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PART TWO

THE MICRO-ECONOMICS
OF INNOVATION: THE THEORY
OF THE FIRM



INTRODUCTORY NOTE

Part One has shown many instances of dramatic Increases in productvity
- achieved by a combination of technical and organizational innovations as,
for example, in cotion spinning, catalytic acking of o], sceling up of steel

nd chemdcal plants, assembtly line producton of aufemobiles, or miniatur-
ization of infegrated elechromic circuits, It has alse illusirated the widening
and cheapening of the range of products avaiiable fo consumers through
product innovatons in many industries, for example, pottery, consumer
durables, new materals, radio and television.

This book now attempis to examine more systematically the conditions
which have prometed such successfl inmevations, Srst at the level of the
individual Srm and innovative project (Part Two) and then at the level of
the individual nation or region {Part Three). Chapter 8 first discusses those
empirical research projects which have sought to identify the pattern of
successful innovation in firms. Many innovative attermpts end in failure, so
that a systematic comparison of success and failure ylelds some interesting
results, as is shown in the case of Project SAPPHO, described in some
detail. This leads on to a discussion of the characteristics of those firms
which have repeated success with innovations.

The discussion in Chapter ¢ shows that size of firm certainly influences
what kind of projects can be attempted in terms of technology, complexity
and cost but does not i iiself determine the outcome. In some areas and in
some industries small firms play a very imporiant role in innovation, as
indeed the historical account has also shown They have advantages of
speed and flexibility in decision-making and often cf lower costs in devel-
opment work. The historical dimension is again shown to be crucial as the
stage of development of a technology and/or an industry is one of the
principal determinants of the relative contribution of large and small firms
o innovations, and the types of innovation which they are able to make.

Although, as Part One has shown, technologies have certainly changed
in rapid succession, and although firms have grown much larger in many
industries and introduced entirely new management techniques, such as
industrial R&D, nevertheless there are some things which have changed
little if at all in their fundamentals. One of these is the prevalence of
uncertainty with respect both to future technological change and to future
market change. Chapter 10 shows that despite the introduction of numer-
ous sophisticated mathematical techniques into project evaluation and
decision-making, generally it has not proved possible for firms to make
accurate forecasts of the future costs of development or the time such
development will take. Even greater errors are typical of forecasts of future
market size and rate of return on investment. Typically firms under-
estimate cost and overestimate speed of development, sometimes by very
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wide margins, as in such well-known cases as the aircraft Concorde or the
fast breeder nuclear reactor. Errors of estimation in relaion to future
markets can go in either direcon and are often wildly inaccurate. As Part
One has shown, the future market for computers, for polyethylene and for
synthetic rubber was grossly underestimated. In: the case of nuclear power
it has been vastly overestimated.

Forecasting errors are greatest in the case of the more radical inno-
vations, With regard to small incremental imprevements and new appli-
cations of existing products, much greater accuracy is possible and project
evaluation techniques can be very usefu! management tools. The use of
such techniques is in any case of some value as a means of mobilizing the
necessary combined efforts within the frm and of disclosing potental
difficulties at various stages of development and product launch. True
uncertainty, where the future simply carnnct be known is of course most
characteristic of fundamental research and the most radical inventions.

This should not, however, necessarily Jead to the conclusion that the
most risky and unceriain projects should never be undertaken at all. On the
confrary, again as the historical account in Part One has shown, the
benefits from such R&D may be very great indeed over the long term.
Many of teday’s most useful technologies owe their very existence to
programmes of fundamental research in physics, chemistry and biology
conducted over very long periods mainly in university laboratories. Many
of today’s most valuable products would not exst if determined enire-
preneurs and inventors had not been prepared io devote their fortunes,
their careers and even their lives to their development

However, the uncertainty and the risks are such that most firms will not
be able to contemplate basic research or the more radical types of inno-
vation. This means that typically in all couniries public expenditure has
accounted for by far the greater part of basic research and has made a
substantial contribution to generic technologies, such as biotechnology, and
to information technology and vaszious radical innovations. This type of
public expenditure is discussed in Part Four, which deals with public
policies for science and technology. In Part Two, the final chapter deals
with the strategies of firms, confronted as they are with all the hazards and
uncertainties attending technical innovation, whether by themselves or
their competitors.

: Chapter 11 attempts to classify the sirategies which firms adopt as either

. offensive, defensive, imitative, dependent, traditional or opportunist. Firms
which follow an offensive strategy are that very small minority which
attempt to make radical innovations, sometimes but not always based on
the conduct of fundamental research. A larger number of firms follow
defensive strategies, responding fairly quickly to the innovative efforts of
others with new products and processes of their own. This is sometimes
described as a “fast second’ strategy. Much larger numbers of firms follow
a simpler imitative strategy, sometimes on the basis of licensing,
franchising or subcontracting from more innovative firms. Imitators may
become completely dependent or may start out in a dependent role, as is
often the case with firms in developing countries importing technology.

There are some industries where there is litile technical change or where
there is actually a competitive advantage in making a traditional product
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with long-established techniques. Fashionn and design innovations may
nevertheless be important In such cases but not necessarily technical inno-
vatons. Finally, the variety of changing circumstances is so great, both in
markets and fechnology, that there will always be possibilites of identi-
fying product niches and moving into them on a purely opporfunist,
entrepreneurial basis.

Any attempt fo dassify firm strategies in this way Is necessarily an
oversimpliicaion. For example, multti-product firms may follow different
sirategies in different sectors of their business and these may, in fact almost
certainty will, change over time. The effort at classification is nevertheless
valuable in bringing out the variety of ways in which firms make use of
R&D and ST5 or, of course iIn many cases, do not do this. It is pardgularly
vatusble tc concepiualize the efforts of frms in ‘catching up” couniries as
attempts to upgrade their sirategies as they leam to moedify the imporied
techmology and make increasing use of their own R&D and STS. This
discussion at the end of Part Two thus leads on directly o the further
discussion of natonal systems of innoveton and catching up in Pazt Theee,




CHAFTER 8

SUCCESS AND FAILURE IN
INDUSTRIAL INNOVATION

8§31 INNOVATICON AS COUPLING OF NEW
TECEINOLOGY WITH A MARKET

We now consider some tentative generalizations about the fechnical
inmovaton process in the firms and industres described, and discuss how
far it is possible to test the va_:d_*y of such generalizations, and to relate
them fo other industries and the economy as & whole

Yewkes and Kis colleagues (1958) have azgued that the nineteenth¢ ertLry
links between science and invention were much greater thar is commonly
assumed. Certaindy, the dassical economisis were well aware of the
connection between sczentmc advances and fechnical progress in industry,
in the eighteenth and *Iy nineteenth centuries. The quotation from Adam
Smith (1770;, with which this book begins, iliustrates this point. Never-
theless, the evidence of the previous seven chapters suggests that theve
were pv‘ofo’md changes in the degree of intimacy and the nature of the

elationship betweer. science and industzy.

As already exp_aﬂpd in Chapter 1, this does not imply the acceptance of a
linear model of R&D with a simple one-way flow of ideas from basic science
through applied research fo development and commercial innovation. On
the co”.*'ra:y there has always been and there remains in the modem
sdence-related indusiries a strong rec:p*cca_ interacion between all these
activities (Soete and Arundel, 1993) and in particular a powerful influence of
technology upon sderce. Gazis (1979) ib‘:—zs given some examples of this
interaction: in the case of IBM’s research lzboratories. However, the effec-
fiveness of this two-way movement of ideas depends on the ability of both
communities to communicate with each other.

The new style of innovation in the indusiries which we have considered
was characterized by professional R&D departments within the firm,
employment of qualified scientisis as well as engineers with scientific
training, both in research and in other technical functions in the firm,
contact with universities and other centres of fundamental research, and
acceptance of science-based technical change as a way of life for the firm.
Some of the firms we have considered had very strong scientific and
technical resources, such as ICI, BASFE, Du Pont, IBM, NEC, GM, Toyota,
Siemens, GE, Hoechst, RCA, Marconi, Telefunken and Bell. An extreme
case was the development of nuclear weapons and atomic energy.

During the twentieth century the main locus of inventive activity shifted
away from the individual inventor to the professional research and devel-
opment (R&D) laboratory, whether in industry, government or academia.
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The nineteenth century was the heroic period of both invention and
entrepreneurship. Names like Ei Whitney, ‘Blacksmith, Nail-maker, Textile
and Machine Tool inventor and innovater” ("he can make anything’} spring
to mind. Henry Thoreau, remembered now as a solitary philosopher, when
asked to describe his profession ten years after graduation, repiied that he
was a Carpenter, a Mason, a Glass-pipe maker, 2 House Painter, 2 Farmer,
a Surveyor and of course, a Writer and a Pencil-mzaker. He was in fact
responsibie for numerous inventions in pencil-making and there was a time
when. he could think of little else but improving the processes in his little
pencil factory (Pefroski, 1989). These men were not untypical of American
and European nineteenth-century inventors. The British nineteenth-century
Industrial Revolution owed much of its success to such men as these.

With an inventive career extending info the twentieth century, Thomas
Edison embodied the transition: from the ‘great individualists’, of which he
was certainly one, to the large-scale R&D laborateries, that he helped to
establish. He made a host of inventions and took out more patents (1,093)
than any other single individual, but this was possible partly because he
set up large contract research laboratcries, fizst in Newark and later in
Menlo Park. Among Edison’s staff at these laboraiories were some of the
outstanding engineers and scientists who later helped to build vp corporate
inhouse R&D in Germany and Britain, as well as in the United States.

By the first decade of the tweniieth centwy, although Edison was still
making mventions, the focus of inventive effort was shifting from the
coniract laboratory fypified by Menlo Park, Tesla’s laboratories or that of
Edward Weston to the inhouse industrial lIaboratories established by such
firms as Kodak {i895), Géneral Elecizic (1900), or Du Pont {1902). As Thomas
Hughes (1989) shows in his dassic study of the ‘torrent’ of American
inventions from 1870 to 1948, by the time of the First World War, corporate
R&D had displaced the contract laboratory as the centre of Amevican
inventive activities. Even as embryonic military-industrial complex had
come into exdstence with the sponsorship of industrial research by the US
Navy and especially the strong links established with Sperry Gyroscope.

Most of the major innovations we have considered were the result of pro-
fessional R&D activity, often over long periods (PVC, nylon, polyethylene,
hydrogenation, catalytic cracking, nuclear power, computers, television,
radar, semiconductors). Even where inventor-enirepreneurs played the key
role in the innovative process (at least in the early stages) such individuals
were usually scientists or engineers who had the facilities and resources to
conduct sustained research and developmenit work {Baekeland, Fessenden,
Eckert, Houdry, Dubbs, Marconi, Armstrong, Zuse), Some of them used
university or government laboratories to do their work, while others had
private means.

Frequently university scientists or inventors worked closely as consult-
ants with the corporate R&D departments of the innovating firms (Ziegler,
Natta, Haber, Fleming, Michels, Staudinger, Von Neumann). In other cases
special wartime programmes led to the recruitment of outstanding univer-
sity scientists to work on government sponsored imnovations {the atomic
bomb and radar). Intimate links with basic research through one means or
another were normal for R&D in these industries and their technology is
science based in the sense that it could not have been developed at all
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without a foundation in theorefical principles. This corpus of knowledge
{rnacromolecclar chemistry, physical chemistry, nuclear physics and elec-
fronics) could never have emerged from casual observation, from craft
skills or from trial and error in existing producton systems, as was the case
with many earlier technologies. The same is frue of recent biotechnelogy.

The rise of these new science-related techinologies has had major economic
and social repercussions over and above the growih of professional
indusitial R&D. It changed not only the development proceduszes, but also
the production engineering, the sales methods, the indusirial {raining and
the management technigues. Quite offen the majority of employees in frms
in the new indusiries were not employed in production or handling of
goods at 2ll, but in generating, processing and distzibuting information and
knowledge. In the exireme cases the computer software or process plant
design and consultancy firm may employ hundreds of people but have nio
physical cuiput other than paper or computer printout. But even in quite
normal’ elecironic or chemical firms, the combined employment in research,
development, design, iraining, technical services, patents, marketing,
market research and management may be greater than in production. The
complexity of the technical informztion involved and of the data processing
means that specialized Information storage, handling and retrieval systems
are increasingly necessary. One of the most successful firms in the global
telecommunications industry, Ericsson, emploved fewer than ten per cent of
its workforce in production by the mid-1990s. This proliferation of ‘non-
producton’ occupations is often treated as a form of Parkinson’s Law or
conspicuous waste. Even a scientist—inventor such as Gabor (1964) freated it
as unnecessary in economic terms (although perhaps desirable on social
grounds). No doubt Parkinson’s Law does operate and labour savings can
be made in some of these occupations {as they can in production). But it is
essentizl to this analysis that the major pari of this growth is due to the
changes in technology, and to the new forms of competition which this has
brought abouf.

So far we have discussed the new industries mainly in terms of the
scientific basis of their new products and manufacturing technologies, but
it is impossible to disregard the pull of the market as an essential comple-
mentary force in their origins and growth. In many cases the demand from
the market side was urgent and specific.

The strength of the German demand for ‘ersatz’ materials to substitute
for natural materials in two world wars spurred on the intense R&D efforts
of IG Farben and other chemical firms. The strength of the military-space
demand in the American post-war economy stimulated the flow of inno-
vations based on Bell’s scientific breakthrough in semiconductors and the
early generations of computers. The urgency of British wartime needs
spurred the successful development of radar of all kinds while the German
government sponsored the development of FM networks, as well as radar.
The Japanese government persuaded Toyota to enter the truck industry for

Conversely, the absence of a strong market demand for some time
retarded the development of synthetic rubber in the USA, the growth of
the European semiconductor industry, the development of radar in the
USA before 1940, or of colour television in Europe after the war.
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This does not mean that only wartime needs and government markets
can provide sufficient stimulus for innovations, although they were
obviously important historically. A strong demand from frms for cost-
reducing immovations in the chemical and other process industries is
virtually assured, because of their strong interest in lower costs of pro-
ducing standard products and their technical competence. The demand for
process innovations is related to the size of the relevant industry and here
again the American oil industry provided a key element of market pull for
the innovative efforts of the process-design organizations. The mmarket
demand may come from private firms, from government or from domestic
consumers, but in its absence, however good the flow of inventions, they
cannot be converted into irmovations.

Innovation is essentially a two-sided or coupling activity. It has been
compared by Schmookler (1966) to the blades of a pair of scissors, although
he himself concentrated almost entirely on one blade. On the one hand, it
involves the recognition of a need or more precisely, in economic terms, a
potential market for a new product or process. On the other hand, it
involves technical knowledge, which may be generally available, but may
also often include new scientific and technological knowledge, the result of
original research activity. Experimental development and design, trial
production and marketing involve a process of matching the technical
possibilities and the market. The professionalization of industrial R&D
represents an institutional response to the complex problem of organizing
this matching, but it remains a groping, searching, uncertain process.

In the Iiterature of innovation, there are attempts to build a theory
predominantly on one or other of these two aspects. Some scientists have
stressed very strongly the element of original research and invention and
have tended to neglect or belitle the market Economists have often
stressed most strongly the demand side: “necessity is the mother of inven-
tion’. These one-sided approaches may be designated briefly as ‘science-

ush’ theories of innovation and ‘demand-pull’ theories of innovation
(Langyish et al., 1972). Like the analogous theories of inflation, they may be
complementary and not mutuaily exclusive.

In a powerful critique of demand-pull theories of innovation, Mowery
and Rosenberg (1979) pointed to the inconsistent use of the concept of
demand in this literature and insist that the results of empirical surveys of
mnovation cannot legitimately be used (although they often have been) to
support one-sided market-pull theories. The example of the electronic
computer cited in Chapter 7 is a good example of their point that the
market cannot evaluate a revolutionary new product of which it has no
knowledge.

It is not difficult to cite instances which appear to give support to either
theory. There are many examples of technical innovation, such as the
atomic absorption spectrometer, where it was the scientists who envisaged
the applications without any very dear—cut demand from customers in the
early stages. Going even further, advocates of ‘science-push’ tend to cite
examples such as the laser or nuclear energy, where neither the potential
customers nor even the scientists doing the original work ever envisaged
the ultimate applications or even denied the possibility, as in the case of
Rutherford. Advocates of ‘demand-pull’ on the other hand tend to cite
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examples such as synthetic rubber, cracking processes or Whitney's cotton:
gin where a dearly recognized need supposedly led to the necessary
inventions and innovations.

While there are instances in which one or the other may appear to
predominate, the evidence of the innovations considered here points to the
conclusion: that any safisfactory theory must simuitaneously take into
account both elements. Since technical innovation is defined by economists
as the first cormmercial application 6r producton of a new pidcess or

product, it follows ‘that the crutial contribution of the entrepreneur is to

link the novel ideas and the market. At éne exteme there may be cases
where the only novelty Hes in the idea for a new market for an existing
product.? At the other extreme, there may be cases where & new scientific
discovery automatically commands a market without any further adapta-
tion or development. The vast majority of innovations les somewhere in
between these two exiremes, and involves some imaginative combination
of new technical possibitiies and market possibilities. Necessity mayv be the
mother of invertion, but procreation sill requires a pariner.

