justice 
a high place. And to understand why health reform has been so diffi cult to achieve in the 
United States—with sporadic efforts going back over 60 years—I studied public opinion 
surveys. They show that a majority of Americans have for years said they favor universal 
care (75–80%), but that the surveys also showed profound ideological differences on how 
it might acceptably be achieved.

Now it may seem self-evident to the reader that if one wants to understand the govern-
ment–market confl ict about health care one should be doing some reading in all those 
fi elds. Remarkably enough (and maybe a bit depressingly so) hardly anyone in each of 
those disciplines cites or makes use of the knowledge or insights from the others. There 
were exceptions, but those who write on the problem tended to stay within their own dis-
ciplines. Health economists do not as a rule cite historians or political scientists and the 
latter did not cite them. Astonishingly, I was berated by a health care economist for even 
taking on the topic of medicine and the market, which she believes belongs entirely to her 
fi eld, and which I as a philosopher have no competence to discuss.

29.3 Medical technology and health care costs

The United States now spends $2.2 trillion a year on health care. Fueled by a projected 
7% cost increase per year for the foreseeable future, the national care costs in a decade 
will be $4 trillion, some 20% of the gross domestic product. The Medicare program for 
the elderly, now costing $421 billion a year, will be bankrupt in a decade without radi-
cal reform. The rising costs are a major reason for the steady rise of the uninsured, now 
47 million, for a decline in employer-provided health care, and for rising out-of-pocket 
expenses even for those with good health insurance.

While costs rise because of overall infl ation pressure and a variety of other causes, 
the main driver of costs is medical technology, taken to account for 50% of the annual 
increase (Congressional Budget Offi ce 2008). New technologies and the intensifi ed use of 
old ones—primarily drugs and medical devices—are the leading accelerants. While many 
efforts at controlling costs in general and of technology costs in particular have been pur-
sued for over 30 years, none of these efforts have made much difference.

At the heart of the technology problem, I believe, is American culture, one that is 
uncommonly dedicated to medical progress and technological innovation. American 
patients seem enamored with progress in general and technology in particular, doctors are 
trained to use it, and industry makes billions of dollars a year selling it. There are dozens 
of incentives to use technology in our health care systems, and few disincentives. How is 
this phenomenon to be understood and dealt with?

While the discipline of health care economics has provided much of the data on rising 
health care costs as well as offered a solid analysis of its proximate causes, that is simply 
not enough to get the full picture. Why has Congress forbidden the Medicare program to 
take cost into account in determining the benefi ts it will provide for the elderly? That is 
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a question for political scientists and legal scholars. Why is it that, compared with other 
countries, Americans have a much higher respect for medical technology and greater 
expectations for its benefi ts? That is a question for medical and cultural historians. The 
control of costs will of necessity require rationing, not giving patients all they will want 
and may need. That is a question for philosophers since it must deal with matters of jus-
tice, and for legal scholars who will have to cope with the almost certain recourse to the 
courts by patients denied care. No one of those disciplines can by itself offer a road map 
to control costs, and at least one reason for a failure to make much progress is the lack 
of an integrated plan that blends economics, political science, medicine, cultural studies, 
policy analysis, and ethics.

29.4 Birthrates and elder care

Every developed country faces serious problems with a rising number and proportion of 
the elderly. Health care costs for the elderly under Medicare are shortly projected to rise 
sharply as the baby boom generation begins to retire, and not too long into the future the 
Social Security program will come under pressure as well. Yet American problems with an 
aging society are mild compared with those projected in most other developed countries, 
where the ratio between the young (whose taxes pay for the old), and the old themselves 
(who need the fi nancial and social support of the young) is changing to the disadvantage 
of both the young and the old (United Nations 2004).

At fi rst glance, it might seem that it is medical progress that has greatly lengthened aver-
age life expectancy and thus the number of the aged that lies at the root of the cost prob-
lem. That is true to some extent (average life expectancy beyond 65 has increased by about 
6–7 years since 1970), but a more important infl uence has been a decline in birthrates. 
The American baby boom generation (those born between 1947 and 1964) was a very 
large one, with three or four children for most women. But those baby boomers, now on 
the verge of retirement, did not themselves have comparably large families, and have been 
averaging slightly fewer than two children per woman. What had been a ratio of about 
four younger working people for every retired person is now declining to a ratio of 2.5.

In short, there is a declining base of young taxpayers to support a rising base of elderly 
retirees. And the situation is far worse in countries like Spain, Italy, Japan, and Poland, 
where every woman now bears only 1.3–1.4 children. As if the social and medical and 
economic problems generated by the increased proportion of the elderly is not enough to 
generate some anxiety, there is considerable agreement among economists that a steady 
stream of young people is necessary for economic vitality and stability. Many European 
countries are threatened with declining populations, which will create some unprec-
edented economic problems (Grant 2004).

To get a good sense of those trends, and to devise public policies to manage them, 
requires research in a variety of disciplines. I have turned to demographers to get a grasp 
of the history of procreation and birth rates as well as explanations of various historical 
trends. Economists have taught me a great deal about the place of young workers in an 
economy. I make use of historical and sociological knowledge to understand the  changing 
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place of family and childbearing in modern societies. Feminists have a good deal to say 
about governmental calls to increase birth rates and that literature must be consulted. 
Gerontologists provide important information and studies of the changing place of the 
elderly in society, as do geriatricians on the medical situation of the elderly. And of course 
there is a considerable literature—novels, plays, poems—that touch on those topics. To 
take on the combined topics of bearing children and getting old is to enter a complex, 
rich, and challenging arena, with hardly any limit to the range of disciplines that can help 
make sense of it all.

29.5 Passing it on

Looking back on many years of interdisciplinary work, this approach still has an insecure 
standing in universities and American intellectual life. Interdisciplinary fi elds and pro-
grams in universities are marginal in clout and prestige in comparison with traditional 
disciplines. I have in mind urban studies, black studies, feminist programs, American 
studies, and my own fi eld, bioethics. Bioethics now has a place in every medical school, 
but it hardly has the academic standing of the department of surgery or internal medicine, 
and it never will. Universities and professional schools are still organized along tradi-
tional disciplinary lines, and young faculty members are asking for trouble if they do not 
publish standard disciplinary articles and research in the mainline disciplinary journals. 
In what I have come to think of as the tyranny of peer review, CVs frequently now focus 
on peer-reviewed articles and books, consigning everything else (including op-ed articles 
in the New York Times) to the second-string miscellaneous category, as if it is a kind of 
waste basket in comparison with the real stuff. It is, however, far harder to get a short 
article published in the op-ed section of the New York Times than a long article in a peer-
reviewed journal.

In the early days of the Hastings Center we recruited a number of distinguished 
scientists—Rene Dubos, Ernst Mayr, Theodosius Dobzhansky, for example—to work 
with us. For our purposes, they had in common one trait: they had all been educated 
in Europe, going through the gymnasium system. This meant they had a fine educa-
tion in the humanities. They were well read, enjoyed mixing it up with philosophers 
and historians, and were quick to see the important social problems and inclinations 
of their own research. They had no problem in talking about ethical problems that 
could well impede scientific research; they were often the first to raise them. They 
did not treat those from the humanities with skepticism about various scientific 
developments as enemies of science and research. They thought, that is what we are 
supposed to do.

By the 1990s those distinguished scientists were either dead or retired. The next genera-
tion of scientists have been more narrow. Their education in the humanities is often scant. 
Even though it is not necessarily true, applicants to medical schools or PhD programs in 
biology believe that anything but a straight scientifi c background in science is a hazard 
to one’s chances of acceptance. Meanwhile, medical and biological research had become 
more professionally competitive, more expensive, and more grant-driven. A track record 



Passing it on 427

of getting grants was not quite as important as publishing in (of course) peer-reviewed 
journals, but it became a required section on a scientist’s CV. Getting grants proves one 
is a winner, a sign of the right stuff, and a good way to win points in medical schools and 
science departments always looking for money.

A parallel development began appearing in young applicants for jobs at the Hastings 
Center. They mainly come out of universities, drawn to us because of a strong reputa-
tion in the fi eld. In principle they like our interdisciplinarity, but are nervous about it 
as well. They have been trained to do rigorous disciplinary work, not to adventurously 
explore other disciplines. They cannot understand how those of us who were in bioethics 
in its early years could blithely move from genetics to end-of-life care to health policy to 
reproductive biology. Why not, I respond: you know how to read, don’t you? That casual 
response rarely persuades them, and the example of those of us who have done just that is 
often brushed aside. It was easier in the beginning, they respond, but each one of the issues 
the Center works on is now a large research area with a huge literature; it is unrealistic to 
expect them to do what we did.

Nonetheless, I continue to chip away at them, noting that there are some old and cross-
cutting problems that can be found in the subareas of bioethics. The classical tension 
between, say, individual good and common good, or medical progress and unforeseen 
social pitfalls, can be found in almost every discrete topic of bioethics. Over the years, in 
fact, two distinct streams have emerged in bioethics, going back to its very beginnings, and 
they have different implications for the fi eld.

One of them, the earliest, came from worries and speculations on the part of leading 
scientists in the 1960s about where the new biology and medicine were taking us. Would 
they lead us to think differently about human nature? Would they bring changes in our 
common life that would lead us to live radically different kinds of lives than our parents 
and grandparents? How much power should be granted to science to remake our lives? 
The other stream focused on some more immediate medical, policy, and legal issues. How 
can we give patients more autonomy in determining their care at the end of life? Is it pos-
sible to establish a better balance of power between doctors and patients? Can we do a 
better job of protecting research subjects from harm?

Over the years, practical moral problems of that latter kind came to dominate the 
fi eld. The larger initial questions came to be overshadowed. Foundations and the media, 
among others, were far less interested in the future of humanity under the impact of sci-
ence than they were of ethics at the bedside, laws on care at the end of life, and specifi c 
policy recommendations on stem cell research. The larger speculative questions do not 
fare well in competition with the more immediate issues, nor do they admit of the kind 
of specifi city that can be achieving in devising, say, guidelines for genetic counseling. 
Interdisciplinary work can and does take place at both levels, but the larger questions are 
more likely to attract the attention of theologians, a few philosophers, and some stray 
social scientists. The more policy oriented ones draw on the wider range of disciplines 
I have noted earlier.

The future of interdisciplinarity in bioethics is not clear. It was easier to pursue it in the 
1970s than at present, mainly because at the beginning there was no formal fi eld, just a 
group of people from the biological and medical sciences, the social sciences, philosophy, 



428 A memoir of an interdisciplinary career

law, and theology who were interested in the emerging issues, and who saw the value 
of working together. As time went on and bioethics fl ourished it took on the traits of a 
subdiscipline and one with increasingly many sub-subdisciplines. At the same time, so it 
seemed to me, the traditional disciplines became stronger, with pressure on students to 
stick with the straight and the narrow.

Interdisciplinary work is often lauded as a fi ne thing, but the underlying message in 
most universities is to be careful: don’t get carried away and don’t stray far from estab-
lished rigor of established disciplines. And if you go into bioethics, pick one area and work 
at it diligently. Don’t fl it around from topic to topic. For me, I have to confess the fun and 
adventure of the fi eld comes in fl itting about. I have published only one article in my own 
fi eld of philosophy, but am far more proud of the fact that I have been published in medi-
cal and health policy journals, law reviews, social science journals, science journals, and 
have had op-ed pieces in every major American newspaper. I have had a good time.
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CHAPTER 30

Solving problems through 
transdisciplinary research
GERTRUDE HIRSCH HADORN, CHRISTIAN POHL, 
AND GABRIELE BAMMER

Problem solving in the real world is an important driver for integrative and collaborative 
research. Problem-directed research transgresses academic cultures and engages in mutual 
learning with societal actors in order to account for barriers in real life and possible unin-
tended effects of problem solving. This chapter explores two approaches to integrative 
and collaborative research: transdisciplinary research from Europe, and integration and 
implementation sciences from Australia.

Transdisciplinary research (TR) aims at better fi tting academic knowledge production 
to societal needs for solving, mitigating, or preventing problems such as violence, disease, 
or environmental pollution. TR strives to grasp the relevant complexity of a problem, 
taking into account the diversity of both everyday and academic perceptions of problems, 
linking abstract and case-specifi c knowledge, and developing descriptive, normative, and 
practical knowledge for the common interest. Integration is a core feature and major chal-
lenge of TR. Practitioners of TR call for a recursive approach to problem solving, focusing 
on problem identifi cation and structuring, investigation, and bringing results to fruition 
as the three phases of the TR process.

The following account of the integration and implementation sciences lays out fi ve core 
concepts, a set of fi ve methods, and an overall framework for describing and planning inte-
gration. The concepts are: a systems approach, attention to problem framing and boundary 
setting, attention to values, a sophisticated understanding of ignorance and uncertainty, 
and understanding the nature of collaborations. The methods are dialogue-based, model-
based, product-based, vision-based, and common metric-based. The overall framework 
involves six questions that focus on aims, processes, actors, context, and outcomes.

30.1 Background

Academic research is an integral component of the knowledge society as it has developed 
across the twentieth century. Stokes identifi es the linear model—‘the belief that scientifi c 
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advances are converted to practical use by a dynamic fl ow from science to  technology’ 
(Stokes 1997, p. 10)—to be the leading paradigm for the science-practice interrelation after 
World War II. The linear model is based on the idea of a one-way transfer of allegedly reliable 
knowledge from experts to ‘ignorant’ users (Wynne 1993; Maranta et al. 2003). Scientifi c 
theories and models (for instance molecular and microbiological mechanisms, patterns of 
epidemiological spread underlying infectious diseases, the homo oeconomicus model) ideal-
ize and simplify complex correlations and, by that, make them scientifi cally treatable. This 
means that such theories and models have a restricted potential for dealing with concrete 
societal problems and that measures and technologies developed according to the linear 
model may lead to unexpected side-effects. Towards the end of the  twentieth century the 
risks of modern science and technology have triggered a debate about the need for a more 
refl exive relationship between science and the  knowledge  society (Beck 1992).

The debate surrounding transdisciplinarity emerged in the 1970s, as questions were 
raised concerning the orientation of knowledge production in research, education, and 
public and private institutions. Concerned systems scientists such as Erich Jantsch and 
intellectuals from the humanities such as Joseph Kockelmans initiated a debate about how 
to deal with complexity and value issues related to human activities. Three developments 
in the history of science, the humanities, and the social sciences have nurtured the debate 
on transdisciplinarity over the years: (1) systems theory and analysis, (2) the interpretative 
paradigm in social research, and (3) theories of social action and learning (see also Hirsch 
Hadorn et al. 2003, 2008):

(1)  A systems theory approach for conceiving of complexity in research had been devel-
oped as early as the eighteenth century by Johann Heinrich Lambert, who proposed 
to structure complexity as a set of interrelated elements and applied his approach 
to systems of scientifi c knowledge and to belief systems of cultures, religions, and 
narratives, including systems that are constructed to realize desired states. But it was 
not until the twentieth century, when systematic theoretical approaches had been 
developed independently in various fi elds, that systems theory became a blueprint 
for structuring complexity against the background of the progressive fragmentation 
of science into more and more specialized disciplines and thematic fi elds (Cash et al.
2003; Midgley 2003; Strijbos, Chapter 31 this volume).

(2)  Debates concerning how to best understand the social sphere date back to the dis-
sociation of the humanities and the social sciences from philosophy starting in the 
nineteenth century. The German philosopher Wilhelm Dilthey advocated a herme-
neutic approach to understanding the cultural ideas and historical confi gurations 
that constitute the identity of an epoch, for instance the age of enlightenment or 
of historicism. Wilhelm Windelband stressed the difference between natural sciences 
and history. He argued that history must investigate the individuality of empirical 
phenomena by understanding their historical meaning and importance, which stems 
from the role they play in societal ideals. Max Weber based his theory of social action 
and his methodology of ideal types on the hermeneutic relation between empirical 
phenomena and societal values. He became one of the founders of the interpreta-
tive paradigm in social sciences. In TR, the interpretative paradigm is particularly 
relevant for bridging idealized theories or models and concrete problem situations 
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(Rayner and Malone 1998; Krohn 2008), and also for investigating and interrelating 
 normative, practical, and empirical knowledge.

(3)  Theories of social action and learning changed toward the end of the nineteenth cen-
tury. The social effects of industrialization and migration gave rise to sociology in 
Europe and America and stimulated innovative developments such as the Chicago 
School of Sociology in the United States. Since then, the changing circumstances of 
individuals and institutions have been a prominent subject of investigation in the 
social sciences. Action research aims at mutually benefi ting theory and practice in 
understanding and dealing with societal problems. Action research starts with peo-
ple’s interpretation of reality, basing research on action in the fi eld to learn about the 
consequences of social action. People studied should both be researched and research 
themselves. Conceptions of how to link action and learning, e.g. in double-loop or 
second-order learning, have been further developed by Chris Argyris, Donald Schön, 
Ernest T. Stringer, and others in their work on experiential and organizational learn-
ing (Argyris and Schön 1996; Stringer 2007).

Being shaped by these and further lines of thinking, many terms and a large body of 
approaches and concrete projects emerged in TR. A synthesis of the literature in this fi eld 
has identifi ed core defi ning elements of the concept, key characteristics of knowledge for 
problem solving, and the basic structure of a transdisciplinary research process (Pohl and 
Hirsch Hadorn 2007). They are providing the conceptual basis for the activities of the Swiss 
Academies network for TR (see box on td-net—the Swiss Academies of Arts and  Sciences’ 
forum for transdisciplinary research) and are described in the following  section.

30.2 Transdisciplinary research

30.2.1 Subject and defi nition

The central position of research within society today has recently intensifi ed efforts to 
integrate separate bodies of knowledge. The US National Academies defi ned interdiscipli-
narity thus: ‘Interdisciplinary research (IDR) is a mode of research by teams of individuals 
that integrates information, data, techniques, tools, perspectives, concepts, and/or theories 
from two or more disciplines or bodies of specialized knowledge to advance fundamen-
tal understanding or to solve problems whose solutions are beyond the scope of a single 
discipline or area of research practice’ (National Academies 2005, p. 188). This defi nition 
gives two reasons for knowledge integration: (1) to advance fundamental understand-
ing and (2) to solve problems. The terms ‘problem’ and ‘problem solving’ emphasize the 
usefulness of knowledge for addressing real-world issues as opposed to the search for fun-
damental scientifi c understanding. In a similar way, Ann Bruce et al. (2004) refers to (1) 
as ‘Mode 1 interdisciplinarity’ and to (2) as ‘Mode 2 interdisciplinarity’. In the European 
context—and specifi cally in the German-speaking part of Europe—‘transdisciplinary 
research’ has become the familiar term for research that is driven by solving real-world 
problems. Moreover, some scholars conceive of transdisciplinarity as a unifying principle 
for knowledge integration, which is determined by universal formal structures or patterns 
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td-net—the Swiss Academies of Arts and Sciences’ forum for 
transdisciplinary research

Christian Pohl and Gertrude Hirsch Hadorn

Transdisciplinary research (TR) has developed under various names, for instance ‘interdiscipli-

nary problem solving’ or ‘implementation and integration sciences’ as well as around diverse 

subjects: public health, technology assessment, environmental research or migration, and peace 

and gender studies. In addition, cooperative and mutual learning of researchers from various 

institutional contexts and with heterogeneous backgrounds often takes place on a project-

related basis that does not outlast the temporary context of the research project or program. 

Strong institutional structures, which force scientifi c communities to evolve in the art of TR, are 

lacking. Special efforts and initiatives are needed to systematize experiences, enable cross-issue 

learning and capacity building, and to advance concepts, methods, and practices of TR within 

a college of peers.

Therefore in 2000 the Swiss Academic Society for Environmental Research and Ecology 

launched the precursor of td-net. This occurred at the Swiss Priority Program Environment’s 

international conference ‘Transdisciplinarity: joint problem-solving among science, technol-

ogy and society’ at ETH Zurich. In 2003 the network was more broadly anchored in the Swiss 

 Academies of Arts and Sciences as td-net (<http://www.transdisciplinarity.ch/>).

In the Swiss context the Academies are the appropriate institution for facilitating TR: they 

comprise the broad range of problem fi elds addressed by means of TR (in contrast to a specifi c 

research institute); they stand for national research in general (as opposed to universities in com-

petition); they are more closely related to research than public agencies, NGOs, or the private 

sector; and they are experienced in hosting long-term projects for national and international 

collaborations.

td-net is a small initiative. It consists of an offi ce at the Swiss Academy of Sciences, a president, 

and a strategic advisory board. The board members are researchers who act as gatekeepers for 

transdisciplinary projects in their specifi c fi elds as well as representatives of public agencies and 

foundations supporting TR. The aim of td-net is to establish TR as a form of research of its own 

to address complex, socially relevant, and contested problems. As has also been pointed out by 

the US National Academies (National Academies 2005), such a strategy requires a number of 

elements (see the fi gure).

We started td-net as a facilitator of exchange and collective learning on methods, concepts, 

and success stories between the diverse fi elds of TR, thus ‘giving a face to TR’. We addressed 

this challenge mainly with two publications, Principles for designing transdisciplinary research

(Pohl and Hirsch Hadorn 2007) and the Handbook of transdisciplinary research (Hirsch 

Hadorn et al. 2008). The Principles analyze the current literature on TR for concepts and 

methods and depict them as challenges from the perspective of the researcher who runs a TR 

project. Researchers cannot learn simply by a collection of methods, but also need concrete 

examples to understand problems and how to structure them. Therefore the Principles are 

complemented by the Handbook presenting practical research experiences: researchers from 

various thematic fi elds involving 19 projects present their research and refl ect on how they 

met the challenges of TR.

A first aim of the Handbook is to make successful projects known. A second aim is to 

prevent researchers from overburdening their projects by promising too many results. The 

19 projects presented in the Handbook address selected challenges of TR in an exemplary 

http://www.transdisciplinarity.ch/
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way, but none of them is a perfect transdisciplinary project in every respect. A third aim is 

cross-project learning. For this reason in the second part of the Handbook authors discuss 

cross-cutting themes of TR—such as participation, education, management, integration, 

values, uncertainties, and how to learn from case studies—whenever possible by relating 

their thoughts to the projects presented in the first part. The Handbook is not a readymade 

cookbook of TR, but an organized and structured sample of good projects and reflections 

on them.

As the fi gure shows, with td-net we zeroed in only on some of the elements needed to estab-

lish TR: the state of methods and concepts and successful projects, the latter also by biannually 

awarding outstanding projects with the Swiss Academies award for transdisciplinary research 

(about $67,000), which is made possible by the Gebert Rüf Foundation and since 2008 by the 

Foundation Mercator Schweiz. In addition, TR projects struggling with problem structuring and 

integration are provided with advice on demand.

Regarding the other elements we also followed several steps: We facilitated the locating of lit-

erature and journals for publication through our online bibliography and by proposing strategies 

for publication (Kueffer et al. 2007), and we prompted community building with our monthly 

news mail, our yearly colloquium in spring, and our yearly td-conference in the fall. However, to 

successfully establish TR internationally much more has to be done. For the future we see td-net 

ideally as one initiative among others, which closely collaborate in order to work on all the ele-

ments needed to establish TR in a concerted way.

Elements that are needed to establish transdisciplinary research. td-net has zeroed in on 

the bold elements during recent years.

Transdisciplinary
research 

Evaluation

Institutions

Funding
Education

Careers
Publications

Methods, concepts
and theories
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at the basis of pluralistic processes and their dynamics (Nicolescu 1996). Klein (Chapter 2, 
this volume), quoting the OECD classifi cation (OECD 1972), uses the term ‘endogenous 
interdisciplinarity’ in contradistinction to exogenous (i.e. motivated by ‘real problems of 
the community’) knowledge integration.

TR, as a form of research, provides knowledge to solve, mitigate, or prevent issues in 
dispute across society such as violence, hunger, poverty, disease, and environmental pol-
lution. Those involved—academic researchers as well as societal actors—may not agree 
on either the relevance of the problem or on its causes and consequences, or on the type 
of strategy required. TR defi nes knowledge production in terms of four fundamen-
tal requirements: ‘TR deals with problem fi elds in such a way that it can (a) grasp the 
complexity of problems, (b) take into account the diversity of scientifi c and life-world 
perceptions of problems, (c) link abstract and case-specifi c knowledge, and (d) develop 
knowledge and practices that promote what is perceived to be the common good’ (Pohl 
and Hirsch Hadorn 2007, p. 20). Figure 30.l describes a transdisciplinary research project 
as a system. The elements of the system are: the problem fi eld, academic researchers, and 
societal actors. The term ‘system’ refers to the interaction of these elements during the 
research process, i.e. by discussing what the problem is about, by investigating the prob-
lem, by deliberating about values and goals, or by developing measures. The reason why 
the societal actors and the academic researchers interact is the shared aim to improve a 
particular situation in a problem fi eld, hunger in this case.

The starting point of transdisciplinary research exemplifi es Funtowicz and Ravetz’s 
description of post-normal science. The ‘facts are uncertain, values in dispute, stakes high 
and decisions urgent’ (Funtowicz and Ravetz 2008, p. 365). The requirement to grasp the 
relevant complexity of a problem is included in Erich Jantsch’s defi nition of transdiscipli-
narity, which is inspired by systems theory thinking (Jantsch 1972, pp. 105–6). Taking into 
account the diversity of perceptions is a requirement that calls for the collaboration of 
researchers from different disciplines and the participation of actors from the public and 
private sector as well as civil society—the latter being a mandatory requirement for some 
scholars (Lawrence 2004). Interrelating abstract and case-specifi c knowledge is derived 

td-net—the Swiss Academies of Arts and Sciences’ forum for 
transdisciplinary research (cont.)
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from the fi eld of intervention research. Orienting problem solving towards the common 
interest is implicit to fi tting knowledge production to problems of real life rather than 
disciplinary boundaries. Some authors in the policy sciences (Clark 2002, p. 13) and in 
technology assessment call it an explicit goal of research.

Including actors from the public and the private sectors as well as civil society within 
the design and implementation of research, and emphasizing collaboration among 
researchers and other actors, serves to transcend and integrate different perspectives. The 
integration of knowledge from different academic disciplines and practical contexts in 
public or private agencies and civil society poses major challenges for working effectively 
within the project team during the research process. The fi rst step for such integration is 
to acknowledge, respect, and explore the diversity of perspectives. As Loibl (2006) states, 
this diversity is not a handicap to be overcome, but an invitation to creative interaction. To 
engage effectively in creative interaction participants have to learn each other’s language. 
Baccini and Oswald developed a transdisciplinary method in urban design, integrating 
architecture, urban planning, environmental sciences, and engineering. They started with 
‘daylong fi eld trips, where each described to the other the people, things and movements 
he observed, how and why he perceived them in the specifi c way he did at that time. 
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Figure 30.1 In transdisciplinary research scientifi c disciplines (represented by individual researchers) and 
sectors of the real world (represented by individual actors) become interrelated and transformed through 
a problem fi eld. A transdisciplinary research project is the system built by the collaborative research 
process (adapted from Pohl and Hirsch Hadorn 2008, p. 13).
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This was a guiding experience for the later work with our collaborators, too’ (Baccini and 
Oswald 2008, p. 80).

Integration is guided by overarching values as described in point (2) of Section 30.1. 
In TR the overarching value or purpose is the idea of the promotion of the common good. 
In the history of ideas, promoting the common good has been understood as the goal 
of the state or community as opposed to striving for private interests. Today, promoting 
the common good can be conceived as sustainable development, which means aiming at 
meeting the needs of present and future generations according to principles of equity. 
The common good and sustainable development, respectively, serve as regulative ideas 
for refl ecting on controversial attitudes towards issues. As socio-political ideals, both con-
cepts are open to various interpretations. As a consequence of this pluralism, neither a 
particular theory such as utilitarianism nor a particular position in society such as being 
a pastor or politician can lend reasonable authority to a certain concept of the common 
good or sustainable development, or to how such concepts should be applied to a specifi c 
situation. So, how to analyze and specify the concepts in view of the particular problem 
fi eld is one of the research questions to be addressed in deliberating on and providing nor-
mative, descriptive, and practice-oriented knowledge. In Klein’s typology TR embodies 
critical rather than instrumental interdisciplinarity. Instrumental interdisciplinarity suits 
the framework of applied research, which is client-serving (Funtowicz and Ravetz 1993) 
and therefore does not enter into value confl icts and uncertainties in the wider societal 
context. Dealing with infectious disease in applied research means, for instance, develop-
ing pharmaceutical therapies for profi t in the market.

30.2.2 Knowledge for problem solving

Problem solving in TR essentially consists of bringing about change in the private and 
public sectors as well as civil society by developing and experimentally implementing bet-
ter practices, products, and policies (van den Daele and Krohn 1998). The knowledge 
requirements encompass ends, means, and contexts of human agency. The overarching 
goal for integration is a vision or societal ideal, such as sustainable development. Sus-
tainable development integrates ecological, economic, and social aspects of real-world 
issues according to principles of inter- and intragenerational justice (World Commission 
on Environment and Development 1987). For instance, dealing with health services for 
nomadic pastoralists and their animals in the Republic of Chad (central Africa) includes: 
studying the epidemiological pathways of disease and disease patterns of the affected 
communities; studying the microbiological processes in the system of nomads and their 
animals; getting acquainted with traditional health knowledge and practices; jointly 
developing and implementing innovative ideas such as mobile joint vaccination services 
for nomadic pastoralists and their animals; and promoting services through movies by 
local artists for information and trust building (Schelling et al. 2008).

In TR the three types of knowledge requests have been termed ‘target knowledge’, ‘trans-
formation knowledge’, and ‘systems knowledge’ by Swiss researchers in their visions of 
research on sustainability and global change (ProClim 1997). Similar distinctions of knowl-
edge forms, sometimes using different terminology, are widespread among scholars in envi-
ronmental and sustainability research (Costanza et al. 1997; Grunwald 2004). To produce 
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valid results in research, the three forms of knowledge must be treated according to their 
particular challenges by taking into account their interdependences (see Fig. 30.2).

For example, to learn about obstacles and possible unintended negative effects in 
advance, not only must the systemic processes be taken into account when developing 
transformative knowledge, but the needs, interests, and motives of the practitioners and 
the stakeholders involved must be refl ected upon as well. This means that the investiga-
tion of systemic processes has to be related to the societal purposes and practices upon 
which the systemic processes depend and which they infl uence (see box on Sustainability 
Foresight).

TR frames decisions that eventually have to be made in the private and public sec-
tor or civil society. Such problem solving through TR includes dealing with uncertainties 
and confl icting values and options. Borders between research and politics become fuzzy. 
One role of researchers in such contexts consists of making the pros and cons of alterna-
tives transparent to decision makers. These pros and cons encompass instrumental values 
such as effectiveness and effi ciency, as well as ethical issues of fairness and justice among 
and between generations. Dealing with instrumental values has long been familiar in the 
technological development of applied research. The additional challenge in TR consists 
of developing concepts and methods for refl ecting on the ethical issues of fairness and 
justice in developing, deliberating, and deciding upon technical and institutional devices 
and in using the common good or sustainable development as regulative ideas. By includ-
ing such refl ections in problem solving, TR bridges instrumental and critical forms of 

Figure 30.2 Interdependences between systems, target, and transformation knowledge and their 
particular challenges (from Pohl and Hirsch Hadorn 2007, p. 38).
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good as a regulatory principle

Systems knowledge
Uncertain knowledge about the genesis and
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about problem interpretations, depending on
perceptions of goals and options for change

Challenge: Reflecting on and dealing with
uncertainties through real-world experiments
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 interdisciplinarity (see Klein, Chapter 2 this volume). Knowledge production of the pros 
and cons of alternatives in TR becomes a collective endeavor, instead of being a task only 
for science (Pohl 2008; see also the box on Sustainability Foresight). A good example of 
this is the vision-based integration work by the World Commission on Dams for decision 
making on water and energy management as described in Section 30.3.2.4.

30.2.3 The recursive research process

To avoid overburdening of TR projects, two things are important: to reduce complexity by 
specifying the need for knowledge and identifying the knowledge involved, and to achieve 
effectiveness through contextualization. For these purposes, it is helpful if the phases of 
the research process, namely (phase 1) problem identifi cation and structuring, (phase 2) 
problem investigation, and (phase 3) bringing results to fruition, do not follow a sequen-
tial order but a recursive one (see Fig. 30.3).

30.2.3.1 Problem identifi cation and structuring
In problem identifi cation and structuring, researchers and actors from the public or private 
sector or civil society work jointly on identifying and understanding the nature of specifi c 
problems in a problem fi eld. A broad range of participants and competencies should be 
involved in order to frame and structure the unclear issues jointly, properly identify the 

Figure 30.3 The three phases of transdisciplinary research (Pohl and Hirsch Hadorn 2007, p. 42).

Problem identification and structuring
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Embed the project in the social 
and scientific contexts; 
test the expected impact
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Sustainability foresight: participative approaches to sustainable utility 
sectors

Bernhard Truffer

The sustainability foresight project was an initiative (2002–6) mandated by the German Minis-

try for Education and Research within the transdisciplinary socio-ecological research program 

(<http://www.sozial-oekologische-forschung.org/>). The project aimed to developing sustain-

able development alternatives for German utility sectors in a timeframe of 25 to 30 years (Truffer 

et al. 2008). The project focused on the electricity, gas, water, sanitation, and telecom sectors. 

It asked whether the historical paradigm of utilities as public services could give way to a new 

overarching sustainability paradigm, or whether each sector was more likely to develop accord-

ing to its own specifi c logic. Finally, the project was intended to provide strategies for promoting 

system transformations towards new more sustainable forms of utility services.

Foresight methods have often been used to develop strategies in science, technology, and inno-

vation policy. Sustainability foresight puts emphasis on sectoral production and consumption 

systems as coherent confi gurations of institutions, technologies, and cultural and environmental 

structures. Moreover, it encompasses an elaborate assessment and strategy phase after the sce-

nario construction. Although sustainability foresight was developed specifi cally for the German 

utility sector, it is kindred to a number of recently formulated foresight and system management 

approaches.

The sustainability foresight method was based upon a broad stakeholder process in which 

utility fi rms, technology developers, environmental and consumer NGOs, government offi cials, 

and researchers elaborated their expectations. This broad setting was chosen because each actor 

group may contribute to the overall analysis based on his or her own rationality and in accord-

ance with specifi c knowledge. This knowledge may relate to the structure and potential future 

dynamics of the sector (system knowledge), to goals which a sector should try to fulfi ll, as well 

as trade-offs that might exist when trying to reach specifi c goals (goal knowledge), and fi nally 

knowledge about potential actions that might support a transformation (transformation knowl-

edge). As a consequence, expectations are likely to differ not only on their substance but also 

with regard to the access to supporting evidence and even with regard to wording and framing.

The sustainability foresight procedure was structured in three phases:

(1)  Exploration of expected transformation dynamics: this consisted of an analysis of implicit 
visions about the future of the selected utility sectors. Each analysis was concluded by an 
expert workshop with representatives of different stakeholders. Based on perceived develop-
ment trends, four overarching scenarios were constructed in three participatory scenario 
workshops.