Almost any of the innovations which have been discussed could be cited
in support of this proposidon. Marconi succeeded as an innovator in
wirgless communication because he combined the necessary technical
kniowledge with an appreciation of some of the potential commerdial appli-
cations of radio. The Haber-Bosch process for synthetic ammoenia invelved
both difficuit and dangerous experimental work on a high pressure process
and the development of a major artifical fertiiizer market, stimulated by
fears of war and shortage of natural materials. Despite their early complete
underestimafion of the market, IBM was for some time the most successful
firm in the world computer industry because it combined the capacity
to design and develop new models of computers with a deep knowledge of
the markef and a strong selling organization. Firms such as General Electric
and RCA with similar or greater sclentific and technical strength, but much
less market knowledge and market power in this field, in the end had to
withdraw.

We may indeed advance the proposition that ‘one-sided’ innovations
are much less likely fo succeed. The enthusiastic scientist-inventors or
engineers who negleci the specific requirements of the poiental market
or the costs of their products in relation to the market are likely to fail as
innovators. This occurred with EMI and AR in computers and with several
British firms in radar, despite their technical accomplishments and strong
R&D organizations. Professionalization of industrial R&D means that there
is now often an internal pressure group which may push ‘techniologically
sweet’ ideas without sufficient regard to the potential market, sales organ-
ization or costs,

On the other hand, the entreprensurs or inventor—entrepreneurs who
lack the necessary scientific competenice to develop a satisfactory product
or process will fail as innovators however good their apprediation of the
potential market or their selling. This was the fate of Parkes with his plastic
comb and of Baird with television. The failures may nevertheless contribute
to the ultimate success of an innovation, even though the individual efforts
fail. The social mechanism of innovation is one of survival in the market.
The possibility of faiture for the individual firms which attempt to innovate
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arises both from the technical uncertainty inherent in innovation and from
the possibility of misjudging the fuhure market and the competiion. The
notion of perfect knowledge of the technology or of the market is remote
from the reality of innovation.

The fascination of innovation lies in the fact that both the market and the
technology are continually changing. Consequently, there is a kaleidoscopic
succession of new possible combinations emerging. What is technically
impossible today may be possible next year because of scientific advances
in apparently unrelated fields. Although Usher developed the concept
mainly in relation to invention rather than technical innovation, this
‘Gestalt” theory probably comes close to representing the imaginative
process of matching ideas. What cannot be sold now may be urgently
needed by future generations. An unexpected turn of events may give new
life to long-forgotten speculations or make today’s successful chemical
process as dead as the dodo. Patents for a float glass process and for radar
were taken out before 1914. The stone that the builders rejected is the
comerstone of the arch. The production of polyethylene was nearly sus-
pended after the Second World War because the peacetime markets were
thought to be too small. IG Farben offered to sell their synthetic rubber
patenis to the natural rubber cartel because they thought the synthetic
product would not be able to compete in peacetime in price or quality. The
early computer manufacturers expected that the market would be confined
to government and scientific users. A cenfury after early experiments
electric road vehicles were again being seriously investigated by major
automobile manufacturers. The apparently random, accidental and
arbitrary character of the innovalive process arises from the exireme
complexity of the interfaces between advancing science, fechnology and a
changing market. The firms which attempt tc cperate at these inferfaces are
as much the victims of the process as ifs conscdous manipulators. Inno-
vation works as a social process but ofien at the expense of the innovators.
The implications of this high degree of uncertainty are discussed in
Chapter 10. *

These considerations lead to three conclusions of fundamental import-
ance. First, since the advance of scientific research is constantly throwing
up new discoveries and opening up new technical possibilities, a firm

which is able to monitor this advancing frontier by one means or another -

may be one of the first to realize a new possibility. Strong inhouse R&D
may enable it to convert this knowledge into a competiive advantage.
Second, a firm which is closely in touch with the requirements of its
customers may recognize potential markets for such novel ideas or identify
sources of consumer dissatisfaction, which lead to the design of new or
improved products or processes. In either case, of course, they may be
overtaken by faster moving or more efficlent competitors or by an
unexpected twist of events, whether in the technology or in the market.
Third, the test of successful entrepreneurship and good management is the
capacity to link together these technical and market possibilities, by com-
bining the two flows of information and new ideas.

Innovation is a coupling process and the coupling first takes place in the
minds of imaginative people. An idea gels or clicks somewhere at the ever-
changing interfaces between science, technology and the market. For the
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moment this begs the question of creativity in generating the inventive
idea, except to note that almost all theories of discovery and creativity
stress the concept of imaginative assodation or combinaton of ideas
previously regarded as separate. But once the idea has clicked in the mind
of an inventor or enirepreneur, there is stili a long way to go before it
becomes a successful innovation, in our sense of the term. Rayon was
‘imvented” 200 years before it was innovated, the computer at least a
century before, and zeroplanes even earlier.

The coupling process is not merely one of maiching or associating ideas
in the original first flash; it is far more a continucus crezfive dialogue
during the whole of the experimenta? development work and introduction
of the new product or process. The one-man invenior—entrepreneur like
Marconi or Baekeland may very much simplify this process in the eerly
stages of a nmew inmovating firm, but in the later stages and in any
established firm the coupling process Involves Enking and co-ordinating
different sections, departments and Individuais. The communicalions
within the firmn and between the firm and its prospective cusiomers afe a
critical element in its success or faiture. As we have seen, In many cases the
original idea may take vears of even decades to develop, and during this
time it continually takes on new forms as the technology develops and the
market changes or competifors react. Consequenily, the guality of entre-
preneurship and good communications are fundamental to the success of
technical innovations.

Summing up this discussion and the evidence in Part One, we might
conciude that among the characteristics of successful innovating firms in
the twentieth century in the indusities considered were:

1. Strong irhouse professional R&D.

2. Performance of basic research or close connections with those con-
ducting svch research

3. The use of patents to gain protection and to bargain with competitors.

4. Large enough size o fnance fairly heavy R&D expendifvre over fong
periods.

5. Shorter lead thines than competitors.

6. Readiness to take high risks.

7. Early and imaginative identification of a potential market.

8. Careful attention to the potental marke! and substantial efforts to
involve, educate and assist users.

9. Enfreprensurship strong enough effectively to co-ordinate R&D, pro-

duction and marketing.
10. Good communications with the outside scientific world as well as with
customers.

We might hypothesize that these are the essential conditions for successful
technical innovations.

Up to a point, such tentative generalizations about the characteristics of
innovation may be tested by analysing and comparing case studies of a
large number-of innovations. One difficulty about such case studies {many
of which have been cited in Part One) is that we do not know how far they
are representative of the innovative process. Indeed, much of the literature
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on industrial innovation falls into two categories: scattered case histories
lacking comparability of coverage or theoretical analysis lacking systematic
empirical foundations.

As a result, there are many plausible, half-tested hypotheses and many
interesting conjectures in innovation theory, but insufficient firm evidence
to refute or support them. The historical account in Part One suggests
interesting conclusions, but it is difficult to find ways to substantiate them,
-or to assess their relative importance. Yet such systematic testing of gener-
alizations and hypotheses is essential to advance our understanding.

The remainder of this chapter is therefore devoted to the description of a
project which was deliberately designed to test such generalizations about
innovation. The project was called SAPPHO and it was carried out at the
Science Policy Research Unit during the 1970s. The original project was
designed in 1968 by R. C. Curnow, but later stages of the work were led by
R. Rothwell.

8.2 PROJECT SAPPHO

The basic idea of the project was to attempt to substantate (or refute)
generalizations about technical innovation, by the systematic comparison
of pairs of successful and unsuccessful attempts to innovate in each branch
of industry in turn. This method of course rests on the observation that
competitive technical innovation is a fairly general characteristic of many
branches of industry in industrialized capitalist societies.

Since the introduction of a new product or a new process in any branch
of industry may render older products and processes obsolete or unecon-
omic, firms which wish to survive and grow must be capable of adapting
their technologically based strategy to this competition. This does not
necessarily mean that every firm has to be research minded or to innovate
itself. Various altermative strategies are possible for the firmm even in an
industry subject to rapid technical change. Some companies may even
prefer to disappear rather than to innovate. These alternatives are con-
sidered more systematically in Chapter 11. For the time being we are
concerned with those firms which do attempt to innovate, whether in
products or processes. Some of these firms may attempt to be the first to
introduce a new product or process hoping thereby to gain a technological
lead and temporary monopoly profits. This strategy is sometimes desig-
nated as offensive innovation. Others may act only defensively in response
to innovatons introduced by competitors. In either case the firm will need
some capacity to develop and launch new products or processes {even if
under a licensing agreement or by simple imitation). Frequently a firm
which attempts to be first may not succeed, and multi-product firms may
be offensive in some fields and defensive in others. But in the long run
their survival and growth will depend on whether they succeed or fail in
their innovations, whether offensive or defensive.

The first stage of project SAPPHQO, which is summarized here, was a
study of 58 attempted innovations in chemicals and scientific instruments
(listed in Table 8.1). Those in the chemical industry were mainly process
innovations, whereas the instrument innovations were all product inno-
vations. The instruments were mainly electronic and the chemical processes
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Table 8.1 List of SAPPHO pairs

Scientific instruments Chemicals (process innovations}

Amlec eddy-current crack detector Accelerated freeze-drying of food (solid)
Atomic absorption spectrometer Acetic add

Digital voitmeters Acetylene fom natural gas
Electromagretic blood-flow meter Acrylonitriie I

Electronic checkweighing I Acrylonizile I

Electronic checkweighing H Ammonia synthesis
Foreign-bodies-in-botiles detector Caprolactam 1

Milk analysers Caprolactam II

Optical character recognition Duciile Htanium

Extraction of arcmatics

Exiractior: of » parafiins

Hydrogenation of benzene to cyclohexane
Methanoi

Cxidation of cycichexzng

Phenol

Steam maphtha reformin
Urea mannfacturs

Roundness measurement
Scanning electron micoscope
X-ray microanalyser

o
o

related mainly to intermediates derived from peiroleum (SPRU, 1572). In
Iater work, additional paizs of innovations were studied in these same
industries and then, using a somewhat different methodology, paired
comparisens were made in various sectors of the mechanica! engineering
industry (Rothwell ef al., 1974; Rothwell, 1976, 1992, 1994).

By pairing attempted inmovations it was hoped to discriminate between
the regpective characteristics of failure and success. The technique had of
course been widely used in the natural sciences, especially in biology
(McKay and Bemal, 1966). When the two halves of a pair differ with
respect to a particular characteristic or set of chavacteristics, this indicates a
possible explanation of inncvative success or faflure. Where there is a
significant and repeated variztion between the pattern of success and
failure, across a large nwmber of pairs, this provides systematic evidence
for the validity of particular hypotheses or groups of hypotheses. Such
explanations as appear {0 have z significant statistical foundation may then
be tested again ont a new sample of innovations. In this way a structured
and tested foundation for theoretical work may be built up.

It was expected that the success and faflure halves of a pair would
resemble each other fairly closely in many respects, and this proved to be
the case. Tt could be assumed from previous experience that firms attempt-
ing to develop a particular new process or product would often have many
characteristics in common. The analysis of similatity is complementary to
the analysis of divergence for two reasons. First, it enables the identifi-
cation of some characteristics which are shared by all {irms attempting
innovation in particular industries. These may be necessary conditions for
entry into the race, and may be regarded as such unless other success cases
can be found which disprove such tentative generalizations. But second,
and more important, they enable us to focus attenton on those charac-
teristics in which the pattern does diverge between success and failure. In
future research it will be possible to concentrate in greater depth on these
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significant differences through a process of elimination of unnecessary
hypotheses.

The pairs were not “identical twins’. Their similarity was defined in
terms of their market, not necessarily in terms of their technology. For
example, two firms might both be seeking a new, cheaper and better way
to produce phenol or urea. They might adopt somewhat different technical
solutions. If was an assumption of this project that this very choice
constituted part of the success, and the wrong choice part of the failure. In
a few cases the resemblance was very close, as where several licensees
shared access to the same basic technical knowledge. But even here the
design varied when iwo manufacturers attempted to satisfy the same
demand. Success depended partly on developing the “right’ design, having
regard to the available scientific and technical knowledge and to the
potential uses of the innovation.

Conceniration on innovation rather than invention has many conse-
quences in terms of method. The most important of these is that the
marketing aspects of the process assumne much greater importance, whereas
the role of that individual, usually described as the inventor, recedes into a
wider social context. Our comparisons did not include those numerous

- experiments by inventors and would-be innovators which are discarded or
shelved long before they reach the point of commercial infroduction. Such
studies are undoubtedly of interest in the management of R&D), but the
focus here was on the wider problem of the management of innovation. The
failures were products or processes which were brought to the point of

- commerdal introduction, and usually were in fact on the market for some
years. Attention was therefore concentrated both on the varicus stages of
development work and also on the preparations for production and sale
and the experience of marketing the innovation. '

- Since the project was concerned with technical innovation in industry,
the criterion of success was a commerdal one. A failure is an attempted
innovation which failed to establish a worthwhile market and/or make any
profit, even if it worked in a technical sense. A success is an innovation
which attained significant market penetration and/or made a profit. This
chapter analyses 29 successes and 29 failures. Often a failure was clear-cut,
e.g. a firm went bankrupt, or closed a plant down, or withdrew a product
or failed to sell it, whereas success was not always so self-evident. A
product might achieve a worldwide market, but take a long time to show a
profit. One case (Corfam) which was originally expected to be a success
was withdrawn from the market on these grounds (Chapter 5). Even with
failures it was not always simple to ‘make an assessment. There were
varying shades of grey between the extremes of success and faihire. The
project deliberately tried to investigate the fairly clear-cut ‘black and white’
cases of failure and success. In two cases in the chemical industry, and one
in instruments, it proved to be feasible to complete two pairs, as there were
several commercial successes and several less successful attempts in each

Earlier work on the literature survey had shown that there were many

possible explanations of success and failure. The project was therefore
designed to test a large number of single hypotheses and simultaneously to
test a large number of possible combinations of factors. The aim was to
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identify a characteristic pattern of failure or success. Altogether about two
hundred measurements of each case of success or failure were altempted.
Some of the measures were comparative, some zbsolute. Thus, for example,
it was possible to test the hypothesis that large size is generally advan-
tageous for innovation, both by testing in how many pairs the smalier of
the two firms failed, and by checking what proportion of firms with fewer
than 500 employees succeeded (or 100, 1,000 or 10,000 employees).

But mosi of the measures were comparisons between the success and
failure halves of the pair, enabling statements to be made such as ‘success-

ful attempts were characterized by greater . . . orless ... or smaller ... or
shorter ... or more ... than attempts which failed, but the aim was to

link ali those comparisons together to derive a pattern of success. The main
hypotheses which the project attempted to test related to varicus measures
of size (employment, R&D department and project team); measures of
market research, publicity, educadon of users, invoivement of users;
modification of the inmovaton and checks on its progress at varicus stages;
the role of engineers and sclentists and of various key individuals, their
previous experience, education and background?, the management, contzol
and planning system in the frzy; the commumication network with the

utside world; degree of dependence on outside technology and famiiianity
of the frm with the imnovation; effectiveness and methods of organizing
R&D work, patent policy, competitive pressures, speed in development
work and date of comunerdial launching.

The resulis of the analysis may be dassified under three headings:

1. Factors which were common tc azimost aill attempis to Innovate,
whether successful or not.

2. Factors which varied between Innovative attempts, but in which the
variztion was not systematicaily related fo success or failure.

3. Measures which discriminated betwesn success and faflure.

5.5 RESEMBLANCE BETWEEN SAPFHO FAIRS

Teking the first 29 pairs, involving 58 aftempts to innovate, there were
many resemblances between both halves of the pairs (Table 8.2). Almost all
attempts in these two industries took piace within a formal R&D structure
which was used to develep the innovation. This confirms the profession-
alization of R&D described in Part One. Only in the insbument industry
were there cases of attempted inmovation without such a structure. Most of
these were designs for a new product brought from an outside environ-
ment.

Since almost all of the firms involved in attempts to innovate had this
formal R&D structure, it might be expected that critical differences would
exist in the way in which such departments were organized, R&D was
planned, -projects evaluated, or incentives provided for engineers and
scientists. A great deal of the management and sociological literature has
concenirated on these aspects of the efficiency of industrial research.

The inquiry did not uncover systematic differences of this kind with
respect to' R&D organization or incentives. As with previous empirical
studies it was found that many supposedly best practice techniques in
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Jong-term planning and project assessment were honoured more in the
breach than in the observance. But the successful innovators differed only a
iittle from the failures in this respect. In the chemical industry, although
not in instruments, there was some evidence that better management and
planning techniques were associated more frequently with success. Some of
the difficulties inherent in R&D forecasting and project evaluation are
discussed in Chapter 10. There was no evidence that successful innovators
expected rewards or penalties differing from the less successful nor was
there any evidence of unusual incentive schemes for R&D personnel, or
greater freedom in successful cases.