(2)  Sustainability assessment: The four scenarios were characterized with regard to their chal-
lenges and opportunities relating to sustainability criteria. The evaluation criteria were 
determined by scientifi c experts from different fi elds. Determination of preferences was car-
ried out in a stakeholder workshop. Stakeholders were carefully selected in order to repre-
sent the whole range of different value positions.

(3)  Identifi cation of transformation strategies: Based on the four sector scenarios and the risks 
and opportunities derived from the sustainability assessment, potential development trajec-
tories for three critical innovation fi elds were worked out by the project team. Roadmaps for 
development were then presented in a fi nal workshop to representatives of the utility sectors

(cont. )

http://www.sozial-oekologische-forschung.org/
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Sustainability foresight: participative approaches to sustainable utility 
sectors (cont.)

 and experts in the selected technologies in order to derive potential coordinated strategies that 
could lead to more sustainable utility structures in the long run.

Each of the three project phases ran over a year and involved a broad range of stakeholders, 

who were invited in order to guarantee a broad and balanced spectrum of knowledge types and 

perspectives. The core analytical steps were carried out conjointly between project team and 

participants. Overall about 150 experts participated in the project in one way or another. Among 

these, about 120 stakeholders participated in the nine workshops. Each workshop ran over 2 days 

and encompassed roughly 20 participants.

The process allowed stakeholders to move from implicitly held visions on sustainable future 

utility sectors into a potentially more widely shared agenda. Carrying out this procedure as a 

participatory process was necessary because, in general, no shared understanding of the sys-

tem dynamics existed and a high number of potential and actual areas of confl ict could inter-

vene in any attempt to challenge sustainability strategies for these sectors. The process yielded 

an  elaborate set of arguments for coordinating the different individual strategies, which could 

lead to formulating conjoint innovation projects. In that sense, the sustainability foresight 

method has the potential to contribute to an actor-spanning research and innovation program 

oriented at sustainable transformations of entire sectors that explicitly relies on transdisciplinary 

forms of knowledge production.
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relevant scientifi c disciplines and actors in the real world, evaluate the existing knowledge 
about problems in academia and in practical situations, and learn about the needs and 
interests at stake. This information provides the knowledge base for problem solving, the 
questions that need to be addressed in research, and the competencies required for the 
investigation of and deliberation about results. The Swiss Man and Biosphere program, 
for instance, followed a recursive approach to problem identifi cation and structuring. The 
researchers combined an analysis of the systems dynamics of an alpine valley with target 
knowledge about land use, aesthetic and recreational qualities, the analysis of manage-
ment options, and the development of long-term strategies in a participatory process with 
regional stakeholders (Messerli and Messerli 2008).

One outcome of problem identifi cation and structuring could be that all the knowl-
edge required for designing and experimentally implementing measures is already there 
and that phase three (Section 30.2.3.3) should be launched. Another possible outcome is 
that different competencies and participants are required from those initially expected, 
so that problem identifi cation and structuring has to be repeated. Furthermore,  problem 
 identifi cation and structuring, on the one hand, and problem analysis, on the other, can 
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overlap. All this makes a recursive treatment of phases a more rational approach for 
achieving valid results than a sequential treatment.

30.2.3.2 Problem investigation
In order to grasp the relevant complexity of relations in detailed problem analysis, an 
adequate understanding is needed of the way in which diverse aspects and perspectives are 
integrated. In addition, quality assurance of knowledge has to take into account mutual 
infl uences between systems knowledge, target knowledge, and transformation knowledge, 
giving rise to conceptual, epistemological, and methodological uncertainties. Instead 
of defi ning standard conditions for idealization, generalization of knowledge has to be 
achieved by transferring models and methods from the context in which they have been 
developed to other contexts, while carefully validating the conceptions of each setting 
(Krohn 2008). Therefore, problem analysis and bringing results to fruition are best con-
ceived of as recursive and integrated steps. Developing integrated assessment methods for 
climate change mitigation, Held and Edenhofer (2008) combined approaches from natu-
ral science, economic growth theory, engineering, and ethics to identify climate policies 
that integrate both knowledge of the climate and economic systems as well as competing 
values of interest groups.

30.2.3.3 Bringing results to fruition
Bringing the results to fruition, as a phase of the transdisciplinary process, also relies on 
the integration of knowledge. It is important that practitioners and researchers jointly 
learn about the strengths and weaknesses of problem-solving strategies and develop 
competencies for implementing and monitoring progress in order to be able to adapt 
strategies and purposes. Constructive technology assessment of nanotechnologies (Rip 
2008) is an instructive example highlighting the refl exive learning of societal actors and 
researchers. Learning is based on the mapping and analysis of ongoing dynamics, on the 
articulation of socio-technical scenarios about further developments and impacts, and on 
real-time experiments.

The recursive transdisciplinary research process changes the nature of problem 
solving from the implementation of defi nitive scientifi c solutions to social learning, 
experimental implementation, and adaptation of problem-solving measures. Thus, 
the core of problem solving through transdisciplinary research is integration (Pohl 
et al. 2008).

30.3 Integration

There is no shortage of people with experience in the integration of disciplinary and prac-
tice knowledge in research. But, as yet, the publication culture on integrative issues is poorly 
developed (Kueffer et al. 2007) and there is no systematic approach to integration. This 
section lays out fi ve core concepts, fi ve groups of methods, and a framework for describ-
ing and planning interdisciplinary integration. These concepts, methods, and framework 
are taken from the newly evolving cross-discipline of integration and  implementation 
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sciences (Bammer 2005, 2006, 2007). Others have also recognized the importance of inte-
gration for inter- and transdisciplinary research (Klein 2008).

30.3.1 Core concepts for integration

The fi ve concepts are: (1) a systems approach, (2) attention to problem framing and 
boundary setting, (3) attention to values, (4) a sophisticated understanding of ignorance 
and uncertainty, and (5) understanding collaborations. A systems approach is a core 
underpinning concept, from which the others naturally fl ow (Fig. 30.4).

30.3.1.1 Systems-based thinking
Systems-based thinking is at the heart of integration. This helps one to look at the whole 
problem and its relationship to its parts. To put it simply, everything is interconnected. 
Systems-based thinking emphasizes that problems have many dimensions. There are many 
factors involved in any problem and there can be various types of connections between 
them. For example, the connections may be linear, so that two factors increase in direct 
proportion, or they may be more complex. Because of the extensive interconnections, 
changes made in one area often have consequences elsewhere, and these may occur in 
unexpected ways. Systems-based thinking also recognizes that the political, cultural, dis-
ciplinary, and sectoral contexts of a problem are important. There is now an extensive 
body of knowledge encompassed by systems thinking and complexity science (see Strij-
bos, Chapter 31 this volume).

30.3.1.2 Problem framing and boundary setting
Although a systems view is important, no research project or program can cover every-
thing, so the way in which any particular issue or problem is tackled has to be  delimited. 

Figure 30.4 Five core concepts for integration (Bammer 2007).
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This is done both through the way the problem is defi ned or framed and where the 
boundaries around the problem are set. Frames and boundaries will determine what is 
included, excluded, and marginalized in the research. In terms of problem framing, the 
way problems are defi ned and the language used to describe them can play a powerful role 
in setting the basis for research integration.

The way a problem is framed already implicitly sets some boundaries around the prob-
lem. The boundaries specify what will be attended to, what will be ignored, and what will 
be marginalized (Midgley 2000). An important aspect of this for research integration is 
determining which disciplines and which non-academic or practice perspectives will be 
included in the project and which dimensions of uncertainty will be incorporated.

30.3.1.3 Values
The way the problem is framed and which boundaries are set are closely aligned with 
underpinning values. Even though all research is located in a values framework, this is 
often implicit and researchers may be unaware of how values shape their work. Further-
more, research that brings together the perspectives of different disciplines and practice 
groups often has to fi nd ways of managing different values.

One way in which differences in values are highlighted is through epistemology. For 
example, positivism sees research as value-free, with values having no place except when 
choosing a topic; interpretive social science considers values to be an integral part of social 
life, with no group’s values being seen as wrong, only different; and critical social science 
maintains that all research has a value position and that some positions are right while 
others are wrong (Neuman 2003).

30.3.1.4 A sophisticated understanding of ignorance and uncertainty
A systems approach also helps us realize that there are vast areas which may be relevant to 
the problem of interest where nothing is known or where available knowledge is uncer-
tain. Such appreciation orients research integration to give more emphasis to a sophisti-
cated understanding of ignorance and uncertainty and to more refi ned ways of dealing 
with them.

In dealing with any complex problem, there will always be many unknowns, includ-
ing about facts, causal and associative relationships, and effective interventions. Some 
unknowns result from resource limitations on research, some result from methodological 
limitations, and some things are simply unknowable. There are epistemological, ethical, 
organizational, and functional aspects to dealing with ignorance and uncertainty. A more 
sophisticated understanding of and approach to ignorance and uncertainty involves 
 better appreciation of the nature of ignorance and uncertainty, of the underpinning 
motivations and moral orientations to ignorance and uncertainty, as well as strategies for 
coping and managing under ignorance and uncertainty (Smithson 1989; Bammer and 
 Smithson 2008).

30.3.1.5 Principles of collaboration
A systems-based approach involves bringing a range of perspectives and skills to bear on 
the issue of interest and therefore involves collaboration with relevant people from both 
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disciplines and practice. Collaborations are all about harnessing difference. The whole 
point of working with someone else is that he or she has an alternative perspective, skills, 
or some other attribute that contributes something relevant to addressing the issue either 
in improving understanding about it or in implementing that understanding in decisions 
and action.

However, the differences between research partners cannot be limited to those which 
advance understanding of, or effective action on, the problem. Differences in ideas, 
interests, and personality will also provide potential sources of unproductive confl ict. 
 Harnessing differences involves integrating those differences that provide the ratio-
nale for the  collaboration and managing those which will get in the way of partnership 
 (Bammer 2008).

30.3.2 Core methods for integration

In this subsection, fi ve strategies for carrying out integration are outlined, each of which 
encompasses a range of methods. They are (1) dialogue-based, (2) model-based, (3) prod-
uct-based, (4) vision-based, and (5) common metric-based (Figure 30.5).

30.3.2.1 Dialogue-based methods
Dialogue is the most common strategy for achieving integration of discipline and prac-
tice perspectives and is an essential component of the other strategies, as well as being an 
approach in its own right. Franco (2006, p. 814) draws on key references in the fi eld to 
provide a useful defi nition: ‘The goal of dialogue is to jointly create meaning and shared 
understanding between participants. . .’. From an integration perspective, a key question is 
‘jointly create meaning and shared understanding’ about what? The ‘about what’ question 
is answered by the particular aspects of research integration under consideration. Thus, 
some dialogue methods are well suited to creating meaning and shared understanding 
about the judgments people have about how best to move forward on a problem. Oth-
ers can provide mutual insights into different interests involved in the problem, and still 
others into different visions for how the problem might ideally be solved. To date, fi ve 
categories of dialogue methods have been identifi ed, namely for integrating judgments, 

Figure 30.5 Five classes of integration methods (Bammer 2006).
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visions, worldviews, interests, and values, as well as methods that are useful for integrating 
more than one of these elements (McDonald et al. 2009).

30.3.2.2 Model-based methods
The second primary group of methods for integration are model based. Models are a key 
way to represent systems and to provide aids to thinking about complex issues. Differ-
ent modeling types focus on different aspects of systems. For example, a system dynam-
ics model concentrates on feedback and demonstrates how vicious and virtuous cycles 
are, sometimes unwittingly, established. An agent-based model focuses on the different 
actors involved (the agents) and the key determinants of their behaviors (‘rules’ for their 
actions). Among other things, an agent-based model seeks to understand if there are sim-
ple rules or behavioural determinants which can explain even quite complex behaviors. 
When modeling is used as an integrative tool, the emphasis is on the process of developing 
the model and its utility in helping decision makers. The model is therefore a device which 
provides a focal point for discussion and action between people representing different 
disciplinary perspectives and different types of practical experience relevant to the issue 
under consideration.

30.3.2.3 Product-based methods
Like model-based strategies for integration and implementation, product-based strategies 
use the artifact as a device around which to build interaction between people representing 
different disciplinary perspectives and different types of practical experience relevant to 
the problem under consideration.

An example of large-scale product-based integration comes from building the atomic 
bomb in the 1940s. The atomic bomb project brought together basic science (such as 
achievement of controlled fi ssion), solutions to a vast range of technical problems (such 
as developing an implosion trigger device), engineering and manufacturing prowess (as in 
generating adequate amounts of fi ssionable material), and military and political  judgment 
in terms of its use (Rhodes 1986).

30.3.2.4 Vision-based methods
The World Commission on Dams, which was active between 1998 and 2000, pro-
vides an example of vision-based integration. The vision was to achieve ‘development 
effectiveness’, where ‘decision-making on water and energy management will align 
itself with the emerging global commitment to sustainable human development and 
on the equitable distribution of costs and benefits’ (World Commission on Dams 
2000, p. xxxiii). The Commission integrated wide-ranging considerations in terms 
of issues, evidence, countries, and participants; including diverse technical, social, 
environmental, financial, and economic evidence from case studies, country stud-
ies, a survey, technical reports, submissions, and fora. It eschewed a ‘balance sheet’ 
approach to assessing costs and benefits in favor of multicriteria analysis. A guid-
ing set of values based on United Nations declarations and principles about human 
rights, social development and environment, and economic cooperation underpinned 
the approach.
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30.3.2.5 Common metric-based methods
The idea behind the common metric is to convert all the discipline and practice per-
spectives of a problem to the same measure, which allows integration through simple 
 arithmetic. The most widely used common metric is monetary value, such as the dollar. 
Much can be learnt from the discipline of economics about the conversion of a range of 
aspects of a complex problem to a dollar value, such as putting a value on life or fresh 
water. Apart from the dollar, other common metrics include global hectares of land, met-
ric tons of carbon dioxide equivalent, and disability-adjusted life-years.

30.3.3 A framework for integration

One reason why our understanding of integration is not further advanced is that there is 
no unifi ed way of thinking and writing about it. This volume and other literature (Rossini 
and Porter 1979; Klein 1990, 2004) provide ways forward. In addition, a new level of speci-
fi city could be introduced by addressing the following six questions:

(1)  Integration for what and for whom? In other words, what are the aims of the integra-
tion and who is it intended to benefi t?

(2)  Integration of what? This addresses the diverse perspectives being synthesized and 
applied and the actors involved.

(3)  What is the context in which the integration is occurring? This involves the political 
or other action context, which infl uences priorities in terms of the framing of the 
issue and the people seen to be key actors, as well as the focus of action resulting from 
the integration.

(4)  Integration by whom? Even though integration often requires partnerships, the proc-
ess of synthesis and application does not need to be collaborative. It can be under-
taken by an individual (often the leader), a subgroup, or the whole group.

(5)  How is the integration undertaken? This takes us back to the methods outlined in the 
previous section. Different methods will be suitable for different integration purposes 
and the choice of methods will also depend on the expertise of those undertaking the 
integration.

(6)  What are the measures of success? Success is often not reported in integrative studies 
and there are no standard procedures to evaluate success. The questions described 
above provide the substrate for evaluating success. First, how well were the integration 
aims met? Were infl uential new insights produced? Did effective action result? Second, 
some process issues can also be evaluated. Were all the necessary elements included in 
the integration? Were effective integrative methods used? (Bammer 2006).

30.4 Conclusion

This chapter has described the principles, conceptions, methods, and tools of integrative and 
collaborative research that are developed and used in TR and in integration and implemen-
tation sciences. Although a considerable stock of competences and knowledge has grown in 
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the last decades, major scientifi c, institutional, and societal challenges are lying ahead (Wies-
mann et al. 2008). Focusing on the scientifi c challenges, good examples of transdisciplinary 
practice have to go hand in hand with systematization of this practice and methodologi-
cal innovations. Methodological innovations are needed, for instance in how to design and 
interpret real-world experiments in validating the complexity of knowledge, or how to bet-
ter account for the diversity of values in evaluation methods. Facing the scientifi c challenges 
calls for a college of peers gathering researchers who are specialized in how to integrate and 
make research socially effective. On the other hand, to take problem orientation seriously, 
integrative and collaborative research should not develop as a detached specialization but 
bring its potential to fruition in close interaction with disciplinary specialists.
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CHAPTER 31

Systems thinking
SYTSE STRIJBOS

Systems thinking is one form that interdisciplinarity has adopted since the middle of the 
twentieth century. It is a catchall term for different postwar developments in a variety 
of fi elds, such as cybernetics, information theory, game and decision theory, automaton 
theory, systems engineering, and operations research. These developments concur, how-
ever, inasmuch as, in one way or another, they relate to a basic reorientation in scientifi c 
thinking attempting to overcome ever-increasing specialization, and trying to make a shift 
from reductionist to holistic thinking, while acknowledging the unity of reality and the 
interconnections between its different parts and aspects.

There have been a number of attempts to defi ne interdisciplinarity and identify its different 
types. Of particular interest in the present case is Margaret Boden (1999), who distinguishes 
six forms ranging from weak to strong: encyclopedic, contextualizing, sharing, coopera-
tive, generalizing, and integrative types of interdisciplinarity. Encyclopedic interdisciplinar-
ity requires no exchange or sharing between any disciplines involved, whereas integrative 
interdisciplinarity demands rigorous interaction. The latter is thus, according to Boden, the 
most genuine kind of interdisciplinarity as ‘an enterprise in which some of the concepts and 
insights of one discipline contribute to the problems and theories of another—preferably in 
both directions’. Artifi cial intelligence (AI), a fi eld in which Boden has a scholarly reputation, 
is in her view an excellent example of integrated interdisciplinarity. Each of the main types 
of AI, traditional or symbolic AI, connectionism, and ‘nouvelle AI’, has borrowed concepts 
from other disciplines such as philosophy, logic, psychology, and neurophysiology.

How does systems thinking fi t into this typology? Boden labels the proposal for a ‘gen-
eral systems theory’ that was launched by Ludwig von Bertalanffy and others in the mid-
dle of the twentieth century and Norbert Wiener’s closely related idea of cybernetics as 
examples of ‘generalizing interdisciplinarity’, defi ned as ‘an enterprise in which a single 
theoretical perspective is applied to a wide range of previously distinct disciplines’. Also 
the more recent developments in the area of complexity studies can be regarded as an 
example of this type. Boden (1999, p. 20) correctly notes that it is no accident that these 
examples are all heavily mathematical: ‘The abstractness of mathematics enables it to be 
applied, in principle, to all other disciplines’.
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Boden nevertheless fails to note some of the ways systems thinking has developed. In his 
later work von Bertalanffy for instance has distinguished between general system theory in 
a broader sense and in a narrower sense. Although von Bertalanffy’s own theoretical work 
focuses on the latter, he stresses in his General system theory: foundations, developments, 
applications (1968), a collection of articles published over a period of more then 20 years, 
that he had both in mind from the outset. His concern is not just with a certain theory 
but the breakthrough of a new paradigm in science. Different postwar developments, such 
as cybernetics, information theory, network theory, game theory, systems engineering and 
related fi elds culminated in the birth of the systems movement when von Bertalanffy joined 
with Boulding, Rapoport, and Gerard to establish in 1954 the Society for General Systems 
Research, an association that still exists under the name of the International Society for the 
Systems Sciences. Stimulated by this new scientifi c association, a dynamic, broad-based fi eld 
has developed and a multiplicity of approaches and trends has arisen.

With the increasing expansion of systems thinking, von Bertalanffy felt the need to 
distinguish different domains. Following his distinctions, the wide range of studies in the 
systems fi eld—general system theory in a broader sense—can be divided into three realms 
or basic types. The fi rst is systems science, which can be defi ned as the scientifi c exploration 
and theory of ‘systems’ in the various sciences, such as biology, sociology, economics, etc., 
while general system theory concerns the principles that apply to all. The second realm is 
systems approach in technology and management that concerns problems arising in mod-
ern technology and society. While philosophy is present in the areas of systems science 
and systems technology, systems philosophy can be distinguished in the systems fi eld as a 
third domain in its own right. In the view of leading systems thinkers such as von Berta-
lanffy the introduction of ‘system’ as a key concept entails not only a total reorientation in 
science and technology, but also in philosophical thought.

To explore the implications of systems thinking for interdisciplinarity it is appropri-
ate to consider each of the domains more in detail. In what follows some main lines will 
be sketched, rather than pursuing an encyclopedic overview of the developments in each 
domain. A broad and rather up-to-date documentation of the systems fi eld can be found in 
Systems thinking (2002), a four-volume collection edited by Gerald Midgley that includes 
more than 70 classic and contemporary texts, including some critical evaluating studies.

31.1 Systems science

The well-known stock phrase that ‘a whole is more than the sum of its parts’ stems from a 
tradition in Greek philosophy, older than the conceptual use of the term ‘system’, that speaks 
of wholes that are composed of parts (Harte 2002). This whole–part relationship attracted 
renewed scientifi c interest in wholeness and the whole arising in the early twentieth century. 
Exploring the genealogy of contemporary systems thinking, reference has been made to Jan 
C. Smuts (1870–1950), a South African statesman and philosopher who is often depicted as 
a white supremacist supporting a racially segregated society (cf. Shula Marks 2000). In his 
book Holism and evolution (1926) he created the concept and word ‘holism’ (derived from 
the Greek O% loV, holos, meaning whole, and entirety), expressing the idea that all the proper-
ties of a given system (biological, chemical, social, economic, mental, linguistic, etc.) cannot 
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be determined or explained by its component parts alone. Instead, the system as a whole 
determines in an important way how the parts behave. It has also been claimed by Mattessich 
(1978) and others that the Russian philosopher and scientist Alexander A. Bogdanov (1873–
1928) worked out the fi rst version of a general systems conception in his book Tektologiya: 
vseobschaya organizatsionnaya nauka [The universal science of organization: essays in tektology]
(1922). Both Smuts and Bogdanov had thus anticipated systems ideas at the beginning of the 
twentieth century. However, the conceptual use of ‘system’ as a technical term in science and 
technology arose some decades later and has become ubiquitous since the 1950s.

The philosopher–biologist Ludwig von Bertalanffy (1901–72) became one of the lead-
ing fi gures in the rise of systems thinking by coining the concept of a ‘system’, or more 
precisely the concept of an ‘open system’, as a key concept in the quest for a unifi ed science 
incorporating all the disciplines, each corresponding to a certain segment of the empiri-
cal world. Just like Smuts, von Bertalanffy was also inspired by the debate in the biologi-
cal sciences in the fi rst decades of the twentieth century. Struggling with the controversy 
between two competing views, the dominant mechanistic-causal approach and vitalist-
teleological conception, he did not take one or other side but proposed what he called an 
‘organismic’ view. At issue was the possibility of an explanation for the phenomena of life 
that would have the status of an exact science, not through a reduction of biology to phys-
ics but through the expansion of classical physics into a broader, exact natural science. Von 
Bertalanffy considered this idea of expansion of scientifi c concepts as a key that opens the 
door to very far-reaching scientifi c developments. The extension of the domain of exact 
science from physics to biology must be carried further. Organismic biology, he argued, 
which focuses on the study of the organism as an open system (in contrast to the study of 
closed systems in classical physics) becomes in its turn a borderline case of the so-called 
‘general system theory’. The concept of the ‘open system’ was for him the truly ‘general 
system’ concept enabling the integration of all the sciences into a general system theory.

Like von Bertalanffy, the economist Kenneth E. Boulding (1910–95) was one of the 
early pioneers and founders of the systems movement. Being aware of the increasing dif-
fi culty of profi table exchange among the disciplines the more science breaks into sub-
groups, Boulding started pursuing the unity of sciences as an economist within the social 
sciences. Early in his scientifi c career he became convinced that all the social sciences 
were fundamentally studying the same thing, which is the social system. In his book The
image: knowledge in life and society (1956a) Boulding introduces the ‘image’ concept, 
apparently inspired by Shannon and Weaver’s concept of information, serving as a basis 
for the desired integration of the social sciences. And in a classic article ‘General systems 
theory: the skeleton of science’, published in the same year (Boulding 1956b), he pointed 
out the next step towards a general systems theory, incorporating all the sciences. Bould-
ing sketched two possible approaches in the interdisciplinary quest for a general systems 
theory. A fi rst approach is to identify general phenomena which are found in many dis-
ciplines, such as the phenomenon of growth. A second, more systematic, approach is to 
arrange the empirical fi elds in a certain hierarchic order, a hierarchy of systems in which 
each higher systems level has a higher degree of complexity. This issue of hierarchy has 
subsequently been widely discussed in the systems literature, e.g. by Herbert Simon in an 
often reprinted paper about ‘The architecture of complexity: hierarchic systems’ originally 
published in 1962.
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Looking back over a period of more than 40 years Peter Checkland (1999, p. 49) made 
the observation that the original interdisciplinary project of the founders cannot be 
declared a success. A meta-level kind of approach leading to a greater unifi cation of the 
sciences as envisaged has not occurred. However, one can admit that systems ideas and 
concepts have been incorporated in many disciplines. And sometimes new systems con-
cepts and insights born in one discipline have contributed to the problems and theories of 
another. An impressive example of such an exchange between disciplines—or integrative 
interdisciplinarity, speaking in Boden’s typology—is the work of the social scientist Niklas 
Luhmann (1927–98).

Aiming for a unifi ed social theory, a general theory of social systems, Luhmann argues 
in his Social systems (1995) that two subsequent paradigm changes have taken place on the 
level of general systems theory, showing a shift from an ontological to a more function-
alistic systems concept, i.e. from thinking in terms of wholes as unchangeable substances 
to systems that maintains themselves in a dynamic exchange with their environment. The 
fi rst move in this direction was due to von Bertalanffy in the mid 1950s. By proposing the 
concept of the ‘open system’ a transformation of thinking took place in which the tradi-
tional difference between whole and part was replaced by system and environment. Like any 
paradigm change, Luhmann notes, this implies a conceptual broadening. What has been 
conceived of previously as the difference between whole and part, the old paradigm, was 
reformulated by this new schema as system differentiation and thereby built into the new 
paradigm. Systems differentiation can be understood as the repetition within systems of 
the difference between system and environment.

The second paradigm change and move towards a more radical functionalistic way of 
thinking is due to developments in systems science leading to a theory of self-referential 
systems. Initial efforts in the 1960s, in which Heinz von Foerster (1911–2002) played a 
leading role, employed the concept of self-organization. Self-organization is the phenom-
enon of self-reference with regard to the structure of a system, that is to say that structural 
changes are produced by the system itself. Self-reference in a more encompassing way, 
however, also include the elements composing a system. For this purpose the biologists 
Humberto Maturana and Francisco Varela (1946–2001) created the term autopoiesis (self-
creation). Autopoiesis thus means that a system has the ability to reproduce itself at the 
level of its own elements.

According to Luhmann, a theory of self-referential systems as the most recent general 
system theory opened up important avenues for a general theory of social systems. This 
broadening of the general system concept from ‘open system’ to ‘self-referential system’ 
enabled Luhmann to avoid criticisms of the views of Talcot Parsons, his great predeces-
sor in sociology, whose social systems theory was the dominant paradigm in sociology 
during the 1950s and 1960s. While very infl uential for a few decades, Parsons’ systems 
theory was also widely criticized as a legitimization of the status quo. It was charged that 
 Parsons’  systems approach was inherently conservative in its focus on the maintenance of 
social order and in emphasizing consensus at the expense of acknowledging social change 
and confl ict. Profi ting from newer developments in systems science, Luhmann succeeded 
in the 1980s to propose a new social systems theory, turning around Parsons’ structural-
functionalism into a functional-structural systems approach.
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Mapping interdisciplinary research

Katy Börner and Kevin W. Boyack

This box reviews existing approaches to visualizing interdisciplinary research from a science 

mapping perspective (Börner et al. 2003). Although visualization is often the way in which the 

results of analysis are communicated, visualization (or, in our case, mapping) is not analysis. The 

purpose of mapping is simply to visually display the results of analysis to enhance communica-

tion of those results. Maps often play the role of templates upon which the results of previous 

analyses are overlaid.

Conceptualizing science for mapping

Measurement of the degrees of interdisciplinarity and generation of maps on which those 

measurements can be displayed can only be done within a recognized framework or concep-

tualization. Although such conceptualizations can be very detailed, containing (1) units of 

analysis, (2) their interactions, (3) basic mechanisms of growth and change, and (4) system 

boundaries (Börner and Scharnhorst 2009), the conceptualization can be highly simplifi ed for 

the specifi cation of interdisciplinarity. Although the units for analyzing and mapping inter-

disciplinarity could be authors, journals, disciplines, or even countries, the key facet is to be 

able to defi ne their disciplinary inputs and outputs. Thus, a map showing the results of an 

analysis of interdisciplinarity would need to have units and show the relationships between 

those units. In addition, it might include a time dimension to see changes in structure and/

or dynamics. Last, but not least, it would need to describe the boundaries of the analysis (e.g. 

neuroscience by itself; neuroscience in the context of all of science; or all of science). By way of 

example, we discuss co-author collaboration, journal citation, and paper citation fl ow analyses 

and maps here.

Collaboration maps

Co-authorship networks can be generated for authors from a specifi c institution, country, or a 

specifi c fi eld of science. They are often visualized in a node-link diagram (authors as nodes; 

co-authorships as lines linking authors) that places linked authors in close spatial proximity 

and unconnected authors further apart, while minimizing the number of link crossings. If the 

author nodes are colored by discipline, authors with interdisciplinary co-authorships are easily 

identifi ed in the author map.

Journal network maps

The measure of betweenness centrality has recently been promoted as a measure of journal inter-

disciplinarity, and to good effect. Given that betweenness is a network measure, based on the 

links that would be shown in a network map if it were drawn, such maps are a natural way to 

display the results of these analyses. For example, Leydesdorff and Schank (2008) show maps of 

the local citation networks for several different journals, each showing the key ‘central’ position 

of a particular journal. In one case, for the journal Nanotechnology, they animate a sequence of 

annual maps generated from citation statistics. The visual maps correlate well with the between-

ness measure for Nanotechnology; a dramatic rise in betweenness correlates with Nanotechnology

taking the central linking position in the fi eld away from the journal Science in the early 2000s.

(cont. )
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Mapping interdisciplinary research (cont.)

Knowledge fl ow maps

While collaboration studies focus on the assembly and impact of (inter)disciplinary teams, 

knowledge fl ow studies try to answer questions related to the diffusion of expertise and/or 

knowledge over time, geospatial space, and topic space.

Knowledge diffusion is often measured using citation relations. The fact that paper A cited 

paper B is taken as an indication that knowledge diffused from B to A, although it is diffi cult 

to quantify just how much and what type of information was truly transferred. Papers can be 

aggregated to journals resulting in journal citation networks. Journals can be aggregated into 

disciplines or scientifi c fi elds. Historiographs are visualizations of small, localized, paper citation 

networks over time. Other network visualizations help to understand the ‘super highways’ of 

information diffusion as well as knowledge hubs and authorities.

Typically, the topical composition of nodes, as well as the type and strength of their interlink-

ages, changes over time. The fi gure illustrates this effect by showing the topical composition and 

changes in citation fl ows for 14 major subdisciplines of chemistry, biology, biochemistry, and 

bioengineering (see Boyack et al. 2009 for details).

Each node in the fi gure represents a cluster of journals, where the disciplinary composition 

of journals is denoted by pie charts and where the disciplinary assignments for each journal 

are based on their Thomson Reuters categories. Seven categories are used in the fi gure (those 

denoted by the six colors, and ‘Other’). The areas of the pie charts scale with the number of 

papers, thus accurately representing the relative sizes of the different subdisciplines. Knowledge 

fl ows among these 14 subdisciplines in terms of number of direct citations are represented by 

arrows. Arrows denote the fl ow of information from the cited subdiscipline to the citing sub-

discipline. Arrows inherit the color of the knowledge source, and are proportional in thickness to 

the square root of the number of citations. Changes in topical composition and knowledge fl ows 

can be animated over time. Maps at 5-year intervals along with specifi c observations drawn from 

the maps are available in the original work.

Outlook

Current research on mapping science includes the creation of standards for sharing scientifi c 

and technical data, including means to connect different types of data organized by different 

taxonomies and classifi cations across fi elds and languages. For example, it is desirable to inter-

link publications with patents and funding as well as with the impact on education and training, 

and economic activity.

Clarifi cation on what actually constitutes ‘interdisciplinarity’ for the purpose of measurement 

and mapping is also needed. The pie charts in the fi gure are more aptly described as multidis-

ciplinarity than as interdisciplinarity. Such defi nitions may also be discipline- or even team-

specifi c. Better understanding of the real-life types, mechanisms, and amounts of knowledge 

generation and transfer and how they could be approximated using data from bibliographic 

databases is needed.

The communication of results, via network drawing or other map types, for example, has 

to meet the needs of the intended user group and their tasks. Today, it is not clear what meta-

phors work best to depict something as abstract as science—charts, networks, geospatial maps. 

How many dimensions does it take to render science?—do one-dimensional time lines suffi ce, 

are topic maps best, which map types are best to communicate interdisciplinarity, an so on. 
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Map of 14 major subdisciplines, fractions of papers by fi eld for each subdiscipline, and 
knowledge fl ows between subdisciplines for 1974 (top) and 2004 (bottom).

Chemistry,
Polymer

Phys Chem

Phys Chem

Chemistry,
Gen/Organic

Chemistry,
Gen/Organic

Climate

Climate

Biology;
Zoology;
Ecology

Biology;
Zoology;
Ecology

GeoSci

Number of papers
by cluster

40,000
20,000

10,000
5,000

Fraction of papers
by cluster

Knowledge flows
(cluster to cluster)

Biology

Chemistry

Biochemistry

BioEngineering

source recipient

cited

MicroBio;
Plant Sci

MicroBio;
Plant Sci

Food Sci

Food Sci

Chemistry,
Analytical

GeoSci

Chemistry,
Polymer

Materials

Physics,
Oplies

1974

2004

Toxicology;
Pharmacology

Toxicology;
Pharmacology

Biochemistry

Biochemistry

CM Physics

CM Physics

Physics;
Optics

Chemistry,
Analytical

Materials

citing
Earth Sciences
Physics

Other arrow colors as above

(cont.)



460 Systems thinking

Mapping interdisciplinary research (cont.)

These are just few of the many questions asked by the Mapping Science exhibit (<http://scimaps.

org/>). Maps featured in this exhibit provide fi rst answers for specifi c user groups such as science 

policy makers, researchers, or commercial decision makers. Ultimately, the inner workings and 

impact of interdisciplinary research should be communicated and understood by scholars and 

the general public alike.
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31.2 Systems approach in technology and management

Parallel to the rise of the interdisciplinary movement in the sciences, the need has also 
increasingly been felt for integration and general frameworks in the fi elds of technol-
ogy and management. While science concerns the pursuit of knowledge for the solution 
of theoretical problems, technology and management aim at shaping or altering reality 
in addressing real-world problems. However, these problems have become so complex 
that traditional ways and means are no longer suffi cient and approaches of a  generalist 
and interdisciplinary nature have become necessary. Nowadays the realm of systems 
approaches in technology and management comprises a broad spectrum of issues rang-
ing from environmental modeling and world modeling in the early 1970s, to studies in 
business strategy and management of organizations, medical practice and family therapy, 
human development and poverty issues, to the quickly developing fi eld of industrial ecol-
ogy since the 1990s.