One possible explanation of more successful attempts to innovate might
lie in patent priority, but again it was not possible to identify differences
here. Almost all innovators, both successful and unsuccessful, took out
patents and regarded them as important. But the failures did not attribute
their lack of success to the patent position of their rivals, except in one case.
The results confirm the evidence of the historical account that innovating
firms usually take trouble over patents because of their importance as
bargaining counters, and to ensure rights of entry into a field, but that
patenis do not necessarily prevent any competitive developments.

Nor was it found that successful innovators differed from unsuccessful
ones in the way in which they organized their project teams. One hypoth-
esis had suggested that the less successful attempts might be characterized
by departmental organization on disciplinary lines. But this was not the
case. Where firms had a large R&D organization, they sometimes had
laboratories working on conventional subdisciplinary lines, but this did not
really affect the project development team which was set up in a similar
way in both successes and failures.

Another hypothesis for which no supporting evidence was found was
the view that business or techmical innovators might be less well qualified
academdcally in unsuccessful attempts (or better qualified). There were
important differences between business innovators which did distinguish
between success and failure, but this was not one of them. Most of the
business innovators, and almost all the technical innovators, were qualified
scientists or engineers in both halves of the pair. There was a slight
tendency for the PhDs to be the more successful in chemicals. Obviously, in
these two industries amateurs are rarely chosen to manage innovations. In
the two cases when accountants were the business innovators, both failed,
but this would be too small a number on which to construct any general
theory. It would probably not be possible to find a sufficient number of
cases in these industries where innovators were not technically qualified, to
test any hypotheses relating to the supposed merits or demerits of ama-
teurism. The difficulty of finding such cases is, however, further evidence
of the professionalization of the innovative process.

84 VARIATION UNRELATED TO SUCCESS OR FAILURE

Many other measures did show considerable variation between attempts to
innovate, but the variance was not closely related to success. Among them
were measures relating to size of firm, size of R&D department and
ntumbers of qualified engineers and scientists in R&D. These results need
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considerable care in interpretation. There was no strong systematic evi-
dence that larger or smaller firms or R&D departments were more or less
successful. For example, of the cases involving firms exmploying more than
10,000 people, six were successes and seven were fajlures. Where large
firns were in competition with smaller firms there was a tendency for
them to be more successful, but it was by no means clearcut. At first sight
this finding is perhaps at variance with some of the evidence from the

" historical descriptive account in Fart One, which suggested that the heavy

costs and long time scale of many innovations would give an advaniage to
large firms.

However, this result should not be interpreted as implying that size of
firm is completely rrelevant in relation to innovaton in these two indus-
tries. Comparative size measured within a pair did not differentiate between
suceess and failure clearly but in chemicals only £ cut of 34 attempts were
made by firms employing fewer than 1,000. Clearly size is relevant to the
type of innovations which are attempted at ali, and inter-industry differ-
ences are very important. The next chapter is devoted entirely to a critical
discussion of this problem of size in relaton to inncvation

No relationship was found between success and the number of scientists
and engineers on the main board of the innovating company, aithough this
proportion varied considerably. However, In almost all cases there were
some engineers or scientsis on the main board, and it may be that this is
the critical threshold factor since the innovaton process requires a combi-
nation of technical, finandal, marketing and management skills.

Perhaps swprisingly, for those who believe in the amenability of inno-
vation to planning technigues, no relationship was found between success
and the eapacity to set and fidfil target dates for particular stages of the
project plan, or In the genezal approach to planning of the innovators. This
finding too needs considersble care in interpretation. and is discussed more
fully in Chapter 10

Contrary to some theories, there was no asscciation between fatlure and
the attempt to innovate In areas unfamiliar to the firm. Where fizms
differed significantly in their familiarity with the field, the outcome was
evenly distributed between success and failuve.

Another set of measures which did not discriminate between success and
failure related to the growth rate of the frm and its competiive environ-
ment. There were of course variations between firms in the growth which
they had experienced before the innovation, and in the compefitive
pressures to which they were subject. But these differences apparently did
not affect their degree of success in attempting to innovate. Again, it is
important not to overstate this finding. This does not mean that competitive
pressures or declining growth may not be important in stmulating attempts
o innovate, only that they do not ensure success.

A rather surprising finding was that development lead time was not
strongly correlated with success. It had been expected that the more
successful innovators would be those who found ways of shortening the
development phase and telescoping the stages from prototype or pilot
plant to commerdial launch. But support for this hypothesis came only at
the earlier stage of applied research. In the chemical industry successful
firms were quicker to get through this early stage. The absence of any
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evidence of a shorter development stage associated with success provides
support for those who have argued that hardware development is a
gestation process akin to animal reproduction in that it cannot easily be
artificially shortened (Burke, 1970). It may also indicate that successful
firms take more trouble at the development stage to get rid of all the bugs,
so that later stages are {rouble free. There was considerable indirect
support for this interpretation from those measures which did discriminate
between success and failure.

More recently, there has been some evidence of systematic differences in
development lead times between Japanese firms on the one hand and
American firms on the other (Mansfield, 1988; Womack ef 4l., 1990; Graves,
1991). Shorter Japanese lead times appear to be related to specific Japanese
organizational techniques in the management of innovation, at least in
some industries (Baba, 1985; Nonaka and Takeuchi, 1986). Some of these
techniques were described in Part One but project SAPPHO did not include
any Japanese firms and did not reveal systematic differences between
American and European innovations.
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Of the two hundred measures attempted, only a small number differ-
entiated clearly between success and failure, and these varied a little
between the two industries. The principal measures are shown in Table 8.2,

Those which came through most strongly were directly related to
marketing. In some cases they might be regarded as obvious, but the case
studies showed that even the most obvious requirements were sometimes
ignored. Successful attemnpts were distinguished frequently from failure by
greater attention to the education of users, to publicity, to market fore-
casting and selling (particularly in the case of instruments where it was
most relevant) and to the understanding of user requirements.

- The single measure which discriminated most clearly between success
and faitlure was ‘user needs understood’. This should not be interpreted as
simply, or even mainly, an indicator of efficdent market research. It reflects
just as much on R&D and design as well as on the management of the
innovation. The product or process had to be designed, developed and
freed of bugs to meet the specific requirements of the future users, so that
understanding of the market had to be present at a very early stage. The
work of von Hippel (1976, 1978) on ‘customer-active” paradigms in new
product development, and of Teubal et al. (1976) on ‘market determinate-
ness’ in the Israeli medical electronics industry, both point to the same
conclusion. It has been further explored by the interesting work of
Mansfield ef al. {1977) on the integraton between marketing and R&D in
project selection systems and the ways in which this influences probability
of success, and in the work of Lundvall (1985, 1988b, 1593).

This interpretation was confirmed by the strong evidence on the occur-
rence of unexpected adjustments and bugs after development in the failure
cases, and of the need for user adaptations in nearly half the failures.
About three-quarters of the cases of failure showed greater after-sales
problems. Thus, “user needs understood’ is just as much a discriminating
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Table 8.2 Part 1 Measures which did not differentiate between success and failure
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Were patents taken out for this innovation
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measure of efficdiency in R&D performance as of marketing and overall
management.

Size of project team emerged as a clear-cut difference, whereas other size
measures did not differentiate. Since in a number of cases the smailer firms
deployed a larger team, this implies a greater concentration on the specific
project. This consideration is important in considering the relative advan-
tages of the small firm in innovation in Chapter 9. Another measure which
strongly suggests the advantages of specialization in R&D is that related to
coupling with the outside scdentific community.

Carter and Williams (1959a) already emphasized good communications
with the outside world as one of the most important characteristics of the
technically progressive firm. The most backward firms would not of course
be found among those attempting to innovate. But among those who were
making such attempts there were significant differences in their general
pattern of communications. Better external communications were asso-
ciated with success, but the strongest difference emerged with respect to
communication with that specialized part of the outside sclentific commu-
nity which had knowledge of the work dlosely related to the innovation.
General contact with the outside scientific world did not discriminate
between success and failure.

All of these differences may of course be related to the quality and type of
management, so that measures relating to the business innovator are
perhaps the most interesting. First, it should be noted that the business
innovator was hardly ever the same person as the chief executive in the
chemical industry, but was frequently so in the instrument industry. The
most interesting difference between successfid and unsuccessful business
innovators, and one which was unexpected, was that greater seniority was
associated with success. The successful man (they were all men) had greater
power, higher formal status, and more responsibility than the unsuccessful.
He was also older and had more diverse experience. Some of these differ-
ences were not so clear cut in the instrument industry which may reflect the
greater mobility and smaller size of firm, together with more hierarchical
structure of management in the chernical industry. Usually the successful
chemical innovator had been longer with the innovating firm and in the
industry, whereas this was not true in the instrument pairs.

The higher status and greater power of the more successful innovators
may be associated with their readiness to take greater risks and to recruit
larger teams for their projects. In the chemical industry there was a sirong
association between success and a more radical technical solution. But
taking a variety of measures relating to risk acceptance, there was only
very slight evidence that successful innovators assumed greater risks. In
the chemical innovations the successful cases were usually the first to
market but in the instrument pairs those who came later were usually more
successful.

The fact that the measures which discriminated between success and
failure included some which reflected mainly on the competence of R&D,
others which reflected mainly on efficient marketing, and some which
measured characteristics of the business innovator with good communica-
tions, confirms that view of industrial innovation as essentially a coupling
process, which was suggested at the outset. One-sided emphasis on either
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R&D or sales does viclence to the real complexity of the process. This was
strongly confirmed by the multivariate statistical analysis illustrated in
Figure 8.1. Composite index variables were formed consisting of several
measures relating to one factor. The percentage of points correctly classified
was greatest by the combination of the following composite measures:
R&D strength, marketing and user needs. In the case of chemicals, com-
posite variables relating to management techniques and management
sirength were also important. Management strength relates mainly to the
status and responsibilities of the business innovator,

The crifical role of the entrepreneur (whatever individual or combination
of individuals fflfi! this role) is to match the technology with the market,
ie. to understand the user requirements better than competifive attempls,
and o ensure that adequate resouzces ave avaiizble for development and
launch. This interpretation of the key rofe of the quality of entrepreneur-
ship is in line with the findings of Bama (i1962), Perrose {1959) and the
earlier work of Schumpeter on the theory of the frm (1912, 1947).

In the large firm the business innovators must be high enough in the
hierarchy to command resources and get things done. They must have
enough knowledge of the way the firm works to know how to get things
done. In the small firm it frequenily means that it wili be the chief execu-
tive, or a person sufficiently close to ensure the necessary concentration of
effort. In either case they must be sufficiently powerful and clear about
marketing cobjectives to ensure that the various screening and testing
procedures during the course of development and trial production prevent
an unsatisfactory product or process coming onto the market. Premature
launch may be more dangerous than slowness.

These conclusions will not necessarily be valid for consumer goods inno-
vations where some different mechanisms are at work. In capital goods it is
essential to satisfy certain minimal technical performance criteria. The extent
to which these generalizations may apply to other industries is discussed in
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Chapter 16. Here it is necessary to consider some other limitations of the
anatysis, before going on to consider in greater depth the question of size of
firm in Chapter 9 and the problem of uncertainty, risk and plarming in
Chapter 10.

Thus, the results of SAPFHO confirm points 1, 3, 8, 9 and 10 among the
tentative generalizations advanced on p. 203. Point 2 is discussed more
fully in Chapter 11. Point 4 requires great care in interpretation and the
whole of Chapter 9 is devoted to this. Points 5 and 7 were not supported
by the evidence of SAPPHO. The approach of the innovator to risk again
requires much more detailed consideration, and this is attempted in
Chapter 10, followed by discussion of the implications for theory of the
firm in Chapter 11.

The generalizations so far made about innovation based on the historical

- descriptive material in Part One thus find some confirmation from this test.
Although they may provide a fairly plausible interpretation of some
aspects of industrial innovation since the rise of professionalized R&D, it is
certainly not claimed that they are securely based statistically or empiri-
cally. The sample was not random and the “universe’ is not known. How-
ever, a further sample of fourteen pairs confirmed the original results in all
essentials. Moreover, the interpretation of innovation as a coupling process
is strongly supported by much additionai empirical evidence, as well as by
logic and common sense. Earlier studies by Carter and Williams (1957,
1959a, 1959b) had led them to formulzte the concept of the ‘technically

progressive firm’ embodying many of the combined characteristics of the.

SAPPHO success cases. Another major series of case studies of industrial
innovation in Britain was conducted at Manchester quite independently of
SAPPHO at about the same time, and the anthors of these concluded:

Perhaps the highest level generalization that it is safe to make about tectmo-
logical innovation is that it must involve synihesis of some kind of need with
some kind of technical possibility. The ways in which this synthesis is effected
and exploited take widely differing forms and depend not only on systematic
planning and the ‘state of the art’ but also on individual motivations, organiza-
tional pressures and outside influence of political, social and economic kinds.
Because the innovation process extends over time, it is important to retain
continuous sensitivity to changes in these factors and the flexibility to perceive

and respond to new opportunities.
(Langgish ef al., 1972, p. 200).

8.6 FURTHER STUDIES OF INNOVATION

Additional important empirical evidence for some of the main SAPPHO
conclusions came from a Canadian survey of 47 new small firms, started
by technologically oriented entrepreneurs. Like SAPPHO this included the
study of failures as well as successes. Litvak and Maule {1972) concluded
from their survey that:

The marketing performance of the entrepreneurs was weak, and was a major
factor for the apparent high mortality rate of the projects. Most of the
entrepreneurs were unable to see the linkage between product innovation and
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marketing inmovation. . . . Most of the new product development was carried out
and implemented before any attempt was made to assess the market potential
and the costs of penetrating the market. . . . The point to be made is that the love
that the entrepreneur has for his product innovation often blinds him from
perceiving his real opportunities and the state of rnarket competition.

(Litvak and Maule, 1972, p. 47}

The point about underestimation of user needs and understanding of the
market must be heavily underlined, since the SAPPHO inquiry constanty
found in discussion with R&D managers and entrepreneurs that they tend
to dismiss the point as obvious, buf nevertheless continue to ignore it in
practice.

Further confirmation of some of the SAFPHO concdusions came rather
unexpectedly from the Hungarian electronics Industry (Szakasits, 1974} and
from the OECDs international studies of indusiral innovaton, particularly
Pavitt's (1971} cross—country compariscns of the relative innovation success
of 8rms in various member couniries, and from the studies of innovabon
sponsored by the National Science Foundation (NSF) in the United States.
An inferesting example of the way in which some industrial firms accepted
and used the SAPPHO findings in thelr own management of innovatons is
given by Leonard-Barton (1955) in her account of the highly successfud
R&D-intensive American company, Hewlett Packard (pp. 132-3}-

However, even when the statistics are relatively good, as in relation fo
size of firm (Chapter ©), generalizations stifl nead to be heavily qualified.
One reason for this is that the “uriverse’ of innovations or inventions is net
known and thesefere no sirictly random sample can be drawn® Conse-
quently, although atternpts may be made to study a representative group of
inventions and innovations, as in the Jewkes study or in the research project
described in this chapter, we cannot be sure that such a sample is truly
representative. This reservation is particulazly important when we come to
consider so-called secondary or improvement inventons and innovations.
There is a tendency in case study and historical work to concentrate on the
more spectacular inventons and innovations. But it can be argued as, for
example, by Gilfflan {1935) and Hollander (1855}, that the myriad of minor
Improvements and new models are as imperiant for technical progress as
the more radical breskthrough innovation. Moreover, it can alse be
plausibly maintained that non-specialists and non-professionals may make a
much bigger contribution to the secondary fype of innovation than to the
breakthrough. It is also probable that knowledge of the market plays a
bigger part in this secondary type of invention and innovaticn than contact
with scientific research oz, in the case of process innovations, direct experi-
ence of operating the process.

Schmookler {1966} showed that in several American industries, over a
long period of more than a cenfury, invention {as measured by statistics of
relevant patent numbers) tended to follow behind demand {measured by
statistics of investment), with a Hime lag of a few years. However, another
project on the chemical industry at the Science Policy Research Unit
showed that in some instances in the chemical industry, there was evidence
of ‘courtter-Schmookler’ patterns of growth in the early stages of the
emergence of radical new technologies, such as synthetic materials and
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drugs in the 1920s and 1930s (Walsh et 2., 1979). In these periods, surges of
inventive activity and of science discovery tended 1o precede the take-off of
sales and investment, as in the analogous case of the elecironic computer
discussed in Chapter 7. This apparent contradiction may be explained in
part if some distinction is made between the more radical inventions and
innovations, which are relatively few in number, and the very large
numbers of secondary and improvement inventions and innovations, multi-
plying rapidly as an industry grows and responding directly to market

- signals and investment behaviour. Thus Schumpeter’s theory which puts
the emphasis on autonomous innovative activity by entrepreneurs as the
mainspring of economic development rather than market demand, can be
reconciled with the Schmookler statistics, which measure something rather
different.