The roots of this domain in systems thinking are quite complex and go back to various 
developments that happened during or shortly after World War II. One important aspect 
is that engineering has been led to think not in terms of single machines and separate 
technical artifacts but in terms of larger ‘systems’: the engineering of the telephone net-
work, for example, rather than the telephone instrument or the switching equipment. 
Traditionally, engineers are used to tackling practical problems by analyzing their parts 
and fi nding a solution for the different parts. As the name systems engineering suggests, the 

http://scimaps.org/
http://scimaps.org/
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idea took hold that the traditional approach of engineering separate components needed 
to be extended to approach systems made up out of many components that are inter-
acting. Engineers speak about electric systems, power systems, transportation systems, 
computer systems, etc. The initial use of the term ‘systems engineering’ with roughly its 
present meaning probably began in the early 1940s at the Bell Telephone Laboratories 
(Schlager 1956). A leading pioneer was the electrical engineer Arthur D. Hall (1925–2006) 
who worked for many years at Bell Labs and in 1962 published the fi rst signifi cant book 
on systems engineering entitled A methodology for systems engineering.

A development closely related to systems engineering is operations research or ‘opera-
tional research’ as it is known in the United Kingdom. Briefl y discussing the difference 
between both fi elds, Hall (1962, p. 18) noted that operations research is usually concerned 
with the operation and the optimization of an existing system, including both humans 
and machines, while in contrast systems engineering focuses on the planning and design 
of new systems to better perform existing operations or to implement new ones never per-
formed before. In the aftermath of the war C. West Churchman (1914–2004) and Russell 
L. Ackoff, who were inspired by American pragmatism and aimed to apply this philoso-
phy to societal issues, became leading scholars in North America in the incipient fi elds of 
operations research and systems thinking. Together with E. L. Arnoff they published one 
of the fi eld’s fi rst textbooks Introduction to operations research (Churchman et al. 1957), 
which became internationally recognized. The book emphasized an interdisciplinary 
team-based approach, characterizing operations research as ‘the application of scientifi c 
methods, techniques and tools to problems involving the operations of a system so as to 
provide those in control of the system with the optimum solution to the problem’.

Simultaneously with the development of systems engineering and operations research, 
an approach emerged in the 1950s that was known as systems analysis; at that time it was 
closely associated with the RAND Corporation (RAND being an acronym for ‘Research 
ANd Development’), a not-for-profi t organization in the advice-giving business estab-
lished in 1948. From the 1960s, RAND-style systems analysis began to fi nd broader 
industrial and governmental uses, leading to a 1972 initiative by 12 nations to set up a 
non-governmental interdisciplinary research institute in Austria—the International Insti-
tute for Applied Systems Analysis (IIASA). Systems analysis was defi ned by Quade (1973, 
p. 121) as ‘analysis to suggest a course of action by systematically examining the costs, 
effectiveness and risks of alternative policies and strategies—and designing additional 
ones if those examined are found wanting’. A case described by Miser and Quade (1985) 
is a policy analysis clarifying the issues for a governmental decision in the Netherlands 
after the North Sea fl ood of 1953 about the protection of the Oosterschelde estuary from 
fl ooding.

Acknowledging the differences that are present in their background and concerning 
particular features of systems engineering, systems analysis, and operations research, these 
systems approaches show important commonalities. They all rely heavily on the methods 
of the natural and technical sciences. Consequently they aspire to describe phenomena by 
mathematical-statistical models, while holding the assumption that an optimal solution 
exists for a problem situation which may be uncovered in this way. Another member of 
this family of approaches is systems dynamics which gained a certain reputation in the 
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1970s in the work of Forrester (1971) and Meadows (1972) on world modeling for the 
Club of Rome.

Examining the origins and nature of systems engineering and systems analysis, Check-
land (1978, p. 107) concluded that a single view underlies these approaches: ‘there is a 
desired state, S(1), and a present state S(0), and alternative ways of getting from S(0) to 
S(1). “Problem solving,” according to this view, consists of defi ning S(1) and S(0) and 
selecting the best means of reducing the difference between them’. This constitutes what 
Checkland called ‘hard’ systems thinking, defi ned as any kind of systems thinking which 
adopts the means–end schema. Although this model may be useful for engineering-type 
problems, it has a very limited applicability. Hard systems thinking demands that objec-
tives can be clearly defi ned; however, an important aspect of many ‘soft’ problem situ-
ations is that the involved parties are likely to see the problem situation differently and 
defi ne objectives accordingly. Checkland was thus faced with the challenge of rethinking 
the failing concept of a systems approach rooted in the engineering tradition. This led 
to his conceptualization of a soft systems approach in the 1970s that admits the human 
dimension, dealing with multiple perceptions of reality, values, and interests of the people 
involved (Checkland and Haynes 1994).

The later work of Churchman and Ackoff in North America is similar to the scientifi c 
program started in the 1970s by Peter B. Checkland and his colleagues at Lancaster Uni-
versity in the UK. Dissatisfi ed or even disillusioned with the course of operations research, 
Ackoff (1973, p. 670) argued that mainstream operations research as it had developed 
since 1950 was only useful in dealing with problem areas that can be decomposed into 
problems that are independent of each other. However, major societal problems such as 
discrimination, inequality within and between nations, increasing criminality, and so on, 
must be attacked holistically, with a comprehensive systems approach. Ackoff ’s dispute 
with the operations research community culminated in two papers (Ackoff 1979a,b) in 
which he called for a new paradigm breaking away from the ever-increasing ‘mathemati-
zation’ of operations research and for a return to true interdisciplinarity, involving in the 
research of all those affected by it.

In their plea for a systems approach Ackoff and Churchman not only triggered debate 
in the operations research community about the nature and characteristics of the fi eld but 
also delivered a fresh input to the debate in the systems movement on interdisciplinarity. 
In 1963 Ackoff published an article in the Yearbook of the Society for General Systems 
Research in which he argued for a new vision of an integrating systems science and the 
difference between the conception of general systems theory. According to Ackoff the con-
ception of a general system theory endeavors to achieve integration using the results that 
are available in the mono-disciplines, that is to say it attempts a unity afterwards. How-
ever, in his view ‘the integral’ precedes the disciplinary splitting of a problem into disjoint 
chunks—‘Therefore, posing the problem of unifying science by interrelating disciplinary 
output either in the forms of facts or concepts (i.e. logical positivism), or laws or theories 
(i.e. general system theory), is to try to lock the barn door after the horse has gone’ (Ackoff 
1963, p. 120).

Ackoff ’s idea that integration has to take place a priori, i.e. in the phase of  knowledge 
production, implies that he put emphasis on science as an activity and the scientifi c 
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method employed in that activity. Integral knowledge requires an integration of the 
disciplines involved within an interdisciplinary framework. The integration must come 
during, not after, the performance of the research. In his conception of systems science, 
systems research is on sounder ground than von Bertalanffy’s general systems theory 
because it takes systems as it fi nds them, in all their multidisciplinary glory. For the real-
ization of interdisciplinary research Ackoff formulates three important conditions. First, 
it is necessary to unify the variables and concepts of the different disciplines to a common 
denominator. This enables the construction of interdisciplinary systems models. Second, 
for a healthy development of systems research an appropriate methodology is required. 
There is a need, for example, to develop scientifi c methods to evaluate and compare the 
performance of systems such as cars, planes, production systems, or health care systems. 
Third, the realization of programs of interdisciplinary ‘systems research’ involves special 
educational requirements.

31.3 Systems philosophy

The worlds of science, technology, and philosophy do not exist in isolation from each 
other. Because philosophy raises questions that are fundamental for science and technol-
ogy one could argue that philosophy is by nature an interdisciplinary endeavor. For the 
sake of clarity it is therefore useful to distinguish some of the various meanings in which 
the term systems philosophy can be used, each standing for different themes and a differ-
ent role of philosophy in the systems fi eld.

First, systems philosophy deals with the fundamental philosophical issues involved in 
the realm of systems science. Such a fundamental issue in biology is the question ‘what is 
life?’ or ‘how do we understand the phenomena of life?’. As we discussed, von Bertalanffy 
advocated a so-called organismic conception—the view that the organism is a whole or 
system, transcending its parts when these are considered in isolation. Searching for a sat-
isfying understanding of the Aristotelian dictum of the whole that is more than its parts, 
von Bertalanffy at the same time takes a stand on another fundamental problem of Greek 
philosophy. There is the famous statement of Heraclitus: ‘panta rhei’, everything is in fl ux, 
arguing against Parmenides who taught that only the static being was real, the fi xed, and 
that change is an illusion. In this controversy, which has persisted in one form or another 
across the whole of Western philosophy and science, systems science adopts the Heracli-
tean point of view. The model of the organism as an open system implies that life has to 
be understood as primarily a stream of life. Forms and structures that manifest themselves 
in living nature are in von Bertalanffy’s view secondary, just like social structures are sec-
ondary in Luhmann’s understanding of social phenomena. Systems science thus manifests 
a totally dynamic view of reality in which enduring structures seem to evaporate and 
become volatile and dynamic.

Second, systems philosophy concerns the philosophical foundations of the systems 
approach in technology and management. Comparing Ackoff with von Bertalanffy, one 
notices that they agree that society is going through an important intellectual revolu-
tion that will usher us into a new era of science and society—in Ackoff ’s wording, going 
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from a Machine Age to a Systems Age. One of the important characteristics of systems 
science, as we have seen above, is the priority given to the dynamic and fl owing character 
of reality. The same characteristic seems to hold for systems research when Ackoff (1981, 
p. 16) points out that there is a turn from analysis to synthesis, which implies a turn to 
a functional understanding of the thing to be explained in terms of its role or function 
within its containing whole or environment. The synthetic approach does not exclude 
analysis, but in the Systems Age synthesis has priority over analysis, and function over 
structure. The turn from the Machine Age to the Systems Age even implies a different 
understanding of reality. Characteristic of the Machine Age is the deistic view in which 
God is regarded as the creator of the world as a machine which runs according to fi xed 
laws. While the Machine Age and deism personify God as the Creator God, who is inde-
pendent from his handiwork, God loses this personal and independent character in the 
Systems Age. Like Smuts’ holism, Ackoff ’s (1981, p. 19) systems thinking is also infused 
with a rationalist pantheistic view in which the world coincides with God as the largest, 
all-embracing whole.

In a more elaborate way this is also the case in Churchman’s work. In his view, the most 
fundamental and serious issues of the systems approach concern the problem of improve-
ment. If we assume that we have the capability to improve systems, then what exactly do 
we mean by ‘improvement’ in designing interventions for our social systems? Churchman 
(1968, p. 2) concisely describes the fundamental problem right at the start of his book 
Challenge to reason as follows: ‘How can we design improvement in large systems without 
understanding the whole system, and if the answer is that we cannot, how is it possible 
to understand the whole system?’. In a line of reasoning similar to Ackoff ’s, Churchman 
points to the tradition of analysis in Western thought that presumes that parts of the whole 
system can be studied and improved more or less in isolation from the rest of the system. 
And comparable to Ackoff, Churchman also discerns two differing views of the whole 
system and its relationship to God. If we assume that a Supreme Being exists, Churchman 
(1979, p. 41, italics added) says, ‘then we have the conceptual problem of describing [mod-
elling] His relationship to the rest of reality’. And he continues: ‘Two plausible hypotheses 
come to mind. The Augustinian hypothesis [ . . . ] is that God is the designer of the real sys-
tem, as well as its decision maker. [ . . . ] The other hypothesis, the one chosen by Spinoza, 
is to say that God is the whole system: He is the most general system’.

Third, there is the aspiration to formulate a systems philosophy as a new philosophy, of 
which Archie Bahm, Mario Bunge, and Ervin Laszlo are the chief proponents. As a prolifi c 
author of many books Laszlo became the most infl uential. Building on von Bertalanffy’s 
ideas for a new scientifi c world view he developed in the 1970s the framework for a systems 
philosophy in tune with the latest developments in science and technology, representing a 
total reorientation of thought which aims to overthrow and replace the dominating mech-
anistic worldview and its incarnation in the industrialized and commercialized society 
of today. The dynamic view of reality that, as we noticed, underlies von Bertalanffy’s and 
Luhmann’s theoretical ideas and concepts, is a typical feature of the systems view of the 
world that has been summarized by Laszlo (1972, pp. 80–1) as follows: ‘Imagine a universe 
made up not of things in space and time, but of patterned fl ows extending throughout its 
reaches. [ . . . ] Some of the fl ows tie themselves into knots and twist into a relatively stable 
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pattern. Now there is something there – something enduring [ . . . ] “Things” are emerging 
from the background of fl ows like knots tied on a fi shing net’.

Laszlo’s philosophical conceptions culminate in his view on the future of humankind 
in our globalizing world. The general thrust of the many books that he published over 
a period of nearly 40 years is that contemporary society is in a critical stage of develop-
ment. World society can get out of the danger zone if there is a complete turnabout at the 
immaterial-spiritual level. In Laszlo’s view there is thus not only the need to bridge the gap 
between the sciences, gaining an integral scientifi c view of the world—more important 
even is the integrating role of systems thinking in bridging the divide between science 
and religion, between science and spirituality. The interdisciplinary challenge for systems 
thinking is thus extended in Laszlo’s view to the search for a new uniting spirituality for 
humankind. From his Introduction to systems philosophy and The systems view of the world
originally published more then 30 years ago up to his more recent books such as Science 
and the reenchantment of the cosmos (Laszlo 2006), such a spirituality is linked to an evolu-
tionary dynamic view of the universe, arguing that there exists an interconnecting cosmic 
fi eld that conserves and conveys information, a subtle sea of fl uctuating energies from 
which all things arise. Similar to the pantheism of Churchman and Ackoff, Laszlo also 
thus rejects a personal God who is separated as creator from the universe. In his systems 
view of the universe, God is the all-embracing cosmic consciousness, and we are part of 
that.

31.4 Subsequent developments

Although systems science is perpetuated in newer developments such as systems biol-
ogy, chaos theory, and the study of complex systems (Santa Fe Institute, NM, United 
States), the original interdisciplinary program of the founders of the systems movement 
has largely failed in its early aspirations to create a greater unifi cation of the sciences, 
setting out general laws and principles governing the behavior of any type of system. 
On the contrary the systems movement was more successful in creating interdisciplin-
ary approaches for tackling practical real-world problems. Jackson (2001, p. 234) offers 
two reasons why systems approaches in technology and management should have proven 
so successful. First, practical problems are by nature interdisciplinary and do not corre-
spond to a single mono-discipline. Second, the systems idea provides a useful antidote to 
reductionism and enshrines a commitment to looking at real-world problems in terms of 
wholes and interconnected elements. With the work of Ackoff and Churchman in North 
America and that of Checkland in the UK this domain has not come to a standstill. Mov-
ing from ‘hard systems thinking’ to ‘soft systems thinking’ they in principle opened the 
way to further debates and advances. Ideas that have inspired subsequent developments 
derive from social theory, philosophy, and theology. The account I shall give here is neces-
sarily biased by the role played by myself and the programmatic research efforts in which 
I am involved.

In the 1980s a program entered the stage that has been called ‘critical systems thinking’, 
a program that involved many people and gained a strong basis at the University of Hull 
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in the UK since the appointment of Michael C. Jackson in 1979 (Jackson is also the editor-
in-chief of a central journal in the systems community, Systems Research and Behavioral 
Science). An important source that supplies information about the broader context of 
critical systems thinking is a collection of articles Critical systems thinking (1991) edited 
by two of its main proponents Robert L. Flood and Michael C. Jackson.

Inspired by the social theorist and philosopher Jürgen Habermas, critical systems think-
ing tried to overcome shortcomings in soft systems thinking. Similar to Checkland’s critical 
analysis of the origins and nature of hard systems thinking in 1978, Jackson embarked upon 
a similar critique of the ambitions of soft systems thinking in an early article published in 
1982 on the nature of soft systems thinking. He arrives at the conclusion that although soft 
systems thinking has attacked the technical rationality embodied in hard systems thinking, 
one crucial element was never targeted—it still proceeds from existing power relationships. 
In Jackson’s own words: ‘Soft systems thinking is most suitable for the kind of social engi-
neering that ensures the continued survival, by adaptation, of existing social elites. It is not 
authoritarian like systems analysis or systems engineering, but it is conservative- reformist’ 
(Jackson 1982, p. 28). In an overview article about 20 years later Jackson (2001, p. 233) 
pointed out how critical systems thinking gradually made progress towards realizing its goal. 
After it became obvious that all systems approaches have their limitations, it was critical 
systems thinking which supplied the bigger picture at a meta-methodological level and ‘has 
set out how the variety of methodologies now available can be used together in a coherent 
manner to promote successful intervention in complex societal problem situations’.

Independently of the group at Hull University, an important contribution to the strand 
of critical systems thinking was made in the 1980s by Werner Ulrich from the University 
of Fribourg in Switzerland. As a student of Churchman, and inspired by Kant’s critical 
philosophy and Habermas’ critical social theory, Ulrich launched a program that led to 
the conception of ‘critical systems heuristics’, exposed in his main publication Critical 
heuristics of social planning: a new approach to practical philosophy (Ulrich 1994). A dis-
tinguishing feature of this dialect of critical systems thinking is its methodological core 
principle, known as ‘boundary critique’.

The latest development is a program that emerged in the late 1990s. This program 
involves a variety of disciplines, ranging from engineering to philosophy, executed by an 
international group of cooperating scholars affi liated with universities in different coun-
tries. In view of the need for an independent organizational basis, the Centre for Phi-
losophy, Technology and Social systems (CPTS) was established in 1996 and is linked 
with the philosophy faculty of the Vrije Universiteit in Amsterdam. Inspired by the legacy 
of philosophers from this university, Herman Dooyeweerd (1894–1977) and his student 
Hendrik van Riessen (1911–2000), this program attempts to break with the Western idea 
of an autonomous human rationality and the absolutization of a scientifi c view of the 
world as the fi nal horizon for human understanding. It aims to break with deism and a 
mechanistic-technical worldview in which God and reality are separated, but also with 
pantheism and a dynamic worldview blurring the boundary between God and the world. 
Dooyeweerdian thinking, that often has provided common ground in the CPTS program, 
is based on a theistic worldview that distinguishes a personal God from created real-
ity and relates God and reality in a living, continuous, and sustaining creator–creation 
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 relationship.  Churchman (1987, p. 139) once formulated as the most important question 
for systems thinking ‘Does God exist?’. Of equal importance, however, is the next ques-
tion ‘If God exists, how does he relate to reality?’. Both questions are also fundamental in 
Christian theology and were rephrased by John Calvin (1509–74) in terms of the two con-
nected questions about our knowledge of God and that of ourselves (Calvin 2008).

With the appearance of In search of an integrative vision for technology, edited by Strijbos 
and Basden (2006), the results of the CPTS program during its fi rst decade have been doc-
umented. There are at least three important features that distinguish the interdisciplinary 
scope and character of this program. In the fi rst place, interdisciplinarity concerns the 
shaping of a philosophical integrative framework that depicts the relationship between 
‘technology’ and ‘society’, aiming for a normative-ethical basis to guide the development 
of science and technology for the benefi t of society. For that purpose a systems view on 
‘technology and society’ has been conceived in which different systems levels are distin-
guished (Strijbos and Basden 2006). With the help of this model it is possible to connect 
research—in engineering, management methodology, philosophy—on a specifi c systems 
level with research on other systems levels.

Second, an important part of the research program to which a number of people 
have contributed deals with the second realm of systems thinking, the study of practice-
oriented systems methodologies for the fi elds of engineering and management. While 
making use of key notions of Dooyeweerdian philosophy, and in a critical conversation 
with hard, soft, and critical systems thinking, a new strand of systems thinking has been 
explored, labeled ‘multi-modal systems thinking’ by de Raadt (1997) or ‘disclosive systems 
thinking’ by Strijbos (2000).

Third, the CPTS program involves a wide spectrum of disciplines and thus seems to fi t 
nicely with what Boden has classifi ed as integrated interdisciplinarity. It even takes this 
type of interdisciplinarity further, aiming to bridge the gap between the natural sciences 
and the humanities, and between theory and practice. Borrowing distinctions from Fro-
deman et al. (2001) and Frodeman and Mitcham (2007), the CPTS research can also be 
characterized as a ‘wide’ and ‘deep’ interdisciplinarity, a type of interdisciplinary research 
that aims to be ‘wide’ rather than ‘narrow’ and ‘deep’ rather than ‘shallow.’ The narrow–
wide distinction refers to whether only the natural and engineering sciences are involved 
or whether these are integrated with the human and social sciences. The shallow–deep 
distinction refers to whether interdisciplinarity is limited to scientifi c experts or whether 
people are also involved who are not academic researchers, but are experts with practical 
experience concerning real-world problems.

31.5 Final remarks

The discussion in this chapter focuses on the ambitions of systems thinking to attain 
general integrative frameworks that will enable relevant communication and exchange 
between the disciplines. Reviewing its now more then 50-year history, one can conclude 
that this interdisciplinary movement has stimulated fruitful theory formation in a broad 
variety of fi elds in the natural and social sciences but has not succeeded in achieving its 
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original far-reaching goals. Furthermore, one can conclude that integrative, interdisciplin-
ary systems approaches in technology and management have become well-accepted and 
have put normative considerations and ethical issues fi rmly on the agenda. With respect to 
this there still remains much to be done. An important challenge for the future is to foster 
an open and critical debate between the different systems approaches about their norma-
tive sources and underlying worldview (Strijbos 1988; Eriksson 2003). Another vital ele-
ment is the establishment of links with other interdisciplinary fi elds, such as development 
studies and science, technology, and society (STS) studies, which also struggle for a better 
understanding of the forces shaping our times and search for strategies to address the big 
societal problems facing us.
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CHAPTER 32

Cross-disciplinary team science 
initiatives: research, training, 
and translation1

DANIEL STOKOLS, KARA L. HALL, RICHARD P. MOSER, 
ANNIE FENG, SHALINI MISRA, AND BRANDIE K. TAYLOR

Over the past two decades, the US government has devoted signifi cant fi nancial resources 
to the creation of large-scale team research projects, many of which involve hundreds of 
scientists working together from a wide range of different fi elds. In the health arena, some 
initiatives such as the Transdisciplinary Tobacco Use Research Centers (TTURCs) have 
been operational for nearly 10 years and span multiple university-based centers. Such 
projects pose considerable logistic, infrastructural, and conceptual challenges that must 
be overcome to ensure their success. The surge of interest and investment in team sci-
ence (TS) and training initiatives (Nass and Stillman 2003; National Academy of Sciences 
2005) has spawned a rapidly emerging fi eld that focuses on understanding and managing 
the circumstances that facilitate or hinder the effectiveness of large-scale research, train-
ing, and translational initiatives2 (Kessel et al. 2008; Klein 2008; Stokols et al. 2008).

This chapter provides a broad overview of the science of team science (SOTS) in terms 
of its historical and conceptual foundations, methodological approaches, training, and 
translational concerns. It draws on the authors’ experiences in designing and implementing 
evaluative studies for assessing the collaborative processes, scientifi c training, public policy 
implications, and potential health outcomes associated with cross-disciplinary TS initiatives 
funded by the National Cancer Institute (NCI) of the National Institutes of Health (NIH). 

1 Portions of this chapter are based on: Stokols, D., Hall, K.L., Taylor, B.K., and Moser, R.P. (2008). The science 
of team science: overview of the fi eld and introduction to the supplement. American Journal of Preventive 
Medicine 35(2S), S77–S89. The authors thank the editors for their valuable comments on an earlier version of 
the manuscript.
2 Throughout this chapter, the term translational refers to the use of scientifi c knowledge to create evidence-
based health promotion policies, community interventions, and clinical practices.



472 Cross-disciplinary team science initiatives

We summarize recent developments in the evaluation of TS initiatives, using the NCI large-
center initiatives as exemplars, and propose future directions for this burgeoning fi eld.

The development of large-scale, institutionally based (and, sometimes, multi-institu-
tional) TS initiatives exemplifi es one possible arrangement for promoting cross-disciplin-
ary collaboration in health science, training, practice, and policy. Other approaches include 
scientists working independently to bridge the disciplinary perspectives of multiple fi elds, 
and relatively small cross-disciplinary networks and teams whose members are dispersed 
across locations and who meet regularly through electronic means (e.g. via telephone and 
video conferencing, e-mail, and intranet) and occasional face-to-face meetings. The SOTS, 
utilizing evaluation methodologies, network techniques, and organizational and manage-
ment theories and frameworks, represents a subarea within the fi eld of science studies 
(Hess 1997) concerned with understanding and enhancing the processes and outcomes 
associated with team-based initiatives that are undertaken to promote cross-disciplinary 
research, training, and translations of science into improved practices and policies.

The remainder of this chapter consists of four sections. Sections 32.1 and 32.2 sum-
marize important conceptual and methodological developments in the SOTS, including 
the defi nition of key terms and the development of logic models or program theories to 
guide the study of TS initiatives; the creation of new methods and metrics for examin-
ing the processes and outcomes (including both scientifi c and translational products) of 
TS; and the establishment and evaluation of TS training programs. Section 32.3 exam-
ines emerging concerns and research directions within the SOTS fi eld. These new avenues 
of research include the development of more rigorous quasi-experimental research 
designs for assessing the scientifi c and translational contributions of TS initiatives in 
comparison with smaller scale, non-team-oriented projects; more comprehensive mod-
els of cross-disciplinary training and strategies for evaluating training outcomes; a 
more nuanced typology of cross-disciplinary TS initiatives and funding models as, well 
as strategies for evaluating their relative effi cacy in achieving the intended goals of TS; 
and a broader understanding of the contextual factors that determine the ‘collaboration 
readiness’ of a particular team and scientifi c fi eld. Section 32.4 is an epilogue.

32.1  Conceptual developments in the science 
of team science

The SOTS integrates and builds on many of the efforts highlighted in this book. For 
instance, Klein (Chapter 2 this volume) offers a rich discussion explicating the com-
plexities of defi ning disciplines, per se, and explores different kinds of disciplinary inter-
actions by developing a taxonomy of interdisciplinarity. Such complexities among key 
SOTS concepts drive the fi eld forward as well as create challenges for defi ning the scope 
of the fi eld and evaluating the work therein. In this section we provide succinct defi ni-
tions that have served as the basis for our earlier research within the SOTS fi eld. Fur-
thermore, we defi ne our units of analysis with respect to process and outcome goals of 
TS initiatives and then describe how they can be integrated into theoretical models and 
conceptual frameworks.
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32.1.1 Key terms and conceptual models

We distinguish between TS initiatives themselves and the SOTS fi eld whose principal units 
of analysis are the large research and training initiatives implemented by public agencies 
and non-public organizations. TS initiatives are designed to promote collaboration and 
facilitate cross-disciplinary approaches to conceptualizing and analyzing research ques-
tions about particular phenomena. In contrast, the SOTS fi eld is construed more broadly as 
a branch of science studies concerned especially with understanding and managing circum-
stances that facilitate or hinder the effectiveness of TS initiatives (Stokols et al. 2008a).

32.1.2 Characteristics of scientifi c initiatives and teams

Research teams may comprise investigators drawn from either the same or different aca-
demic fi elds (i.e. unidisciplinary versus cross-disciplinary teams). These teams vary not 
only by their disciplinary composition, but also by their size, organizational complexity, 
and geographic scope, ranging from a few participants working at the same site to many 
investigators dispersed across different geographic and organizational venues. Further-
more, the goals of TS initiatives are diverse (e.g. spanning scientifi c discovery, training, 
clinical translational, public health, and policy-related goals), and both the quality and 
level of intellectual integration between disciplines that is intended and achieved varies 
from one program to the next, for example along a continuum ranging from unidisci-
plinary to multidisciplinary, interdisciplinary, and transdisciplinary integration.

Because TS initiatives differ along so many dimensions, it is important to differenti-
ate between various types of research and training initiatives (Klein, Chapter 2 this vol-
ume). Team-based projects can include a handful of scientists working together at a single 
site, all the way to larger and more complex initiatives comprising many (e.g. 50–200) 
investigators who work collaboratively on multiple research projects and are dispersed 
across different departments, institutions, and geographic sites. Expenditure is another 
dimension; Trochim et al. (2008), for example, defi ne large research initiatives as grant-
funded projects solicited through specifi c requests for applications (RFAs) with an aver-
age annual expenditure of at least $5 million. The usual duration of these initiatives, e.g. 
National Institutes of Health (NIH) P50 and U54 centers, National Cancer Institute (NCI) 
specialized programs of research excellence (SPOREs), is 5 years and may be renewed, 
in some cases, extending over one or more decades. Some broad-gauged initiatives such 
as the NIH roadmap programs provide an over-arching framework and funding source 
for scores of interrelated research and training initiatives, all of which are designed to 
promote cross-disciplinary scientifi c collaboration (National Institutes of Health 2003). 
Often, large research initiatives incorporate career development and training components 
as well as clinical translation, health promotion, and policy-related functions.

Team science initiatives also vary with respect to the collaborative orientations and 
disciplinary perspectives of team members. This chapter focuses primarily on initiatives 
intended to promote cross-disciplinary (CD) rather than unidisciplinary (UD) collabora-
tion. CD teams strive for leverage and, in some cases, integrate concepts, methods, and 
theories drawn from two or more fi elds. Three different approaches to CD collaboration, 
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which have become relatively standard in this nascent fi eld, have been described by Rosen-
fi eld (1992). Multidisciplinarity (MD) is a process in which scholars from disparate fi elds 
work independently or sequentially, periodically coming together to share their individual 
perspectives to achieve broader-gauged analyses of common research problems. Partici-
pants in MD teams remain fi rmly anchored in the concepts and methods of their respec-
tive fi elds. Interdisciplinarity (ID) is a more robust approach to scientifi c integration in the 
sense that team members not only combine or juxtapose concepts and methods drawn 
from their different fi elds, but also work more intensively to integrate their divergent 
perspectives, while remaining anchored in their own respective fi elds. Transdisciplinarity
(TD) is a process whereby team members representing different fi elds work together over 
extended periods to develop shared conceptual and methodological frameworks that not 
only integrate but also transcend their respective disciplinary perspectives. Our defi nition 
for TD is distinct from others such as Huutoniemi (Chapter 21, this volume), who suggest 
that TD is different from ID based on the inclusion of contributors from outside academia 
rather than the distinction being the degree of synergy or integration as Rosenfi eld (1992) 
proposes. Considering both Rosenfi eld’s and Huutoniemi’s defi nitions, TD collaborations 
perhaps have the greatest potential to produce highly novel and generative scientifi c out-
comes, but they are more diffi cult to achieve and sustain (compared with UD, MD, and ID 
projects) due to their greater complexity and loftier aspirations for achieving transcendent, 
supradisciplinary integrations.

The ensuing discussion focuses on ID and TD (rather than UD and MD) science initia-
tives in which an explicit goal of collaboration is to integrate theories, methods, and training 
strategies drawn from two or more fi elds. Examples of large-scale ID and TD team initia-
tives are the NCI TTURCs, the Centers for Excellence in Cancer Communications Research 
(CECCR), the Centers for Population Health and Health Disparities (CPHHD), and the 
Transdisciplinary Research on Energetics and Cancer (TREC) Centers; and the National 
Center for Research Resources (NCRR) Clinical and Translational Science Centers (CTSC).

The distinctions between UD, MD, ID, and TD forms of scientifi c collaboration are 
directly relevant to the development of criteria for gauging the success of TS initiatives. In 
particular, measures of scientifi c collaboration and its outcomes should be appropriately 
matched to the research, training, and translational goals of a particular initiative (Huu-
toniemi, Chapter 21 this volume). A major goal of ID and TD initiatives, for example, is 
to bridge the perspectives of different fi elds through collaborative development of inte-
grative conceptualizations, methodological approaches, and training strategies. Thus, an 
important criterion for gauging the success of these initiatives is the extent to which cross-
disciplinary integrations are actually achieved by research teams.

32.1.3 Units of analysis, theoretical models, and conceptual frameworks

It is important to defi ne the major units of analysis and core subject matter of the SOTS 
fi eld. A major challenge in this regard is to specify the dimensions of program effective-
ness or success as they pertain to TS initiatives. For example, the quality of scientifi c work 
may be defi ned differently in the context of ID and TD team initiatives as compared to 
UD projects. Traditional criteria of scientifi c quality include conceptual originality, meth-
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odological rigor (e.g. validity and reliability of empirical fi ndings), and the amount of 
research output produced, such as peer-reviewed publications. In the context of TS initia-
tives, however, the quality and scope of ID and TD integration (e.g. development of integra-
tive conceptualizations, methodological approaches, training programs bridging two or 
more fi elds, and/or the emergence of new hybrid fi elds of inquiry, organizational struc-
tures, and management strategies for supporting TS) are important facets of TS initiatives 
that must be considered in view of their explicit mission to promote scientifi c integration 
(Stokols et al. 2003). Finally, it is important to identify the defi ning features of successful 
ID and TD training (e.g. multi-mentor training models, trainees’ subsequent career trajec-
tories, and the intellectual contributions of current and former trainees).

To date, a number of conceptual models have been proposed by SOTS scholars to iden-
tify key antecedent conditions, intervening processes, and outcomes (including near-term, 
mid-term, and long-term outcomes) associated with TS initiatives and to explain the 
interrelationships among them (e.g. the presence of institutional supports or constraints 
at the beginning of an initiative and their impact on subsequent collaborative processes 
and outcomes). For instance, Trochim et al. (2008) used concept mapping techniques to 
derive an empirically based logic model, which guided the NCI TTURC Initiative-wide 
Evaluation Study. The TTURC logic model, shown in Fig. 32.1, posits a series of temporal 
links between early processes of intellectual collaboration and TD integration and sub-
sequent outcomes, including scholarly publications, TD training programs, community 
health interventions, and public policy initiatives. Using the TTURC logic model, both the 
constructs of interest for evaluation (e.g. the degree of collaboration achieved; the emer-
gence of integrative conceptual frameworks) as well as the temporal sequence in which 
one would expect to see changes are clearly delineated.
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Figure 32.1 Logic model for the Transdisciplinary Tobacco Use Research Center(TTURC) initiative-wide 
evaluation study. Reprinted from Trochim et al. (2008).
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In their work, Stokols and colleagues have proposed a different antecedent–process–
outcome model of TD science in which several interpersonal, environmental, and organi-
zational antecedents of collaboration are considered, such as the leadership styles of center 
directors, scientists’ commitment to team research, the availability of shared research and 
meeting space, electronic connectivity among team members, and the extent to which 
they share a history of working together on prior projects (Stokols et al. 2003). Inter-
vening processes examined in this model include intellectual, interpersonal, and affective 
experiences as well as observed and/or self-reported collaborative behaviors. Examples 
of these processes are: brainstorming strategies to create and integrate new ideas; cross-
disciplinary biases and tensions that often arise in collaborative situations; and strategies 
for negotiating and resolving confl icts. The antecedent and process variables specifi ed 
in the model, in turn, infl uence several near-term, mid-term, and long-term outcomes 
of scientifi c collaboration including the development of new conceptual frameworks, 
research publications, training programs, and translational innovations over the course of 
the initiative (see Fig. 32.2). Empirical support for the hypothesized links among anteced-
ent, process, and outcome variables was derived from a longitudinal (5-year) comparative 
study of the TTURC centers.

More recently, Hall, Stokols et al. (2008), Holmes et al. (2008), and Warnecke et al.
(2008) developed multistage conceptual frameworks that have guided TD research, train-
ing, and community intervention efforts within the NCI TREC and CPHHD initiatives, 
respectively. From its inception, the CPHHD initiative has placed greater emphasis on 
community-based participatory research strategies (as compared with the TTURC and 
TREC initiatives) for the purposes of translating scientifi c knowledge about the causes of 
health disparities in the United States into university–community partnerships and col-
laborative interventions to mitigate these disparities. Thus, the CPHHD evaluation model 
incorporates a ‘community stakeholder–investigator incubator’ component (see Fig. 32.3) not 
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Figure 32.2 Antecedents, processes, and outcomes of cross-disciplinary scientifi c collaboration. 
Reprinted from Stokols et al. (2005).
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Figure 32.3 Centers for Population Health and Health Disparities (CPHHD) evaluation logic model. 
Reprinted from Holmes et al. (2008).

found in the previously described TTURC logic model (Fig. 32.1) or in the TREC evalua-
tion logic model (see Fig. 32.4) outlined by Hall and colleagues.

Existing models of ID and TD collaboration raise several questions for future research. 
For example, antecedent conditions present at the outset of a TS initiative can be concep-
tualized as collaboration readiness (CR) factors that jointly infl uence a team’s prospects 
for success over the course of an initiative (Hall et al. 2008a). However, the relative con-
tributions of individual CR factors (e.g. leadership skills of center directors, availability 
of shared offi ce and laboratory space, team members’ experiences of working together 
on earlier projects) to specifi c dimensions of collaborative effectiveness (e.g. number of 
team publications produced as well as their integrative quality and scope; development 
of sustainable partnerships with community organizations) are not well understood and 
warrant further study.

Also, earlier conceptual models and the fi eld studies on which they are based suggest that 
the scientifi c outcomes of TS initiatives are strongly infl uenced by social and interpersonal 
processes, including team members’ collaborative styles and behaviors, interpersonal skills, 
and negotiation strategies. Yet the precise ways in which these social processes—such as 
team members’ disagreements about scientifi c issues, interpersonal trust, ‘group-think’ 
among scientists who have worked together over extended periods—infl uence scientifi c 
productivity and TD integration are not known. The empirical links between interper-
sonal and intellectual dimensions of scientifi c collaboration remain unclear.
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32.2  Methodological developments in the science 
of team science

A variety of qualitative and quantitative methods and metrics are available to assess the 
antecedents, processes, and outcomes of TS initiatives. Examples of these multiple meth-
ods and measurement strategies include:

● The use of unstructured and semi-structured interviews with team members to assess 
key goals and concerns surrounding their collaborative activities.

● Content analyses of interviews with team members to reveal important themes in nar-
rative accounts of collaborative experiences (e.g. perceptions of progress toward cross-
disciplinary scientifi c integration).

● Administration of standardized survey scales to assess participants’ collaborative readi-
ness, research orientations and values, and collaborative experiences.

● Protocols to evaluate cross-disciplinary qualities of near-term written products (e.g. 
co-authored manuscripts and developmental project proposals).

● Social network analyses of cross-disciplinary collaboration.
● Bibliometric and peer-review assessments of scientifi c impact and productivity.
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These methodological approaches and measurement strategies for evaluating TS initia-
tives are discussed below.

32.2.1 Qualitative methodologies

32.2.1.1 Appreciative inquiry to identify team goals and aspirations
Team-wide discussions among all relevant stakeholders (e.g. participating scientists and 
trainees, representatives of funding organizations, other partners) can establish a valu-
able foundation for a smooth and comprehensive evaluation. Appreciative inquiry tech-
niques (Cooperrider and Witney 2005) can be used to identify team members’ goals and 
collaborative aspirations, as well as their major strengths and assets for achieving team 
goals. These early planning activities offer opportunities, in a supportive environment, 
to identify and address challenges of particular relevance to ID and TD collaborations 
(e.g. issues stemming from divergent disciplinary cultures including language barriers, 
product development priorities related to tenure, scientifi c discovery) and may enhance 
‘buy-in’ from all relevant stakeholders to the evaluation process.

32.2.1.2 Investigator interviews
Unstructured and semi-structured interviews with individuals or groups of team mem-
bers can yield valuable insights into the divergent as well as shared perspectives of partici-
pating scientists, trainees, research staff, and community partners. Such interviews can be 
valuable for generating anecdotal evidence and narrative accounts of collaborative ‘suc-
cess stories’. Additionally, interviews can identify areas that need improvement, which can 
be shared with various stakeholder groups for the purposes of providing feedback about 
collaborative processes, and offer suggestions for enhancing team projects and outcomes 
over the course of an initiative.

32.2.1.3 Self-directed qualitative discussions
Alternatively, individuals within a TS initiative can be encouraged to lead self-directed 
or investigator-led discussions in an attempt to gather qualitative information about the 
collaborative processes and outcomes of an initiative. Such discussions may be conducted 
in meetings among investigators, trainees, and/or research staff within a single project, 
working group, or entire center. Another option is to organize a large scientifi c retreat that 
is self-directed and involves the participation of all members within a particular research 
project, center, or entire TS initiative. Scientifi c retreats have been found to be highly 
effective strategies for encouraging informal social communication as well as scientifi c 
dialogue and sparking ideas for integration among the members of TS centers (Stokols 
et al. 2003; Fuqua et al. 2004).

32.2.1.4 Document review of narrative accounts of team experiences
A valuable qualitative methodology for revealing major themes and patterns refl ected in 
team members’ collaborative experiences is to conduct content analyses of transcripts 
of the proceedings from scientifi c retreats and brain-storming meetings. Similarly, con-
tent analyses of team progress reports and other written products can provide valuable 
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 information about the processes and outcomes of TS initiatives. The data from con-
tent analyses can be supplemented by quantitative sources of evaluative information as 
described below.

32.2.1.5 External peer reviews
Analogous to the peer-review process for grants applications and publications, external 
peer reviews can be conducted to evaluate TS initiatives. The external panel can examine 
written products of initiative members (e.g. scientifi c progress reports, pilot research proj-
ect proposals, peer-reviewed manuscripts, reports of trainees’ research accomplishments 
and career development), and through periodic site visits assess the day-to-day operations 
and relative progress being made at particular centers over the course of an initiative.

32.2.2 Quantitative methodologies

In addition to the qualitative methods summarized above, several quantitative strategies 
can be incorporated into evaluations of TS initiatives, as summarized below.

32.2.2.1 Standardized surveys
Structured self-report surveys are used to assess facets of cross-disciplinary collaboration 
(e.g. focusing on constructs gleaned from the logic model guiding an evaluation), taking 
into account the temporal course of the initiative. For the TTURC initiative, scales and 
indices were created to measure each of the 13 constructs delineated in its logic model (see 
also Fig. 32.1). The results from the year-three TTURC survey revealed greater progress 
toward achieving proximal outcomes (e.g. transdisciplinary integration) as compared to 
more distal ones (e.g. community interventions and their impacts on health outcomes; 
cf. Mâsse et al. (2008) and Trochim et al. (2008) ).

32.2.2.2. Ratings of written products
As part of the TREC evaluation study, a written products protocol was developed to 
evaluate the cross-disciplinary qualities of these types of collaborative scientifi c prod-
ucts. An example of written products includes the research proposals submitted by TREC 
investigators (during the fi rst and second years of the initiative) to obtain TREC center 
developmental project funds. The written products protocol was designed to evaluate the 
conceptual breadth and integrative scope of the developmental projects, as well as the 
number and type of scientifi c disciplines and levels of analysis represented by the project 
staff. Reviews of the proposals were conducted by trained reviewers in consultation with 
a moderator and expert consultant to reach consensus on the identifi cation and rating 
of each construct. The written products protocol is intended to be implemented several 
times over the course of the initiative to examine hypothesized changes over time (Hall 
et al. 2008a), such as progress toward TD integration.

32.2.2.3 Financial analyses
Because of the large monetary investment in cross-disciplinary scientifi c initiatives and the 
corresponding need to ensure that the management of these funds is handled effectively, 
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it is important to assess project-specifi c and center-wide fi nancial expenditures as the 
initiative progresses from its initial to later phases. Mandatory annual grant reports were 
used in the TTURC evaluation to compare actual versus proposed yearly spending and 
to identify any resulting carry-over funds from one year to the next. In addition, data for 
any fi nancial carry-over were obtained from budget justifi cations included in investiga-
tors’ annual reports. Using pre-existing, mandated budget and expenditure reports as a 
source of evaluative data reduced the participant burden of the overall evaluation. Results 
from these analyses can be used to identify centers that are having diffi culty allocating 
their fi nancial resources as planned. Large discrepancies between proposed and actual 
expenditure levels may indicate, in some instances, that team members are encountering 
collaborative diffi culties in their efforts to implement proposed research projects. Often, 
these discrepancies are larger at the outset of a complex TS initiative when administrative 
structures and procedures are still in the early stages of development.

32.2.2.4 Social network analyses
Social network analysis (SNA) is another useful tool for evaluating TS programs. TS, by 
defi nition, involves people working collaboratively and a SNA can help reveal how these 
scientifi c networks develop over time, the density of the networks (i.e. the number of 
relationships within any particular network), and who the ‘brokers’ are (i.e. those who 
facilitate linking others together) within and between participating centers. SNA tech-
niques also can be used to assess constructs such as the quantity and quality of TD work 
accomplished by the members of a particular network. The CPHHD and TTURC evalu-
ations (see Stokols et al. 2005; National Cancer Institute 2007) utilized this methodology 
to obtain quantitative and visual evidence of collaborative relationships among scien-
tists over time. Within the TTURC and CPHHD initiatives, for example, SNA data were 
used to assess network densities and the prevalence of collaboration among participat-
ing scientists within and across centers. It is also possible to correlate these networking 
outcomes with other measures such as publication history and scientifi c impact using 
bibliometric data.

32.2.2.5 Bibliometric analysis
Bibliometric analysis is another method for assessing the impact of scientifi c initiatives. 
This technique provides an assessment of the quantitative and qualitative scholarly impact 
of publications—those produced either by an individual or a group of individuals—and 
can be conducted with minimal or no participant burden. Within the TTURC initiative, 
several bibliometric indices were derived, including the number of times a published work 
is cited in subsequent publications, the impact factor of the journals in which an article is 
published, and a measure of how multidisciplinary a journal is. For scientifi c teams that 
remain intact over several years, bibliometric analyses can be used to identify temporally 
lagged changes in the scientifi c productivity of team members.

As the SOTS fi eld matures, however, there is a need to develop more sophisticated 
methods and research designs for evaluating processes and outcomes of TS—for exam-
ple, prospective quasi-experimental (and perhaps truly experimental) research designs, 
as compared to the retrospective case studies that have been predominant in the SOTS 
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Managing consensus in interdisciplinary teams

Rico Defi la and Antonietta Di Giulio

Collaborative problem framing and consensus

One of the most important requirements of interdisciplinary research consists of what we call ‘con-

sensus’: By means of suitable procedures and methods, the participants have to arrive at a shared 

view of the problem under investigation. Consensus here does not mean ‘agreement’ in an everyday 

sense. Rather, it means the development of models and theories that integrate the various discipli-

nary viewpoints in such a way that the result, for example the description of the research objective, 

is shared by all. Problem framing that incorporates diverse perspectives therefore lies at the heart of 

successful inter- and transdisciplinary work; success being defi ned as achieving a synthesis (the inte-

grated result) that is more than just the addition of different points of view and individual results.

Problem framing consists of the following elements:

● Defi ning the problem (what exactly the problem is and for whom, what is the factual back-
ground of the problem, which assumptions and which type of knowledge help us to under-
stand the problem, what is the context in which the problem is meaningful?).

● Figuring out possible solutions to the problem (what is causing the problem, how can and 
should the problem be approached, where could the most promising solutions be found?).

● Identifying the resources needed to solve the problem (in terms of money, time, perspectives 
and methods, types of knowledge, stakeholders).

Problem framing in interdisciplinary teams is collaborative problem framing. In the case of 

wildland fi re, Brooks et al. (2006, p. 3) state that ‘Problem framing involves the different ways 

that stakeholders defi ne the problem and the terminology and concepts related to it [ . . . ]. Differ-

ent frames allow stakeholders to see what they want to see, or what they are guided to see [ . . . ]. 

The existence of many different frames, or defi nitions of the problem, suggests a need to develop 

common goals and a common language’.

The importance of common goals, a common language, and a common theoretical basis is 

confi rmed by the results of the survey conducted by the international cooperation DACH. In 

1999 researchers from four inter- and transdisciplinary environmental research programs in 

Switzerland, Austria, and Germany were sent a written questionnaire about their experiences 

of and recommendations on research management, leadership and personal skills, methods of 

knowledge integration, and development of theories etc. Out of 649 questionnaires sent out, 

294 completed questionnaires were returned, which corresponds to a response rate of 45%. The 

results quite clearly show signifi cant differences concerning common goals, a common language, 

and a common theoretical basis between those who had achieved a synthesis and those who had 

not (see Figs. 1–3).

Of course, research in an interdisciplinary project will not be carried out collectively with the 

whole team acting all the time as a group. Rather, there is a division of labor. The common goals, 

the common questions, and the shared description of the research object are the starting points 

for individual research work and the point to return to after this work has been done (see Fig. 4).

The role of management in achieving consensus

Many projects fail in their efforts at collaborative problem framing, and, consequently, in devel-

oping integrated results. This is often due to a defi cit concerning theory and methodology
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Figure 1 Common goals: of those who achieved a synthesis, 98% said that they had had common goals, 
whereas only 56% of those who had not achieved a synthesis had common goals (Defi la et al. 2006, p. 72).
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Figure 2 Common language, common theoretical basis: those having achieved a synthesis (the 
successful ones) were also successful concerning the development of a common language and a 
common theoretical basis (Defi la et al. 2006, p. 118).
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Figure 3 Success factors: the correlation between common goals and achieved synthesis is rather 
high, as is the correlation between common language and synthesis and between a common 
theoretical basis and synthesis (Defi la et al. 2006, p. 49).
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Managing consensus in interdisciplinary teams  (cont.)

with regard to interdisciplinary processes. Second, it is due to disciplinary socialization. Inter-

disciplinarity does not mean the disposal of disciplinarity, ignoring or covering up disciplinary 

differences. On the contrary, to be successful, the members of a team have to make substantial 

contributions from their disciplinary ways of thinking and of investigation. To this end they 

need a strong disciplinary identity and a deep understanding of their disciplinary way of think-

ing and tackling scientifi c problems. The specifi c disciplinary perspectives have to be made pro-

ductive for interdisciplinary research. This just won’t happen if the team members aren’t able to 

relate their disciplinary way of problem framing to the ways of others. If all are convinced that 

their way of seeing the world is the only possible and right way, that only the questions asked by 

their discipline are relevant, that their methods of investigation are the only ones possible and 

the only ones leading to success, collaborative problem framing is out of reach.

So, in interdisciplinary research a strong disciplinary identity is both the conditio sine qua non

of success and a serious obstacle to success. Collaborative problem framing in interdisciplinary 

teams therefore has to be balanced with disciplinary problem framing.

Collaborative problem framing in interdisciplinary teams as well as the balancing of team-

work and individual (disciplinary) work will not just happen, even if all team members are 

strongly committed and willing. Rather, it has to be properly managed. But which processes have 

to be managed in order to establish successful interdisciplinary work right from the beginning?

Most teams concentrate only on the process of integration. That, as should be clear by now, 

would be dangerous. Great attention has to be paid to the process of collaborative problem 

framing, including the process of defi ning common goals and questions. To ensure integrative 

problem framing, managers of interdisciplinary research projects have to make sure that this is 

accompanied by careful refl ection on the disciplinary way of structuring the world and on the 

disciplinary contributions to the solution of the problem by the members of their teams. Then, 
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Figure 4 Balancing teamwork and individual work: put metaphorically, the division of labor and the 
collaborative problem framing together form a fl ower, the petals standing for the individual research 
work, respectively the research work in the subprojects.
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during the research work, managers of interdisciplinary research have to make sure that the 

research is actually informed by the common goals and the common questions and always refers 

to the common description of the research object.

Other tasks in the management of inter- and transdisciplinary projects are (for details see 

Defi la et al. 2006):

● to coordinate the research of the members and subprojects, and support joint surveys;
● to ensure the development of common results (synthesis) and ascertain that the research ends 

up with common products;
● to support team development by discussing the expectations of the team members towards 

each other as well as concerning the interdisciplinary project, by monitoring the team’s work-
ing with an eye to possible confl icts due to the disciplinary socialization of the individuals 
involved;

● to support the participation of practitioners and cooperation between researchers and the 
stakeholders involved by negotiating the goals and forms of the cooperation, by reaching an 
agreement concerning the contribution of the stakeholders involved in terms of time and 
effort as well as products, and by ensuring that the stakeholders really benefi t from the coop-
eration;

● to design and monitor internal and external communications by defi ning the different disci-
plinary and non-scientifi c target audiences to be addressed, by defi ning the different media 
and languages needed for addressing the target audiences, and by discussing specifi c assign-
ments concerning communication within the project team;

● fi nally, to organize the work within the project group by negotiating rights and duties, by dis-
cussing the criteria to be used in the evaluation of the processes and the achieved results, and 
by tuning the different disciplinary work schedules.

In conclusion, the management of interdisciplinary research can by no means be reduced to 

simple technical management. Rather, it is a complex task that researchers have to be specially 

trained for.
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 literature to date. A major challenge facing the development of quasi-experimental designs 
for evaluating TS initiatives is the identifi cation of appropriate comparison or control 
groups. One effort to address this challenge consists of a novel bibliometric analysis of 
the TTURC initiative recently begun by our team that incorporates a quasi-experimental 
interrupted time-series design (Cook and Campbell 1979), supplemented by science visu-
alization maps for examining the ‘footsteps’ of an initiative in its broader fi eld of research 
(e.g. tobacco use) over an extended period of time. This new direction of the SOTS fi eld 
is examined in Section 32.3.
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32.3  Emerging concerns and new developments in the science 
of team science

Four major emerging directions of the SOTS fi eld are considered in this section:

(1)  implementing more rigorous quasi-experimental research designs for evaluating the 
contributions of TS research;

(2)  developing and evaluating TD training programs;
(3)  creating a more nuanced typology of cross-disciplinary TS initiatives and funding 

models, and evaluating their relative effi cacy in achieving the intended goals of TS; 
and

(4)  achieving a broader understanding of the contextual factors that determine the col-
laboration readiness of particular teams and scientifi c fi elds.

32.3.1 Implementing quasi-experimental research designs

An important direction of research in the SOTS fi eld is the implementation of multi-
method, quasi-experimental research designs to evaluate the processes and outcomes 
of cross-disciplinary scientifi c projects and initiatives. Both quantitative and qualitative 
methods are now being used to assess the scholarly productivity and impact of scientists 
working within particular research areas (e.g. tobacco use research). A key component of 
these evaluation studies is the inclusion of multiple comparison groups—for example, 
scientists participating directly in a large-scale initiative such as the TTURCs compared 
with other scientists who are working in the same fi eld of research (e.g. tobacco use and 
control) individually on single investigator grants.

32.3.2 Development and evaluation of TD training programs

Another important frontier of the SOTS fi eld is the development and evaluation of com-
prehensive strategies for training the next generation of TD scholars and professionals. 
The availability of a critical mass of scientists ready for cross-disciplinary inquiry is cru-
cial for the success of TS initiatives. TD training is increasingly being encouraged and 
required by both public and private funding agencies (e.g. NIH, NSF, RWJF, McArthur 
Foundation). Although TD training shares many features with more traditional, unidisci-
plinary training programs at university and other institutional settings, it is unique in that 
it focuses on fostering a set of attitudes, knowledge, and skills among trainees that will 
equip them to transcend disciplinary frameworks and methodologies through creative 
syntheses and to produce signifi cant advances in scientifi c research. Although still in an 
early phase of development, evaluative studies of TD training models and programs have 
been undertaken over the last decade.

A number of different TD training models have been examined in earlier studies. 
Nash (2008) summarized some of these approaches to TD training, one of which 



includes university-based programs offering structured TD curricula. In this approach, 
students receive their formal undergraduate and/or graduate training within an interdis-
ciplinary academic unit (e.g. the University of California Irvine’s School of Social  Ecology; 
Cornell University’s College of Human Ecology, Ithaca, NY). Another TD training model 
incorporates multi-mentor apprenticeship whereby a trainee is assigned, through mutual 
agreement, to more than one faculty advisor and is designated as an apprentice of two or 
more established mentors in their domains (e.g. as occurs within the TTURC at Brown 
University, Providence, RI). In yet a third TD training prototype, sometimes referred to as 
‘residential scholars’, junior investigators are encouraged to expand their training experi-
ences by conducting research projects at a center other than their own over a specifi ed 
period (e.g. 2 to 3 months). In this model, which is being pursued by the TREC cen-
ters, trainees have the opportunity to collaborate with colleagues in other institutions by 
 working on a joint project with them and overcoming geographic barriers to TD collabo-
ration. With the growing interest and investment in cross-disciplinary TS, TD training 
models are likely to continue to evolve and expand in future years.

32.3.2.1 Challenges in TD training
There are several challenges inherent in developing and refi ning TD training models to 
respond to the rapidly changing landscape of TS. In addition to the need to overcome 
language and cultural barriers associated with exposure to multiple disciplines, fi rst-
 generation TD trainees face many uncertainties in their career development owing to 
traditional academic reward systems that encourage fi rst or sole authorships on scholarly 
publications, principal investigator status on grant-funded projects, and the publication 
of peer-reviewed articles in prestigious unidisciplinary journals (see Graybill and Shan-
das, chapter 28 this volume).

Moreover, prior TD training models have been dominated by programs designed for 
advanced graduate and postdoctoral training. A more comprehensive training model is 
needed for senior investigators who are charged with greater management responsibili-
ties within large research initiatives. Broader models of TD training that encompass the 
needs of all stakeholders including senior investigators, junior investigators, postdoctoral 
scholars, graduate students, and research support staff, should be incorporated into the 
overall infrastructure of collaborative TS. Also, future TD training programs should offer 
innovative mentoring practices, and expose trainees to collaborative leadership styles and 
communication strategies, interpersonal and managerial skills, and technological exper-
tise (Gray 2008).

32.3.2.2 Evaluation of TD training processes and outcomes
In earlier evaluations of TD training programs and outcomes, a variety of metrics 
have been used to assess the quality, novelty, and scope of disciplinary integration 
refl ected in the work completed by trainees. Further refi nement and validation of 
these metrics are sorely needed in the SOTS fi eld. Quantitative and qualitative mea-
sures of trainees’ career trajectories as they evolve within various TS initiatives can 
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 provide a deeper understanding of the near-term, mid-term, and long-term outcomes 
of these programs, and the ways in which TD trainees gain entry to various academic, 
 government, and private sector jobs; as well as whether their collaborative (e.g. multi-
mentor) training leads to sustained TD research efforts as they move forward in their 
careers. For example, the assessment of changes in trainees’ research orientations over 
time may be used to model and subsequently predict the long-term career outcomes of 
these individuals. Systematically tracking the career development of TD trainees over 
time and examining the infl uence of collaborative training programs on their subse-
quent productivity will ultimately help to gauge the returns on TS investments at both 
individual and societal levels.

32.3.3 A typology of team science initiatives and funding models

A substantial increase in funding initiatives for ID and TD science and training has 
occurred in recent years. Critics of TS, in addition to being concerned about the volume 
of funds directed towards cross-disciplinary TS initiatives and away from unidisciplinary 
research, contend that once TD-specifi c funding is withdrawn from a research group, cen-
ter, or institution, the collaborative efforts will cease (Weissmann 2005; Marks 2006). To 
date, this contention has not been tested directly by evaluating whether TD teams remain 
productive and cohesive once their original sources of funding are gone. These critiques 
of TS initiatives raise important concerns about the continuity of and strategies for fund-
ing collaborative research.

Currently, a variety of different funding model is used to support and sustain TD sci-
ence and training initiatives. Funding for TD research varies along several dimensions that 
may affect the continuity of funding and the sustainability of TD science. For instance, 
an initiative may have several sources of funds, including private foundations and federal 
agencies as well as combinations thereof (e.g. an initiative funded by both a foundation 
and a federal agency). Funding mechanisms also vary with regard to the scope of the sci-
ence addressed: medical research (broadly) versus tobacco use (specifi cally); the breadth 
of disciplines spanned (molecular to policy versus social science to policy); the amount 
of funding (e.g. thousands versus millions of dollars per project/center); and whether or 
not a strategic plan is developed at the outset to guide the research agenda over the course 
of the project.

Future evaluations of TS initiatives, therefore, should address the following kinds of 
questions. To what extent will the collaborative research supported by various funding 
models produce integrative conceptual models, methodological approaches, and empirical 
advances spanning multiple fi elds and extended periods? What happens when the funding 
for a TS initiative is withdrawn—will the TD science stagnate? Will the lack of long-term 
funding commitment lead researchers to revert to more traditional small, incremental 
scientifi c development processes? What situational factors facilitate the sustainability of 
cross-disciplinary inquiry communities? Can substantial gains in cross-disciplinary inte-
gration and translations to health practice be achieved through small-scale TD science 
teams? Is small-scale TD science more sustainable with respect to funding streams, or do 
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we ultimately need large-scale TD science to create a critical mass of researchers and infra-
structure for the sustainability of TD science? What are the necessary conditions to ensure 
the continuity of funding for TD science projects of different scopes and sizes? Are large 
initiative-based TD science centers (as compared with smaller-scale projects) required 
to foster suffi cient levels of cross-disciplinary expertise in order to propel collaborations 
as well as theoretical and methodological advances in resolving the most urgent societal 
health problems?

32.3.4 Understanding multiple determinants of collaboration readiness

‘Collaboration readiness’ (CR) in cross-disciplinary TS can be conceptualized and mea-
sured in a variety of ways—for instance, in terms of individual and group research orienta-
tions; organizational and technological resources that enhance capacity for collaboration; 
and the scientifi c readiness of different fi elds for collaborative integration. Stokols, Misra 
et al. (2008) offered a social ecological framework for identifying multiple factors that 
enhance collaboration readiness, including the availability of specifi c communication 
tools and cyberinfrastructural resources, shifts in individuals’ research orientations and 
their attitudes toward collaboration, and funding agencies’ willingness to invest in center-
based, multiple-PI (Principal Investigator) grants. A diagrammatic representation of the 
typology of contextual infl uences on the effectiveness of TD team science initiatives is 
shown in Fig. 32.5. Key categories of contextual infl uences on CR are organized accord-
ing to intrapersonal, interpersonal, organizational, institutional, physical environmental, 
technological, and political and societal levels of analysis.

Future research in the SOTS field should explicitly consider multiple levels and 
dimensions of CR for TD team science and undertake in-depth case studies to iden-
tify which types of readiness factors (e.g. psychological, interpersonal, organizational, 
societal, technological, scientific) exert the greatest influence on the effectiveness of 
TS projects and initiatives. A readiness framework can help generate appropriate mul-
tilevel interventions to increase the success of TD team science. For instance, at the 
interpersonal level, understanding a team’s readiness to engage in group processes to 
create common ground, common language, and shared goals can lead to the devel-
opment of workshop modules to foster improved communications skills and team 
cohesiveness (Stokols et al. 2008b). To date, evaluations of TD initiatives have not 
examined the joint influence of these diverse readiness factors on the effectiveness 
of TS and training. This is a potentially fruitful direction for future research in the 
SOTS field.

Finally, the demands for cross-disciplinary and cross-national collaborations in health 
science, engineering, and technology will continue to grow in the coming decades. TD 
team science at a global scale requires an understanding of and sensitivity to cultural dif-
ferences and their impact on teamwork to ensure success. Also, as funding streams ebb 
and fl ow, the need to coordinate and integrate health research efforts among academic 
institutions, government agencies, and private corporations and foundations will become 
increasingly important.
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responsibilities is encouraged) 
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technical support 
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protocols, and effectiveness of their 
communication styles) 

Provisions for high level data security, privacy, 
rapid access and retrieval

Interpersonal

Members' familiarity, informality, and social 
cohesiveness 

Diversity of members' perspectives and abilities 

Ability of members to adapt flexibly to changing 
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consensus about shared goals 
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Effectiveness of 

Transdisciplinary 
Science Initiatives 

Figure 32.5 Typology of contextual factors that infl uence the effectiveness of TD scientifi c collaboration. Reprinted from Stokols et al. (2008b).
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32.4 Epilogue

Whereas the SOTS fi eld is at a relatively early stage in its development, it is likely to expand 
substantially in several new directions owing to the increasing investment in cross-disci-
plinary TS initiatives by both public and private funding organizations, and the corre-
sponding need to evaluate the scientifi c, training, and societal outcomes of these programs. 
Several promising directions for future SOTS research were identifi ed in earlier sections of 
the chapter, including: the development of more rigorous research designs for evaluating 
the outcomes of TS initiatives; new and innovative models for funding TS research and 
training programs as well as systematic evaluations of them; and a broader understanding 
of the multiple factors that infl uence the collaboration readiness and capacity of particu-
lar teams, institutions, and scientifi c fi elds.

In addition to the emerging concerns and research directions of the SOTS fi eld iden-
tifi ed above, several other topics are likely to arise as a focus for future evaluations of 
TS initiatives. Although not explicitly addressed in this chapter, the challenges of creat-
ing and sustaining new collaborative partnerships among government research agencies, 
non-government organizations, and private corporations and foundations for the pur-
poses of promoting and supporting cross-disciplinary science and training programs is 
likely to become more salient in future SOTS research. How can the disparate and some-
times seemingly incommensurate goals of these diverse (e.g. for profi t versus non-profi t) 
entities be aligned in ways that encourage and sustain cross-disciplinary collaboration in 
science, training, and the translation of research knowledge into effective health promo-
tion policies and interventions? What new theoretical frameworks, metrics, and research 
designs will be required to evaluate the success of these multi-sectoral partnerships?

Yet another promising direction for SOTS research that has received little attention to 
date is the set of challenges associated with managing information overload in TD team 
science initiatives. Whereas many contextual factors contribute to collaborative readi-
ness, the capacity of a TD team to sustain effective collaboration over extended periods 
depends to a large extent on how well team members are able to manage the enormous 
amounts of new information they are exposed to as they work with colleagues trained 
in multiple fi elds, who are often dispersed across several geographic locations. Future 
studies on TD science, training, and research initiatives  should investigate the impact 
of information overload on the processes and outcomes of TD work. Further, new orga-
nizational, infrastructural, and intra- and interpersonal models and strategies that can 
better help manage information overload need to be developed to enhance the effec-
tiveness of TD collaboration. These are among the exciting and important questions 
that are likely to command the attention of participating scholars as SOTS fi eld moves 
forward.
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CHAPTER 33

The environment
J. BAIRD CALLICOTT

In a 1942 speech, ‘The role of wildlife in a liberal education’, published that same year in 
the Transactions of the North American Wildlife Conference, the great American conserva-
tionist, Aldo Leopold, powerfully expressed the inherent interdisciplinarity of environ-
mental concerns and problems:

All the sciences and arts are taught as if they were separate. They are separate only in the classroom. 

Step out on the campus and they are immediately fused. Land ecology is putting the sciences and 

arts together for the purpose of understanding our environment (Leopold 1999b, pp. 302–3).

Leopold seems to have thought of ecology less as a discipline among disciplines, than as a 
transdiscipline (cf. Klein, Chapter 2 this volume), much in the way that modern conserva-
tion biology is defi ned by its practitioners as a transdiscipline (Meffe et al. 1994, 1997). To 
understand the energy fl ows and nutrient cycles of an ecosystem, an ecologist must fuse 
thermodynamics and biogeochemistry with organismal biology. To understand predator–
prey relationships, a community ecologist must fuse genetics and population biology with 
a knowledge of the life histories of a biotic community’s interacting organisms.

Certainly, as Leopold claims, ‘understanding our environment’ is an inherently inter-
disciplinary task requiring a fusion of all the sciences and arts; but the environment has 
come to represent much more than what Leopold comprised under his own preferred 
simpler rubric of ‘land’—which in his view consisted of ‘soils, waters, plants, and animals’ 
(Leopold 1949, p. 204). Conspicuously absent from these components of the land or the 
environment, as Leopold conceived it, is ‘airs’, the atmosphere, the central object of what 
is perhaps the gravest of our twenty-fi rst-century environmental concerns.

Understanding and dealing with global climate change is perhaps the greatest call to 
interdisciplinary arms, requiring that such sciences as astronomy and astrophysics (e.g. 
the study of solar cycles and variations in the earth’s orbital eccentricity) be added to ther-
modynamics and biogeochemistry on the list of the sciences needing to be fused—not to 
mention new sciences undreamed of by Leopold’s generation, such as computer modeling 
and plate tectonics. And, in addition to the other ‘arts’ that Leopold may have had in mind 
(history, cultural geography, and anthropology prominent among them), environmental 
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philosophy and ethics, including environmental justice, are among the disciplines that 
must be leavened into the mix of fused natural and social sciences to address global cli-
mate change.

To keep this chapter within reasonable limits—and within the limits of the author’s 
experience and expertise—the discussion of interdisciplinarity and the environment will 
be confi ned to an examination of one self-consciously interdisciplinary trans- (or better, 
meta-) discipline, conservation biology. I then relate my own experience, as a humanist, 
participating in interdisciplinary research on environmental issues.

In a plenary address to the joint meeting of the Ecological Society of America and the 
Society of American Foresters in 1939, Leopold articulated the idea that ecology is itself 
an interdisciplinary science:

Ecology is a fusion point for all the natural sciences. It has been built up partly by ecologists, but 

partly by the collective efforts of the men charged with the economic evaluation of species. The 

emergence of ecology has placed the economic biologist in a peculiar dilemma: with one hand he 

points out the accumulated fi ndings of his search for utility, or lack of utility, in this or that species; 

with the other he lifts the veil from a biota so complex, so conditioned by interwoven cooperations 

and competitions, that no man can say where utility begins or ends (Leopold 1999a, pp. 266–7).

Leopold regards ecology as inherently interdisciplinary, ‘a fusion point for all the natural 
sciences’. And, to all the natural sciences, Leopold himself is most famous for adding the 
humanities—with his sketch of a ‘land ethic’—into the crucible from which ecology was 
forged. But ecology is also commonly regarded as a discipline among disciplines—and 
certainly it was even in Leopold’s day. Indeed, Leopold acknowledges as much by refer-
ring to practitioners of the discipline, namely to ‘ecologists’. According to the ecologist 
and historian, Robert P. McIntosh (1985), ecology became a ‘self-conscious science’ in the 
last decade of the nineteenth century. Successful fusing of disciplines, successful interdis-
ciplinarity, thus sometimes results in a metadiscipline—that is, an emergent new disci-
pline born of the interdisciplinary fusion of previously existing separate disciplines. Such 
a discipline is ecology, Leopold thinks, and so, certainly, is conservation biology. Indeed, 
conservation biology may be a meta-metadiscipline, as one of the ‘disciplines’ it comprises 
is ecology, itself a metadiscipline, if Leopold’s characterization of it is correct.