Insofar as patent statistics capture both minor and major inventions, then
Schunookler (1966) showed that professionalized corporate R&D in the
1950s accounted for about half of industrial inventions in the United States
and probably for a higher proportion of those which were exploited, i.e.
franslated into innovations. Many of the other inventons also originated
from professional R&D in government and universities. The development
and exploitation: of inventions emanating from urdversity, government or
private inventors probably also involved some professional R&D work in
industry in the great majority of cases. But this would still leave a sig-
nificant number of inventions and innovations which could not be
attributed to specialized professional R&D. It is also likely that an even
higher proporton of non-patented technical advances are attributable to
those outside the professional R&D system.

However, the extent of our ignorance should not be exaggerated. There is
firm empirical evidence that most professional industria! R&D is concen-
trated on product and process improvement and on new generations of
established products. What is not knowr is the relative confribution to
technical progress of the R&D work by comparison with the inventions and

- improvements generated entirely outside the formal R&D system. If is a
plausible hypothesis that the proportionate contribution of the formal R&D
system is much higher in the research intensive industries, but it also seems
likely that technical progress will be most rapid where there is a very strong
interaction between the professional R&D groups and all other personnel
associated with the process or product who may themselves contribute to
the solution of many problems as well as to their identification. This was
confirmed by a detailed study of a major technical innovation in the coal-
mining industry — the Anderton shearer-loader. Townsend (1976} demon-
strated that the highly successful introduction and diffusion of this machine
was based on an interplay between a series of more radical inventions and
innovations introduced by the machinery makers {co-operating closely with
the research establishments of the National Coal Board) and numerous
improvement inventions made as a result of operating experience and
encouraged by an awards scheme. Both British and German manufacturers
contributed to major improvements in the design of this machine, derived
in part from their own R&D, and in part from the incorporation of
improvements specified by the National Coal Board in Britain. Hollander’s
work emphasized espedially the contribution of the engineering department
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and technical assistance groups to techrical change, but sometimes m
association with R&D.4

The later stages of project SAPPHO shifted the emphasis away from the
individual cases of success or failure with particalar innovations to the
study of success or failure of firms over a fairly long period. This enabled
the project to take account both of individual major innovations and of
incremental innovations. Work was concentrated in sectors of the engineer-
ing industries, such as textile machinery (Rothwell, 1976), méming
machinery (Townsend, 1576} and agricultural machinery (Rothwell, 1979).
Whereas firms could and did succeed for short periods by concentrating on
incremental improvements, sometimes even without any forma! R&D
organization, they were often trapped in the long run by an inzbility to
cope with the more radical types of technological competition {such as the
Sulzer weaving machine). The results showed that longrun success
depended on an ability to combine occasional more radica! innovations
with a flow of minor improvements in design, responding fo customers’
wishes and experience. Strong R&D was increasingly niecessary tc susiain
this combiration of technical change In the 1960s and 1970s. The earlier
SAPPHO case studies, although oriented fowards individual projects, had
also peointed in this direcHon. Especially in the sdenfific instrumenis
industry, one of the hallmarks of the successfidl cases was almost always a
capacity to incorporate successive design improvements in a series of new
models, as for example In the case of the milk analyser (Robertson and
Frost, 1978).

One important piese of empircal work lent support fo the view
advanced here that specialized R&D and other technical services have been
increasingly important both for the major radical inventions and innova-
tions and for the minor improvement invertions and innovations. This was
the work of Katz (3971} in Argentina. He set out fo measure the
contributon of techrical progress to the growth of a large number of
enferprises in several branches of the Argentine economy. He was able to
coliect very comprehensive fme series for a large number of fizms (250}
and to relate his resulis 1o measures of the scale of adaptive R&D and other
technical activities carried out by the enterprises. From his preliminary
interviews he had ascertained that many Argentine firms, while not
making original radical innovations themselves, nevertheless made many
adaptations and improvements to the processes and products which they
had acguired either from foreign parent companies or by imitation or
Heensing. He hypothesized that such adaptive R&D would confer
important competitive advantages by enabling the firms to meet the
peculiar requirements of the Argentine market more satisfactorily, or to
adapt to the specialized operating condifions. The conclusion from this
work and the research of Martin Bell (1984, 1991) in other developing
countries is that ‘learning’ in whatever country is not simply a function of
time but depends on deliberate organized activities, whether preformed in
what is nominally an R&ED department or elsewhere in the firm.

Katz’s results showed condlusively that: (1) the growth of enterprises
was closely related to their technical progress; {2) their technical progress
was strongly associated with the performance of adaptive R&D, and of
specialized technical services, although the professional group responsible
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for this work might be called process development or technical department
rather than research department. His results also suggested the important
conclusion that imitative or adaptive R&D is more certain in its outcome
than offensive or defensive R&D, since studies of firm growth and R&D
intensity in the USA and UK have not shown such a strong association.
Hollander goes so far as to claim that many minor technical improvements
are virtually risk free.

The Federation of British Industries” comparisons of UK firm growth
rates and R&D intensity (1947, 1961) did show positive but weak correla-
tions, and fairly strong association at the exiremes. These results, taken
together with those of the SAPPHO project, suggest that:

1. Firms performing little or no R&D in industries of rapid technical
change are likely to stagnate or disappear.

2. Firms performing a great deal of R&D may sometimes enjoy excep-
tHionally high growth rates through offensive success.

3. In the defensive middle zone, variations in R&D intensity show no
statistical association with growth, and uncertainty predominates.

Although the statistical association between R&D intensity and subsequent
growth by firms is not very strong, the association between successful
innovation and subsequent growth of the firm is strong. Both Mansfield
(1968a, b) and other economists have provided convincing confirmatory
empirical evidence of the conclusions which common sense suggests — that
successful technical innovation leads to the rapid growth of the firm. On
the other hand, as we have seen, unsuccessful innovatior may lead to
bankruptcy, however large the scale of R&D. The implications of the high
degree of uncertainty associated with radical innovation are discussed
further in the succeeding chapters. .

8.7 CONCLUSIONS

Following Rothwell’'s work on project success and firm success in the 1970s
and 1980s, he attempted to synthesize all the results of this and other
empirical research on innovation in the 1980s {1992, 1994). While main-
taining that this work had generally confirmed the findings of the SAPPHO
project in other firms and other industries, he indicated a greater emphasis
on management planning and control procedures (Table 8.3) without,
however, giving strong evidence of the effectiveness of such procedures. At
the corporate level he stressed top management commitment and long-term
strategy. This is discussed further in Chapter 11. He cited the work of
Maidique and Zirger (1985), Dodgson (1991) and Prahalad and Hamel
(1990) in support of his contention that repeated success with innovation
depended on a process of know-how accumulation over fairly long periods.

Basil Achilladelis, who did the research for many of the SAPPHO project
innovations in the chemical industry, has subsequently made some
extremely thorough studies of the innovation performance of firms in
various sectors of that industry, notably pesticides, petrochemicals and
pharmaceuticals (Achilladelis et al., 1987, 1990). Among his many interesting
findings, one of the most significant has been his demonstration that
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Table 8.3 Success factors

Project execution factors

* Good internal and external communication: accessing external knowhow.

* Treating innovation as a corporate-wide task: effective inter-functional coordination: good
balance of functions.

* Implementing careful planning and project contro! procedures: high quality upfront
analysis.

= Effidency in development work and high quality production,

* Strong marketing orientation: emphasis on satisfying user needs: development emphasis on
(reating user value.

* Providing a good technical service to custormers: effective user education

= Effective product champions and technological gatekeepers.

. I-Eghalqua!i‘;y, cpen-minded management: commitment to the development of human
capital.

* Attaining cross-project synergies and inter-project learning,

Corporate level factors

¢ Top management commitment and visible support for inmovation.
¢ Long-term corporate sirategy with associated technology strategy.
* Long-term commitment to major projects {patient money),

* Corporate fexibility and responsiveness tc changz.

+ Top management acceptance of risk.

¢ Innovation accepting, entrepreneurshis pecommodating culhee.

Source: Rothwell {1997, 19943,

N

chemical firms which had an crigina! success with a radical innovation were
frequently able to follow this with an accumulative series of further
successful innovatdons in the same feld (Table 8.4). His work showed
further that the suceess of the large chemical firms in synthetic materials
extended also to other sectors of the industry (Table 8.5). These results
confirm Rothwell’s conclusions on the role of knowledge accumulation in
successful firms.

Finally, Rothwell {1992, 1994} studied the influence of ICT on innovation
management and innovatve . This led him to an increasing
emphasis on the importance of various forms of metworking’ in what he
designaied as the ‘fifth generation” innovation process {Tzble 8.6). Systemic
factors have always been important for successful innovation, as has been
clearly demonstrated in the historical evidence on textiles, chemicals,
electrical engineering and automobiles, but it is becoming increasingly clear
that ICT has redoubled their significance. In the frst place, ICT has
provided vastly more effident means for the accumulation and speedy
transmission of data within and between individuals and crgenizations.
Second, many innovations now incorporate some electronic devices or
elements of computerization which often necessitaie some fype of col-
Iaboration with electronic hardware or software firms. Studies of the rapidly
increasing scale of collaborative agreements between firms in the 1980s and
1990s, showed that a high proportion involved firms in ICT, in bio-
technology and in advanced materials {Hagedoorn and Schakenraad, 1990,
1992). The complexity of technological development in these and other
technologies now often rules out going it alone in R&D and impels firms
into collaborative arrangements of one kind or another. A special issue of
Research Policy on ‘Networks of Innovators’ (DeBresson and Amesse, 1991)
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Table 84 Some examples of corporate technological traditions .

No. Company Technological tradition Radical innovation Year
1 American Cyanamid Aminoplasts Urea melamine resins 1935
2 American Cyanamid Organophosphorus insecticides Thimet 1956
3 BASF Organic chemical intermediates Ammonia synthesis 1913
4 BASF Polystyrene plastics Polystyrene 1928
5 BASF Magnetic recording tapes First magnetic tape 1935
6 Bayer Organophosphorus insecticides Parathion 1942
7 Bayer Synthetic rubber First synthetic rubber 1910
8 Bayer Polyurethane plastics, foams Polyurethane 1942
¢ B. F. Goodrich PVC PVC 1930

10 Celanese Synthetic fibres Cellulose acetate 1924

11  Celanese Organic chemical intermediates Acetic add 1933

12 Ciba-Geigy Insecticides DDT 193%

13 Ciba-Geigy Herbicides Triazines 1957

14 Ciba-Geigy Vat dyestuffs " Ciba violet 1905

i5 Dow Halogenated hydrocarbor Chloroform 1503

i6 Dow Polystyrene - Polystyrene 1932

17 Dow Pesticides Pentachlorophenol 1930

18 Du Pont Synthetic fibres Nylon - 1836

19 Du Pont Fungicides Nabam 1936

20 ICt Herbidides MCPA 1942

21 I Reactive dyes Prodoen dyes 1856

‘22 Monsanto Herbicides Randox 1955

23 Montedison Organic chemical intermediates Ammonia 1924

24 Montedison Polypropylene plastics, fibres  Polypropylene 1954

25 Rohm & Hass PMMA-actylics Polymethylmethacryiate 1932

Source: Achilladelis et al. (1990).

Table 8.5 Concentration and technological accumulation in chemical innovations,
1930-80"

1 2 3 4
Type of innovations Pesticides Pestcides Synthetic
and companies ) maferials
Tap 5 Top 10 Top &
comparnies companies compantes
Bayer Col. (2) plus: Bayer
Geigy BASF BASF
11 Hoechst Hoechst
Dow Sheli Du Pont
Pu Pont Cyamid iCE
Sumitomo
% of all innovating companies 6 12 5
% of all product and process patents 19 27 30
% of all new products 3 44 58
% of all radical innovations 38 54 60
% of major market successes 35 55 66

* Synthetic materials 1930~35
Sources: Achilladelis et al. {1987); Freeman et al. (1963).
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Table 8.6 The fifth generation innovation process: Systems Integration and
Neftworking (SIN)

Underlying strategy elements

Time-based strategy (faster, more efficient product development).
Development focus on quality and other non-price factors.
Emphasis on corporate fexibiiity and responsiveness.

Customer focus at the forefront of strategy.

Strategic integration with primary suppliers.

Strategies for horizontal technological collaboration.

Electronic data processing strategies.

Policy of total quality control.

& & 5 8 & 5 00

Primrary enabling features
* Greater overall organizational and systemns integratior:
— parallel and integrated (zoss-functionzl) develvpment process
— early supplier invoivement in product development
= involvement of leading-edge users in product development
— estaplishing horizontal technological collaboration where appropriate.
* Flatter, more fiexible organizational structures for rapid and effective decision-maldng:
~=  greater empowerment of managers at lower levels
— empowered product champions/project leaders.
s Fuily developed internzil datzbases:
—  effectve datz sharing systems
~ product development mgteics, cornputer-based heuristics, expert sysiems
-~ electronically assisted product development using 305-CAD systems and simulation

modelling
— linked CAD/CTAE systams to enhance produst development fexdbility and product
manufacturability.

e Effecive external data Enks:
— co-development with supplers using Hnked CAD systems
—  use of CAD at the customer interface
—  efzchive data hinks with R&D collaborators.

Seource: Rothwell {1592).

and the Conference on Technological Tollzboration” at Manchester in 1993

Coombs ef @i, 1995) were two of many instances of the rapid growth of
research interest in this field. Sl lacking were studies of the evolution of
networks with a few excepdons such as the briliant study of imaging
retworks in Sweden by Anders Lundgren (1951).

Nevertheless, there is now sufficient evidence on the role of networking in
innovalion to postulate that the typical pattern of nineteenth-century
innovaticn (the invenior—entrepreneur) and of twentieth-century innovation
(the inhcuse corporate R&D department with good external communi-
cations) is now Increasingly giving way to & pattern of networking col-
iaborative systems innovaton in the tweniy-first century. Among the
driving forces of this change, two of the most important factors are
the increasing complexity of technical change and the systemic nature of
many ICT innovations. The example of IBM illustrates this change very
well: in the 1950s and 1960s IBM had hardly any collaborative R&D
arrangements and came very dose to autarchy in its own immense R&D
faciliies; in the 1980s and 1990s IBM has made dozens of collaborative
arrangements with other firms, large or small, in a variety of industries.
Parts Three and Four will further explore the growth of networking in both
national and international systems of innovator.
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NOTES

1. While this may be described as innovation, it carmet be legitimately described
as technical innovation. Non-technical organizational innovations are extremely
important and often assodated with technical innovations as in the case of mass
production and lean production or the marketing innovations of Wedgwood.

2. Four key roles in the conduct of innovation were defined as follows:

1. Tedchmical innovator: the individual who made the major contributions on
the technical side to the development and/or design of the innovation. He
would normally, but not necessarly, be a member of the innovating
organization. He would sometimes, but not always, be the inventor of the
new product or process. (They were all male)

2. Business innovator: that individual who was actually responsible within the
management structure for the ovesall progress of this project. He might
sometimes be the technical director or the research director. He might be the
same man as the technical innovator. He could be the sales director, or chief
engineer. Occasionally, especially in smaller firms, he could be the chief
executive for the organization as a whole. (They were all male.)

3. Chief executive: the individual who was formally the head of the executive
structure of the innovating organizaticn, ustally but not necessarily with
the job tifle of managing director. In every case there was an identifiable
chief executive, and almost always an identfiable business innovator, but
quite often there was no identifiable technical innovator. No attempt was
made to force individuals to assume these roles if they were not readily
identifiable, since one of the objects of the inquiry was to assess the
contribution of outstanding individuals.

4. Product champior: any individual who made a decisive confribution to the
innovation by actively and enthusiastically promoting its progress through
critical stages. He might sometimes be the same individual as the technical
innovator, or chief executive. Although these roles have been recognized in
much of the earlier innovation Hterature, they are not always identifiable
from formal titles used in firms. The job title might vary a good deal, but it
was the role which was important. {They were all male))

3. The second Manchester study of innovation (Gibbons and Johnston, 1972) was
based on an ingenious attempt to develop a random sample {see p. 258).

4. This may sometimes be just 2 question of nomenclature. What is called
‘engineering’, “OR’ or “technical department’ in one firm may be called “process
development’ or ‘R&DY in another.

CHAPTER ¢

INNOVATION AND SIZE OF FIRM

The historical account in Part One showed that in synthefic matesials, in
chemical processes, in nuclear reactors and in some electronic sysiems large
firms predominated in launching the innovations. But a blanket hiypothesis
of ‘bigness wins’ could not be sustained, either from Fart One or from the
SAPPHO project. In sdentific instruments in parficular, new small Srms
made outstanding coniributicns. Inventor-enirepreneurs esiablishing new
firms had apparently also beer imporiant in the early days of the chemica
industry, the antomobile industry, the semicenductor and radio indusiries.
They continued to fourish in the microcomputer indusity and in computer
software. How far is if possible to test generalizations about the relative
contribution of large and small firms to indusiial innovation?