33.1 What is conservation biology?

‘What is conservation biology?’ was the title of an article by Michael Soulé (1985), pub-
lished in BioScience, that announced the emergence of a new metadiscipline. The Society 
for Conservation Biology was also formed in 1985. And Conservation Biology (the jour-
nal) began publication in 1987. The emergence of conservation biology was one response 
to what has been called the second wave of the environmental crisis.

The fi rst wave of the environmental crisis began to swell in the 1960s, as local and regional 
pollution from heavy industry; municipal sewage; petroleum extraction,  transport, and 
refi ning; the exponential growth of the automobile culture; and broadcast agricultural 
pesticides became evident to the senses and a palpable public nuisance. The fl ames of 
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popular outrage were fanned by Rachel Carson (1962)—whose book, Silent spring, gal-
vanized public concern about pesticides—and by Stewart Udall (1963), whose book, The
quiet crisis, may have given the phenomenon its ‘crisis’ cachet. By the end of the decade 
Congress passed the National Environmental Policy Act (1969). The fi rst wave of the envi-
ronmental crisis crested in 1970 with the Congressional declaration of Earth Day and the 
creation of the United States Environmental Protection Agency. There followed a spate of 
palliative national legislation enacted in the 1970s including, most notably, the Clean Air 
Act (1970), the Clean Water Act (1972), and the Endangered Species Act (1973).

The second wave of the environmental crisis arose in the 1980s. A seasonally fl uctu-
ating ‘hole’ in the layer of stratospheric ozone, which protects the earth’s surface from 
dangerous levels of ultraviolet solar radiation, was discovered over the Antarctic in 1985. 
The principal culprit was Freon, a gaseous chlorofl uorocarbon refrigerant, leaked into 
the atmosphere. An unusually hot North American summer in 1988, accompanied by a 
massive out-of-control wildfi re in Yellowstone National Park, seared ‘global warming’ into 
the American mind. And, after bulldozers and chainsaws had made their way deep into 
the planet’s moist tropical forests, scientists—followed shortly by public concern—began 
to realize that the rate of species extinction on earth was catastrophic and accelerating at 
an alarming pace. To more generally characterize this loss, the term ‘biodiversity’ (a con-
traction formed from biological and diversity) was coined in 1985 in preparation for the 
National Forum on Biological Diversity—a multidisciplinary conference, incidentally—
organized by the US National Research Council and convened in 1986, the (multidis-
ciplinary) proceedings of which were edited by Edward O. Wilson (1988) and entitled 
Biodiversity.

The second wave of the environmental crisis differed from the fi rst in both spatial and 
temporal scale. The spatial scale of the concerns dominating the fi rst wave was, as noted, 
local and regional—fouled beaches in and around Santa Barbara, CA; smog over Hous-
ton, TX; a fi re on the Cuyahoga River in Cleveland, OH. Such phenomena are revers-
ible and the temporal scale of environmental recovery is calibrated in years and decades. 
Four decades later, the beaches of Santa Barbara are relatively clean again; the air quality 
in Houston is better in 2008 than it was in 1958; and the Cuyahoga River is no longer 
combustible. Spatially, the ozone hole, the loss of biodiversity, and global climate change 
are planetary. Temporally, the recovery times vary, but they are all calibrated in decades, 
centuries, and millennia, not years. The earth’s ozone shield is already showing signs of 
recovery and the Antarctic ozone hole is annually shrinking. Barring additional ozone-
destroying gases leaked into the atmosphere, in about a hundred years earth’s ozone shield 
should return to its preindustrial condition (Son et al. 2008). Lost biodiversity can only 
be restored by Darwinian evolutionary processes, over millions of years, and the species 
currently lost will be replaced by others—the nature of which no one can predict—not 
re-created (Eldridge 1992).

The ozone hole was the easiest to address, as well as the quickest to fi x. The 1987 Mon-
treal Protocol mandated that the production of chlorofl uorocarbons be phased out—
with the full cooperation of the chemical industry, incidentally, mainly because patents on 
them had run out and profi ts from ozone-safe substitutes were promising. The solution to 
this problem involved transdisciplinarity. The geosciences and chemistry, diplomacy and 
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economics were the disciplines principally engaged, but bureaucrats and chief executive 
offi cers also participated as vital players.

The problem of global climate change is much harder to address, although the principle is 
the same as that in the case of the ozone hole: discontinue the use of its causal agents, most 
importantly discontinue the production of carbon dioxide from the burning of fossil fuels. 
Still harder to address is the loss of biodiversity—which is exacerbated by global climate 
change—now so ominous a prospect that, if uncontrolled, a sixth mass extinction across the 
entire earth’s biography may occur before the current loss of biodiversity bottoms out.

Addressing the problem of biodiversity loss and avoiding a sixth great extinction is the 
remit of conservation biology. Because conservation biology is, according to Soulé (1985) 
in his fi eld-defi ning paper, a ‘crisis discipline’ it is not a ‘pure’ natural science like physics or 
chemistry, but is more aptly compared to a science like medicine. Similar to medicine, con-
servation biology is openly value driven. Medicine is driven by the value of human health; 
conservation biology by the value of biodiversity. Indeed, like medicine, which is based on 
the intrinsic value of human health, conservation biology is based on the intrinsic value of 
biodiversity—although biodiversity also has many instrumental uses as well, such as provid-
ing a pool of resources for new medicines, foods, and fuels and the maintenance of vital eco-
logical services, such as pollination and nitrogen fi xation. Like physicians, practitioners of 
biodiversity preservation must fi rst triage species at risk of extinction and work to save only 
those that (fi rst) can be preserved and (second) will be preserved only if efforts to do so are 
expended. And, like physicians, conservation biologists must practice their art in a climate of 
great scientifi c uncertainty, because the crisis they hope to avert advances more rapidly than 
basic research. Finally, like medicine, conservation biology is metadisciplinary. Medicine 
fuses such scientifi c disciplines as anatomy, physiology, biochemistry, and neurology—to 
that extent it is interdisciplinary—but it is itself a well-established scientifi c discipline in its 
own right, a metadiscipline. Similarly, conservation biology fuses such scientifi c disciplines 
as evolutionary biology, ecology, biogeography, and geology into a metadiscipline.

So self-aware a metadiscipline is conservation biology that most textbooks in the fi eld 
provide a table or chart listing the disciplines that the metadiscipline comprises. Fig-
ure 33.1 is taken from the 2006 edition of the leading graduate textbook in the fi eld, 
Principles of conservation biology (Groom et al. 2006).

Inadvertently (one assumes), the fi gure looks back to Leopold’s dichotomous distinc-
tion between the sciences and arts as it collapses the humanities and social sciences into 
one category. The greatest part of the list of natural sciences fused into conservation 
biology—biology, ecology, evolution, genetics, biogeography, geology, chemistry, and 
statistics—is predictable. Among the humanities and social sciences, one also fi nds the 
usual suspects—sociology, economics, policy, and law. But one also fi nds anthropology. 
The reason for the express inclusion of that social science is because conservation biology 
is becoming ever more a transdiscipline as well as a metadiscipline, acknowledging the 
extradisciplinary input from various stakeholders in various cultures in the formation 
of successful conservation policy. Indeed, one of the latest buzz words in conservation 
policy is ‘community-based conservation’, in which conservation initiatives are planned 
in close consultation with the affected stakeholders. Going further still, ecologist and 
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 environmental philosopher Ricardo Rozzi now identifi es the end served by conservation 
biology as the preservation of biocultural diversity (Rozzi et al. 2004).

Among the humanities listed in Fig. 33.1 one fi nds philosophy (but not the critical study 
of literature, an unfortunate oversight, as much might be garnered relevant to conserva-
tion biology from a critical study of, for example, Moby Dick). The part of philosophy that 
is expressly fused into conservation biology, as the fi gure indicates, is environmental eth-
ics. From its earliest expression in the mid-1980s, conservation biology has been informed 
by environmental ethics, and especially by the distinction, central to much discussion in 
environmental ethics, between the intrinsic and instrumental value of species severally 
and biodiversity collectively. The authors of the introductory chapter of third edition of 
Principles of conservation biology note, citing Soulé (1985), that:

Michael Soulé, a cofounder of the Society for Conservation Biology, lists four postulates and their 

corollaries that characterize value statements relevant to conservation biology.[ . . . ] The fi nal postu-

late is that biotic diversity has intrinsic value, regardless of its utilitarian value. This postulate recog-

nizes inherent value in non-human life, regardless of its utility to humans, and carries the corollary 

that destruction of diversity by humans is bad. This is perhaps the most fundamental motivation for 

conservation biology (Groom et al. 2006, pp. 17–18).

And a chapter in each of the three editions of that textbook has been devoted to ‘Con-
servation values and ethics’ written by a professional philosopher specializing in envi-
ronmental ethics (Meffe et al.1994, 1997; Groom et al. 2006). Although many of the 
chapters of this textbook are written by contributors other than the principal authors, as 
these quotations from the introductory chapter by the principal authors indicate, envi-
ronmental ethics is deeply integrated into the very foundations of the metadiscipline of 
conservation biology.

NATURAL
SCIENCES

CONSERVATION
BIOLOGY

SOCIAL SCIENCES

Biology
Ecology

Evolution
Genetics

Biogeography
Geology

Chemistry

Endangered species management
Reserve design

Ecological economics
Restoration ecology

Ecosystem conservation
Environmental ethics Sociology

Anthropology
Economics

Policy
Environmental law

Philosophy

Figure 33.1 The interdisciplinary nature of conservation biology merges many traditional fi elds of natural 
and social sciences. The list of relevant subdisciplines and interactions is not meant to be exhaustive.
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Biocultural conservation in Cape Horn: the Magellanic woodpecker as a 
charismatic species

Ximena Arango, Ricardo Rozzi, Francisca Massardo, and J. Tomás Ibarra

Interdisciplinarity is often looked to for producing insights of practical use to policy makers in 

the public and private sectors. Yet there are many challenges facing interdisciplinary approaches: 

diffi culties in integrating different disciplinary perspectives, scales, and methods; differences in 

vocabularies; and timelines for research that often do not match well with the exigencies of 

practical affairs. Transdisciplinary approaches—in which academic research is integrated with 

non-academic concerns—are often fruitful in linking interdisciplinary research with societal (or 

what we prefer to call biocultural) needs.

At the southernmost tip of the Americas, the Cape Horn Biosphere Reserve (CHBR) encom-

passes one of the world’s most pristine remaining wilderness areas and is home to the indigenous 

Yaghan (or Yamana) community, which featured so prominently in Charles Darwin’s Voyage of 

the Beagle. Its remoteness and uniqueness, however, are threatened by the introduction of exotic 

species such as the North American beaver and American mink, increasing development pres-

sures from new connectivity, resource exploitation, and the development of tourism. To imple-

ment the biosphere reserve and conserve its natural and cultural richness requires the active 

participation of the community, as well as linkages and integration between various disciplines 

and institutions. In an effort to achieve the goal of transdisciplinary integration, we used the 

strategy of identifying a charismatic species, since doing so serves to motivate people towards 

biodiversity conservation, to communicate ecological concepts, and to integrate both the eco-

logical and social dimensions of sustainability. This study was developed together with the popu-

lation of Puerto Williams, a town with 2200 inhabitants located on Navarino Island, and the 

largest human settlement within the CHBR.

Based on structured interviews, we found that the largest woodpecker in South America, 

Campephilus magellanicus or the Magellanic woodpecker, was the favorite bird of people who 

inhabit the reserve, especially for members of ethnic Yamana group and long-term residents 

(Arango et al. 2007). Through a process of socialization in which the local population was 

involved, together with governmental and military authorities and people from different disci-

plines and skills, from 2005–07 we developed a program for the implementation of the Magel-

lanic woodpecker as a charismatic species of the Cape Horn Biosphere Reserve.

A strategic plan was then designed covering both the dissemination of the program and 

the natural history of the woodpecker and including educational and recreational activities 

with the community at local and regional levels. The objective of this campaign was to con-

solidate the previous empathy felt toward this species and increase its charismatic appeal in 

social–cultural groups less familiar with the avifauna of the biosphere reserve. This program 

of research, environmental education, and biocultural conservation was run by the Masters 

of Science Program of the University of Magallanes Campus in Puerto Williams in conjunc-

tion with the Institute of Ecology and Biodiversity (IEB) and the Omora Foundation. The 

program was based on the Dietz et al. (1994) model and followed a systematic process in 

seven stages: Stage 1, identifi cation of priority problems; Stage 2, identifi cation and evalu-

ation of the target population, available resources and the scenery; Stage 3, development of 

positive interaction between the participants; Step 4, selection and methods analysis; Stage 5, 

activities implementation; Stage 6, evaluation, and Stage 7, reiteration.
(cont.)
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Biocultural conservation in Cape Horn: the Magellanic woodpecker as a 
charismatic species (cont.)

The woodpecker program was focused on disseminating knowledge about the natural history of 

C. magellanicus to all parts of the local population. From the beginning a group of researchers from 

the CHBR Scientifi c Advisory Council and Omora Park Program worked with several local leaders 

(including the provincial governor, commanders of Beagle Naval District, the mayor of Puerto Wil-

liams, members of local tourism groups, and the director of the only school in the city) and public 

entities (the Municipality of Cape Horn County, the Chilean Antarctic Province, the Chilean navy, 

the National Forestry Corporation, the Puerto Williams school, and other community groups) to 

encourage their interest in this species both as a matter of local pride and in terms of potential 

economic benefi ts from the development of tourism. Together, this group selected, planned, and 

executed linked activities (e.g. a permanent environmental working group of school children to 

participate in the Scientifi c Regional School Congress Meeting, environmental workshops, lectures, 

fi eld trips, celebrations, drawing competitions, environmental campaigns, exhibitions, and distribu-

tion of souvenirs) focused mainly on schoolchildren (about 20% of the population are preschool 

and school-age students). This strategy made it possible to reach an important segment of adults 

within the city—about 250 families have their children studying at the local school.

The media also played an important role at local and regional levels by disseminating the 

program and the importance of conserving this species. The Magellanic woodpecker became the 

symbol of the campaign. As with the case of the municipality, members of the Chilean navy—a 

group that had originally chosen the Andean condor as its favorite bird in their responses—

expressed interest in using the woodpecker as a symbol of their own environmental campaign to 

contribute to the reduction of plastic bags in the biosphere reserve.

Implementing the Magellanic woodpecker as a charismatic species has been a useful tool for 

biocultural diversity conservation in the CHBR. The woodpecker program has disseminated 

accounts of the natural history of C. magellanicus and increased its valuation at local, regional, 

national, and international levels. The construction of public awareness of and support for this 

bird is a contribution to the conservation of the species and sub-Antarctic Magellanic forests 

that simultaneously opens up opportunities for local economic development for the community 

of this biosphere reserve—a success that could only have been achieved through interdiscipli-

nary and transdisciplinary collaborations.
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33.2  A philosopher’s odyssey through multidisciplinarity 
and interdisciplinarity

The integration of environmental philosophy into wide-ranging environmental transdis-
ciplines, such as conservation biology, may perhaps be best traced via the permutations 
of an individual career. Having grown up with the fi eld of environmental philosophy and 
ethics, and having been witness to its progressive integration with other disciplines, I offer 
below my own (albeit limited as well as personal) account of the evolution of interdisci-
plinary thinking about the environment.

The fi rst Earth Day in 1970 was a cathartic event on the campus of the University of 
Wisconsin–Stevens Point (UWSP). The gymnasium was packed from 8:00 a.m. until 
nearly midnight with a rapt audience listening to speaker after speaker analyzing, lament-
ing, and suggesting how to address, one way or another, the environmental crisis. I was 
among those speakers, an untenured instructor, in my second year at UWSP.

With regard to Earth Day, Wisconsin was special. Wisconsin’s senior senator, Gaylord 
Nelson, a Democrat, was the Earth Day bill’s Senate sponsor. (Representative Pete McClo-
skey, a California Republican, sponsored it in the House.) Wisconsin was also the boy-
hood home of John Muir and the setting for Aldo Leopold’s A Sand County almanac.
And in Wisconsin, our proudly ‘teaching-oriented’ campus was special, as it was given a 
personality by one of its few research-oriented units with a graduate program, the UWSP 
College of Natural Resources (CNR). The UWSP CNR resource-management programs 
were then defi nitely old school—board-feet forestry and hook-and-bullet wildlife and 
fi shery management—but a number of nascent environmentalists were salted into its fac-
ulty and students.

After the emotional climax of that fi rst Earth Day had come and gone, a few of us 
organized ourselves into an ad hoc committee to introduce environment-oriented courses 
across the curriculum and to organize them into a multidisciplinary environmental stud-
ies program. Rashly, I offered to teach a course titled environmental ethics to comple-
ment a core curriculum of various offerings in the CNR along with other satellite courses 
in environmental economics, environmental policy and law, and other disciplines in the 
social sciences. Environmental ethics at UWSP was approved, albeit skeptically, by my 
colleagues in the philosophy department, endorsed by the College of Letters and Science 
curriculum committee, and offered for the fi rst time in 1971, as part of a new multidisci-
plinary minor in environmental studies.

The analysis of values is at the core of environmental ethics. In the beginning, my col-
leagues in the natural and applied sciences—biology, ecology, chemistry, forestry—were 
barely tolerant of me and I occasionally caught them smirking behind my back about 
‘environmental ethics’. Their reasoning was this: science is objective and value-free; our 
approach to resource management is scientifi c; thus our approach to research manage-
ment is objective and value-free; yes, people other than scientists have values, but such 
values should play no part in scientifi c resource management. Scientifi cally informed 
environmental policies were thus insolated from challenge from outsiders like me. As their 
own fi elds became rent by post-Earth-Day disagreements, however, centering on values—
hook-and-bullet wildlife management, for example, shifting toward management of 
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non-game and endangered species, such as sandhill cranes—my CNR colleagues came to 
appreciate the importance of environmental philosophy and ethics in an environmental 
studies curriculum and, in the end, treated me as a valued colleague and my course as 
foundational to the UWSP environmental studies minor.

My fi rst adventure in true interdisciplinarity, as opposed to multidisciplinarity, came 
when I was invited to join a research team sponsored by the bi-national Great Lakes 
Fishery Commission in the early 1990s, tasked to re-envision fi shery management in 
its jurisdiction.

The Great Lakes had been wracked by a series of ecological convulsions (Bogue 1993). 
First, they were overfi shed. Then, with the opening of the Erie and Welland canals, the 
lakes were invaded by sea lamprey, an eel-like bloodsucking parasite of fi nfi sh, and ale-
wife, a small prolifi cally reproducing fi sh of little commercial or recreational value. By the 
1950s several cisco and whitefi sh species endemic to the lakes were extinct, and others 
were threatened with extinction; the lamprey had decimated the native lake trout; and 
the alewife, without a top carnivore to control their numbers, died whole and washed up 
on shore fouling beaches. To take advantage of the forage that the alewife could provide 
a large predator and to control their numbers, managers introduced Pacifi c salmon into 
the lakes in the 1960s, and, not incidentally, created a sport fi shery that proved to be enor-
mously popular. But the salmon-capped community was artifi cial and unstable. It could 
be maintained only with chemical lampreycides to depress the parasite population and 
by annually introducing hatchery-raised Pacifi c salmon, which were unable to reproduce 
naturally because the streams around the lakes were unsuitable for that purpose.

The principal investigators on the project were Ed Crossman, based in the Royal Ontario 
Museum, a systematist, Larry Crowder, based at Duke University’s Marine Biology lab, a 
community ecologist, and I. We each employed a graduate student research assistant. My 
part of the task was to examine the values driving the actions of and confl icts among stake-
holders and to identify resource-management paradigms for a better fi shery-management 
regime in the lakes. I protested that, especially for the values analysis, the team would be 
better off with a sociologist, but the others insisted that I was the person for the job.

Having no idea about how to design and conduct a values survey, I settled on some-
thing an environmental ethicist can readily do—recognize an expression of value when 
he sees one and organize the values thus identifi ed into a typology. This, I discovered, is 
called ‘content analysis’ in sociology. Fortunately, my research assistant, Karen Mumford, 
had the complementary skills—collecting content to analyze being an important one of 
them—necessary for the values analysis part of the research to be successful. We identi-
fi ed stakeholder groups—sports fi shers, commercial fi shers, environmental groups, and 
so on—collected the publications produced by their organizations and mined them for 
expressions of value (Mumford and Callicott 2000; Callicott and Mumford 2003). Iden-
tifying paradigms for resource management—such as those associated with the names of 
Gifford Pinchot, John Muir, and Aldo Leopold—was more in line with my own research 
agenda, so that involved no steep learning curve.

The fruits of this 3-year research project—funded at a total of $300,000—were for the 
most part genuinely interdisciplinary, not merely multidisciplinary (Callicott et al. 1998). 
The key to fusing disciplines, I discovered, was not for a philosopher to try to become 
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a systematist or a community ecologist (or for that matter an ersatz sociologist) or for 
Crossman and Crowder to become philosophers; rather, the key was to become conver-
sant, each with the others’ disciplines. This distinctive level of understanding of another’s 
discipline—what can be called conversant knowledge—is a prerequisite for truly interdis-
ciplinary interactions. Conversant knowledge of a discipline does not mean to be able to 
offer new insights into the discipline’s own internal workings. Rather, it means being able 
to follow a disciplinary argument enough to ask thoughtful questions, to offer relevant 
criticism, and to integrate that knowledge with one’s own areas of expertise.

In this study, Crossman and Becky Cudmore, his research assistant, identifi ed the fi sh 
fauna of the Great Lakes; Crowder and Lisa Eby, his research assistant, identifi ed their 
various interactions; and Mumford and I identifi ed the values that drove the human inter-
actions with the Great Lakes fi sh fauna and the aquatic communities they composed. 
I also recognized various paradigms (focused more on ends than means) in accordance 
with which all such interactions could be managed. I was aware of and could understand 
the work that other members of the team were doing and they were aware of and could 
understand the work that Mumford and I were doing. By this means we could pull all the 
results of our various and disparate research activities together into a seamless and coher-
ent whole (Callicott et al. 1999).

A third sortie into interdisciplinarity came at the turn of the century and is on-going. 
In 1995 I left the UWSP to join the Department of Philosophy and Religion Studies at the 
University of North Texas (UNT), then one of only two philosophy departments in the 
world employing a critical mass of environmental philosophers (and now the only one, 
since the other, at Lancaster University in the United Kingdom, no longer employs an active 
group of environmental philosophers). The UNT philosophy department is housed in the 
Environmental Education Science and Technology building with the geography depart-
ment and half the biology department. Select members of these departments constitute 
the UNT Institute of Applied Sciences. The offi ce layout of the building mixes faculty 
offi ces such that one’s immediate neighbors are members of the other departments—a 
layout that was expressly so arranged to encourage interdisciplinary engagement.

It has worked. Colleagues fi nd themselves interacting daily on an informal basis with 
researchers in other fi elds. Moreover, science graduate students are required to enroll in 
environmental philosophy courses, and philosophy graduate students enroll in environ-
mental science courses. All of us gradually have become conversant in one another’s fi elds. 
This institutional setting has led to a joint project involving nine UNT colleagues to apply 
for the US National Science Foundation (NSF) Biocomplexity-in-the-Environment Phase 
II request for proposals, which expressly required that more than one discipline be repre-
sented by the senior personnel.

Beginning in 1999, the NSF announced a new competition called ‘Biocomplexity in the 
environment’. The fi rst competition (Phase I) was limited to ‘integrated research on the 
function of microorganisms’ (National Science Foundation 2007). The second (Phase II), 
was opened in 2000 to support ‘integrated research to better understand and model com-
plexity that arises from the interaction of biological, physical, and social systems’ (National 
Science Foundation 2007). We proposed to compare, by means of computer models, 
human land-use changes resulting in land-cover and other ecological  changes—feeding 
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back into further human land-use changes and consequently further land-cover and other 
ecological changes—for four study sites: Green Valley in Denton County, TX, close to the 
UNT; the storied Big Thicket National Preserve in southeast Texas; and the Caparo and 
Imataca forest reserves in Venezuela, all subject to various development pressures. Miguel 
Acevedo, the project Principal Investigator (PI), is a native of Venezuela and maintains 
working relationships with former Venezuelan colleagues, who formed a research team, 
sponsored in that country, complementing ours. The disciplines involved in the Texas 
team were biology, geography, mathematics, computer science, and philosophy.

Our fi rst proposal was not funded, largely because no social science discipline was rep-
resented. Steve Kellert, a celebrated Yale University environmental sociologist, and Paul 
Harcombe, a Yale-trained Rice University ecologist, agreed to join our research team and 
we resubmitted our proposal in 2001. That proposal was not funded, but we persisted and 
received funding on our third try (2002)—for about a half million dollars spread over 
3 years. Supplemental funding, bringing the total to about $700,000, and no-cost exten-
sions enabled us to continue the project through to August 2008.

Integrating the discipline of philosophy with the others in this project presented dis-
tinctive challenges. Given philosophy’s traditional role of offering a ‘big picture’ view 
of things, I found myself taking a leading role early in the proposal process in terms of 
conceptualizing the project as a whole. And while such skills are not uniquely philo-
sophical, but rather characterize all of the humanities, I also found myself serving as 
editor-in-chief during the process of proposal writing, simplifying and integrating the 
sometimes jargon-ridden prose of my disciplinary co-authors. Science often deals with 
simple elements in complex and dynamic relationships. In our case, we were dealing 
with such prosaic elements as real-estate developers in north Texas, lumber companies 
in the Big Thicket, extra-legal swidden (slash and burn) farmers in the Caparo Reserve, 
and hunter–fi sher–gatherers in the Imataca Reserve, on the human systems side of the 
dynamic, and with such pedestrian elements as various tree species and water move-
ments on the natural systems side. Academics of all stripes have a tendency to use techni-
cal terms and convoluted constructions; as the stylistic interdisciplinarian of the group, 
I tried to fi gure out exactly what was being referred to and what was being said about 
those referents and then to state the matter clearly and plainly. Especially in an interdis-
ciplinary context, such ‘translation’ into a common language (ordinary English) is essen-
tial if participants in different disciplines are to become conversant with each other’s 
contributions to the whole. It is a role that philosophy has traditionally played, and was 
only lost in the twentieth century when professional philosophers became specialists like 
other academicians.

As the project progressed, I was responsible for working with the social scientists (a 
sociologist and statistician) to identify and codify the stakeholder values driving land-use 
decisions. I found that some value concepts in environmental philosophy, especially the 
concepts of intrinsic and inherent value, were foreign to my social science colleagues. So 
I sought more palatable alternatives. For example, for the Texas landowners who valued 
their properties in ways that could not, without violence, be reduced to dollars and cents 
(one indicator that they valued them intrinsically), we labeled such values not ‘intrinsic 
value’, but ‘tradition value’. And in order to avoid an economistic reduction of all values to 
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dollars and cents, we compared the relative strength of stakeholder values, not in a mon-
etary metric but by means of utility functions (Monticino et al. 2005).

Further, I sometimes took the lead in clarifying and refi ning nascent new concepts. For 
example, one of our Venezuelan colleagues came up with the concept of connectivity—
how people are connected with the landscapes they inhabit. It was immediately obvi-
ous that this was an important concept, but it was, upon fi rst hearing, still inchoate and 
unformed. We developed a matrix of three general modalities of connectivity that fell on 
a weak-to-strong gradient: satisfaction of basic human material needs, psycho-cultural 
relationships, and the regulation of the use of natural resources. In the Venezuelan sites, 
for example, humans satisfi ed more of their basic human material needs directly from the 
natural systems they inhabit than in the Texas sites, and in the Big Thicket this modal-
ity of connectivity is somewhat stronger than in north Texas. In the Venezuelan sites, 
human resource use is regulated informally, by custom—and such regulation is stronger 
in Imataca than in Caparo—while in the Texas sites it is regulated formally, by laws—
more strongly in north Texas than in the Big Thicket, which was historically a refuge for 
fugitives from the law and many of its current denizens still retain something of a proud 
outlaw spirit (Acevedo et al. 2008).

In retrospect, the steepest learning curve was becoming conversant with our project’s 
approach to modeling—which was very important because the models were at the heart 
of the project. The natural systems models were of a form called ‘cellular automata’, in 
which cells, representing a surface quadrant on a landscape, change in type depending, 
in part, on changes in neighboring cells. The social systems models were of a form called 
‘multi-agent based’ in which types of agents are constructed, such as ‘land owner’, ‘devel-
oper’, ‘government regulator’ who react independently to the actions of other such agents. 
The equations governing both the behavior of the cells and the agents in the models were 
non-linear (Monticino et al. 2007).

Perhaps the most exciting philosophical contribution to the project—once I had gotten 
a basic grasp of the modeling approach—was epistemological in nature. Science, classi-
cally, is all about prediction, but it would be misleading to say that our models predicted 
the state of any of our real-world, coupled natural and human systems at any time in the 
future. Given the non-linear state-change rules for each autonomous cell and agent, every 
run of the models produced a different resulting pattern. So, if not prediction, what could 
the models reveal that would be useful to policy makers?

First, they could reveal ‘sensitivities’—what factors a policy maker might tweak to 
get the biggest change in the system dynamic. For example, our north Texas model 
suggested that the most important factor affecting a landowner agent’s decision to sell 
or not to sell a property was ‘neighboring land use’. Thus, to slow development sprawl, 
a policy maker could recommend that the local government expend its budget alloca-
tion for purchasing widely distributed small-scale green spaces rather than on a highly 
concentrated large-scale green space. Second, they could reveal ‘thresholds’ or what 
is now more commonly referred to as ‘tipping points’, states of the system in which 
the direction of pattern change is irreversible. In combination, these two capacities of 
the models offer powerful tools to policy makers: by manipulating a sensitive factor, 
a policy maker might avoid exceeding a threshold beyond which the coupled natural 
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and human systems he or she was trying manage would run out of control (Acevedo 
et al. 2008).

One philosophical issue was discussed but remained unresolved. Given the non-linear 
equations governing the cells and agents in the coupled natural and human systems mod-
els, are patterns produced by the models fundamentally unpredictable and ‘emergent’ or 
are they fully determined but so complex that they appear to be unpredictable to our 
fi nite minds? That of course is an epistemological issue that is not unique to our set of 
models; it is the subject of debate in climate models; and indeed it is the subject of debate 
in theoretical physics.

33.3 Conclusion

Any adequate understanding of, and especially any adequate approach to, problem solv-
ing in the general domain that is called ‘the environment’ is inherently interdisciplinary. 
Both the task of understanding global climate change and meeting the challenges it poses 
is the clearest and most unimpeachable example of the need for interdisciplinarity and 
transdisciplinarity in the environmental domain.

The great conservationist, Aldo Leopold, with his knack for forceful and simple expres-
sion, clearly articulated the interdisciplinarity of environmental understanding and prob-
lem solving back in the 1930s and 1940s. And Leopold contributed perhaps the best simple 
characterization of interdisciplinarity—a fusion of disciplines.

The humanities, including philosophy, are often left out of interdisciplinary approaches 
to environmental issues. The humanities and humanists, in general, and philosophy and 
philosophers, more especially, can and should play a vital and indispensable role in the 
interdisciplinary study of the environment and approaches to the solution of environ-
mental problems. One prominent environmental transdiscipline, conservation biology, 
has, from its inception recognized the fundamental contribution of philosophy and phi-
losophers to that emergent metadiscipline. And the personal experiences recounted here 
indicates that philosophy and philosophers have a crucial role to play in addressing new 
environmental challenges: to construct the conceptual architecture of interdisciplinarity; 
to translate multiple disciplinary argots into a common language; to identify and codify 
stakeholder values; to assist in selecting appropriate means for quantifying and comparing 
stakeholder values; to refi ne and clarify nascent, otherwise inchoate, concepts; and to make 
the epistemological aspects of interdisciplinarity thinking (e.g. modeling) transparent.
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CHAPTER 34

Health sciences and 
health services
JENNIFER L. TERPSTRA, ALLAN BEST, DAVID B. ABRAMS, 
AND GREGG MOOR

The health services and health sciences landscape has changed signifi cantly over the last 
century. Advances in science and technology, as well as dramatic lifestyle changes, have 
resulted in a shift in the nature of, and approach to, improving societal health and well-
being. Many of the primary causes of mortality and morbidity in the early twentieth cen-
tury, such as smallpox and poliomyelitis, have been eliminated or signifi cantly reduced, 
and replaced by new priority challenges such as HIV (Human Immune Defi ciency Virus), 
and type II diabetes. Over the last century there have been many lessons learned in the 
health fi eld. A key lesson learned is that health is a complex phenomenon and the underly-
ing causal pathways for disease and illness are more than just biological.

Identifi cation of the biological mechanisms underlying disease and illness is only one part 
of solving health problems. Health is a phenomenon deeply rooted within a social system, 
and health outcomes result from a dynamic interplay between factors across the lifetime, 
originating from the cellular level, to the socio-political level (Glass and McAtee 2006). As 
such, efforts to improve health must consider the multifactorial nature of the problem and 
integrate appropriate knowledge across disciplines and levels of analysis. For example, HIV 
was discovered as the cause of Acquired Immune Defi ciency Syndrome (AIDS) in 1983 
(Montagnier 2002). Despite this discovery, and the subsequent understanding of routes 
of transmission, HIV/AIDS continues to be a formidable threat to health globally, and far 
from a ‘problem solved’. Health research has implicated a myriad of factors involved in HIV 
prevention and produced a large body of knowledge to inform prevention efforts. Unfor-
tunately, incidence rates continue to rise because the knowledge is not being applied in the 
unifi ed manner necessary to address the complexity of the problem.

The purpose of health sciences and health services research is to provide knowledge that can 
be used to inform decision making in health services in order to better address these complex 
health problems. Unfortunately, the majority of health research is conducted for the sake of 
science, and not for the sake of dissemination and implementation.  Knowledge created for 
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 science’s sake tends to be discipline specifi c and reductionist, producing results that are not 
easily applied to inform practice and policy decisions. The reality is that health and health 
service challenges cannot be handled well by any single discipline or social sector, and the 
traditional reductionist approach to science does not work well for the majority of health ser-
vice problems. Disciplinary knowledge and levels of analysis are intertwined in health service 
problems, and, as such, application requires integrative theoretical models and knowledge. As 
stated by Rosenfi eld (1992, p. 1344), ‘to achieve the level of conceptual and practical progress 
needed to improve human health, collaborative research must transcend individual disciplin-
ary perspectives and develop a new process of collaboration’.

Klein (Chapter 2 this volume) introduces the concept of transcendent interdisciplin-
ary research and transdisciplinary science—a science ‘that creates new methodological 
and theoretical frameworks for defi ning and analyzing social, economic, political, envi-
ronmental, and institutional factors in health and well-being’. This vision is clearly the 
ideal driving many current efforts to improve health services, but the reality is that true 
transdisciplinarity is usually beyond our grasp. On a continuum from unidisciplinary to 
transdisciplinary, interdisciplinary rests between multidisciplinary and transdisciplinary. 
Moving to a transdisciplinary, or even an interdisciplinary, research and practice model 
is diffi cult when the infrastructure, culture, practice, and policies are deeply rooted in 
the traditional single-disciplinary approach. Nonetheless, this vision increasingly frames 
the research endeavor along what Klein calls ‘the fourth trendline’—trans-sectoral prob-
lem solving. Under this vision, complex health problems, not the disciplines, frame the 
research questions and practices (see Hirsch Hadorn et al., Chapter 30 this volume). 
Problem-based research, or Mode II science (Denis et al. 2004), represents a fundamental 
shift in health sciences and health services in which the problems frame the research and 
practice models. The traditional reductionist research approach does not allow for trans-
disciplinarity or problem-based research. In contrast, systems thinking (Strijbos, Chapter 
31 this volume) is an alternative paradigm that provides a framework and methods for 
integration of knowledge across disciplines and traditionally disparate perspectives.

This chapter relies on the understanding of interdisciplinarity and transdisciplinarity pro-
vided by other chapters to explore the role of these integrative models in health sciences 
and health services. In particular, the chapter examines in more depth three driving factors 
for the recent impetus for interdisciplinarity: (1) increased recognition of the complexity 
of health, (2) the demand for solutions to health service questions, and (3) the need for an 
approach that is more aptly suited to the problems of societal interest. To better understand 
these factors, the chapter will explore the complexity of health and health services, and con-
sider the role of interdisciplinarity and transdisciplinarity, systems thinking, and problem-
based research as alternative and complementary approaches to solving complex problems.

34.1 The complexity of health and health systems

The lesson learned from the HIV/AIDS epidemic, as well as other health challenges such as 
diabetes, cancer, and asthma, is that health is a complex phenomenon, and solving health prob-
lems will require an integration of diverse knowledge. Complex problems are often described 
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as being unpredictable, having uncertain outcomes and competing evidence or information, 
and being infl uenced by a network of interdependent factors. Health service questions and 
problems generally fall into the realm of complexity, as there is rarely one single causative fac-
tor for disease, and equally no one successful mechanism for treatment or prevention.

From the etiology of disease to its prevention and management, health is the result 
of an interaction of factors ranging from the micro- to the macro-level. For example, 
there is an interdependent relationship between environmental factors and genetics for 
schizophrenic effect, in that environmental factors have ‘an impact on developing children 
and adolescents to increase the later expression of psychosis-like at-risk mental states and 
overt psychotic disorders’ (Krabbendam and van Os 2005). In this example, social factors 
(e.g. urbanicity) interact with biological factors (e.g. genetics) to determine the health 
outcome (e.g. mental illness). Health services must consider such linkages between bio-
logical and social factors for successful prevention and treatment of illness.

Health sciences and health services have been applying the reductionist approach and 
attempting to solve health problems from silos for too long. Such efforts are not working for 
the majority of health challenges today, thus creating the impetus for the merging of knowl-
edge from traditionally disparate domains. Efforts to elucidate the causal pathways of disease 
and illness require a systems approach and the application of a new paradigm with a more 
complex view for causality of health (Glass and McAtee 2006). Type II diabetes, for example, 
is a complex multifactorial health care challenge that cannot be successfully addressed from 
silos. Despite signifi cant research conducted to elucidate the causal pathway of the disease, 
incidence rates have continued to rise at an alarming rate. Type II diabetes, once referred 
to as ‘adult onset diabetes’, is now at epidemic proportions in youth and children (Pinhas-
Hamiel and Zeitler 2005). A major challenge is that evidence from single-discipline reduc-
tionist studies does not translate easily to practice and policy settings. Although scientifi c 
research is producing a wealth of knowledge, this knowledge is not being applied to health 
systems as quickly and successfully as it should. There are several reasons for the diffi culty in 
applying evidence created in the traditional research approach: (1) the world and real-world 
problems are not divided into silos; (2) context is an integral and active component; and 
(3) research fails to answer questions originating from the health system.

In order to begin to solve health challenges, it is necessary that solutions be developed 
specifi cally to answer questions originating in the health system, while also addressing the 
elements of complexity inherent in the application of knowledge to the real world. As such, 
health research requires the collaboration of professionals from different disciplines and 
sectors, as well as consideration of the multiple determinants infl uencing health outcomes.

34.2  The need for interdisciplinarity in health sciences 
and health services

Recognition of the complexity of health and the need to integrate knowledge from mul-
tiple perspectives has pushed health services past traditional boundaries in search of more 
appropriate models for care and problem solving. According to Boon et al. (2004) there 
is a continuum of models for team care ranging from parallel practice to integrative, in 
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Telehospice: a case study in healthcare intervention research

Elaine M. Wittenberg-Lyles, Debra Parker Oliver, and George Demiris

In 2007, an estimated 1.4 million people received services from a hospice, approximately 38.8% of 

all deaths in the United States (National Hospice and Palliative Care Organization, 2008). Hospice 

care is provided to people facing a life-limiting illness or injury and emphasizes quality of life rather 

than focusing on curing the disease/illness. Currently there is a lack of interventions that include 

caregivers (e.g. family members, friends) in the ongoing decision-making process for hospice serv-

ices. Telemedicine, defi ned as the use of telecommunications and information technology with the 

goal of bridging geographical gaps and enhancing the care delivery process, is one tool that can 

enhance the role of hospice caregivers. Researchers in the Telehospice project tested the feasibility 

and effectiveness of video-based interventions to determine improvement in caregiver pain man-

agement and problem-solving skills. This case study highlighted the successful interdisciplinary 

research of the Telehospice project by illustrating the interplay of interdisciplinary roles, team prob-

lem solving, the use of collaborative resources, and important lessons learned from fi eld testing.

The Telehospice project is grounded in the complementary roles of interdisciplinary perspec-

tives in a single research program. Academicians in three fi elds, social work, health informatics, 

and communication studies, comprise the core of the research team, all united by the single goal 

of using video-based technology to enable hospice caregivers to participate in routine hospice 

interdisciplinary team meetings. The social work perspective gives voice to the needs of hospice 

caregivers, and identifi es a concrete role for social workers in the hospice team meeting. Health 

informatics, the application of information technology in the fi eld of health care, provides a 

channel for enabling caregivers to virtually participate in care plan meetings. Finally, communi-

cation studies focuses on the content of the communication between the team and the caregiver 

as enabled by technology and the role of the social worker. Although geographically dispersed 

in Missouri, Texas, and Washington, the Telehospice team extensively communicates via email 

and utilizes technologies such as voice over internet protocol (VOIP) to facilitate team meetings 

and schedules time at conferences for team work. Over the last 5 years, the team has produced 

more than 30 peer-reviewed published articles, obtained funding from the National Institutes of 

Health, and presented numerous conference papers. Collaboratively, each team member enriches 

the feasibility, utility, and testing of the intervention as it is refi ned through pilot studies, incre-

mentally working towards a formal role for the intervention in the standard practice of care.

Several transitions occur as the collaborative work of academics shifts toward use in practical set-

tings. To capture these transitions, members of the Telehospice project communicate regularly to 

generate new ideas and problem-solve issues that emerge from working in the fi eld. New ideas come 

easily, as different discipline-specifi c perspectives and methodologies are introduced and infl uenced 

by each other. With the generation of new ideas, one team member is designated as the lead on the 

project, and varying levels of contribution by other team members are identifi ed. This process infor-

mally creates expectations for team productivity and defi nes the role for each team member. As the 

project develops, team members pool resources to ensure the project is carried out successfully.

Resourceful problem solving emerges from team collaboration as the pool of resources and 

experiences are larger than any one person. Team resources include shared information net-

works such as departmental colleagues, access to graduate student research assistants, and equip-

ment. Resources are shared across universities as our graduate students are brought into the 

collaborative team model and get to experience working with academics from other disciplines. 

(cont. )
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Telehospice: a case study in healthcare intervention research (cont.)

For example, the lead on a project might be in the fi eld of communication studies, but due to 

the availability of resources the ground work is completed by a graduate student in social work. 

In this manner, the Telehospice team is able to move forward with projects in a timely fashion. 

Likewise, when one team member experiences problems initiating a study then another team 

member with more appropriate resources will take the lead on the project. Finally, given that all 

team members contribute to the development of ideas, manuscripts are edited within the team 

by all team members (including students) prior to submission. The ability to edit each other’s 

work has refi ned the manuscript writing process and contributed greatly to the ability to procure 

the external funding needed to conduct fi eld testing.

In the Telehospice team complementary academic perspectives aid in the production of transla-

tional work that moves from theory to practice through fi eld testing. This fi eld testing has allowed 

the team to refi ne implementation of the intervention as well as refi ne aspects of the interven-

tion. Following numerous pilot studies, the team recently undertook a 2-year exploratory study 

to examine the impact of a videophone intervention for hospice caregivers. Two very important 

lessons were learned from fi eld testing. First, the team encountered unexpected recruitment chal-

lenges. Working in conjunction with student research assistants, the Telehospice team engaged 

in problem solving that resulted in new strategies, including mailing participants a letter from 

the hospice medical director and expanding the research criteria. Second, the team learned that 

patients often have more than one caregiver, an unexpected fi nding as much caregiver research 

has focused on the patient–caregiver dyad rather than patient and multiple caregivers.

The tools necessary to develop translational work were developed at the intersection between 

an interdisciplinary team and actual fi eld testing of the proposed intervention. The integration 

of interdisciplinary perspectives allowed for quick problem solving, more resources, a larger 

understanding of the contextual challenges, and synergy created through diversity in analysis and 

interpretation. The inclusion of graduate research assistants in the team process led to quick and 

successful changes in the fi eld. Ultimately, fi ndings from research produced by the Telehospice 

team are shared with multiple audiences as study results are presented in publication outlets and 

conferences across disciplines. Still, some of the limitations of the collaborative nature of the Tele-

hospice team include meeting the demands of institutional review boards at multiple universities, 

management of subcontracts, and confl icting demands of institutional policies and procedures. 

As members of the Telehospice team address these challenges they develop trust, mutual respect, 

honesty, and an appreciation of the collaborative process. Their ability to problem-solve and pool 

collaborative resources yields a productive interdisciplinary-based research agenda.

Reference

National Hospice and Palliative Care Organization (2008). NHPCO facts and fi gures: hospice 

care in America. 2008 [updated December 2008]. Available from: <http://www.nhpco.org/>.

the following order: parallel practice, consultative, collaborative, coordinated, multidis-
ciplinary, interdisciplinary, and integrative. As the models move toward the integrative 
end of the continuum, there is a greater emphasis on the whole person, an increase in 
the number of determinants of health considered, less reliance on hierarchy and defi ned 
roles, a greater need for consensus, and a decrease in practitioner autonomy. In addition, 

http://www.nhpco.org/
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complexity of both the structure and the outcomes increases as the models move towards 
integrative care on the continuum, with integrative care deemed the most complex.

Complexity has been suggested as a prerequisite for interdisciplinarity, which allows for 
the integration of multiple perspectives for developing and applying solutions appropriate 
for complex phenomena. According to Newell (2001), ‘in order to justify the interdisciplin-
ary approach, its object of study must be multifaceted, yet its facets must cohere’. Newell also 
suggests that if the phenomenon is not multifaceted then a reductionist, single-disciplinary 
approach is appropriate. Although some might argue that an interdisciplinary approach 
may be equally appropriate for studying non-complex phenomena, few would claim that a 
single-disciplinary approach alone is appropriate for studying complex phenomena.

Interdisciplinarity is quickly becoming a goal in public health, in part because of evi-
dence to support the effi cacy of integrative models for health. For example, smoking cessa-
tion rates are signifi cantly improved if behavioral therapy and pharmacotherapy are used 
in conjunction, as opposed to either applied independently (Hughes 1995). The Offi ce of 
Behavioral and Social Science Research (OBSSR) at the US National Institutes for Health 
presents interdisciplinarity as a pillar for future health research efforts. Vertical integration 
in particular is at the core of the OBSSR’s strategic prospectus and is defi ned as the ‘integra-
tion across rather than within the three broad domains (i.e. the biomedical; the individual 
behavioral (intra-individual variation); and the population (inter-individual variation) 
levels) of systems structure’ (Mabry et al. 2008, p. S219). Integration across disciplines and 
domains of knowledge is clearly becoming the vision for public health efforts.

It is important to note, however, that acknowledging the need for interdisciplinarity 
in no way undermines the value of single-disciplinary research. In the same way that 
reductionism and holism are different yet necessary approaches to studying a problem, so 
single-disciplinary and interdisciplinary study are both vital to achieving a comprehensive 
understanding of health. Knowledge from single-disciplinary perspectives is important 
for interdisciplinary and transdisciplinary science, because it provides a solid foundation 
on which to build. However, single-disciplinary research cannot provide comprehensive 
solutions to questions originating in the health services.

Unfortunately, moving towards an integrative model for both research and practice is 
diffi cult due to the constraints of the current paradigm rooted in reductionism and a sin-
gle-disciplinary system. In reductionism, the goal is to eliminate contextual infl uences and 
drill down to the micro-level to identify single causative relationships. To move towards 
a transdisciplinary, or even an interdisciplinary, approach to health services, a new para-
digm for both research and practice is needed that considers context and facilitates the 
integration of multiple perspectives.

34.3 A paradigm shift

A review of the knowledge translation (i.e. linking research to practice and policy) lit-
erature over the last 50 years suggests a paradigm shift in the way that health sciences 
and health services research are conducted and conceptualized (Best et al. 2008, 2009). 
 Conceptual models for knowledge translation have evolved through three generations: 
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from linear, to relationships, and, fi nally, to systems. The fi rst generation of thinking about 
knowledge translation applied a reductionist, linear approach to conducting and translat-
ing evidence from research to practice and policy settings. In this generation, knowledge/
research evidence was seen as a product that could be packaged up and passed from evi-
dence producers (i.e. researchers) to evidence consumers (i.e. decision makers). Unfor-
tunately, this approach to knowledge translation does not work well for the majority of 
health service problems. The primary language used in generation two (relationships) is 
knowledge exchange, which is defi ned by the Canadian Institute for Health Research as 
‘the interactive and iterative process of imparting meaningful knowledge between research 
users and producers, such that research users receive information that they perceive as rel-
evant to them and in easily usable formats, and producers receive information about the 
research needs of users’ (Best et al. 2008, p. 322). The shift from linear to systems think-
ing has occurred in response to the inability of the linear and relationship approaches to 
adequately address health service questions.

Stakeholders in health services are demanding answers from researchers for problems 
facing the creation, delivery, accessibility, and effectiveness of health services, such as dis-
ease prevention and management programs. The questions being posed by stakeholders 
are often context-specifi c, and the traditional investigator-driven research approach does 
not produce knowledge that suffi ciently addresses issues of context. Context is critical in 
understanding health outcomes as well as in the application of evidence in health practice 
settings. Consideration of context across the health research process requires changes in 
how research questions are framed, how science is conducted, how interventions and pro-
grams are developed, and how fi ndings are disseminated and implemented.

34.3.1 Systems thinking for integration of health knowledge

A systems paradigm (see Strijbos, Chapter 31 this volume) for solving complex health 
challenges facilitates the merging of knowledge across disciplines and sectors, as well as 
the collaboration of relevant disciplinary scientists and stakeholders. The integration of 
multiple perspectives is critical to systems theory, which provides a framework for inte-
grating disparate knowledge and perspectives (Williams and Imam 2007).

A systems approach requires a different type of thinking from that of researchers trained 
solely in reductionist approaches. The reductionist lens applies a mechanist view, in which 
individual parts can be studied independently to understand the whole. In contrast, a 
systems thinking lens assumes that the whole is greater than the sum of the parts (Mead-
ows 2007). In systems thinking, the world is seen as composed of interdependent parts or 
nested subsystems with permeable boundaries, where change in one subsystem creates 
change in other subsystems. The result is a dynamic whole with emergent patterns that 
can only be seen at the whole system level and are not evident if the individual parts of the 
system are studied independently.

In systems thinking, it is assumed that there are different types of systems and that the 
methods of study should be chosen appropriately for the system of interest. For example, 
reductionism may be appropriate for studying systems that are linear and simple, but it 
is not appropriate for studying complex systems. The majority of health service  systems 
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and problems are complex, which is why the reductionist approach for both research 
and management has not been effective (Plesk and Greenhalgh 2001). It is important for 
researchers and health systems professionals to recognize how their epistemological and 
ontological lenses determine the type and value of the outcomes.

The health system viewed through a complex systems lens is seen as a living organism, 
similar to a brain in that it learns and adapts in response to a network of signals. The 
health system is complex because it is composed of numerous interdependent, nested 
systems, with permeable boundaries, such as: patient system, public health system, belief 
system, incentive system, funding system, physician culture system, and so on. Due to 
the connectivity and the dynamic, non-linear relationships, the reductionist approach of 
predicting specifi c outcomes does not work well in complex systems. To understand a 
complex system, it is necessary to look at the whole, and identify patterns and feedback 
loops in the system, which requires a merging of multiple perspectives and sources of 
information.

A systems approach to solving health problems also requires a new box of tools, includ-
ing different types of data, methods, theories, and statistical analyses. No single discipline 
can account for the complexities or provide the tools necessary to address health from a 
systems perspective. Therefore, it is necessary to approach health research with a collab-
orative interdisciplinary team of investigators who bring knowledge and expertise from a 
variety of disciplines and sectors (see Stokols et al., Chapter 32 this volume). The conver-
gence of disciplines can produce theoretical frameworks and methodologies that traverse 
disciplinary boundaries to form new conceptual syntheses, spawning new measurement 
techniques (e.g. social network analysis) and interdisciplinary fi elds (e.g. behavioral 
genomics) that have the capacity to tackle the complex problems of population health. 
Systems thinking offers a robust approach to the complexity of priority health challenges, 
employing an integrative perspective, and incorporating multilevel interventions.

34.3.2 Interdisciplinary health science: an example

An example of the application of systems thinking for health challenges is the Initiative 
on the Study and Implementation of Systems (ISIS), a pilot project designed to explore 
the paradigm shift from traditional science to systems thinking. The US National Cancer 
Institute funded ISIS to: (1) explore how systems thinking approaches might improve 
understanding of the factors contributing to tobacco use; (2) inform strategic decision 
making on which efforts might be most effective for reducing tobacco use; and (3) serve 
as an exemplar for addressing other public health problems. Tobacco control provided an 
ideal opportunity for applying a systems perspective to a perpetually thorny health chal-
lenge. Contextually, it can easily be conceived of as a system comprising smaller systems, 
and existing within the broader systems of public health, economies, and society at local, 
regional, and global scales. Most research in tobacco control has been reductionist, and 
while signifi cant gains have been made by understanding the ‘parts’ of tobacco use, such 
as the biological basis for nicotine addiction, the structure and function of cigarettes, the 
advertising and marketing of tobacco products, the economics of tobacco use, and the 
effectiveness of tobacco control programs and initiatives, tobacco use remains a leading 
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cause of preventable death, and few strides have been made in understanding the whole, 
or in reducing tobacco use through system-wide change (Best et al. 2007, Chs 1 and 2).

ISIS was intended to become a long-term, multi-agency collaboration to create and 
implement transdisciplinary systems principles and methods for the discovery, develop-
ment, and delivery of program and policy interventions within a research-to-practice 
paradigm. The ISIS team considered several core questions:

(1)  How can the fl ow in both directions between research and practice be optimized.
(2)  How can systems structure and function be best characterized to be useful to the 

public health community.
(3)  In what ways can networks be better understood and optimized?
(4)  In what ways do information and knowledge become the currency by which change 

occurs?

Based on these questions, the ISIS team concluded that systems thinking in public 
health cannot be encompassed by a single discipline or even a single ‘systems thinking’ 
approach (e.g. system dynamics), but instead represents a transdisciplinary integration 
of approaches to public health which strive to understand and reconcile linear and non-
linear, qualitative and quantitative, and reductionist and holistic thinking and methods 
into a federation of systems thinking and modeling approaches. The resulting publica-
tions provide conceptual overviews and case studies for the following four core systems 
tools that ISIS explored in depth; these both illustrate systems thinking and offer practical 
ways to implement the approach: system dynamics modeling, social network analysis, con-
cept mapping, and knowledge management and transfer (Best et al. 2007).

34.3.3 Problem-based research and collaboration

The demand for more relevant results, in addition to the recognition of the challenges to 
knowledge transfer from research to practice settings, has resulted in the emergence of 
a new type of science referred to as Mode II science, or problem-based research (Denis 
et al. 2004). Hirsch Hadorn et al. (Chapter 30 this volume) provide an elegant and com-
prehensive explanation of problem-based research (‘problem-solving for the life world’), 
including a defi nition and description of key elements necessary to achieve problem-
based research. In brief, problem-based research differs from traditional research in that 
the research is conceptualized, designed, and carried out in the service of generating a 
solution to a specifi c health problem, rather than in the service of generating new knowl-
edge. Problem-based research stems from the belief that the public health imperative 
should be driving every research effort, and that those efforts should be solution-oriented. 
Therefore, by its very nature, problem-based research demands the linking of research 
to practice and policy, since it assumes that efforts are not complete until the problem 
ceases to exist. In contrast to the traditional scientifi c approach, which has fundamen-
tal barriers to achieving linkage between research, practice, and policy, there are several 
core assumptions of problem-based research that facilitate this linkage. Problem-based 
research is driven by stakeholders (non-researchers); it is interdisciplinary, collaborative, 
context specifi c, has an emphasis on external validity, and applies a systems lens.
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Successful linking of research evidence to real-world problems will require research that 
places a greater emphasis on external validity (Green and Glasgow 2006). External validity 
refers to the extent to which it is possible to generalize or apply the results of a study to 
other populations, contexts, settings, and/or situations outside of the specifi c situations 
studied in a given investigation. External validity also concerns the representativeness of 
the settings, intervention agents, and participants in a study. In contrast, internal valid-
ity refers to the extent to which a research study has high rigor or control. For example, 
a randomized controlled trial is considered to have high internal validity but may have 
low external validity, due to the tight control, homogeneity of the population, and lack of 
extraneous factors infl uencing the outcomes. External validity is important for integra-
tion of research to practice and policy, because those responsible for applying the research 
fi ndings to real-world problems must ascertain whether the study fi ndings are relevant to 
their specifi c context.

Another key element of problem-based research is the collaboration between research-
ers and stakeholders who are affected by the research. Collaboration has emerged as a 
methodological and theoretical pillar supporting the linkage between research and prac-
tice/policy (Bammer 2005). There has been a fundamental shift in how the process of 
knowledge development and implementation is viewed. Not only is knowledge to be 
problem-based but it also needs to be co-created across disciplines and sectors, or between 
health service decision makers and researchers. Van de Ven and Johnson (2006) refer to 
engaged scholarship, a process of co-creation, and Lomas (2000) refers to a process of 
linkage and exchange. Both of these concepts are explicit in the need for ongoing dialogue 
between the researchers and decision makers throughout the research process.

The logic behind the push for co-creation of knowledge is that integration (of research 
and practice) is more likely to occur if knowledge is created through a process that engages 
both researchers and critical stakeholders. One rationale for this assumption is that the 
new knowledge from the research has been generated to answer a specifi c question that is 
driven by stakeholders, not researchers. Consequently, there is an investment in the utili-
zation of the fi ndings and a predetermined need for the specifi c research knowledge being 
generated. Secondly, because the research was conducted with the outcome and applica-
tion of the fi ndings in mind, the fi ndings are going to be directly applicable and relevant 
to the context, and therefore more easily applied to the setting (Allen et al. 2007).

34.4 Conclusion

Increased recognition of health as a complex phenomenon, as well as the demand for 
solutions to health system questions, is creating an impetus for collaboration across dif-
ferent disciplines and health service stakeholder groups. In conjunction, there is also a 
move away from the mechanistic perspective and traditional managerial styles towards 
a focus on holism. Terms such as interprofessional, integrated, and comprehensive care 
are becoming standard nomenclature in health systems, as it becomes apparent that solu-
tions will require overcoming traditional boundaries imposed by archaic policies, norms, 
and incentive systems. These traditional boundaries exist between disciplines, as well as 
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organizational and social sectors, such as health care organizations, academia, funding 
agencies, and government (Mitton and Bate 2007). The crossing of boundaries between 
disciplines and organizations will allow for co-production of knowledge in the context of 
building bridges through collaboration between researchers and stakeholders, and should 
therefore be a priority.

Interdisciplinarity has the potential to impact upon both individuals and institutions, as 
well as health sciences and health services, in positive ways that traditional single-discipline 
research cannot. Interdisciplinary research is meant to add value to individual scholarship 
by providing a setting in which the talents of individuals can be mobilized in a collective 
manner to address scientifi c issues of common concern, and to conduct a kind of research 
that would not otherwise be possible. Often, individual scientists are drawn to collaborat-
ing with researchers from other disciplines when they perceive that they have ‘hit the wall’ 
in terms of their ability to make signifi cant progress in their research endeavors using only 
the approaches and tools available within their own disciplines. For example, behavioral 
scientists have traditionally focused on socio-cognitive factors that may account for only a 
small portion of the variance in health outcomes; however, more recently, these scientists 
have begun to collaborate with geneticists and ecologists to explore additional factors and 
improve the explanatory value of their models. By working with, and incorporating the 
perspectives and methods of, scientists from other disciplines, these scientists have the 
opportunity to conduct a kind of research that is richer than would otherwise be possible, 
and that is potentially more useful in addressing major health challenges.

While, on the whole, interdisciplinary collaboration adds value to health research, it is 
not without drawbacks. In considering whether or not to establish or participate in inter-
disciplinary collaborations, individuals and institutions should take into account the chal-
lenges and drawbacks of this approach. For example, as a result of the necessary exchange 
process, interdisciplinary research often requires more time, which can be problematic for 
funding reasons, but also a distinct disadvantage for the scientists involved—especially 
more junior ones—particularly because of the ‘publish or perish phenomenon’. Lastly, 
while interdisciplinary research is becoming more common, it still faces many institu-
tional barriers and lacks acceptance as a legitimate approach in some academic institu-
tions. In general, if interdisciplinary collaboration is to advance, changes must be made to 
the infrastructure that supports the research process.

Our current infrastructures were not designed for connecting the silos of disciplines, 
health professions, or social sectors (i.e. research and health services), so this different 
science in turn demands different structures and processes. The institutional barriers to 
interdisciplinary and intersectoral collaboration are considerable, and it will take a signifi -
cant investment of research to develop effective strategies to strengthen these processes, as 
well as the willingness and desire to change from institutional leaders. There will also need 
to be a realignment of the incentive systems in both universities and health services to put 
a greater emphasis on ongoing communication between researchers and decision makers, 
as well as the dissemination/implementation of science (Kerner et al. 2005). The change 
has already been initiated, however. A shift is evident from the traditional academic value 
placed on knowledge for its own sake, to the view that knowledge is a social good and a 
potential means to solve societal problems, such as the current crisis in health services.
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Despite the challenges and drawbacks of interdisciplinary research, there are many 
scientists and decision makers who consider interdisciplinarity to be key to developing 
solutions to the vexing problems of the twenty-fi rst century. Interdisciplinary collabora-
tive research is therefore quickly gaining acceptance and support, with the power to go 
beyond traditional research. Interdisciplinarity provides a setting in which the talents of 
individuals can be mobilized in a collective manner to address issues of common concern. 
In this way, interdisciplinarity will enable a kind of research that would not otherwise be 
possible. It is now necessary to further develop methods for monitoring and evaluating 
interdisciplinary efforts (Stokols et al., Chapter 32 this volume), as well as develop the 
policies, culture, ways of working, and infrastructure necessary to support this type of 
research. For the health services, the promise is great—true collaboration between those 
who produce new knowledge and those who use it offers transformative innovations to 
address the needs of health system restructuring.
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CHAPTER 35

Law
MARILYN AVERILL

Black’s law dictionary describes ‘law’ as ‘The regime that orders human activities and 
relations through systematic application of the force of politically organized society, or 
through social pressure, backed by force, in such a society; the legal system.’ (2001: 400). 
Law thus constitutes an early and unique form of transdisciplinarity grounded in the cre-
ation and exercise of political and social power.

Law comprises principles and rules that guide human behavior. The development of 
law has been inherently interdisciplinary, transdisciplinary, and problem based, refl ecting 
and giving substance to societal norms, and in turn shaping individual and group behav-
ior and the distribution of social costs and benefi ts. The legal process employs inputs from 
all aspects of society to defi ne rights, responsibilities, authority, and relationships; estab-
lish rules; and resolve disputes. Law also communicates stories and educates the public 
about social issues.

The type and degree of transdisciplinarity varies across legal agents and institutions. 
Statutory law, enacted by elected offi cials, is openly political and most likely to refl ect 
different community values and points of view. Administrative law, the rules enacted by 
governmental agencies, is constrained by enacted law but may be less directly infl uenced 
by politics. Litigation allows lawyers wide discretion in asserting creative claims and pre-
senting different types of evidence, but judicial decisions may be decidedly less inter- and 
transdisciplinary. While law often interacts with and implements thinking from other aca-
demic disciplines, law also directly addresses subjects such as politics, culture, society, and 
the economy. Both legal education and legal scholarship have sometimes responded to 
and sometimes ignored the profound links between law and society.

Law is intended to solve problems, and so is heavily instrumental. Lawyers are trained 
to be problem solvers in a variety of contexts. Law-makers consider how best to use their 
authority to address societal problems. Lawyers give legal advice to protect a wide variety 
of client interests. Lawsuits are fi led to advance the interests of particular parties. Good 
lawyers think beyond the law itself to try to understand how legal issues interact with eco-
nomic, social, environmental, and other domains. Lawyers also must be able to recognize 
and manage constant uncertainties in what the facts are, how law applies to facts, what 
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arguments will be useful, and how judges, juries, and the public will respond to decisions 
made and arguments presented. In a sense, all of law is transdisciplinary, as lawyers and 
law-makers take opportunistic advantage of any available tool to address the problem of 
concern. Some are more successful at this integrative task than others.

Legal systems differ across cultures. This chapter employs the legal system of the United 
States (US) as a case study, including the US Constitution, statutes passed by all levels of 
government, administrative regulations, initiatives or referenda passed by the public, and 
judicial decisions. Law includes the process by which law is established and enforced, as 
well as the legal guidelines themselves.

This chapter begins with a historical overview of law and legal thinking in the United 
States. It then considers the education of both lawyers and non-lawyers about the law. The 
next section covers various aspects of research and scholarship within and about the law. 
The fi nal section considers how law evolves, and how it is likely to change in the future.

35.1 Historical development

35.1.1 Western law

Law, as a set of social rules, is as old as human civilization. These rules govern human 
behavior and protect rights, resolve disputes, maintain public order, regulate commerce, 
and give predictability to social interactions. Early law was grounded in a set of customs 
followed within a particular community. According to Cantor (1997), small groups have 
little need for formalized law. As societies become larger and more complex, they develop 
more formalized law to control behavior and resolve disputes.

Throughout history, law has crossed and integrated what are now regarded as disciplin-
ary boundaries to treat all aspects of human societies. The Code of Hammurabi, c.1750
bce, demonstrates an early form of law and of legal pre-, inter-, and transdisciplinar-
ity. The code addressed citizen’s rights and responsibilities, commercial issues, economic 
damages relating to different crimes, methods for ensuring accurate evidence, elements of 
intent, how people relate to property, cultural norms, and proper social relations among 
people living in Babylonian society.

While early civilizations certainly had rules and legal systems, J. M. Kelly (1992) attri-
butes the origins of Western legal thinking to the ancient Greek city-states, maintaining 
that Greece was the fi rst civilization that engaged in self-refl ection about law and its place 
in society. The Greeks had no system of legal theory, but law was embedded in and pro-
vided structure for life in the various city-states. Our sources of Greek law themselves 
cross disciplines, and include philosophical and historical works, as well as literature, 
drama, and fragments of Greek laws. Kelly notes that the Greeks tended to view law as 
a social construction, and that the writings of various Greek philosophers presaged the 
social contract theory put forth two millennia later by Hobbes.

Western legal systems generally have grown out of either Roman civil law or English 
common law. Most of Europe has civil law systems, derived from Roman law, relying on 
laws passed by governments, with little weight given to precedents set by earlier cases. The 
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United States has a common law legal system, similar to that of Great Britain, from which 
the United States received much of its early law. A common law system relies heavily on 
judicial opinions, as well as on statutory law passed by elected offi cials.

The laws of the United States today may be grounded in history, particularly in English 
common law, but they also refl ect modern concerns and conditions. Friedman maintains 
that ‘Despite a strong dash of history and idiosyncrasy, the strongest ingredient in Ameri-
can law, at any given time, is the present; current emotions, real economic interests, and 
concrete political groups’ (Friedman 2005, p. xi).

35.1.2 Legal thinking in the United States

Politics have always been entwined with the law, but Morton Horwitz maintains that ‘The 
separation between law and politics has always been a central aspiration of American legal 
thinkers’, a concern grounded in ‘the fear of tyranny of the majority’, (Horwitz 1994, p. 9). 
Beginning early in the nineteenth century, efforts were made to demonstrate that ‘law is a 
science and that legal reasoning is inherently different from political reasoning’ (Horwitz 
1994, p. 10). This developed into Classical Legal Thought, a formalistic system of neutral, 
abstract categories that emphasized the autonomy of the law from other fi elds of thought, 
most particularly from politics. This view predominated in the United States before 1900, 
and its proponents included Christopher Columbus Langdell, the Dean of Harvard Law 
School from 1870 to1895.

Justice Oliver Wendell Holmes Jr (1841–1935) signaled a major shift in legal think-
ing. He maintained that ‘The life of the law has not been logic: it has been experience. 
The felt necessities of the time, the prevalent moral and political theories, intuitions of 
public policy, avowed or unconscious, even the prejudices which judges share with their 
fellow-men, have had a good deal more to do than the syllogism in determining the rules 
by which men should be governed’ (Holmes 1881, p. 1). Holmes saw law as a social instru-
ment, and maintained that ‘Public policy sacrifi ces the individual to the general good’ 
(Holmes 1881, p. 48).

Horwitz describes how dramatic social and economic changes in the early twentieth-
century continued to raise questions about whether law was separate from politics. Pro-
gressive Legal Thought, characterized by Roscoe Pound, Dean of Harvard Law School 
from 1916–36, rejected formalism and began to focus on the relationship between law 
and social issues. Pound is associated with the concept of sociological jurisprudence, 
which attempted to bring law more in touch with reality. Justice Benjamin Cardozo 
(1921), in a self-refl ective series of observations about the judicial process, considered 
how judicial reasoning is tied to philosophy, history, tradition, and sociology. Horwitz 
describes how the distinct categories and bright-line rules of the nineteenth century gave 
way to a sense that most phenomena should be described on a continuum rather than as 
discrete categories.

Progressivism gave way to Legal Realism, which rejected the autonomy of law, and main-
tained that formalized categories themselves refl ected moral values and political interests. 
The Legal Realists saw law as embedded in other aspects of society, and incorporated ideas 
from other evolving disciplines: ‘The discovery of “frames of reference” in the sociology of 
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knowledge or in the newly emerging fi eld of anthropology marched hand in hand with an 
insistence that all schemes of categorization and classifi cation embody debatable political 
and moral premises’ (Horwitz 1994, p. 6). Nevertheless, the degree to which the Realists 
actually incorporated social science into law is unclear. Friedman sees Realism as more an 
attitude than a philosophy, notable for its skepticism about the validity of rules, and its 
emphasis on law as an ‘instrument of social policy’ (Friedman 2005, p. 546).