The evidence from profect SAPPHQO, so far as if goes, suggessts that as
between competitive attempis to innovate, size in iiself does not affect the
outcome very much. However, it is apparent that there is a range of
innovations which is not attempted at all by really small frms so that, for
example, the competiion in the chemical industry or turbine generators is
mainly between various large or giant firms. The relative contribution of
large and small firms varies a great deal from industry to industry, and
investigaticns such as SATPPHO cannot answer the question of the aggre-
gate confribution of large or of small firrs to research and innovation in
the economy as a whaole.

The size structure of industry and its relationship to problems of
monopoly and competition is a2 problem which has precccupled economists
for a long time (Tumer and Williamson, 196%; Cohen, 1995; Scherer, 1592¢)
and there is now a considerable amount of stafistical information. Unfor-
tunately, in our field of interest most of this relates to R&D, or patents
rather than innovation, so that there are big problems of interpretation.
This chapter aims to provide such an interpretaiion and concludes by
reviewing some attempis at the direct measurement of the numbers of
innovations by large and smal finms in the manufachuring indusiry
(Freeman, 1971; Kleinman, 1975; Townsend ef ., 1982; Pavitt f g, 1587;
Acs and Andretsch, 1988; Kleinknecht and Reiinen, 1992b).

9.1 SIZE OF FIRM AND EXPENDITURE ON R&D

Whereas in the 1950s there was very little reliable empirical evidence -
outside the USA on the degree of concentration in the performance of
industrial research and experimental development, such evidence became
available in the 1960s. As a result of the efforts of the OECD in standard-
izing definitions and methods,! reasonably comparable data for a dozen
countries {OECD, 1967, p. 46) became available. The picture that emerged



228 ECONOMICS OF INDUSTRIAL INNOVATION

Table 9.1 Percentage of total industrdal R&D performed in firms ranked by size of
Ré&D programmes

Country Number of firms ranked by size

4 8 20 40 10 200 300
USA 2.0 350 57.0 70.0 820 89.0 520
UK 25.6 340 47.2 57.9 €9.5 75.0 . 770
France 209 305 47.7 63.4 8L.0 91.2 95.6
Japan — s — 7.7 52,12 63.1¢ 71.4¢
Haly 464 563 70.4 816 92,5 — —
Canadaf 303 408 58.4 715 862 932 e
Netherlands 64.4° e — — — - —
Sweden 332 430 54.0 710 §5.4 90.0 —
Belgium 38.5 51.8 726 827 92.8 97.5 99.4
Norway 295 388 55.7 70.6 88.2 97.9 100.0
Spain 252 479 739 91.5 — — —

2 The first 54 firms.

® The first 85 firms.

€ The first 180 firms.

2 The first 289 frms.

¢ The first 5 firms.

{ Current intramural expenditure.

Source: OECD (1967).

was consistent and confirmed the hypothesis of those economists who had
postulated a high degree of concentration. The hundred largest R&D pro-
grammes accounted for more than two-thirds. of ail industrial R&D in al
countries except one, and for more than three-quarters in most cases. The
forty largest programmes accounted for more than half of all industrial
R&D in all cases except one, and the eight iargest for more than 30 per cent
in all countries for which figures were available {Table 9.1}. In the
Netherlands the five largest programmes accounted for two-thirds of all
ditures (Philips, Shell, Unilever, AKU, DSM).

Sintce the 1960s, there has been a slight reduction in concentration. This
- has been assodated with the very rapid growth of new, small NTBFs (new
techniology based firms) in ICT, advanced materials and biotechnology.
There is less complete but fairly conclusive evidence that the vast majority
of small firms in OECD countries stili do not perform any organized
research and development. For France, Britain and the United States, and
probably most other couniries, the proportion of small firms performing
R&D is almost certainly less than 5 per cent (if small is defined as fewer
than 200 employees).

It is true that the official statistics of research and experimental develop-
ment expenditures may not capture research or inventive work which is
performed by managers, engineers or other staff incidentally to their main
work. It may be that this part-time amateur inventive work is very pro-
ductive, and the evidence will be discussed for the view that small firms
account for an exceptionally high proportion of significant inventions and
innovations. But so far as iali professional R&D activity is con-
cerned, there is pretty firm evidence that this is highly concentrated in
Iarge firms in all countries for which statistics are available.
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. Table 9.2 Percentage of R&D, net sales and total employment
by companies with largest R&D programmes, USA, 1970

Total Federal Net Total
Programme size R&D R&D sales employment
First 4 18 20 & 8
First 8 32 40 9 11
First 20 55 71 16 19
First 40 66 85 23 27
First 100 79 93 38 39
First 200 v 96 50 50
First 300 91 97 63 62

Source: National Science Foundation (1972, pp. 46-7).

The OECD statistics which have been cited (Table $.1) measwred the
degree of concentration by size of R&D programme, and not by size of
firm in terms of total employment, turncver or assets. However, for the
major countries some statistics are available on concentration by size of
firm, although not as a consistent classificstion. Fimms with more than
5,000 employees accounted for 89 per cent of all industrial R&D expendi-
tures in the United States in 1970, and for 90 per cent in 1978 They
accounted for about 75 per cent in the German Federal Republic in 1979
and probably about the same proportion in the UK. Firms employing
more than 3,000 accounted for about two-thizrds of Jepanese industrial
R&D in 1578-6.

Howerver, the degree of concentration was much less marked by size of
firm (classified by total employment) than by size of R&D programme. In
the United States there were 466 frms with more than 5,000 employees
performing R&D in 1970. But many of them had relatively small R&D
programmes, whereas some medium-sized firms (1,000--4,955 employees)
had rather large ones. Thus the 300 largest programmes were approxi-
mately equivalent to the outlays of the 470 largest firms, each accounting
for about 99 per cent of the total (Table 9.2). R&D programmes were far
more concentrated than sales or employment (Table 9.2}, In France the 200
largest programmes accounted for about 51 per cent of total expenditures,
but the 200 largest firms (meastred by employment) accounted for sbout
72 per cent. There are some indusiries in which even the largest firms
perform little or no research, and others in which even small firms perform
a good deal.

‘The major source of variations in research intensity between firms is the
industry concerned, so that analysis of the relationship with size is best
done industry by industry.

In the early debate in the 1960s some economists claimed to have
discovered inverse correlations at least for some industries in several
European countries and for Canada (Hamberg, 1966; Morand, 1970; de
Melto ef al., 1980). However, these resulis have been disputed as more
complete evidence became available. Reviewing all the most recent data,
both Cohen (1995) and Symeondis (1996} conclude that R&D spending
seems 1o rise more or less proportionately with firm size above a threshold
level:
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The most robust finding from the empirical research relating R&D to firm size
and market structure is that there is a close positive monotonic relationship
between size and R&D which appears to be roughly proportional among R&D
performers in the majority of industries or when controlling for industry effects.

{Cohen, 1995, p. 196}

However, there are exceptions to this generalization, both by industry and
by country. '

In addition to the points made at the end of the previous chapter, it
could be postulated that the small firms who do perform R&D would tend
to fall into three categories:

1. Firms which have just begun to develop or exploit a new invention. In
this case sales could be relatively low in relation to R&D and a very
high research intensity could be expected. For example, Genentech in
1994 had an R&D/sales ratio of over 40 per cent. This might tend to fall
in the event of successfil commercial exploitation of the innovation and
growth of the firm and its sales.

2. Highly specialized firms which have a particular expertise, sustained by
an intensive research programme in a very narrow. field. Here too,
research intensity might often be high. For example, some spin-off irms
in science parks have R&D/sales ratios between 10 and 20 per cert over
fairly long periods. ' ST

3. Firms struggling to survive in indusiries in which new product compe-
tition makes R&D increasingly necessary. A very varied management
response might be expected in these drcumstances, with some firms
frying to scrape by with a subthreshold ‘R&D effort, others relying
mainly on co-operative research, and still others taking high nsks with
an ambitious programme,

From much indirect evidence, such as the growth of sciénce parks and the
number of spin-off firms around universities it is reasonable to suppose
that the number of firms in the first two categories has been increasing
fairly rapidly from the 1970s to the 1990s.

If these suppositions are correct, they would account both for the rela-
tively weak correlation between research intensity and size of firm, found
in some studies and for the empirical observations of wide inter-industry
variations in the strength of this correlation. In the UK, France, Germany
and the USA it has been found that in some industries, small or medium-
sized firms had higher research intensity than large firms. Even for all
industries taken together, although the US figures showed a consistently
higher research intensity for firins employing more than 25,000 it was the
federal contracts placed with firms that accounted for the greater part of
the difference {Table 9.3). Taking company financed R&D only, the differ-
ence by size of firm was not great (remembering that we are dealing here
only with those firms that do perform R&D).

Turning to variations in research intensity among large firms, Hamberg
(1964) and Scherer (1965a, b) found only a weak correlation with size
measured in terms of employment or sales, and still less with size meas-
ured in terms of assets. Hamberg’s sample consisted of 340 large firms
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Table 9.3 Funds for R&D as percentage of net sales in R&D performing
companies by size of company, USA

Firm size Total R&D {including Company funds for R&ED
federal contracts) as {excluding federal contraciks)
% of net sales as % of net sales
1857 1967 1577 1857 1847 1977
Less than 1,000 1.8 1.7 17 14 16 16
1,000 to 4,999 1.8 1.7 15 12 14 13
5000 to 9,959 } 21 15 16 i5
10,000 to 24,999 39 ] 18 P16 . i5
25,000 or more 52 42 } 2 24
All firms 34 42 33 13 21 e

Source: Natienal Science Foundation (1979).

Table 9.4 Concentration of patents, R&LY expenditure, and employment and
varicus inventive activity infensily measures for firme with more than 25,000
empioyees, ranked by employment

Nuiber of Percertage of ail 132 firms Iamhar of R&D Fumber of
Jfirms paients per  as % of  patents per
fnciuded Patents  Employment R&D $ Gl sales sales $ mill. R&D
First & 9.04 23.98 2413 11.86 269 0441
First 8 19.89 3462 38.3% 17.98 294 C.609
First 12 2591 40.84 43.87 0.1 290 0.695
First 16 3521 4558 51.61 26,08 2.50 0.863
First 20 4571 5039 5450 2141 244 0.879
Fizst 30 55.13 55.28 63.88 2447 2.50 0.878
First 40 55.31 66.25 £5.65 23.03 234 0934
First 50 54.81 71.83 75.13 23.55 232 1015
First 75° 78.99 83.87 78.75 23.17 2.1z 1.085
First 100 91.08 G277 S411 299 202 3138
ALl 130 100.00 10000 10000 .03 186 1376

Source: Soete (1975}

from the Forfune 500 list, while Scherer’s sample was 448 firms from the
same lst. Scherer made the interesting cbservation that in several
industries, research intensity generally rose with size up to sales of 5250
million, but began to fall somewhere between $200 million and $500
million. (See also the literature review by Kamien and Schwarz, 1975.)
Soete (1979) examined more recent evidence which became availzble
during the 1970s and concluded that the US R&D data did not on the
whole support the views of Hamberg and Scherer, although the patent
data did still provide some support. Soete maintained that the evidence for
the United States showed some tendency for R&D intensity to increase
with size of firm, at least in some industries. However, it must be remem-
bered that all the data in Table 9.4 refer to firms with more than 25000
employees (i.e. very large firms). Evidence in Part Ome also suggests that
the largest firms were sometimes the most research intensive (IG Farben,
Standard Qil and Bell).
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Thus, summing up the evidence on size of firm and R&D expenditures,
which was available in the 1970s:

1. R&D programmes were highly concentrated in all countries for which
statistics were available.

2. These programmes were mainly performed in large firms with more
than 5,000 employees, but the degree of concentration was significantly
less by size of firm than by size of programme.

3. The vast majority of small firms (probably well over 95 per cent) did
not perform any specialized R&D programmes.

4. Among those firms which did perform R&D, there was a significant
correlation between size of total employment and size of R&D pro-
gramme in most industries.

5. There was a generally weaker correlation between the relative measure
of research activity (research intensity) and size of firm and it was not
significant in some industries. ‘

6. In several countries those small firms that did perform Ré&D had above
average R&D intensities.

The most recent evidence for the 1980s and 1990s indicates a reduction in
concentration both in terms of size of programme and size of firm; but
R&D nevertheless remains more concentrated than employment or sales.
Whereas the vast majority of small firms still performs no spedialized R&D,
the number of R&D performing small firms has increased.

Before attempting to interpret these results it is necessary to consider a
litde further the relationships between R&D expenditures {inputs into
R&D) and R&D output.

9.2 SIZE OF FIRM AND INVENTION

A number of economists has maintained that despite the heavy concen-
tration of R&D expenditure in large firms, it is the small firms that account
for most of the important inventions and innovations. As has already been
indicated, whereas the measurement of R&D inputs has made significant
progress in the past twenty-five years, less progress has been made with
measurement of R&D outputs.? It was only in 1980 that the OECD devoted
a full conference to output (OECD, 1980b). It is generally accepted that the
direct output of industrial R&D is a flow of new knowledge and infor-
mation relating to new and improved products and processes. This may
take the form of research reports, technical specifications, operational data
and instruction manuals based on experience with pilot plants or proto-
types, scientific papers, formulae, oral communications, blueprints, or
patents {Table 1.1). No one has found a way to reduce this flow to a
common denominator which could be used for inter-firm or inter-industry
comparison. The most obvious method would be numbers of inventions
and innovations, either unweighted or weighted by some kind of quali-
talive assessment,

The only statistics of numbers of inventions which are generally available
are patent statistics, and ingenious attempts have been made to use these
for various forms of comparison, including relative output by size of firm.
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However, as already noted in Chapter 5 they are unsatisfactory for a
variety of reasons, of which the main one is that firms and industnies vary
considerably in their propensity to patent. Some firms atfach great import
ance to patents and have large departmenis with a strong interest in
patenting activity, which will tend to inflate their inventive output, when
measured in this way. Other firms either do net want to bother with
patents or prefer to rely on secrecy. There has been a tendency to assume
that large firms would have a higher propensity to patent than small firms
and that consequently a measure of output of R&D based on patent
statistics would understate the contribution of small firms. Since, in the
United States, small frms show a much higher numbser of patents per
doliar of R&D expenditure than large firms, this has been claimed as
evidence of superfor productivity of small firmm R&D (see Rothwell and
Zegveld, 1982).

However, Schmookder (1966, p. 33), the leading expert on United States
patent statistics, presented convincing evidence for the view that, conirary
to general belief, large firms in the United Siates have a Jower propensity
to patent than small ones. He based this on the empirically demonstzable
effects of anti-frust actions on the patent poiicies of large firms, on the far
greater possibilities of pretesting before filing of applications of large firms,
and on the greater security of large firms in relafion fo patent sharing and
know-how exchange arrangements. Small frms usually cannot afford not
to patent and canmot afford to wait, so thai patent statistics tend to exag-
gerate the contribution of the smaller firms to inventive output, and that of
private individuzals. This view was supported i Britain by the work of
Pavitt (1982) and the analysis of the workings of the British patent system
by Taylor and Siibersion {(1973).

The other major problem associated with patent statistics is the vari-
ability in importance of patents. One way of bying to get round this
difficulty is by weighting patenis, or by lising major inventions. The
difficulty of these methods is that they ave very time-consuming, unless
they are confined {c a small number of really ouistanding inventons. In
this case the difficulties which avise are those of subjective judgement in
selecting the most bmportant inventions, and of rating the relative import-
ance of radical primary inventions, compared with the vast multitude of
secondary improvement inventions. By far the best known example of this
technigue is Jewkes’ study, which has already been discussed (Jewkes ef ol
1958) and which attempted to show that a majority of 70 major twentieth-
century inventions were made ouiside the R&D departments of large firms.
The US Department of Commerce study (1967) adopied an essentially
similar view of the importance of private inventors and small firms, but
with less empirical supporting evidence, and a tendency to confuse
invention with innovation. Similar ideas were propoundsd eatlier by
Grosvenor {1929) and Hamberg (1966).

Jewkes’ analysis may be criticized on the grounds that some important
corporate inventions were omitted or, perhaps more justifiably, on the
grounds that the contribution of large firms has become much more
important since the 1920s. If his list of inventions is broken down, the share
of corporate R&D is weak before 1930, but dominant since (Freeman, 1967,
1992). However, after making allowance for these crificisms, it must be
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conceded that Jewkes and his colleagues have made a strong case for the
view that universities, private inventors and smaller firms have made a
disproportionately large contribution to the more radical type of twentieth-
century inventions. This was also confirmed by our own historical account.

9.3 SIZE OF FIRM AND INNOVATION

However, it does not necessarily follow that, because smaller firms may
score better on numbers of patents or numbers of major inventions in
relation to their R&D inputs, they are consistently more efficient in R&D
performance than large firms. First, it has already been noted that a
number of Jewkes’ private inventions were in fact developed and brought
to market by large corporations. Of the inventions made outside large firm
R&D, perhaps about half were innovated in this way. The final aim of
industrial R&D is a flow of innovations, so that efficiency in development
is just as important as the earlier stages: of inventive work. Indeed, it is
often very difficult to say who made an invention because of the tangled
chain of claim and counter-claim, butf it is usually possible to say more
precisely which firms made an innovation, in the sense of first launching a
new product or process commercially. The relative performance of large
firms is apparently better with respect to innovations-than -with respect to
inventions, and Jewkes accepts that their role in development work {which
is usually far more expensive) is much more important.

Thus, it may be reascnzabie to postulate that small firms may have some
comparative advantage in the earlier stages of inventive work and the less
expensive, but more radical! innovaBions, whereas large firms have an
advantage in the later stages and in improvement and scaling up of early
breakthroughs. Moreover, there are significant differences between indus-
tries in the relative performance of small and large firms. In the chemical
industry, where both research and development work are often very
expensive, large firms predominate in both invention and innovation. In
the mechanical engineering industry, inexpensive ingenuity can play a
greater part and small firms or private inventors make a larger coniri-
bution. Patent statistics reflect these differences very clearly, and the point
is fully confirmed by the resulis of the project described at the end of this
section. However, it must be noted that in the case of computer sofiware,
on which patents could until recently not usually be taken out, the major
contribution of small new firms may not be reflected in patent statistics.

As we have seen in Part One there are some types of innovation which are
beyond the resources of the small firm. The absolute number of components
is one factor which will affect this. The extreme case is Apollo XI, for which
more than two million components were required, but there are other more
mundane complex engineering products for which more than 10,000
components may be needed, such as advanced jet aero-engines, electronic
telephone exchanges, large computer systems, nuclear reaciors, or some
process plant. Large firms also have a comparative advantage where there
are several possible alternative routes to success, with uncertainty attached
to all of them, but benefits from the simultaneous pursuit of several. Simi-
larly, they enjoy an advantage where large numbers of different specialists
are needed to solve a problem or expensive instrumentation is essential.
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Table 9.5 Comparative advantage of types of firms in instrument innovation

Innovation process Established Recent small Enirepreneur,
large firm firm on second first product
or subsequent
products

Motivation to innovate 3 i- 1
Ability o have or develop

owr: knowledge, technology 1 3 1
Cost advantagas, using

outside knowledge 2 3 i
Resouzces available to

penetrate market i 2- 3
Resources for new

product development 1 3 ior2

Advantage in costs and speed
of prototype and early

mode! manufacture 3 i i
Flexibifity to adopt new
product or technology 3 d 1+

Cost advantzge, large
series producton and
marketing 1 2 3

1 = highest comparetive advantages, 3 = lowest comparetive advantages

Spuree: Shimsheni (197G, p. 61).

Probably the greatest advantage of the small firm lies in flexdbility, con-
cenfration and internal communications. SAPPHO suggested that greater
concenizaion of management effort is important. Eificient coupling of
marketing-production and R&D dedision-making may be much more easily
achieved in the small frm envircnment. In the discussion of the electzonic
scientific instrument industry reference has already been made to
Shimsheori’s work {1988, 1970}, He found that new smell firms had played
a critical part in innovating several key instruments and posiulated that their
main advantages lay in metivation, low costs, lead time in development
work {from speed in dedision), and fiexibility (Table 9.5). He aisc conciuded
that new firms had a2 major advantage in external economies in the form of
technological expertise brought from elsewhere in the R&D system. In his
studies of spin-off instrument firms, Roberis also pointed to the critical
importance of technological entrepreneurs bringing with them ideas and
half-developed new products from a sclentific environment in university
and government laboratories. Golding demonstrated this mechanism
operating within the American semiconductor industry. The exceptionalty
important role played by new small firms and spin-off firms in the American
semiconductor industry has led some cbservers fo conclude that
Schumpeter’s ‘Mark 17 is a more realistic piciure of contemporary reality
than his ‘Mark 2’ (i.e. that large firms do not predominate in the process of
Innovation — see Chapter 1). However, before jumping o this conclusion, it
is important to keep in mind the following points: first that the larger
corporations (Bell, GE, RCA, AT&T, eic.) did continue to contribute a large
share of the key innovations — perhaps as much as half; second, that they
accounted for more than half the key process innovations; third, that in
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Europe and Japan, both the imitation process and the innovation process
were dominated to a much greater extent by the large corporations.
Rothwell and Zegveld (1982), while accepting that small firms enjoy some
advantages in the innovation process, have also pointed out some of the
disadvantages, such as access to finance, ability to cope with government
regulations and lack of specialist management expertise.

How far is it possible to test systematically the relative contribution of
small and large firms to innovation in various indusiries and the economy
-generally? While the evidence is stil incomplete and the measurement
problems remain formidable, there were several major advances in the
1970s and 1980s and projects carried out in both Britain and the United
States enable us to give a fairly definite answer, even if it is not so detailed
and precise as we might wish.

A project carried out at the Science Policy Research Unit in 1971
attempted to measure directly the number of innovations made by each of
three size categories of firms in many branches of British industry
{Freeman, 1971; Townsend ef al.,, 1981). The inquiry was carried out for the
Bolton Committee of Inquiry on Small Firms, which defined small frms as
those with fewer than 200 employess. The survey covered the period 1945-
70, but later surveys, supported by the Research Coundils (SERC and

P
SSRC) added new information for the pediod 197183 (Pavitt et i, 1587).

Lists of important innovations were ebtained from independent sources for -

each of a large number of different branches of industry. The innovations
were then traced to the innovating firms, 90 per cent of whom were able to
supply information or their size in terms of total employment at the Hme
of the innovation. ' '

On the reasornable assurnption that the branches of industry included in
the survey were representative of Brilish industry as a whole, the most
important conciusions were as follows:

1. Small irms accounted for abeut 17 per cent of all indusirial innovations
made between 1945 and 1983. This may be compared with their share
of production and employment, which in 1963 amounted to about 19
per cent of net output and 22 per cent of employment.

2. The share of small firms in innovation was apparently fairly steady
(Table 9.6} from 1950 to 1970 but rose quite steeply affer this.

3. The share of the largest firms (10,000 employees and over) in the total
number of innovations increased in the 1960s and 1970s but declined in
the 1980s.

4. Over the entire period firms with a total employment of more than
1,000 accounted for two-thirds of all innovations.

94 INNOVATION BY SIZE OF FIRM AND BRANCH OF INDUSTRY

For the period from 1945 to 1970 the analysis by branch of industry
showed big varialions in the contribution of small firms to innovation.
Industries may be classified into two fairly clear-cut groups:

1. Those in which small enterprises made little or no discernible contribu-
tion to innovation, either absolutely or relatively. These included
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Table 9.6 Innovation share by size of firm in UK Industry 1945-83

Size of firm

No. of
Time period 1-159 200453 500-959  1,600-9,599 >10,000 mnovations
1945~49 168 7.5 53 8.3 42.0 226
1950-54 42 8.5 45 32.Z 35.6 359
1855-59 : 4.4 161 s1 242 414 514
1960-64 i3 9.2 6.0 278 434 684
195569 154 82 85 247 437 720
1970-74 7.5 9.0 6.3 07 465 €56
1875-79 %6 2.6 75 162 452 £23
1980-83 283 21 4.3 129 419 396
Number of
innovations 7re 413 299 1,002 2,626 4378
Average
percentzge 17.0 S4 6.8 228 431 106G

Sowurce: Rothwell and Dodgson (19%4).

asrospace, motor vehicles, dyes, pharmaceuticals, cement, glass, steel,
atuminium, synthetic resins and shipbullding (Teble 9.7}, and (in a
spedal category) coal and gas. In this group small firms accounted for
onty just over 1 per cent of inncvations (6 out of a total of 479), but
about B per cent of net output in 1963

2. Those in which small enterprises made a fairly significant contribution
fo immovation in the industry concermed. These included sdentific
instruments, electronics, carpets, textiles, textile machinery, paper and
board, leasther and footwear, Hmber and furniture, and construcion. In
this group small enterprises accounted for 103 out of 623 innovations,
or ebout 17 per cent, compared with shout 20 per cent ¢of net cuiput in

1963,

m

If indusiries are ranked according fo the share of small enterprises in th

wimber of innovations for each industry, then s order corresponds fairly
well with 2 measure of concentration based on share of small enterprises in
net output {Table $.7), but the contribution of innovations relative to net
output share rises steeply.

In scientific instruments, some types of machinery and paper and board,
small enterprises contributed proporfionately more than their share of
output to innovatons. Medium-sized fimns (empioying 200-999 also
contributed substantally to innovation in these industries.

Those industries in which small firms contributed much less than their
share of output or nothing at all, correspond broadiy to industries of high
capital intensity. The major exceptions were aerospace, shipbuilding and
pharmaceuticals. In these industries development and innovation costs for
most new products are very heavy, although capital intensity is low. Paper
and board was again an exception. Although this industry is generally one
of relatively high capital intensity, smali and medium firms have made
important innovations, mainly in speciality products, and in board rather
than paper. In these sectors capital infensity is lower.
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With this exception it seems fo be ftrue that in the capital intensive
industries both process and product innovations have been mainly

MO O o o m MLIC =D oMS o : . PP .
% BY8Z2ER SZBF IBER<BZS8E3 ! monopolized by large firms. This finding corresponds closely with the
o

conclusions which emerge from Part One. The small firms made their
contribution mainly in the fleld of machinery and bwstrument innovations,
where both capital intensity and development cosis are low for many
products, and entry costs are low for new frms. This again corresponds
closely to the historical account given in Part One. Machinery, instruments
and electronics accounted for two-thirds of ali the small firms” innovations
© wgwn ghuewbuboco g reperted. Although smell firms made a significan? condribuiion fo inno-
vation in such traditional industries as texiiles, leather and furniture, the
total number of innovations in these indusiries was relatively small. An
Important conclusion from this inguiry is that Jewkes was right in believing
that the growth of professicnial R&D in the large corporation has not
eliminated the contribution of small firms to indusitrial invenHon and
inmovation. But Galbraith was right, too, in believing that the larger
corporation predominated in contemporary industrial innovatorn.
Since 1970 the increased share of small firms in total inmovaton in the

w2l

23
32
21
15
14
18

19
65

30
108
a8
63
160
38
64
52
59
22
4
13
18
52
16
68
23
15
33

UK was primarily in those indusiries where their confribution was aiready
* strong, especizlly electronics, instruments and computers. Research in the
United States showed broadly similar resuits,

Whereas recent empirical research has demonstrated an increased share
of total innovations coming from small frms in the 1$70s and 1980s, history
matiers here too. In the past in the early siages of major new technologies,
small firms make 2 disproportionately large contribution, but as a tech-
rology matures a process of concentraton tends to take place, dominant
designs emerge and lock-in may prevail. {See Figure 6.1 and other work of
Utterback, 1993). Acquisiions and mergers are often motivated by the
desire o spread the growing R&D costs and o gain control of R&D in
competitive frms. There is already in the 1990s evidence of a renewed
process of concentration both in ICT industries and in biotechnology, where
the acquisition of NIBFs by large chemical and drug firms has been
especially notable. Kaplinsky (1933} gave a good example of this process of
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‘re-concenimation’ in ihe case of computer-aided design {CAD) firms. One

28
26
23
20
17
11
10
12
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other reservation should be made: the contibufion of small firms may be

E exaggerated in some reports by a faflure to distinguish clearly enough
ey between small subsidiaries of large rultinational firms or establishrments

&5 and subsidiaries of domestic firms and the fruly independent small firm.
£ But when all is said and done, there is still impressive suppori for the
- _g £ view that small firm innovations have gemitrely increased their share of
?'g &2 = £ 2 3 g the total in the final quarter of the twentieth century. Whereas in previous
- .g 8 § -§ ﬁ Ex gt & g‘ ey waves of technical change, such an i:}crease has n_o& beez} sustamed ar}d t}Ee
g, E'g B8 g “egd 3 § = £ £ & long-term tregd towards concentration h%s set in again, the situation is
58e Eg g 5 i3 %E g g g g5 E £ = somewhat different now, because of the trend towards networking
H29 8267 ‘ég;ag—d ﬁ*ﬁE%E_b £E g3 g identified in Chapter 8 and the growth in complexity of technology. These
3353535253 HESSEHAEGSIRESSES® .8 trends may be reinforced by the preference of many engineers and scien-
g 2 tists ‘0 work in smaller and more intimate organizations. An important
0 o o 8 |E% finding of Autio (1994) in his research on NTBFs in the Cambridge (Mass.)
o o e o oo SRONIRRIS IS - area, Cambridge (England) and Helsinki area was that the majority did not
TEBE8ESSSEEER ERRSEBREEEER|® & want to become larger or less spedalized. The iwenty-first century
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therefore may see a new form of symbiosis between large and small firms,
rather than the concentration trend which we have documented in Part
One for the nineteenth and twentieth centuries. This will be an important
research fopic in the twenty-first century.

9.5 CONCLUSIONS

This chapter has shown that statistical generalizations about size of firm,
scale of R&D, inventive output and innovation need to be heavily qualified.
Industry matters, technology matters and history matters. The role of small
firms in the early stages of the evolution of an industry or a technology can
be very different from the later stages. Simplistic generalizations about
lower or higher concentration leading to better innovative performance
cannot be sustained. True enough that competitive pressures may induce
more innovation but these pressures can be as strong in a highly
concentrated international oligopoly as in a predominantly small firm
industry.

This means that competition policy is not so simple as it at one time
appeared. An OECD survey by Symeonidis (1995) gives an admirably
succinct summary of the conclusions which emerge from his study of
‘Schumpeterian hypotheses”:

The present literatuzre survey suggests that there seems to be liftle empirical
support for the view that large firm size or high concenfralion are factors
generally conductive to a higher level of innovative activity. Of course, once it is
recognised. that all these varizbles are endogencusly determined, the erphasis
shifts from causality to mers correlation. Again there is no evidence of a general
positive association between innovaton and market sbucture or firm size,
although there are dreumstances where a positive association exists. This implies
that there is no general trade-off between competition policy and technical pro-
gress, although in some R&D-intensive indusiries 2 high level of concentration
may be inevitable. . .. The range of sustainable levels of concentration in any
given industry will depend on a number of industry-specific factors. These
include technological characteristics, such as technological opportunity, the
average cost of an R&D project, the degree of continuity and predictability of
technology and the extent of leaming economies; demand characteristics, such as
the degree of horizontal product differentiation; and aspects of strategic
interaction such as the intensity of price competition.

{Symeonidis, 1966, p. 33}

Finally, it is worth remarking that although much of the literature on this
topic refers to the ‘Schumpeterian’ hypothesis on the supposed advantages
of large size for innovation, Schumpeter himself did not formulate such a
hypothesis in a clear or unambiguous way. It is true that he did refer
(1942) in rather a provocative way to large firm advantages but these can
be taken to refer mainly to the fact that only large firms could undertake
some very complex types of product and process development. In his
earlier work (1912) he spoke maindy of the advantages of inventor--
entrepreneurs and small firms and we have ourselves (Chapter 1) indicated
the differences between his earlier (‘'Mark 1) model and his later (‘Mark 27)
model. Although he certainly pointed to the concentration of R&D in large
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firms, he also indicated the dangers of bureaucracy in large organizations.
Moreover, he dil not have the advantages of being able to refer to the
statistical evidence which only became available after his death.
Conseguently, the judgement which is often made that the Schumpeterian
hypothesis has been refuted does not do justice either to the historical
dimension of his work or to the complexity of the inter-industry and inter-
technology differences of which he was aware.

NOTES

1. Tor definitions of R&D) see OECD (1963a).

2. The whole problem of outpui measurement in R&D is dealt with more fully in
UNESCO (1570), Irvine and Martin (1980, 1981), Martin and Irvine (1983), and
Proceedings of OECD Conferences on Quiput Measurement (19805, 1982); see
also the special issue of Researck Policy on oufput measurement, vol. 16, nios. 24

1987).



CHAPTER 10

UNCERTAINTY, PROJECT
EVALUATION AND INNOVATION

10.1 RISK AND UNCERTAINTY

The power of the giant corporation should not be exaggerated. From
everyday observation as well as from Part One, and from the results of

SAPPHO and other empirical studies, it is dear that many attempted

innovations fail in large firms as well as in smal firms, The assertons
which are often made about the proportion which il are rather unreliable
for several reasons. Such generalizations are usually based on the experi-
ence of one firm or a few firms over a particular period. Morecver, they are
usually vague about the criterion of failure. Thus the conventional wisdom
of R&D management ofter: refers tc a success rate of one project in ten, or
even one in a hundred. But everything here- depends upon the stage at
which such measurements are made. The higher figures often refer to the
preliminary selection or screening process by which the less affractive R&D
projects or proposals are weeded out before much money has been spent
on them, and long before they reach the sitage of commercial launch.
Shelved research. projects or development projects may be regarded as
failed innovations in the early siages (Cenire for the Study of Industrial
Innovation, 1971) but the atirition rate is much higher in the R&D stage
than after commercial launch. The SAPFHO project was concerned with
attempts which reached this last stage. , -

Nevertheless, the failure rate is stil! high when it comes to this stage.
- -This chapter discusses briefly the reasons for the high failure rate and some
~of the main difficulties confronting the firm in its project selection pro-
cedures. Finally, it concludes that it will be difficult to reduce this. failure
rate by better management of innovation or project selection and control
techniques, except for the adaptive and imitative type of project.