According to Horwitz (1992), the atrocities of World War II forced a rethinking of law as 
a social construct, making it more diffi cult to think of the way things are as the way things 
should be. The post-war period produced an explosion of new statutory law passed by 
legislatures and administrative law created by governmental agencies to regulate increas-
ingly complex social and commercial relations. Administrative agencies assumed many 
regulatory and adjudicative functions. The growing administrative structure enabled spe-
cialization, which in turn allowed for more attention to other disciplines. Government 
professionals had the time and expertise to learn about research in areas such as environ-
mental protection, effects of welfare funding, and other specifi c fi elds, which they incor-
porated into regulatory policy. This led to the Legal Process movement, which focused on 
‘institutional competence’ rather than substance.

Horwitz identifi es three interdisciplinary movements in legal thought in recent years, 
which vary in the disciplines emphasized. The rights-based approach is grounded in civil 
and human rights. Critical Legal Studies builds on leftist philosophy, rejects formalism, 
and sees ‘law as politics’ (Bix 2003, p. 82). The Law and Economics school advocates a 
utilitarian perspective that weighs costs against benefi ts.

35.2 Education

Law performs numerous educational roles in society, both deliberate and incidental. Law 
schools prepare students to become practicing attorneys, lobbyists, politicians, judges, law 
professors, bureaucrats, or for many other professional roles. Laws are designed to inform 
the public about acceptable norms for behavior and the consequences for violating those 
norms. Law sets standards for social interactions and determines rights and responsibili-
ties. The production of law, both statutory and through court decisions, educates the pub-
lic about issues relating to the laws themselves. Media reports about legal issues expose the 
public to underlying disputes over science and policy issues, including risk analyses, causal 
arguments, and economic valuations; values confl icts; possible impacts of policy alterna-
tives; and countless other issues that cross and integrate academic disciplines.

Becoming a lawyer in the United States requires legal education at the graduate level 
in a professional school of law. Law schools are typically separated organizationally and 
physically from the rest of the university. This system binds legal education more closely 
to the profession, and protects it from other university infl uences.

Law graduates serve in virtually every sector of our society. Many politicians began 
their careers with a law degree. Friedman discusses the predominance of lawyers in Con-
gress from 1790 on, and notes ‘It was not that public offi ce required legal skills; rather, 
the lawyers were skillful at getting and holding these offi ces’ (Friedman 2005, p. 495). 
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 Corporations either have a legal department or work with external lawyers to handle legal 
issues from incorporation to litigation to compliance. School districts require legal coun-
sel for advice on legal requirements and litigation risks. Non-governmental organizations 
from all sides of the political spectrum employ lawyers as general advisors, advocates, or 
litigators on issues such as civil rights, the environment, or health care. Scientists and writ-
ers turn to lawyers for help with intellectual property protection for inventions, software, 
written products, artistic creations, and other products of human ingenuity. Many lawyers 
move outside the law to work in other disciplines and professions.

Legal education has not always refl ected the intimate connections between law and 
society. According to Friedman (2005), legal education began with self-education or 
apprenticeships with practitioners. Law schools began to appear after the Civil War. Can-
tor attributes the rise of US law schools to the improvements at Harvard Law School 
brought about by deans Langdell (1870–95) and Pound (1916–36), including a commit-
ment to the case method, and increasing connections to other university departments 
such as history and philosophy. Early instruction relied heavily on textbooks and memo-
rization, and ‘Law schools never conveyed a sense of connection between law and life, or 
even of the evolution of the common law’, although a few schools followed the ‘Black-
stone Model. . . . Peppering legal education with some notions of government, politics, 
and ethics’ (Friedman 2005, p. 467).

Langdell revolutionized legal education by introducing the case method, in which lead-
ing cases, selected to represent particular principles, were presented through the Socratic 
method, using questions that encourage students to analyze the material that they have 
read. While a focus on law should have contextualized cases, this was not Langdell’s intent. 
Langdell ‘believed that law was a “science”; it had to be studied scientifi cally, that is, induc-
tively, through primary sources’ (Friedman 2005, p. 468). Friedman notes that the focus 
on law as a science helped to establish that the legal profession requires special training 
and skills. The case method helped to justify a monopoly of practice for lawyers. Langdell’s 
system was grounded in logic rather than experience. While heavily criticized in its early 
years, the case method became the predominant way of teaching law in America, and 
remains so today.

Law itself is a discipline, and lawyers constitute a community with a shared background 
and experience. Nevertheless, law school curricula illustrate the interdisciplinarity of legal 
education. Most law schools require basic courses in core subdisciplines of law that typi-
cally cross disciplinary lines. Contracts teaches how agreements are made and enforced, 
how promises are made, and when they will be enforced by law. Contracts may touch 
on almost any type of agreement produced in any type of social interaction. Constitu-
tional law introduces the core documents of the United States, and addresses how power 
is distributed among institutions, the rights of citizens, and how the federal government 
is structured. Criminal law covers the codifi cation of societal norms and values, and the 
power of law to enforce those rules. Torts describes methods and doctrines that our cul-
ture has developed to resolve disputes arising when one party causes harm to another. 
It includes discussions of rights and responsibilities, of how we draw lines determining 
liability for our actions, and typically requires translating physical, emotional, and other 
injuries into economic terms to calculate what liable parties owe to injured parties or to 
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society. Property considers how wealth is distributed across society, including how owner-
ship is established and transferred. It also covers the rights and responsibilities attached to 
the ownership of property.

Elective classes often are interdisciplinary. Courses such as ‘Law and . . .’ may address 
how the law interacts with almost any fi eld, such as economics, existentialism, literature, 
religion, sociology, or psychology. Courses often follow the interests of individual profes-
sors, so one professor offering an interdisciplinary class can help others to view issues 
through a similar lens. Other courses seem to integrate several disciplines in order to 
address complex contemporary problems, as in ‘Bioethics, law, and literature’ or ‘Law and 
the biology of human nature’. Course descriptions may indicate an inter- or transdisci-
plinary focus that is not apparent in the title. ‘Foundations of natural resources law and 
policy’, for example, ‘Examines the legal, historical, political, and intellectual infl uences 
that shape natural resources development and conservation’. (These examples come from 
the University of Colorado Law School.) The degree to which these courses are actually 
integrative and interdisciplinary, as opposed to multidisciplinary, depends primarily on 
the professor teaching the course.

Philosophy pervades legal education. Classes explore the epistemological, moral, and 
other philosophical underpinnings of various legal theories. Ethical issues are constantly 
discussed, both in the context of professional responsibilities of lawyers and relating to 
procedural, distributive, and other ethical implications of legal issues.

Law school curricula track changes in society itself. Some courses such as property and 
criminal law have been offered since the beginnings of legal education but have evolved 
in response to societal changes. Other topics, such as law and gender, developed as law 
addressed emerging social issues. Still other classes deal with technological innovations 
such as biotechnology that introduced new social challenges for regulation and resolution 
of disputes.

As early as 1913, William Draper Lewis proposed bringing the social sciences into legal 
education (Tamanaha 2008). A few law schools, notably Columbia and Yale, focused on 
social science in the 1930s and 1940s. In 1993, George Priest, a Yale law professor, observed 
that viewing law as an element of social policy made it necessary to expand the study of 
law into other disciplines: ‘Interdisciplinary work—especially in the social sciences and 
philosophy—consists in the study of the effects of law on the citizenry, the values embed-
ded in the law, and how the public interest may best be achieved’ (Priest 1993, p. 1943). 
Priest notes that law schools usually focus on the most diffi cult cases, which require more 
than the application of simple rules and where other disciplines may be useful to reach a 
sound decision.

Law schools train students in skills as well as knowledge. Legal analysis and persuasion 
are fundamental, and must be handled effectively both orally and in writing. Negotiating 
skills are essential to most lawyers, as lawyers must negotiate with clients, opposing coun-
sel, judges, constituencies, experts, and others. Most law schools now provide courses in 
negotiations, but many lawyers must still develop these skills on the job. In recent years 
many law schools have also developed clinical programs in areas such as criminal law, 
natural resources law, or family law to encourage students to move outside of the class-
room to apply legal skills and knowledge to practical problems.
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Traditionally, most law schools in the United States have not encouraged students to 
take courses in other departments. Students are taught to ‘think like a lawyer’, which may 
require skills and concepts from many fi elds, but law schools generally control the way 
other disciplines are taught. Exceptions include joint degree programs that allow students 
to pursue both a law degree and an advanced degree in another fi eld, such as business, 
policy, or the social sciences. The result may be more multidisciplinary than interdisci-
plinary, as students generally study the different fi elds in separate schools, leaving integra-
tion to the individual student.

Interdisciplinary legal education also has its critics. Priest (1993) describes Judge Harry 
Edwards’ objections to what he sees as the growing separation between legal education 
and practice. In a blog entry, Tamanaha (2008) suggests that other disciplines have already 
been incorporated into legal opinions, and additional preparation in other disciplines 
would not be productive for students who intend to practice law rather than enter aca-
demia.

Questions remain about the advisable degree, timing, and manner of the interdisciplin-
ary education of lawyers in law school, but educating lawyers does not end with gradu-
ation. Law fi rms begin to re-educate new associates as soon as they walk in the door. As 
attorneys specialize, they continue to learn aspects of other disciplines that will inform 
their practice. Attorneys must be able to understand the testimony of experts hired to 
explain scientifi c evidence. Litigators employ psychological studies on human behavior 
and decision making to predict how prospective jurors will respond to arguments at trial. 
Corporate counsel must be able to use economic information, and to understand how 
political pressure works at all levels, from the offi ce to the national or even international 
levels. All lawyers can benefi t from knowing something about disciplines outside of the 
law, but the exact disciplines of use to individual lawyers may not become apparent until 
after law school.

35.2.1 Educating non-lawyers

Laws must be enforced, and police and other law enforcers operate on the line between 
law and society. These offi cials need training in the requirements of and restrictions on 
their profession. They benefi t from an understanding of social dynamics, individual and 
group psychology, and concepts from many other disciplines in addition to law.

Education about laws and the legal process is essential for an informed citizenry. Citi-
zens need to understand how and why laws are made and how they are enforced in order 
to appreciate and evaluate the relevance, credibility, and legitimacy of the legal system. 
Citizens must also be familiar with the content of the law in order to comply with its 
provisions. Civic education, including teaching about the law, is part of the curriculum of 
virtually all secondary schools in the United States.

Many colleges offer both undergraduate and graduate courses about various aspects of 
the law. Political science provides courses about general legal systems, the politics of judg-
ing, or on specifi c areas of law such as constitutional law or international law. Sociology 
teaches about the links between law and society, and investigates topics such as criminol-
ogy, criminal justice, and capital punishment. Anthropology addresses the cultural aspects 
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of law, including how law develops within and across cultures, the role of law in social 
change, and the incorporation of local knowledge. Business schools teach about legal con-
straints on commercial activities and the general legal culture within which businesses 
operate. Philosophy addresses the nature of law and concepts of justice, jurisprudence, 
and theories of punishment.

Media reports about lawsuits, changes in law, police activities, or other issues provide a 
kind of civic education about the law. They enable and stimulate public debate on impor-
tant and complex policy issues such as climate change, tobacco regulation, gay rights, 
police responsibilities, and the right to die. The resulting debate may stimulate political 
action and/or activism to change laws.

Media reports about law educate the public about many relevant issues that may extend 
far beyond law itself. Jasanoff argues that ‘the legal system [ . . . ] has been instrumental 
in creating and sustaining public understandings of science and technologies in the very 
processes of “using science” to resolve technical controversies’ (Jasanoff 1995, p. xvi). 
Media reports may infl uence opinions about the salience, credibility, and legitimacy of 
expert testimony from various fi elds. Legal decisions can affect perceptions about what is 
fair, and about how society should protect and reward individuals and groups in a variety 
of contexts.

35.3 Research

Research plays a central role in legal practice and scholarship. Students begin learning 
about legal research methods in their fi rst days at law school. Practicing lawyers and 
judges must constantly research the law that applies to particular cases. Lawyers in areas 
other than litigation must research updates in law and other fi elds that will inform their 
practice. Law professors and other academics conduct detailed research to produce pub-
lishable articles about legal issues. While the primary focus is usually on research about 
actual law, including constitutions, statutes, administrative regulations, and judicial opin-
ions, practitioners and scholars are increasingly looking to other fi elds to illuminate legal 
issues.

Scholarly journals called law reviews publish articles about legal cases and issues. In 
1887, Harvard Law School published the fi rst volume of the Harvard Law Review (HLR), 
a student-managed academic journal, a concept that remains an important outlet for legal 
scholarship. Griswold (1987), in describing the history of the HLR, notes its value to both 
students who work on the journal and to the legal community. During Griswold’s tenure 
as dean, Harvard developed several additional journals, and Harvard Law School now lists 
13 student-run publications, including journals that focus on such issues as human rights, 
law and gender, law and policy, environmental law, and law and technology. Other schools 
have followed a similar expansion of law review content. Lexis Academic now provides 
searches through more than 500 law review publications.

The adversarial method encourages lawyers to consider alternative ways of framing 
issues and to bring as many areas of expertise as possible to tell the story of a case. Compli-
cated cases involve teams of experts brought in from many fi elds to testify about  particular 
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aspects of the case. Disciplinary experts may become part of the core team building the 
case or simply provide expert advice or testimony about specifi c issues. Lawyers must 
learn enough about the language, concepts, and methods of each expert’s discipline in 
order to integrate these separate pieces into a coherent story that can be understood by the 
judge and jury, and to be able to defend against cross-examination.

Consider, for example, a case involving pollution from an old mining site in the Ameri-
can West. Who should be held responsible for injuries to people, natural resources, and 
property? Lawyers on both sides will put together a team of experts to provide evidence 
to support each side of the case, and to explain away evidence produced by the other side. 
Historians can tell the story of mining in the area, including the companies involved, 
procedures and materials employed, how the area developed and how it was affected by 
mining. Hydrologists, fl uvial geomorphologists, water chemists, and toxicologists can talk 
about water quality, how materials have migrated, and how pollution becomes available 
to humans and the environment. Wildlife and fi sh biologists and botanists can testify 
as to effects on living things. Doctors and medical researchers evaluate possible impacts 
on human health and safety. Engineers evaluate the safety of existing structures and 
impoundments. Anthropologists study how local indigenous people live, and how their 
cultures have been affected by mining. Economists monetize damages, both based on 
actual injuries and non-use values, such as aesthetics.

Judges must be able to understand complex science presented as evidence, but judges 
are divided about consulting other disciplines. Some welcome information about rel-
evant physical or social science. Others, such as Justice Antonin Scalia, generally restrict 
their use of other disciplines to arguments made by the parties: ‘[T]he Court looks to 
scientifi c and sociological studies, picking and choosing those that support its position. 
It never explains why those particular studies are methodologically sound; none was ever 
entered into evidence or tested in an adversarial proceeding [ . . . ] Given the nuances of 
scientifi c methodology and confl icting views, courts—which can only consider the lim-
ited evidence on the record before them—are ill-equipped to determine which view of 
science is the right one’ (Ancheta 2006, p. 157 (quoting Roper v. Simmons, 125 S. Ct. 1183, 
1195 (2005) (Scalia, J., dissenting) ) ).

Advances in science and technology continue to shape the law. New information and 
techniques relating to fi ngerprinting, DNA analysis, and other identifi cation techniques 
are routinely used by courts in linking individuals to their actions. These and other 
advances have required courts to consider complex new problems, such as the ownership 
of elements of the human genome, the risks that new products and processes present to 
human health and the environment, the nature and extent to threats to species, the fac-
tors affecting global climate, and other issues. Science and technology also can create legal 
dilemmas. Ancheta warns about advances in areas such as genetics and asks ‘as scientifi c 
advancements and revisions to scientifi c theories portend new types of classifi cations and 
potential forms of discrimination, what are the appropriate judicial responses?’ (Ancheta 
2006, p. 152).

Legislators and judges are rarely trained to understand complex scientifi c issues. Con-
gress typically passes general laws, and then leaves the tasks of regulating and enforcing to 
administrative agencies. The agencies typically employ scientifi c experts to propose and 
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assess policy alternatives. Judges sometimes employ special masters to explain complex 
scientifi c material to the court. Reliance on such experts can cause problems when their 
advice is used to the exclusion of others.

Social sciences have been important throughout the history of law, long before they devel-
oped into formalized disciplines. Psychological issues such as intent; cultural norms in the 
community; the economic costs, benefi ts, and just compensation of various crimes are ancient 
concerns. In Brown v. Board of Education, the 1954 groundbreaking case striking down deseg-
regation in schools, the Supreme Court relied heavily on social science evidence.

John Monahan and Laurens Walker (2002) describe four ways in which social science 
is incorporated into modern law. Social science can be used to determine case facts, to 
study some particular aspect of the case in dispute. This might include social surveys of 
recreational use of a natural resource at issue, or economic analyses of damages. Social 
science also can contribute to the law-making process, as when the Supreme Court used 
research on the general impacts of school segregation and desegregation as a reason for 
changing the law. Social science can provide context for legal analysis and shed light on the 
facts in the particular case. Information about characteristics likely to be associated with 
violent behavior might help in evaluations about individual defendants. Such studies may, 
however, violate constitutional rights, as when racial profi ling is used to identify suspects. 
Social science can also assist in planning aspects of case strategy, such as jury selection.

Law also incorporates the humanities. Philosophy and religion have close ties to law. 
Beliefs about rights and responsibilities have been codifi ed into laws regarding criminal 
conduct and civil liabilities. Logic guides thinking in the law. Epistemology forms part of 
legal standards for causation and the recognition of expertise. Stories about law have been 
told in literature and theater at least as far back as the ancient Greeks, and stories from 
literature are often quoted by judges, lawyers, and law-makers.

Judge Richard Posner (1993) ascribes what he sees as a decline in doctrinal legal schol-
arship since 1965 to the increase in interdisciplinarity and the erosion of political consen-
sus. He also believes the shift in scholarship has moved academia away from legal practice. 
According to Posner, doctrinal scholarship, which maintained that legal reasoning was 
a unique fi eld of study, and that legal analysis was objective, could only survive as long 
as it remained self-contained and apart from the rest of society, and as long as there was 
consensus among legal scholars. Consensus was social, a product of a tight disciplinary 
community, rather than epistemic, and doctrinalism could not survive when examined 
through the lenses of other disciplines. In addition, diverging political views have pro-
duced more contested norms, which make objectivity of the law less credible. According 
to Posner, the US judiciary has moved to the right while law faculties have moved to the 
left, increasing the separation between academia and practice.

Writing again in 2002, Judge Posner maintains that legal scholarship has become less 
accessible to practicing attorneys as it has become more interdisciplinary. In becoming less 
isolated, and more a part of the larger university community, he believes legal scholarship 
has also shifted its primary audiences from other lawyers to other academics, and that the 
introduction of less familiar discourses, theories, and methods has made legal scholarship 
less accessible to those in legal practice. Posner (1993) also notes that  interdisciplinarity 
can lead to shoddy legal scholarship when law professors try to incorporate new disciplines 
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without training in the fi eld. Neil Duxbury, while recognizing the important creative con-
tributions of some interdisciplinary scholars, also refers to the ‘astonishing amount of 
cross-disciplinary chutzpah in the American law reviews’ (Duxbury 2003, p. 457).

35.4 Law of the future

Law constantly evolves and provides a kind of self-executing way of responding to new 
ideas from all disciplines. As the needs and values of society shift over time, old rules are 
discarded and new ones are adopted. Emerging societal problems, innovative technolo-
gies, and other novelties constantly challenge legal theory and practice. The political pro-
cess determines how, when, and why enacted laws should be changed. Processes of change 
within the common law are less clear, but over the years courts have managed to stretch 
and modify decisions to accommodate factual situations that could not have been con-
templated when precedents were adopted: ‘[T]he genius of the common law in the United 
States has been its capacity to evolve over time—case by case and issue by issue—as the 
courts apply basic legal principles developed over the past to resolve the challenges posed 
by new situations’ (O’Connor 2004, p. 272).

Law shapes society and continues to be shaped by it. Jasanoff employs the concept of co-
production as ‘shorthand for the proposition that the ways in which we know and represent 
the world (both nature and society) are inseparable from the ways in which we choose to 
live in it’ (Jasanoff 2004a, p. 2). She describes the importance of knowledge-making, and 
how it ‘is incorporated into practices of state-making, or of governance more broadly, 
and, in reverse, how practices of governance infl uence the making and use of knowledge’ 
(Jasanoff 2004a, p. 3). Cantor would add that ‘The legal profession and the culture of the 
common law binds the United States together and provides for the framework of civil 
society that allows for economic and technological progress’ (Cantor 1997, p. 364).

Globalization is changing the way the United States thinks about both domestic and 
international law. Increasingly frequent and complex transboundary transactions and 
problems are forcing legislators, judges, academics, and practitioners to think about fac-
tors beyond the United States’ national borders that affect the making, interpretation, and 
enforcement of laws within the United States. At the same time, US legal policy affects the 
way the rest of the world views issues, and the way the world reacts to the United States. 
Complex international problems such as climate change and poverty reduction will 
require holistic thinking beyond legal remedies to how law fi ts in with ethics, economics, 
religion, cultural values, social organization, and notions of national sovereignty.

Justice O’Connor describes the Supreme Court’s shift from an early emphasis on prop-
erty rights to a concern for individual rights. She predicts that ‘Having protected, indeed 
exalted, the rights of the individual, we will be challenged by a world that is increasingly 
interdependent and that demands that we take part in a global community’ (O’Connor 
2004, p. 269). Participating in a global legal community will require additional emphasis 
on disciplines such as international relations, geography, anthropology, and sociology, as 
the United States and its legal system interact more intimately with other communities 
and legal cultures around the world.
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Globalization also will force the United States to reconcile its views of the law with those 
of other nations, which often will require understanding unfamiliar customs and ways of 
viewing the world. Cantor discusses the increasing need for the United States to interact 
with other legal systems grounded in different traditions. He focuses primarily on increasing 
interactions with civil law in countries with legal systems derived from Roman law. Events of 
the early twenty-fi rst century indicate that even less familiar legal traditions, such as Islamic 
Sharia law, will provide additional challenges for the United States and its legal system.

Patterns of agents and their activities are shifting, with new domestic and international 
players taking on unconventional roles in law. Intergovernmental organizations, non-
governmental organizations, states, regional coalitions, industry, and others are seeking 
increasing infl uence over legal issues. Each one brings new ways of thinking about the law 
to light, forcing greater consideration of transdisciplinary issues such as ethical obliga-
tions among nations, human rights, sustainable development, and the interconnectedness 
of all elements of human societies. States and even cities are often taking on diffi cult legal 
issues, sometimes forcing action at the national level, and are themselves becoming play-
ers in international negotiations.

As science and technology continue to accelerate, the law of the future will certainly 
need to deal with issues that were unthinkable until recently, such as human cloning. 
Other innovations will be so new that they have not yet been considered even in science 
fi ction. Laws will be needed to control undesirable research, to restrict who has access to 
and may use dangerous technologies, and to avoid unintended consequences. Law will 
also need to adapt to new technologies that change our views of what constitutes prop-
erty (including human tissues and genetic information), how human relationships are 
defi ned, and how the costs and benefi ts of new technologies should be distributed across 
the United States and the world.

New political, economic, social, and environmental challenges will force law to adapt 
to new situations. Law will continue to use other disciplines opportunistically, to inform 
whatever problem is at hand or to pull scholarship in new and more creative directions. 
Advocates will constantly push law in new directions. Scholars will fi nd new ways to study 
and teach the law. Research from other disciplines will continue to illuminate the way law 
operates in society, and will provide support for legislative, administrative, and judicial 
decisions, and for legal arguments in support of a multitude of interests. The only sure 
thing that can be said about the future of law in the United States is that it will be different 
from the law of today, but will be fi rmly grounded both in US legal history and in contem-
porary societal norms, and will be responsive to contemporary challenges.
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CHAPTER 36

Risk
SVEN OVE HANSSON

The study of risk is multidisciplinary in at least two ways. First, when talking about risks we 
refer to undesirable events that may or may not occur. A large variety of events answer that 
description, and therefore a wide array of disciplines is involved in their study. The modern 
discipline of risk analysis has its origin in work in the 1960s and 1970s that had a strong focus 
on chemicals and nuclear energy. From its beginnings, risk analysis drew on competence in 
areas such as toxicology, epidemiology, radiation biology, and nuclear engineering. Today, risk 
analysis has many other applications, including air pollution (Pandey and Nathwani 2003), 
radioactive waste repositories (Cohen 2003), airbag regulation (Thompson et al. 2002), road 
construction (Usher 1985), and efforts to detect asteroids or comets that could strike the 
earth (Gerrard 2000), to mention just a few examples. Many if not most scientifi c disciplines 
provide risk analysts with specialized the competence needed in the study of one or other 
type of risk—medical specialties are needed in the study of risks from diseases, engineering 
specialties in studies of technological failures, etc.

Secondly, several disciplines have supplied overarching approaches to risk. Statistics, 
epidemiology, economics, psychology, anthropology, and sociology are among the disci-
plines that have developed general approaches to risk, intended to be applicable to risks of 
different kinds. Some of these approaches are interdisciplinary, or give rise to cooperation 
between disciplines. Others may be thought of as transdisciplinary.

In addition to being interdisciplinary, risk studies have another feature that will be of 
interdisciplinary concern: they are strongly connected with normative issues. Studies of 
risk are often motivated and strongly infl uenced by debates on how societies should deal 
with risks. Issues of acceptability have an important role in many scholarly and scientifi c 
studies of risk; these issues are clearly normative. Even more importantly, the measure-
ment of risk is a pervasive issue in modern risk studies. Although there is no necessary 
connection between measurement and normativity, the measurement of risk is in practice 
strongly associated with normative issues. The reason is that measures of risk refer to its 
severity, and severity is clearly a normatively laden concept. Once a risk analyst has con-
cluded that a certain risk is larger or more severe than another, then this is easily taken to 
imply that the ‘larger’ risk is also the one that it is more important to avoid.
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The normative nature of risk measurement has often been overlooked, and it is sur-
prisingly common for risk analysts to express themselves as if the severity of risks could 
be determined in an objective and value-free way. But because of the (often neglected) 
normativity of central concepts in risk analysis, this discipline provides an interesting test 
case of how normative issues can be treated in interdisciplinary research.

36.1 A brief history

Risks have been studied by probability theorists since the beginnings of that subject in 
the seventeenth century. The growing insurance industry was quick to adopt probabilis-
tic analysis of risk in the form of actuarial science. Probabilistic models of risk were also 
included in modern mathematical economics at an early stage of its development (Domar 
and Musgrave 1944). However, modern interdisciplinary risk analysis did not grow out of 
insurance mathematics or economic theory. Instead, its origins can be found in attempts 
made in the 1960s and 1970s to provide policy guidance—or policy justifi cation— 
regarding complex issues involving on the one hand risks to human health and the envi-
ronment and on the other hand major economic values. Much of the early discussion 
centered around energy production and environmental pollution, two topics that were 
from the beginning highly interdisciplinary.

The short history of modern risk analysis can be summarized in terms of how a series of 
overarching, interdisciplinary approaches to risk were introduced and put to use in order 
to deal with such policy issues. From the beginning, statistics has had a strong infl uence on 
risk analysis. Statistical expectation values were calculated for different risks, and these val-
ues used as measures of the severity of risk. Many of the earliest studies in the fi eld aimed at 
determining a level of ‘acceptable risk’, usually in the form of an upper limit on the statisti-
cally expected number of fatalities. A common procedure was to compare new technologi-
cal risks with risks accepted in everyday life. It was often assumed that a technological risk 
should be accepted if it was smaller than some natural risk that was already accepted.

It was soon realized that this approach is severely oversimplifi ed (Hansson 2003b). The 
reason why we accept a risk is in most cases that by doing so we can obtain some benefi t. 
As one example, we are prepared to take much larger risks in a medical treatment that has 
some chance of curing a serious disease than in a treatment aiming at relief from a minor 
headache. Risks cannot be judged alone; they must always be considered in relation to 
associated potential benefi ts.

This led to the introduction of economics into the core of risk analysis. In risk–benefi t 
analysis, both the risks and the benefi ts of a technology are quantifi ed to make them 
comparable. Often, a monetary value is assigned to human life in order to make fatal 
risks computationally comparable with economic benefi ts. It is important to distinguish 
this methodology, using hypothetical valuations of lives and other valuables as a guide to 
policy decisions, from standard economic analysis in which the monetary sums referred 
to represent actual payments on markets.

However, neither statisticians’ estimates of risks nor the economists’ more developed 
risk–benefi t analyses have gained public acceptance. Members of the public are often 



538 Risk

much more worried by risks that are small, according to the experts, than by risks that 
experts consider large. This has often been interpreted as evidence that the public has 
irrational attitudes toward risk.

It was against this background that the behavioral sciences gained a prominent role in 
risk analysis, initially in the form of studies of risk perception that were much in vogue in 
the early 1980s. The ordering of risks obtained from questionnaires was said to measure 
‘subjective risk’ and was compared to the expected number of deaths, which was called 
‘objective risk’. The difference was conceived as a sign of irrationality or misperception, 
and various explanations for such irrationalities were sought.

The next behavioral approach was risk communication, usually in the form of practi-
cally oriented studies aimed at providing lay people with information that would make 
them see risks in a certain way. Typically, risk communication is considered successful if 
it has made people adjust their ‘subjective risk’ to fi t with the ‘objective risk’. However, the 
most important conclusion from risk communication studies was that it is diffi cult to 
change public opinion on risk through communication. The public did not seem to trust 
the sources of information through which risk communicators operated. This gave rise 
to studies of trust that developed into a third major behavioral approach in risk studies. 
However, the focus on trust did not provide any easy means to infl uence public views on 
risk. There does not seem to be any recipe that corporations or public agencies can follow 
to gain the confi dence of the public. The major conclusion from these studies is that trust 
is diffi cult to gain but easily lost.

Statistics, economics, and behavioral sciences are still the three dominant overarching 
approaches to risk. Other disciplines have contributed competing perspectives, including 
anthropology (Douglas and Wildavsky 1982), several branches of sociology (Beck 1992, 
Pidgeon et al. 2003), political science (Franklin 1998), and philosophy, including ethics 
(Hansson 2004b, 2007b), but none of them has been as infl uential as these three.

36.2 Statistics

The most common measure of risk is the statistical expectation value of undesired events. 
In other words, risk is identifi ed with a measure that is obtained by multiplying the prob-
ability of an unwanted event with a measure of its disvalue (negative value). If only risks 
of death are considered (which is a surprisingly common restriction), this means that 
risk is identifi ed with the statistically expected number of deaths caused by a possible 
event or class of possible events. Hence, if 200 deep-sea divers perform an operation in 
which the individual risk of death is 0.1% for each individual, then the expected number 
of fatalities from this activity is 0.001 × 200 = 0.2. Expectation values have the important 
property of being additive. Suppose that a certain activity is associated with a 1% prob-
ability of an accident that will kill fi ve people, and also with a 2% probability of another 
type of accident that will kill one person. Then the total expectation value is (0.01 × 5) 
+ (0.02 × 1) = 0.07 deaths.

Although expectation values have been calculated since the seventeenth century, 
the use of the term ‘risk’ to denote them is relatively new. It was introduced into risk 



Statistics 539

analysis in the infl uential Reactor Safety Study (WASH-1400, the Rasmussen report) 
from 1975 (Rechard 1999, p. 776). Today it is the most widely used technical meaning 
of ‘risk’. Some authors even claim that it is the only rational defi nition of risk (Cohen 
2003, p. 909).

There is a fairly strong argument in favor of maximizing expected utility: when the 
same type of event is repeated many times, this decision method maximizes the outcome 
in the long run. Suppose, for instance, that the expected number of deaths in traffi c acci-
dents in a region will be 300 per year if seat belts are compulsory and 400 per year if they 
are optional. If these calculations are correct, then about 100 more people per year will 
actually be killed in the latter case than in the former. We know, when choosing one of 
these options, whether it will lead to fewer or more deaths than the other. If we aim at 
reducing the number of traffi c casualties, then this can, due to the law of large numbers, 
safely be achieved by maximizing the expected utility (i.e. minimizing the expected num-
ber of deaths).

However, this argument is not valid for case-by-case decisions on unique or very rare 
events. Suppose, for instance, that we have a choice between a probability of 0.001 of an 
event that will kill 50 people and the probability of 0.1 of an event that will kill one per-
son. Here, random effects will not be leveled out as in the seat belt case. In other words, 
we do not know, when choosing an option, whether or not it will lead to fewer deaths 
than the other. In such a case, taken in isolation, there is no compelling reason to maxi-
mize expected utility. In particular, extreme negative effects, such as a nuclear war or a 
major ecological threat to human life, cannot be leveled out in the way required for this 
justifi cation of the maximization of expected utility. In spite of this, the US military has 
used secret utility assignments to accidental nuclear strike, and to failure to respond to 
a nuclear attack, as a basis for the construction of command and control devices (Paté-
Cornell and Neu 1985).

Even when the leveling-out argument is valid, the maximization of expected utility is a 
problematic decision rule that can give rise to counterintuitive conclusions. In particular, 
it does not take distributional concerns into account, and it therefore requires that we 
expose some individuals to high probabilities of damage or death whenever this is the 
best way to minimize the statistically expected total damage. This can be illustrated with 
the following example (Hansson 1993). In an acute situation we have to choose between 
two ways to repair a serious gas leakage in the machine-room of a chemical factory. One 
option is to send in the repairman immediately (there is only one person at hand who is 
competent to do the job). He will then run a risk of 0.9 of dying due to a gas explosion 
immediately after he has performed the necessary technical operations. The other option 
is to immediately let out gas into the environment. In that case, the repairman will run no 
particular risk, but each of 10,000 persons in the immediate vicinity of the plant runs a 
risk of 0.001 of being killed by the toxic effects of the gas. The rule of maximizing expected 
utility requires that we send in the repairman to die. This is also a fairly safe way to mini-
mize the number of actual deaths. However, it is not clear that this is the only rational 
response. Rational decision-makers may refrain from maximizing expected utility (mini-
mizing expected damage) in order to avoid what would be unfair to single individuals and 
infringe their rights.
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36.3 Economics

Risk–benefi t analysis (RBA) is the major contribution of economics to risk analysis. It is a 
collection of decision-aiding techniques that have in common the numerical weighing of 
advantages against disadvantages. In a typical RBA, two or more options in a public deci-
sion are compared with each other by careful calculation of the values of their respective 
consequences. These consequences can be different in nature, e.g. economic costs or gains, 
risks of disease and death, environmental damage, etc. In the fi nal analysis, all such conse-
quences are assigned a monetary value, and the option with the highest value of benefi ts 
minus costs is recommended or chosen.

RBA is built on a very sound fundamental principle: advantages should be weighed 
against disadvantages, costs against benefi ts. However, the precise way in which this is 
done may be more controversial, and it has indeed been repeatedly criticized, not least by 
philosophers (Shrader-Frechette 1985a,b; Anderson 1988; Sagoff 1988; Hansson 2007a). 
Two problems in this methodology are particularly important in the present context.