This conclusion might appear to be at variance with the findings of
SAPPHO and other projects designed to increase our understanding of
innovation management. But it is important to recognize fully the limita-
tions of such findings. Even if they are broadly correct in their interpreta-
tion of the characteristic pattern of success and of failure this is very far
from providing a recipe or formula which will ensure success.

Insofar as the technical and commercial success of other innovators may
affect the outcome of each attempt, some failure rate is almost inevitable
when there are parallel or competitive attempts. Fuller knowledge about
the conditions of success may raise the general standard of management in
all attempts but it will not eliminate the possibility of failure where
winners and losers are part of the game.
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An analogy may be made with the management of football teams.
Managers of teams are generally aware of what is needed to win a match.
They have a fairly good idea of the pattern of success. So usually have their
cpponents. But it is by no means so easy to translate the ideal into reality
on the field of play for many reasons, inciuding the behaviour of the
competiion. What can be recognized ex post cannot always be controlled
or initiated ex ante. Many of the variables invoived are in any case not easy
to manipulate.

It is true, of course, that there are some market sitcations where it is guite
possible for several innovators to be successful simultaneously or nearly so.
The success of one player does not necessarily mean the faiture of another;
there are some races where all can have prizes and others which are one-
horse races. But even in the case of a monopolist or a sodialist system of
innovaiton, failures would persist for three reasons: technical uncertainty,
market uncertainty and general political and economic uncertainty, some-
times described as business uncertainty.

The last category appiies to all decisions about the fufure and it is
generally assumed that a suitable discount rate applied to estimated future
income and expenditure is the approprizte way to handle it in project
evaluation. However, it will have bigger implications for innovatons than
for other types of investment to the extent that innovation projects have a
lenger time scale before the potential benefits can be realized. These impli-
caliony are discussed at the end of this chaptes.

The other types of uncertainty are specific to the particular innovation
project and cannot be discountded, eliminated or assessed as an insurable
type of risk. It is true that technical uncertainty can be very much reduced
in the experimental development and tra! production siages and that is
indeed one purpose of these activides. But the outcome of these stages
cannot be kmown before their completion, otherwise the work is not
experimental and the acivity is not truly innovative. Moreover, even afer
successful protoiype testing, pilot plant work, tzial producton and test
marketing some techrica!l uncertainty still remains in the early stages of the
inmovaton. As we have seen, one of the characteristics of sucressful immo-
vators is the effort to get rid of bugs in the development stage. But some
usually remain even in well-managed innovaiions, and occastonally they
lead to sericus setbacks some time after commerdal launch. Some very
expensive and well-known examples were the Comet jet airliner and Du
Pont's Corfam (see Chapter 5).

Technical uncertainty is not merely a matter of ‘work’ or ‘not work’,
although this is, of course, decisive for success. Indeed, the problem is very
rarely reduced to this simpile level. Much more usually it is & question of
degree, of standards of performance under various operating conditions
and at what cost. The uncertainty les in the extent to which the innovation
will satisfy a variety of technical criteria without increased cost of develop-
ment, production or operation. Several processes for producing indigo dyes
synthetically were technically successful without being commerdially viable
(see Chapter 4). The same was true of many of the hundreds of early
cotton-picking machines.

The risk attached to technical innovation differs from normal risks which
are insurable. Most economists, following Knight (1965), distinguish
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Table 10.1 Degree of uncertainty associated with various types of innovation

Fundamental research

Fundamental invention

2 Very high degree of uncertainty Radjcal product innovations

Radical process innovations outside firm

Major product innovations -

Radical process innovations in own establishment
Or system

New ‘generations’ of established products

Licensed innovation

Imitation of product innovations

Modification of products and processes

Early adoption of established process

6 Very little uncertainty New ‘model’

Product differentiation

Agency for established product innovation

Late adoption of established process innovation
and franchised operations in own establishment

Miror technical improvements

1 True uncerfainty

3 High degree of uncertainty

4 Moderate uncertainty
5 Little uncertainty

between measurable uncertainty or risk proper and unmeasurable uncer-
tainty or frue uncertainty (see also Shackle, 1955, 1961). Technical innova-
tion is usually classified with the second category. By definition, innovations
are not 2 homogeneous class of events, but some categories of inmovation
are recognizably less uncertain than others {Table 10.1}, and less risky. As
Knight recogrized, the classification: of risk and uncertainty is a matier of
degree except in the exiremes. Life and fire insurances and other repetitive,
calculable risks are usually cited as instances of the first type of risk which
can be dealt with in a fairly siraightforward manmer by the theory of
statistical probability, but uncertainty enters in even here. The second type
of risk will not normally be assumed by insurance comparnies or indeed by
banks. Special forms of finandial insktuton have, therefore, been developed
to handle this kind of uncertainty involving specific judgement in each
individual instance.

Even the lower levels of uncertainty illustrated in Table 10.1 are such
that only a very small proportion of R&D is financed directly by the capital
market. Internally generated cash flow predominates. Where the risk is not
borne by the firm or those fairly familiar with the individual project,
usually either some type of cost-plus R&D contract is needed, or outright
governument ownership and finance of the R&D facility.

Numerous attempts have been made to deal with the uncertainty
inherent in innovation by substituting subjective probability or credibility
estimates for the relatively objective data used in estimating life insurance
tables and other insurable risks {for example, Allen, 1968, 1972; Beattie and
Reader, 1971). These atiempts raise complex philosophical issues which
will not be discussed here, but the empirical evidence will be examined to
see how firms actually approach innovation decision-making and how far

_they are capable of statistically based estimation procedures.

It wiil be argued that the nature of the uncertainty associated with
innovation is such that most firms have a powerful incentive most of the
time not to undertake the more radical type of product innovation and to
concentrate their industrial R&D on defensive, imitative innovations,
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product differentiation and process innovation. This proposition will be
argued on theoretical grounds and the supporting empirical evidence will
then be discussed. The distinction between: inhouse process innovation and
open market product innovation is very important here. Product inno-
vation Involves both technical and market uncertainty. Process innovation
may invoive only technical uncertainty if it is for inhouse application, and,
as Hollander (1965) has pointed out, this can be minimal for minor tech-
nical improvements.

The general prevalence of uncertainty in R&D dedsion-making and the
development of innovation strategies is clearly evident from the purely
theoretical arguments of Keynes and Knight. However, it is also abun-
dandly confirmed from the empirical evidence on finn behaviour. A par-
ticulazly interesting example of this evidence is the studv by Augsdorfer
(169€) on Forbidden Fruif: An Amalysis of Bootlegging, Uncerfainly and
Legrning in Corporafe R&D. He investigated the corporate R&D of more
than fifty firms in France, Germany and Britain and found the widespread
existerce of ‘boctlegging’, ie. ‘under-the-table’ covert reseazch projects
conducted by R&D personnel. He refers to many authors in the 1980s and
1590s, such as Roberts (1991}, who referred o the existence of ‘bootlegging’
but Augsdorfer was the first to demonsirate not only its very widespread
ocouzrence but aiso iis signdficance in terms of the prevalemce of
uncertainty and the conseguent exiteme difficulty of ‘rational’ cenfral
planming of R&D by menagement. The facit acceptance and even encour-
agement of bootlegging by some managers is ancther very interesting
phenomenon. The existence of bootlegging can sometimes lead o more
radicel projects being initiated by adventurous individual researchers
without the knowledge of management (Augsdorfer, 1994). Pearson {1930)
explicitly relates bootlegging to high uncertainty in both means and ends.
Arnother brilliant confirmation of the prevalence of uncertainty in the
inventive and innovative process was the empirical research of Scherer
{1997} on High Technelogy start-up cornpanies.

16.2 PROJECT ESTIMATION TECHNIGUES
AND THEIR RELTABITITY

Let us now consider the problems confronting fhe decdsicn-makers in
deciding whether to embark on an: innovation project in the firm. Basically,

. they will be concerned, whatever particular selection {echnigue they may

favour or even if they operate purely on hunch, to make some estimate of
three parameters:

1. The probable costs of development, production, launch and use of
marketing of the innovation and the approximate timing of these
enditures.
2. The probable future income stream arising from the sale or use or the
innovation and its Himing.
3. The probability of success, technically and commerdially.

Ideally, the decision-maker would like a complete cash-flow diagram
of the future expenditures and income assodated with the innovation
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(Fig. 10.1). Some estimate of the developiment costs and subsequent launch
costs is clearly essential to any kind of assessment of likely profitability, but
as we know ail too well from the publicized experience of aircraft devel
opment, these estimates can often be wildly wrong. Some improvements in
estimating techniques can be made and a great deal of effort has gone into
this, both in military and civil projects. But it must never be forgotten that
estimates can only be really accurate if uncertainty is reduced, and uncer-
tainty can only be significantly reduced either by further research or by
meKing a project less innovative. Those firms who speak of keeping
development cost estimating errors within a band of plus or minus 20 per
cent are usually referring to a type of project in which technical uncertainty
is minimal, for example, adapting electronic circuit designs to novel
applications, but well within the boundaries of established technology, or
minor modifications of existing designs (categories 5 and 6 in Table 10.1).
This conclusion was sirongly confirmed by the empirical work which has
been done on project estimating errors at the Rand Corporation
et al., 1967; Marshall and Meckling, 1962; Mansfield ef al., 1971, 1977; Allen
and Norzis, 1970; Norris, 1971; Keck, 1977, 1970, 1982; Kay, 1979).
Mansfield’s work is particularly valuable because it permits comparison of
different types of innovation. Although it must be conceded that it is very
hard to measure just how radical any innovation is, it is nevertheless
certain that new chemical entities constitute a more radical class of
innovations than alternative dosage forms, and likewise that new products
are normally a more radical departure than improved products. The
differences in average cost and time overruns, as well as in the variance of
estimates, are very striking (Table 10.2).
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Table 30.2  Average and standard deviation of ratio of actual to estimated cost by
project type and relative size of technical advarce, 69 technically completed
projects, US Propristery Drug Faboratory

Project #yoe Size of technical adoance

Small Large and medium Total
Product improvement
Average 139 149 141
Standard deviation 139 164 141
Number of projects 28.00 5.00 33.00
New products
Average 2.21 5.46 275
Standard deviation 3.56 5.86 411
Number of projects ’ 30.00 6.00 3300
Actual 1o estimaied fime for above
Product improvement
Average .80 174 264
Standard deviaton 1.28 6.84 127
Number of projects 28.60 5.00 33.00
New products
Average 334 3.7 ‘ 3.24
Standard deviation 153 218 180
Number of projects 30.00 6.00 36,00

Source: Mansfield et al. (1971, pp. 102 and 104}

Mansfield’s work is also extremely important because it confirms that
lazge errcrs are not confined to the military sector or the aireraft industry.
Moreover, his work on the chemical indusiry shows that estimating errors
cannot be attbuted fo inexperience, as the firms which he investigated
had Jong experience of project esimation and innovation, and were among
the leading R&D performers in the US induszy. The results do, however,
suggest that there is some trade-off befween cost and Hime, as the average
overrun in military projects was much greater with respect to cost than
time, whereas the opposite was true of civil projects, both in the USA and
the UK. The work of Allen and Norris aiso suggests that time overruns
were greater in research than in development. This tradeoff was explored
in some depth by Peck and Scherer (1962) in their work on the weapons
acquisition process.

In addition to the very large errors involved, the tendency to optimistic
bias is notable. This bias is present in other types of investment forecast,
but not in such an extreme form. It suggests strongly that the social context
of project esimation is 2 process of political advocacy and clash of interest
groups rather than sober assessment of measurable probabilities. This view
is confirmed both by historical accounts of individual innovation decision
processes and by what little academic research has been done on the
subject. Particularly important here was the work of Howard Thomas
{1970) on project estimation in two scientific instrument firms. Not only did
he find that engineers deliberately made very conservative estimates of
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development costs, but he also found that they did this in spite of strong
financial incentives (including profit-sharing arrangements) to make
‘honest” estimates:

Many engineers in the firm admit quite freely that their estimates of cost and sales
volume for projects are often biased in such a way that the resulting retum factor
estimates appear favourable fo the firn. They point out that the procedures
themselves are very inaccurate and do not incorpoerate the technical feeling about
a project that an engineer often has, but is not necessarily understood by a finance
or marketing man. 5o the engineer deliberately amends estimates (the means by
which evahiations are made) in order to make the return factors acceptable to the
firm. They do not do this to make projects personally and technically attractive to
them more acceptable to the firm, because they are aware that the firm's financiat
interests and theirs are in one-to-one correspondence given the profit-sharing and
preferential share-puirchase plans offered by the firm as part of the remuneration
package. Their sole motivation is to make the firm move towards more flexible
numerical criteria for differentiating between projects.

- (Thomas, 1970)

While it is true that empirical evidence on project estimation is stll not as
comprehensive as we might wish, # must be regarded as persuasive
support for the hypothesis that wide margins of error (with an optimistic
bias) are charactezistic of the experimental development process. This in
. itself must make innovation hazardous at least in relation to that part of
the decision-making which precedes prototype test and pilot plant work.
The evidence on project estimation in former socialist countries also
pointed to the same conclusions.

Errors in development cost estimation alone may, of course, be suffident
to bankrupt a firm, if these costs acccunt for a large proporton of is
available resources. This occurred in spectacular fashion with Rolls-Royce
in the 1970s and several smaller scale examples are cited in Part One. But
as we shall see, the market uncertainty is frequently far greater than the
technical uncertainty.

Seiler (1965) found that research managements of 100 large US firms
rated ‘probability of technical success’ and ‘development costs’ as easier to
estimate accurately than either ‘probability of market success’ or ‘revenue
from sales of product’ (Table 10.3).! It is easy to think of several reasons
why this should be so:

1. The market launch and growth of sales is more distant in time and may
be spread over twenty years. A great many things can change during
this time. This is partly a question of general business uncertainty
relating to the future, but it is also specific to the project so far as it
affects forecasts of consumer behaviour.

2. Whereas the development work is largely or entirely under the firm's
own control, this is hardly ever true of the market, particudarly in a
capitalist economy. Economic theory is not capable of predicting the
reactions of oligopolistic competitors in the face of innovation by one
member of an oligopoly. Nor can the reactions of future customers or
the frends of future legislation in relation to new products be safely
predicted. '
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Table 10.3 Percentage of research managements of US firms rating accuracy with
which factors affecting R&D can be estimated

i z 3 4 5 445
Totally

Facior Excelient  Good Fair Poor  unreliable
Cost of research 25 278 52.2 148 17 185
Cost of development 2.6 388 46.6 8.5 25 e
Probability of technical success 35 512 359 £3 0.0 6.3
Time to complete research GS 186 504 48 53 30.1
Marnpower to complete research 2.6 342 535 70 27 8.7
Probability of market success® 3.6 336 38z 85 W0l 226
Time to complete development 18 M35 418 173 45 2i9
Market life of product® 4.6 28.0 290 254 130 384
Reverue from sales of product® 3.3 360 288 27.2 26 29.8
Cost reduction ¥ R&D succeads 187 57.1 143 i43 3.6 79

® Assuming success of R&D

Source: Sefier (1962, py. 177-8}

e

3. The predicton of future sales revenue and possible profit depends not
orly on forecasting total guantty which can be sold, but also on
forecasting future costs of productor, price and price elagtcity. This is
a fornidable undertaking for a product not previously used by
COnSUMErs. ,

4. Technological obsolescence may kil a mew product or process akmost as
soon as it has been launched.

The empirical evidence, although unsystemafic, confirms what theory
suggests, Early estimates of future markets have been wildly inaccurate, As
suggested in Part One, the major dvil innevations in the past 80 years have
been in the electronic industry and in synihetic materizls. Almost every
mazjor inmovation in these two Industries was hopelessly underestimated in
its early stages, inciuding polyethylene, FVC and synthetic rubber in the
materials feld, and the computer, the transistor, the robot and numerical
conirol in electronics.

As has already been shown in detafl in Chapter 7, one of the most
interesting cases is the computer. The early estimates almost all assumed
that the market would be confined {0 a few large-scale scierdific and
government users. Even firms like IBM, 2s Watson Junior has confirmed,
had no inkling of the potental unl severa! years after electronic
computers were in use. Optimistic estimates made in 1955 put the total US
computer stock at 4,000 in 1965. The actual figure turned out to be over
20,000. Similarly large errors were made in underestimating the future
potential applications of numerically controlled machine tools and robots.