The fi rst and most commonly discussed of these problems is that negative outcomes 
can be of many different kinds, not all of which can easily be measured in monetary terms. 
Human death, human disease, and environmental damage are not easily made commen-
surate. There is no obvious answer to the question of how many cases of juvenile diabetes 
correspond to one death, or what amount of human suffering or death corresponds to 
the extinction of an antelope species. Risk analysts have often avoided this problem by 
restricting their calculations to human mortality. Economists performing RBA go beyond 
that oversimplifi cation. By putting a ‘price’ on all negative outcomes, they can take them 
all into account and calculate the overall utilities of various options.

When price tags are put on risks and negative outcomes, they can be weighed against 
costs and economic benefi ts. It then turns out that there are large differences between dif-
ferent policy areas in how much we pay for risk abatement, typically expressed as differ-
ences in costs per expected life saved. Risk analysts, and in particular risk–benefi t analysts, 
tend to be dissatisfi ed with these differences. They want us to make our decisions accord-
ing to a uniform ‘price’ that covers all policy areas. The idea is to calculate the risks in all 
these different sectors, and then allocate resources for abatement in a way that minimizes 
the total risks. This is often claimed to be the only rational way to decide on risks (Viscusi 
2000, p. 855).

However, risks to human health and the environment are very different phenomena 
from those commonly treated in economics. They do not have a market price, and the 
values assigned to them in a RBA should not be taken as prices in the ordinary sense of 
the word. Hence, if the value of a human life is set at $30,000,000, this does not mean that 
someone has a right to buy a human person, or the right to kill, at that price. The value is 
for calculation purposes only. It can be interpreted either as a report of how much we are 
currently prepared to pay to save a human life (in the relevant context) or as a normative 
statement about what amount of money we ought to be willing to pay for that purpose. 
The limited applicability of such values has not always been suffi ciently emphasized by 
practitioners of RBA. Not surprisingly, then, critics have argued that RBA should not be 
carried out since negative outcomes such as the loss of human lives cannot be measured in 
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terms of money (Ashby 1980; Baram 1981; Kelman 1981). Stuart Hampshire (1972, p. 9) 
has warned that the habits of mind engendered by this type of impersonal calculations 
may lead to ‘a coarseness and grossness of moral feeling, a blunting of sensibility, and a 
suppression of individual discrimination and gentleness’. This controversy can be inter-
preted as a confl ict about the extent to which economics can be used as an overarching 
discipline in studies of risk.

It should be emphasized that this is not essentially an argument about the use of mon-
etary units to measure value. The basic problem is that in RBA, multidimensional decision 
problems are reduced to unidimensional ones. The common way to do this, technically, is 
to assign monetary values to all types of consequences, even those that are incommensu-
rable with money. Therefore the problem of incommensurability appears as a problem of 
assigning sums of money to units in the analysis that do not have a monetary price. How-
ever, if we removed money from the analysis we would still have to deal with comparisons 
between deaths, diseases, and environmental damage. The basic, underlying, problem is 
not limited to valuation in monetary terms. The fundamental problem is that we need to 
comparatively evaluate phenomena that we conceive as incomparable. Such comparisons 
are unavoidable components of many of the decisions made in different social sectors. 
The problem does not come with RBA, but it is more clearly exhibited when a RBA is 
performed in order to guide the decision. It may well be seen as a virtue of RBA that it 
brings the problem to light.

The second major problem with RBA is its disregard for persons. In the calculations 
made for the analysis, the risks to which different persons are exposed are all added up. 
It makes no difference for the analysis who is exposed to the risk or how it is distributed. 
Benefi ts are added up in the same way, i.e. with no consideration of who receives the ben-
efi ts or how they are distributed. Finally, the sum of benefi ts is compared with the sum of 
risks in order to determine whether the total effect is positive or negative.

This methodology is based on the assumption that a disadvantage to one person can 
always be compensated by an equally sized advantage to another person. This is a feature 
that RBA shares with classical utilitarianism, in which individuals have no other role than 
as carriers of utilities and disutilities, the values of which are independent of whom they 
are carried by. Such a framework excludes many types of moral considerations that we 
may apply in contexts of risk, such as justice and individual rights. The fact that a certain 
loss for Ms Black is smaller than a certain gain for Mr White does not suffi ce to make it 
allowable for Mr White, or anyone else, to perform an action that leads to this particular 
combination of a loss for Ms Black and a gain for Mr White. Ms Black may have a right 
that forbids such enforced exchanges (Hansson 2004a).

Risk analysts have often been surprisingly insensitive to issues of justice and rights. The 
general assumption seems to be that if a risk–benefi t calculation shows that the total ben-
efi ts outweigh some risk, then that risk should be accepted even if the persons exposed to 
the risk are not the same as those who receive the benefi t. This has been particularly clear 
in criticisms of so-called NIMBY (not in my backyard) reactions. For example, potential 
neighbors of a polluting facility may refuse to sacrifi ce their own interests by consenting 
to a siting that is benefi cial to a wider community but potentially harmful to themselves. 
NIMBY reactions have often been described as irrational. This accusation only holds 
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under the rather implausible assumption that individual rationality requires subservience 
to collective interests (Luloff et al. 1998; Hermansson 2007).

36.4 Behavioral science

As was mentioned, risk perception is a key concept in psychological studies of risk. Unfor-
tunately, the very notion of risk perception is in itself problematic. The notion of per-
ception refers to how our nervous system, using signals from our sense organs, reacts to 
objective physical phenomena. Hence, in studies of the perception of colors, we compare 
our experiences of colors to physical characteristics of light such as wavelength and inten-
sity. Similarly, in studies of auditory perception we compare auditory experiences with 
measurable physical properties of sound, and in studies of taste and olfaction chemical 
properties of substances have the corresponding role as an objective basis of the analysis.

In studies of risk perception, statistically expected numbers of deaths are treated as 
objective entities to which subjective ‘risk perceptions’ could be compared. If a person 
considers risk A to be worse than risk B, whereas risk B has a higher expected disutility 
than risk A, then this is often seen as a case of an irrational deviation of subjective risk 
from objective risk. This approach exemplifi es the problem with measurement of risk 
mentioned before. The expected (dis)utility measure is not an objective or uniquely ratio-
nal measure of the severity of risk, for several reasons already referred to. Different people 
may legitimately choose to value risks differently because they value possible outcomes 
differently, because they differ in their degrees of cautiousness, or because they have dif-
ferent views on distributive issues and individual rights. Therefore, there is no single stan-
dard against which we can measure the risk assessments of different people to determine 
who is more or less rational. Although the term ‘risk perception’ is well established, it is 
an unfortunate terminological choice that continues to cause confusion. The term ‘risk 
attitude’ would have been preferable.

This problem for risk perception theory illustrates a more general problem for norma-
tive decision theory. In principle, a normative decision theory is an account of how deci-
sions should be made. This ‘should’ can be interpreted in different ways, but in practice 
there has been almost complete agreement among decision theorists that it refers to the 
prerequisites of rational decision making. In other words, normative decision theory is a 
theory about how decisions should be made in order to be rational (and not, for instance, 
about how they should be made in order to satisfy moral criteria). As a consequence of 
this, important normative issues, such as those concerning justice and individual rights, 
have often been neglected in mainstream decision theory and decision analysis.

36.5 Failures of multidisciplinarity

In summary, three major attempts have been made to provide an overarching or transdis-
ciplinary ‘umbrella’ for the many disciplines that deal with risk in different ways: proba-
bilistic risk analysis (from statistics), RBA (from economics), and risk perception (from 



Failures of multidisciplinarity 543

behavioral science). Although each of these has provided valuable insights, none has given 
the guidance to decisions about risk that they were intended to provide. It seems diffi cult 
to avoid the conclusion that they have all failed as unifi ed decision-guiding approaches to 
risk. There are at least two important reasons for this failure.

The fi rst reason is that in all these approaches, ethical issues have been excluded. The 
only norms that have an explicit role are norms of rationality. In contrast, when the gen-
eral public is confronted with issues of risk, ethical norms have a large role. Members of 
the public who have protested against siting of polluting or otherwise dangerous plants 
in their vicinity have seldom been impressed by total calculations of risks and benefi ts. 
Instead they have talked in terms of moral rights. They consider themselves to have a right 
not to be exposed to risks that they had no chance to infl uence. Similarly, workers protest-
ing against dangers in their workplace have referred to individual rights and to social jus-
tice. Generally speaking, potentially risk-imposed people tend to reject the idea that they 
should accept risks for the sake of benefi ts befalling others. Proponents of probabilistic 
risk analysis and RBA have sometimes dismissed such moral considerations as irrational, 
and proponents of risk perception theory have treated them as errors in risk perception. 
These are of course untenable interpretations. A workable theory of risk cannot dismiss 
ethical considerations. Instead it has to recognize them and provide means to deal with 
them (Hansson 2003a).

The second reason why the three overarching approaches have failed is that they attempt 
to give experts too large a role in risk assessment. They are all based on the assumption 
that risk evaluations can in their entirety be performed as expert assessments, divorced 
from the political decision-making process. Some refl ection will show that it is in practice 
impossible to separate risk issues from general political issues. Almost all social decisions 
include endeavors to avoid undesirable events. Some of these events can be quantifi ed in a 
meaningful way, for example health risks and economic risks. Others are virtually impos-
sible to quantify, like risks of cultural impoverishment, social isolation, and increased ten-
sions between social strata. There is a tendency to leave the ‘quantifi able’ risks to experts 
and treat the others as more ‘political’. However, even if a risk issue is accessible to quanti-
fi cation it may be infl uenced by various value issues that cannot, in a democratic society, 
be left to experts. Therefore the role of experts should be limited in issues of risk just as 
in other social and political issues. Experts should provide decision makers (in particular 
the public as the ultimate decision makers) with facts and information, but it is not the 
role of experts to dictate decisions or to be judges in normative matters. Risk decisions 
do not only require transdisciplinarity in the traditional sense; they also require political 
participation.

It should not take much refl ection to realize that the notion of ‘risk’, as we commonly 
use it, is both value-laden and fact-laden. It is value-laden since risk means the possibil-
ity of something undesirable, and undesirability is a value concept. At the same time it 
is fact-laden since it concerns actual tendencies for certain types of events to occur. The 
statement that you risk losing your leg if you tread on a landmine has both a factual com-
ponent (landmines tend to dismember people who tread on them) and a value compo-
nent (it is undesirable to lose your leg). The propensity of these devices to mutilate is no 
more a subjective construct than these devices themselves.
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There are discussants who deny this double nature of risk. Some maintain that risk is 
‘objective’, devoid of any subjective component. Others claim that risk is plainly a ‘sub-
jective’ phenomenon or a mere ‘social construction’, not concerned with matters of fact. 
These are both attempts to rid a complex concept of its complexity. Neither is appropriate. 
Any notion of risk that connects in a reasonable way to the conditions of human life will 
have to admit the double nature or risk—thus exhibiting interdisciplinarity in another 
sense—and not try to make risk either value-free or fact-free. Unfortunately, infl uential 
theories of risk often fail in this respect.

Although the interdisciplinarity of risk studies has been essential in solving many 
scientifi c problems, hopes that interdisciplinarity would solve the normative issues con-
nected with risk have been in vain. In order to solve the normative issues of risk they 
must be dealt with more explicitly than has usually been done. Furthermore, we need 
to realize that interdisciplinary science cannot solve social and political issues. How-
ever, something important can be learnt from interdisciplinary and transdisciplinary 
science. The types of communication and cooperation between different academic dis-
ciplines that have been developed in inter- and transdisciplinary contexts have also to 
take place between these academic disciplines on one hand and more practically ori-
ented, value-based discourses on the other. In this sense, transdisciplinarity needs to be 
transcended.

For that purpose we also need a social and political discourse that goes beyond  science.
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CHAPTER 37

Corporate innovation
BRUCE A. VOJAK, RAYMOND L. PRICE, 
AND ABBIE GRIFFIN

A common, if somewhat contentious, distinction is often made between invention, as 
the isolated creation of something new that can be patented, and innovation, as the pro-
cess of converting something new into a market success, which is less often subject to 
patent protection (McKeown 2008). It has also on occasion been remarked that the era 
of the independent inventor is past; according to one biographer, Philo Farnsworth, the 
engineer of television, was ‘the last lone inventor’ (Schwartz 2002). We have seen a shift 
from independent invention and innovation to basic scientifi c discovery taking place pre-
dominantly in the academic world with follow-on technological creation taking place as 
fi rm-based invention and innovation. Most innovation in today’s complex world requires 
inputs from multiple disciplines, and thus is accomplished by fi rms using interdisciplin-
ary and transdisciplinary teams. However, there are individuals in most technology-based 
corporations who fi rst act as inventors, and then go on and implement the invention as 
a successful innovation into the marketplace. Furthermore, these individuals are likely to 
do this over and over again.

Those who are repeatedly successful in the practice of truly breakthrough corporate 
innovations, who we will call serial innovators (SIs), exhibit a combination of broad and 
deep technical skills, unique insight into business issues (including customer needs, mar-
keting, fi nance and manufacturing), the creativity to see connections between the two, a 
political savvy that gets their projects accepted for commercialization, and the facilitative 
capability to shepherd an innovation through an organization and into the marketplace. 
This is a blending of different types of expertise that creates individual interdisciplinarity 
that is almost never appreciated in academic discussions of interdisciplinarity. Comple-
menting other approaches, then, we describe SIs and the processes they use. By way of 
interpretation, we also observe that SI skills of integration are consistent with Michael 
Polanyi’s epistemology and offer an illustration of corporate innovation interdisciplin-
arity as tacit integration. We close by suggesting that a key feature of interdisciplinarity 
is the seeking of coherence and regularities across, and independent of, a wide range of 
disciplinary boundaries or restrictions, as is well exhibited by SIs.
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37.1 The practice of corporate innovation

Corporations arose as distinct legal entities that could undertake larger-scale technologi-
cal and commercial actions than were possible for individuals. Although corporations 
have existed in various forms on the margins of society since antiquity, it was not until 
the Industrial Revolution that they emerged as major social institutions. The modern cor-
poration was itself a social innovation—especially when in the early 1800s it began to 
be granted the status of a legal person—but the focus of its activity was not initially the 
promotion of innovation. Instead, during the initial period of the development of the 
modern corporation, the conscious goal of most corporations was more simply manufac-
turing scale and continuity. Only in the late 1800s and early 1900s did corporations begin 
to become innovation-oriented by establishing research and development laboratories 
and other innovation-initiating activities within the fi rm.

In the twenty-fi rst century, however, we live in an age of knowledge workers, with inno-
vation one of their characteristic activities and responsibilities (Drucker 1959, 1969). One 
of the most important roles of knowledge workers in industry is to develop new products 
or processes to either increase fi rm revenue or decrease fi rm cost. Without the creative 
destruction of a sustained innovative output, companies gradually are reduced to irrel-
evance, as others repeatedly redefi ne the basis of competition (Schumpeter 1934). This 
stress on creativity and innovation has led to many studies on creativity and a plethora of 
literature on innovation (Freeman and Soete 1997; McKeown 2008). Yet little of this lit-
erature explicitly stresses the importance of interdisciplinarity in corporate innovation.

Innovation occurs across a broad spectrum, ranging from that which can be described 
as incremental (minor improvements of existing offerings, such as the addition of a new 
whitener to a detergent) to that which can be described as true breakthroughs (entirely 
new categories of products, such as the fi rst disposable diaper—attributed to Victor Mills 
of Procter and Gamble, after whom the company’s top honor to technologists is named) 
which materially change the consumer’s way of life and have a signifi cant fi nancial impact 
on the innovating company. Both incremental and breakthrough innovations are today 
critical contributors to the continuing existence of a fi rm. Incremental innovation rep-
resents a lower-uncertainty, lower-return endeavor, more likely contributing to the con-
tinuance of the ongoing business. Breakthrough innovation is characterized by both high 
uncertainty and, if successful, high reward, and is more likely to lead the fi rm into new 
product or market arenas.

Incremental innovation typically involves insights from a single discipline or, at most, a set 
of minor insights from a small number of disciplines. Thus, it might be characterized by the 
multidisciplinary juxtaposition (rather than true integration) of different types of disciplinary 
knowledge. In contrast, to be successful, knowledge workers who contribute to breakthrough 
innovation must simultaneously navigate and, more importantly, integrate and connect a 
highly complex set of multidisciplinary expertise, including, but not limited to:

● marketing (customer insight, quantitative research and trends knowledge),
● manufacturing (statistical process control and cost estimation),
● technology (materials and information technology),
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● product design (human factors and aesthetics),
● organizational behavior (project management and leadership), and
● legal (patents and contracts).

Creative integration across these widely ranging specialized areas of corporate practice is 
diffi cult and challenging. If it were easy to operate at this level of interdisciplinarity, some-
one else would have already done it.

While variations exist, the innovation literature describes the most commonly prac-
ticed innovation process as comprising two general phases, as illustrated schematically in 
Fig. 37.1. At the outset is the fuzzy front end (FFE) phase of innovation (Koen et al. 2002), 
a chaotic stage, where new product ideas are generated by those who, in large, technology-
based corporations are typically from engineering or scientifi c disciplines. Next, still in 
the FFE phase, individuals from marketing search for opportunities in the marketplace 
for these new product ideas. Finally, once a connection between idea and opportunity is 
made, those with disciplinary expertise in project management usher the project through 
what is called the Stage-Gate® process (SGP) (Cooper 1990). The SGP is a relatively rec-
ipe-driven process that sees the development phase as one in which the proposed product 
concept sequentially undergoes refi nement, with promising concepts garnering addi-
tional investment resulting in physical development, manufacturing development, and 
ultimately commercialization. The Stage-Gate® name, then, derives from the fact that, 
after each stage of development, a product concept reaches a gate, with the promising 
concepts passing through the gate and those without promise being stopped at that gate 
from further investment toward commercialization.

Of particular interest is the fact that the two basic phases of the innovation process 
presuppose two different epistemologies, that is, underlying philosophical assumptions 
about what knowledge is and how it is obtained. The FFE can be construed as a more 
skeptical phase, one that doubts whether we can grasp in any signifi cant detail how inno-
vation actually occurs. In contrast, the SGP is a more certain, methodical phase of the 
process that assumes knowledge comes in the form of explicit information. This explicit 

Stage-Gate® Process (SGP)Fuzzy Front End (FFE)

Develop to
next level

Develop to
next level

Launch

Assessment Assessment Assessment

Stop
development

Stop
development

Stop
development

Idea generation and
opportunity recognition

Figure 37.1 The general innovation process.
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information is then systematically accessed and incorporated into the project by following 
a rather strict, linear methodology.

In sum, disciplinary content expertise (such as marketing, engineering design, or man-
ufacturing technology) represents the ‘know what’ of innovation. The bringing of such 
specialized forms of expertise together (as found in navigating the FFE and SGP) repre-
sents the ‘know how’ of innovation (Polanyi 1983, p. 7). Both are critical to the creation of 
new, innovative, breakthrough products.

In spite of such representations of the innovation process, what we fi nd in practice is that 
SGP- and FFE-like perspectives independently and collectively are, in fact, insuffi cient to 
describe how the integration of disparate disciplinary or specialized knowledge takes place 
in successful breakthrough corporate innovation activities. Further, those who are expert 
and accomplished in such matters in industry, especially successful individual innovation 
practitioners and the executives to whom they report, fi nd both perspectives somewhat 
troubling. Thus, there is a need to seek another, more accurate means of understanding and 
describing the ‘know how’ of the interdisciplinary, or perhaps even transdisciplinary, inte-
gration of knowledge (i.e. the ‘know what’) in the act of individual corporate innovation.

37.2 Serial innovators

Research by Griffi n, Price and Vojak (Vojak et al. 2006; Griffi n et al. 2007), based on over 
125 in-depth interviews as well as a large sample survey, has led to a clearer understanding 
of how at least some breakthrough corporate innovation occurs in practice. This research 
has investigated SIs, individuals who have operated with a high degree of interdisciplin-
arity, repeatedly conceiving and commercializing new breakthrough products in large, 
mature, technology-intensive fi rms. SIs are well-described by six characteristics (Sim et al.
2007; Griffi n et al. 2009): how they are motivated, how they prepare to innovate, their 
perspective regarding innovation, their personality, how they successfully navigate the 
politics of corporations, and the innovation processes they follow.

37.2.1 Motivation

SIs are motivated by the basic urge to solve other people’s problems. They are energized by 
the challenge of solving complex and diffi cult interdisciplinary problems of the type exem-
plifi ed by breakthrough corporate innovation. SIs thrive under the guidance of managers 
who exhibit an understanding of how corporate innovation really occurs. They operate most 
effectively when neither micromanaged nor ignored, but when their manager supports them 
and then gives them the discretion to move forward as they see fi t (Hebda et al. 2007).

37.2.2 Preparation

Both life experience and intentional effort prepare SIs to innovate. They have clear rec-
ollections of key learning experiences imparted from others, typically those who are 
their seniors, often as anecdotes or as sage advice. As they prepare professionally, these 
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 individuals exhibit multidisciplinarity by acquiring multiple and deep technical and busi-
ness insights. Additionally, while immersed in the process of innovation, they add to this 
multidisciplinary skill set as they continually seek out new information in other disci-
plines or areas of life, manifesting skill as independent, lifelong learners.

37.2.3 Perspective

SIs accept responsibility for doing the right thing for the greater good: that is, what is 
simultaneously good for customers and for their companies. Many appear to have devel-
oped this perspective as a result of overcoming diffi cult early life experiences, such as los-
ing a sibling or moving across cultures. Additionally, SIs recognize that technology is not 
to be pursued for self-aggrandizement or personal amusement, but, rather, as a means to 
an end—in this context, to make money for the company.

37.2.4 Personality

SIs are skilled in their ability to navigate the ambiguity typical of highly complex, inter-
disciplinary problems. Interestingly, however, while still in the midst of ambiguity, they 
exhibit a confi dence about the outcome—an expectation that they will discover new, 
innovative insights if only they continue to work at it.

37.2.5 Politics

SIs ‘cross the bridge’ of accepting responsibility for a project in its entirety by taking owner-
ship for the political process of gaining organizational acceptance for the new idea. Unlike 
those who assume that the burden of organizational project acceptance falls to others, SIs 
apply their skills of discovery to studying interpersonal interactions and organizational 
behavior with the same zeal that they apply to the creation of the breakthrough innovative 
concepts themselves. SIs seek to understand how an organization functions and what they 
can do to advance an innovation (Price et al. 2009).

37.2.6 Process

In contrast to the linear, two-phase process depicted in Fig. 37.1, SIs follow a signifi cantly 
different innovation process. As depicted graphically in Fig. 37.2, SIs innovate using the 
‘hourglass model of innovation’ (Griffi n et al. 2007).

They fi rst spend considerable upfront time discerning and defi ning the best problems to 
engage—those that address real customer needs, have the potential to be embraced within 
the organization, and provide signifi cant fi nancial return to the company. SIs recognize 
that it often takes as much time to address an unimportant problem as it does an impor-
tant problem and, thus, invest their expertise only on problems worthy of their skill.

Next, SIs invest themselves in deeply understanding the problem, not from a detached, 
academic perspective, but in the manner and at the level required for commercial success. 
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Often during the process of understanding the problem, they recognize that the problem 
defi nition they had been working within is fl awed. Thus, at times, SIs return to the begin-
ning of the process to redefi ne the problem.

As their knowledge of the problem matures, SIs increasingly apply their skill in inter-
disciplinary processes, as integrative systems thinkers, inventing and validating—simul-
taneously ‘connecting the dots’, as many SIs put it, from a vast amount of disciplinary 
information and background preparation. These individuals fl exibly apply a wide range 
of techniques to ‘see’ the emerging innovative concept, including reframing the problem, 
looking beyond the obvious, and starting with a vision of what the ultimate innovative 
output might be and working backward. Again, the process can reverse itself here, as well. 
A number of SIs not only report going back to better understand the problem, but also to 
redefi ne it, even while in the midst of attempting to connect the dots.

As noted, the SIs do not consider their work complete simply with the defi nition of 
an innovative concept. They also seek to execute it. They not only shepherd the concept 
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Figure 37.2 The hourglass model of innovation.
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through additional development to a commercialized product but also typically work to 
drive market acceptance as well. These behaviors are rarely seen from those who typically 
reside only in the upstream regions of the innovation process. Not surprisingly, even at 
these late stages of innovation, SIs at times circle back to earlier stages when newly discov-
ered realities direct them there.

This hourglass model of innovation illustrates in many respects how SIs transcend—
that is, operate more fl exibly and at a higher level than—more traditional views of the 
innovation process, such as the SGP. At the same time, the upfront innovation processes 
that SIs employ are more defi ned than the open-ended perspectives typically thought of 
as being used in the FFE. Collectively, these characteristics make SIs unique and powerful 
individual practitioners of interdisciplinarity and permit them to have signifi cant fi nan-
cial impact on their organizations. These characteristics also suggest that a ‘know how’—
that is, an epistemology of breakthrough innovation—different from that represented by 
either the SGP (again, tending toward certainty) or the FFE (tending toward skepticism) 
is at work. This is a kind of interdisciplinarity that is almost never appreciated in the aca-
demic discussion of interdisciplinarity.

37.3  Toward an epistemology of corporate innovation 
interdisciplinarity

To review, innovation management practice and literature are touching on what we can-
not or can know, that is, epistemology, even if they are not fully aware that they are engag-
ing in a philosophical pursuit. The two philosophical perspectives that emerge from the 
considerations of innovation practitioners and academics are those of skepticism and cer-
tainty, but neither alone is suffi cient to describe what actually happens. In order to move 
beyond these two perspectives, we appeal to the insight of Michael Polanyi (1958, 1983), 
a twentieth-century physical-chemist-turned-epistemologist. Polanyi’s epistemology, 
which rejects the false dichotomy between skepticism and certainty, is a better way to see 
and understand what actually occurs in the practice of industrial innovation. Although 
Polanyi does not use the word interdisciplinarity, his epistemology powerfully illustrates 
it, as will be developed in the rest of this chapter.

A respected scientist in his own right, Polanyi developed a philosophical theory to under-
stand the epistemological ramifi cations of his success in the laboratory. He argued that: (1) 
if knowledge is restricted to explicit information communicated to others impersonally and 
passively, no scientifi c discovery could ever occur and (2) the dominant philosophical inter-
pretation of science as detached observation is inconsistent with practice. Polanyi connected 
his analysis with a problem that can be traced back to Plato’s Meno. As Polanyi summarized 
Plato’s statement of a fundamental epistemological dilemma involved with learning, ‘the 
search for the solution of a problem is an absurdity; for either you know what you are look-
ing for, and then there is no problem; or you do not know what you are looking for, and 
then you cannot expect to fi nd anything’ (Polanyi 1983, p. 22). Polanyi felt that the problem 
thus posed was signifi cant enough for him to step away from a successful career in science in 
order to try to develop a fresh approach to the epistemology of search and discovery.
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Many correctly associate Polanyi’s work with development of the concept of tacit 
knowledge and the idea that ‘we can know more than we can tell’ (Polanyi 1983, p. 4), 
but misunderstand, or miss entirely, the sophisticated and helpful structure that Polanyi 
identifi ed as characteristic of all efforts to know. With few exceptions (Dias 2008), most 
who consider the tacit aspects of innovation or systems thinking (Senker 1995; Leonard 
and Sensiper 1998; Cook and Brown 1999)—while insightful at many points—miss much 
of this richness.

For Polanyi, all achievements of knowing involve creative and active integration where 
the individual relies on inarticulable subsidiary clues to focus on an eventually identifi -
able pattern. The SIs we have observed do precisely this. They simultaneously hold fast to 
multiple technical domains, as well as to customer, market, fi nance, and manufacturing 
insights, while having the vision to ‘see’ the innovative concepts that ‘connect the dots’ 
within and between these several domains. In the language of Polanyi, SIs exhibit ‘from–to’ 
tacit integration (Polanyi 1958, p. 55, 1983, p. 10): ‘from’ an immersive (‘indwelling,’ per 
Polanyi) subsidiary awareness of the multiple disciplinary elements ‘to’ a focal awareness 
of the innovative product or process concept that takes into consideration all opportuni-
ties and the constraints across the subsidiary disciplinary elements. Put another way, SIs 
do not look ‘at’ the disciplinary elements of technology, customer, market, fi nance, and 
manufacturing; instead they look ‘through’ them, enabling SIs to see the innovation in 
a high-level act of inter- and transdisciplinarity. Polanyi illustrates ‘from–to’ tacit inte-
gration variously, such as by considering how one recognizes one person’s face among 
a thousand others (Polanyi 1983, p. 4) or how a stereoscope functions (Polanyi 1965). 
We next offer an illustration of from–to tacit integration that is central to understanding 
innovative interdisciplinarity in the corporate context.

37.4 An illustration of corporate innovation interdisciplinarity

In a careful discussion of Magic Eye® images (Magic Eye, Inc. 1993), Esther Meek (2003, 
pp. 46–51) provides an illustration of Polanyi’s interpretation of the act of discovering some-
thing new that is strikingly similar to the type of knowing we have observed among SIs. We 
thus employ it here to illustrate our research results and our understanding of how interdis-
ciplinarity works in the corporate world. The value of the Magic Eye® illustration lies in the 
fact that this perspective goes beyond both the skepticism of the FFE and the certainty of the 
SGP, and provides a fresh illustration of corporate innovation as it actually is practiced.

Magic Eye® images are a type of two-dimensional (2D) pattern known as a random dot 
stereogram (RDS). A RDS is constructed in such a way so as to permit, when viewed with 
proper perspective, the ‘seeing’ of a three-dimensional (3D) image. The RDS of Fig. 37.3(a), 
for example, when viewed properly, permits the viewer to ‘see’ a 3D version of the depth 
map pattern presented in 2D form in Fig. 37.3(b). The key element of this illustration is 
the ‘from–to’ viewing, through the 2D surface pattern, that is required to see the embed-
ded 3D image (analogous to the ‘connecting the dots’ systems thinking observed in the act 
of innovation as described by the SIs). Such ‘from–to’ viewing is depicted  schematically 
in Fig. 37.4, as the viewer looks through the surface of the RDS of Fig. 37.3(a), not at it 
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(step 1). The two images from the stereo-optic perspective necessary for proper viewing 
are then combined in the viewer’s mind (step 2), enabling them to see the 3D depth map 
image of Fig. 37.3(b) (step 3).

The connection between viewing a RDS and the practice of seeing an innovative concept 
in breakthrough corporate innovation of the type discussed above is illustrated in Fig. 37.5. 

(a)

(b)

Figure 37.3 (a) Random dot stereogram (RDS). For proper viewing, photocopy at 200%. (b) Depth map 
associated with the RDS in (a).
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Figure 37.4 The method of viewing a random dot stereogram.
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Figure 37.5(a) depicts the viewing of a RDS, while Fig. 37.5(b) depicts the innovative discov-
ery that occurs in breakthrough corporate innovation. While this illustration presents two-
fold interdisciplinarity with stereo-optic viewing, it is easily extended to represent manifold 
interdisciplinarity. With ‘from–to’ tacit integration at the core of this illustration, one is able 
to illustrate a number of both pitfalls and successful practices of corporate innovation inter-
disciplinarity. Listed in Table 37.1 are several of these, with the fi rst column representative of 
RDS viewing as depicted in Fig. 37.5(a) and the second column representative of corporate 
innovation interdisciplinarity as observed in SIs and depicted in Fig. 37.5(b).

Customer
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Manufacturing

Process Politics

Resources

Market
Customer
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Technology

Finance

Manufacturing

Process Politics

Resources

Market
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Innovator’s
preparation

Innovator’s
motivation

(b)

Innovator’s
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Innovator’s
perspective The data

itself

Breakthrough
Innovation

Figure 37.5 (Cont’d)

Table 37.1 Side-by-side summary of how variously viewing a random dot stereogram (RDS) can be used 
to illustrate numerous corporate innovation interdisciplinarity pitfalls and successful practices. The fi rst 
column represents RDS viewing, as depicted in Fig. 37.5(a), while the second column represents what is 
illustrated in breakthrough innovation by such RDS viewing, as depicted in Fig. 37.5(b)

Try this with RDS viewing . . . In order to illustrate various corporate. 
innovation interdisciplinarity pitfalls and 
successful practice . . .

Try focusing on the surface of the RDS Illustrates not being a ‘systems thinker’

Try viewing the RDS with one eye Illustrates lack of being prepared in a 
multidisciplinary manner

Try viewing the RDS with both eyes shut Illustrates no disciplinary preparation

Try viewing the RDS from too far Illustrates poor perspective
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37.5  A general theory of corporate innovation 
interdisciplinarity

A signifi cant implication of our use of Polanyi’s epistemology to understand corporate 
innovation interdisciplinarity is that we see an innovator’s output as a skilled creative 
achievement (not a random association or technical method) emerging from the tacit 
integration of a multidisciplinary range of subsidiary clues that can fully be expected 
to vary over time. For example, both technical expertise and consumer preferences are 
highly time variant. Viewing innovation in this manner suggests that Polanyi’s epistemol-
ogy provides a general theory of innovation, rather than a description of the contingent 
trends of some particular corporate innovation practices, such as disruptive innovation 
 (Christensen 1997), radical innovation (Leifer et al. 2000), or open innovation (Ches-
brough 2003).

This view is the same as that expressed by one of Polanyi’s most famous doctoral stu-
dents, Eugene P. Wigner. In his Nobel prize banquet speech of 1963, physicist Wigner 
paid homage to Polanyi in the following words: ‘He taught me, among other things, that 
science begins when a body of phenomena is available which shows some coherence and 
regularities, that science consists in assimilating these regularities and in creating concepts 
which permit expressing these regularities in a natural way’ (Wigner 1967, pp. 262–3). 
Wigner also suggested that this was a method that could be applied to understanding 
fi elds of learning other than those of science.

Try forcing someone to view a RDS Illustrates lack of self-motivation

Try without a RDS Illustrates not having relevant data

Try hurrying someone to view a RDS Illustrates that time is required to innovate

Try seeing how long people take to see the 
embedded image in a RDS

Illustrates that aptitude to ‘see’ an innovation 
varies from person to person

Try to determine if an improvement of seeing the 
embedded image comes with practice

Illustrates the improvement that occurs with 
repeated practice—serial innovation

Try with someone experienced with viewing a RDS—
they just start looking for the embedded image

Illustrates that serial innovators have the confi dence 
to just start looking for good problems and solutions

Try with more complex embedded image—the 
embedded image emerges gradually, at times with 
some mis-starts of interpretation

Illustrates that serial innovators do not see 
everything at fi rst

Try starting with a mis-rotated RDS—need to rotate 
the RDS to see the embedded image

Illustrates that serial innovators often need to 
reframe the problem to gain new perspective

Try with an unusual or an obvious surface pattern, 
not just a set of random dots

Illustrates that individuals often come to the 
innovation process with preconceptions serial 
innovators see beyond such preconceptions
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For our present purposes, then, we contend that this insight is critical to understand-
ing corporate innovation interdisciplinarity. Indeed, we even suggest that a key feature of 
interdisciplinarity in general is the seeking of coherence and regularities across, and inde-
pendent of, a wide range of disciplinary boundaries or restrictions. This may well be the 
crucial ‘know how’ of successful interdisciplinarity in all areas, even though we argue here 
merely for its value in providing a theory of corporate innovation interdisciplinarity.
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