Both of these, fogether with the examples of polyethylene and PVC, are
cases of gross underestimation of future market potential for radical inno-
vations. But there are also examples of gross over-optimism, for example
in relation to the fuel cell, the airship, Ardil (the synthetic fibre), various
nuclear reactors and the IBM STRETCH computer.
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It may be said that the forecasting techniques in use before 1980 when
many of these estimates were made, were still very primitive and that there
are now much more sophisticated techwiques which wili reduce these
errors, This remains to be seen, but the portents are not encouraging. There
can have been few cases where more effort and expertise were devoted fo
market and cost estimation than in the case of Corfam. A compizter model
of the world market for hides, leather and shoes was developed, and a
prolonged programme of manufacturer and customer trials with Corfam
uppers. There are few firms with such an impressive record of product
innovation as Du Pont, and they probably knew more about the shoe
market than any firm in the indusitry by the fime they launched Corfam,
Yet they apparently lost about $10C million on this venture before they
withdrew the product from the market.

If we consider the various innovations discussed int Chapters 2 fo 7, it is
difficult to. think of any which worked ouf as originaily expected. The
gestation period was offen far longer than the pioneers had anticipated
(PVC, ammonia, TV, synthetic rubber, catalytic cracking, coptical character
recognition, indigo) and the development costs were frequently very much
higher. The Concerde was probably the most spectacular example cof gross
underestimation of R&D costs and coverestimation of the market in the
1960s and 1970s, with the result that, despite infense efforts by the British
and French governments, they lost over £1,006 milion and had to
subsidize producton, saies and airline oparafion as well as R&D. Even so,
only a very small number of aircraft entered service. 77

10.3 ANIMAL SPIRITS AND PROJECT ESTIMATION

ATl of this is-surprising only to those who believe that some new project
‘évaluation technique or simulation technique would resoive the difficulties
which are inherent in the very nature of innevation. Keynes was a great
deal wiser. Although he was able to make a fortune on the stock exchange,
and to write a treatise on the theory of probability as well as to revolu-
tionize economie theory, he had no illusions about risky investments,
whether speculative or innovative: '

Most, probably, of our dedisions to do something positive, the full consequences
of which will be drawn out over many days to come, can only be taken as a
result of animal spirits — of a spontaneous urge to action rather than inaction,
and not as the outcome of a weighted average of quantitative benefits multiplied

by quantitative probabilities. Enterprise only pretends to itself to be mainly

actuated by the statements in its own prospectus, however candid and sincere.
Only a Lttle more than an expedition to the South Pole, is it based or an exact
calculation of benefits to come. Thus if the animal spirits are dimmed and the
spontaneous optimism falters, leaving us to depend on nothing but a mathe-
matical expectation, enterprise will fade and die ~ though fears of loss may have
a basis no more reasonable than hopes of profit had before.

1t is safe fo say that enterprise which depends on hopes stretching into the
future benefits the community as a whole. But individual initiative will only be
adequate when reasonable calculation is supplemented and supported by animat
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spirits, so that the thought of ultimate loss which often overtakes pionezers, as
experience undoubtedly tells us and them, is put aside as a healthy man puts
aside the expectation of death.

: {Keynes, 1236, pp. 161-2}

The uncertainty suwrmounding innovation mesns that among alternative
investment possibilities innovation projects are unusually dependent on
‘ardmal spirits”. Buf animal spirits are feared and distrusted by cautious
decision-makers. As a standard textbock on investment dedsions put it
‘Management will show a preference for projecis with known ouicomes
over those whose outcomes are uncerfain and the value of an investment
rroposal wilt be reduced according 10 its degree of uncertzinty? (Townsend,
1969},

Cfien the substtuton of subjectvely esiimated expected value for an
objectively derived probability estimate rests on 2 fzise assumption which
Keynes exposed, that ‘an even chance of heaven or hell is precisely as
much o be desired as the certain atainment of a state of mediocrity’. The
risk (or uncertainty} aversion of entrepreneurs varies enormousiy of course,
but we are on fairly safe ground in assuming that not many are prepared
to gamble thelr survival on a fifty-fifty chance. Use of subjective probability
estimates is usually accepizble only where possible oufcomes are not
extreme, and thers is some repetiion of previous experience.

This means that the acceptance of z high degree of uncertainty in inno-
vation is likely to be confined fo the folowing categories:

1. A few small-firm innovators whe are ready to make a big gamble, or
who are impelied to do s¢ by some threat to their existence.

2. Largefirm inmovators who use careful project selecHon methods but

who can afford o adopt a portfolio approach to their R&D, offsetting a

few very uncertain investments against a large number of mediocre

projects. The size of the very uncerizin investments will not usually be
such that failure would threaten the continued existence of the fim.

Large-firm innovators who are not dosely controlled by any formal

project selecion systern and who are able to use corporate resources

with a good deal of feedom, and hence Imposs their subjective esti-
mates or preferences upon the organization.

4. Large and smali-firm innovators who unwittingly accept a very high
degree of uncertainty, through ‘animal spirits’, because the enthusiasm
of inventors, entrepreneurs, or product champions leads them on. In
some cases (probably the majority) they may not bother to make any
sophisticated calculations of the probable return on the investment. In
others they may accept grossly over-optimistic subjective estimates of
the probable outcome.

5. Goverrunent-sponsored innovators who accept very high risks because
of urgent national needs (usually war, or threat of war) or a deliberate
national science policy strategy, which creates an assured and profitable
market in the event of success.

6. Govermument-sponsored innovators who accept grossly over-optimistic
estimates of future returns for other reasons, where failure does not
pose a serious threat to the decision-makers, as in the case of Concorde,

W
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where diplomatic and prestige considerations were allowed for nearly
twenty years to overrule commercial judgement and commonsense.

7. ‘Bootlegging” individual researchers who initiate unofficial projects
within a corporate R&D environment. Some of these may later become
official projects.

The empirical evidence relating to the use of project selection techniques
confirms that the more advanced portfolio methods which have been
developed by statisticians and management consultanis are seldom used.
In the USA, Baker and Pound (1964) found that a few of the technigues
had been used occasionally and then discarded in favour of simpler rule-
of-thumb methods or discounted cash flow (DCF) calculations (see also
Rubenstein, 1966). These methods are strongly biased iowards shori-term
payback and the system in which they are used is frequently project based
rather than portfolio based. Their widespread use probably discourages the
more radical type of innovation, which would find more favour either in a
fairly sophisticated selection system or without any very formal system. A
survey in Sweden in 1971 confirmed that only simple guantitafive methods
were then used in Swedish industry and indicated some reasons for
resistance to sophisticated techniques {Naslund and Selistedt, 1572).
Similarly, Olins survey (1972) concluded that in the Furopean chemical
. industry project selection remained a pragmafic and intuitive art.

A partial alternative to a quanttative cost benefit or DCF approach Is to
use a qualitative checklist method of evaluzton. A checilist approach has
the advantage of being able to take into account many factors which may

- be difficult to incorporate in a mathematical formnula. For example, a
critical factor in the success of any R&D project is the enthusiasm and
capacity of the project leader and his or her other commitments. Another is
the firm’s resources of skilled people and accumulated know-how in the
field and the possible spin-off from other R&ID projects. A third may be the
firm’s relationship with potential customers and so forth. While al! these
factors may be taken into account by a research manager or an entre-
preneur in calculating probability factors for technical or commercial
success, a checklist procedure has the merit of compelling fairly systematic
attention to be paid to each point. The actual checklist may be varied in
accordance with the peculiar circumstances and characteristics of the firm
{or other innovating organization), but the kind of questions that would
tend to appear in most checkdists would include the following (Dean, 1968;
Seiler, 1965): ‘

Compatibility with company objectives.
Compatibility with other long-term plans.
Availability of sdentific skills in R&D.

Critical technical problems likely to arise.
Balance of R&D programme.

Interaction with other R&D projects.
Competitors” R&D programmes.

Size of potential market.

Factors affecting expansion of the market.
Influence of government regulations and control.
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1i. Export potental.

12. Probeble reacton of competfitors.

13. Tossibility of licensing and know-how agreements.

14. Possibility of R&D co-operation with consultants or other organiza-

fons.
15, Effect on sales of other products.
16. Avaiiability and price of materials needed,
i7. Tossibilities of spin-off exploitation of innovation.
18 Awailability of produchon skills and eguipment.
i%. Availability of marketing skills and experience.
20. Advertsing requiremnents.
21. Technical sales and service provision.
22. Effects on company image.
23. Risks to healih or life.
24, TProbable development, producton and marketn
25, Possibility of patent protection.
26. Scale and timing of necessary investment.
27. Locaton of new or extended plant{s}.
28, Atfitude of kev R&D personnel.
29. Atftude of principal execuiives.
30. Attimade of production and markefing deparbments.
31, Astttede of trade uniomns.

3%. Gverall effect on company growtih.

a

Some firms may alsc take infc account addifional external costs and bene-
fits, such as problems of waste disposal or employment effects, relraining
requirements and contributions to research outside the company. The con-
sideration of soma envivonmenial effects has become far more widespread
i the 1980s and 1990s and indeed has become a legal obligation in some
counsizies {see Chapter 18). Firms may alse find even more valuzble those
types of technique which attempt fo foresee and avoid all the conceivable
bugs and blockages which could frusirate the future progress of the project
(Davies, 1972). Finally, still other types of checklist and portfolio approaches
go even wider and relate the solution: of the project to the overall strategy of
the fitm, both with respect to technology and other objectives (see, for
example, Patterson, 1996; Kanz and Lam, 1996}

Although the checklist approach permiis consideration of many factors
which may be disregarded or overlooked in a quantitative analysis, it foo
has serous limitations., It does not permit easy comparison befween
alternative projects or rarking of a list of projects, nor does it provide any
indication of the likely absolute size of the pay-off. Since most firms have a
backlog of projects from which to choose, these are serious defects.
Consequently, the ideal method of project selection is probably a combina-
tion of a quantitative cost-benefit approach with a qualitative checklist
approach. Several such scoring systems have been developed. Figure 10.2
fllustrates that originally worked out for project evaluation at Morganite by
Hart (1966). Hart’s system was based on calculating a project index value,
which takes account of estimated peak sales value, net profit on sales,
probability of R&D technical success and a time discount factor in relation
to future R&D costs according to the formula:
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. SxPxpxt
I (index value) TiYe
where § = peak sales value £ per annum,
P = net profit on sales (per cent),
v = probability of R&D success on a scale 0 to 1,
t = a Hme discount factor,
C = future cost of R&D (£).

Estimates for the variables are obtained by answering a checklist of
questions. Figure 10.2 shows a score for each possibie answer to the ques-
tion and permits scoring by additon rather than muitiplication by using
logarithmic functions of the answers. The method can be vasied by using
differeni questions and different scores ic suit the circumstances of a
particular frm.

The advantage of this method is that

it permdts the firm fo take into

T
T account such factors as exisrnzl compedton and customar atbtudes, vet at

the same Hime ranks projects on some sysiematic basis, on the assumption of
sales growih and high profitability as major company objectives. Another
advantage of the technique is that it can be used {5 invelve all deparomends
of the firm in discussion znd evaluation, thereby contributing to mobiliza-
tion and integration of the Hrm's resouzces. This is prebably the main
benefit of any formal evaluston technique. Indeed, some type of formal
techrique is usually necessary simply to rmonitor and cortrol the progress of
a project, The periodic revision of estimates and reconsideration of projects
is essentizl for effective management of technical innovations.

However, it is apparent that ong of the major factors affecting the selec-
tion of a project is the balance of work in the R&D department and in the
firm as a whole. Consequently, project selecion must be related to pro-
gramming. What maniagement is looking for is a portfolic of projects rather
than a series of separate projects. By thinking in terms of 2 portfolic rather
than a project it is possible to select a blend of safe and high risk projects,
so that the more long-term and radical advances are not ignored as they
would tend to be ¥ selection were based entirely on a scoring systern or
rate of refurn systemn {Kay, 1979, 1982, 1984).

The empirical evidence confirms that industrial R&D is heavily concen-
trated on the less uncertain types of project. Only & few fizmms perform any
basic research and this accounts for less than 5 per cent of all indusirial
R&D expenditures in most OECD countmes. Several surveys have con-
frmed that the bulk of R&D expenditures are devoted to minor improve-
ments and quick payback projects, rather than the more long-term radical
innovations (FBI, 1961; Schott, 1975; Kay, 1979, 1984; Nelson &t al., 1967).
Table 10.4 shows the results of an Italian industriai R&D survey based on
data supplied by individual researchers. This confirms the involvement in
technical service activity and the relatively low proportion of time spent on
fundamental research. It must be remembered that in terms of expenditure
{as opposed to time of researchers) the share of experimental development
would be higher and that of research lower.

Although not directly related to the distribution of R&D expenditures,
the study of Gibbons and Johnston (1972) provided additional interesting
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Table 10.5 Distribution of R&D activities in Italy

Percentage

Expansion of range without technical modification 17
New application: of existing product 2
Standard product with new specification appropriate to particular

application {e.g. portable) 23
Conforming to new standard {e.g. metxic) 2
Standard product made easier to use 6
Standard product, new marketing 2
Standard product, new design 2
Products developed ocutside UK 23
New products, involving technical change and developed by UK firms 18

evidence. They attempted to derive a random sample of innovations by
Iisting ail new product announcements which appeared in UK technical
journals on a selected date in 1571. They found that when they examined
- the list of 1,317 producis, after eliminating 258 duplications, 532 process or
service inmovations, and 16 of nondindustial origin, the remaining 1,000
new products broke down as shown in Table 10.5.

When they came to examine in greater detail a-sample of the last 18 per
cent, which were those relevant for their purpose, they found that half of
this resiricted sample could be described as modifications of “existing
products of the company. ' )

There are grounds for believing that firms are more ready fo attempt
radical innovatons in relaton to their own processes than in refation to
their products. This includes, of course, the adoption and modification of
the product innovations of the capital goods industries. The market uncer-
teinty is very much reduced with inhouse process innovations as the firm
conirols the application. For similar reasons, much more radical product
innovations mey be expecfed in response to an assured market (whether
government or otherwise) than on a competitive market. This was clearly
evident in the developmert of radar and synthetic materials as well as In
mdlftary aircraft. -

If the process which is developed canmot be used by the firm itself, then
the uncertainty is, of course, greater. This difference accounts largely for
the respective approach to process innovation of the chemical plant con-
tractor, as compared with the chemical firins themselves. As we have seen
in Chapter 4, the coniractors, who cannot use the process themselves but
have to face an exitemely uncertain market, tend to concentrate on
improvements in design and scaling up. They usually attempt? completely
new processes only in association with a chemical or oil firm. The chemical
and oil firms, on the other hand, have a strong incentive not only to make
improvements in their inhouse processes, but to explore radically new
processes for use in their own establishments, hoping that they can keep
the innovation sequence largely under their own conrol. The introduction
of such a new process may be used to lower production costs and increase

profitability by comparison with competitors, or to lower product prices -

and expand markets. In some cases introduction may be retarded fo pre-
serve the-profitability of existing investment. If the process can ultimately
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be licensed to other firms, this may be regarded as an addifional bonus, but
the successful marketing (licensing) of the process is not usually essential,
as it is in the case of the confractor-originated process. Indeed, there may
be a deliberate preference for secrecy and not licensing.

Research in the 1980s and 1990s has demonstrated that potential appro-
priability of the revenues from a new product or process plays an import-
ant role in project evaluation but that this varies very considerably between
industrial sectors. This emerged both from the systematic Yale survey of
innovations (Levin, 1988; Levin &f 4., 1987) and from the later even more
comprehensive PACE Survey (Arundel, 1995) in several European
countries.

164 R&D BUDGETING AND THE STRATEGY OF THE FIRM

By undertaking R&D work mainly with a relatively low degree of uncer-
tainty (Table 10.1), the finmn is in effect using its R&D budget as a form of
insurance against the risks of technical change. Or, as Arrow (1962) puts it,
‘the Corporation acis as its own insurance company’. Management often
actually bases its R&D budget on a percentage of sales calculation. This
insurance premium varies in different branches of industry depending
upon the intensity of technological competition, but the level of expendi-
ture is often fairly uniform among many firms in each branch. Although
management cannot calculate accurately the returm on any individual
project or piece of R&D, it has leamt from experience and from observation
of competitors that this ‘normal’ level of R&D spending will probably help
it to survive and grow. However, there is room for a variety of alternative
strategies and these are discussed more fully in the next chapter. Some
firms may spend much more heavily on R&D than is usual for their
industry branch and follow a high-risk offensive strategy. Others may try
to get by with very litie R&D, or none at all, relying on other sources of
competitive advantage. Threshold factors complicate the budgeting prob-
lem still further, and the factors discussed in Chapter 7 fllustrate some of
the dangers of R&D budgeting by an indusiry average. Naslund and
Sellstedt (1972) produced evidence to show that in Swedish industry many
firms allocated funds to R&D on an ad hoc project basis, rather than as a
stable regular budget. But Kay (1979} argues persuasively that these
differences in behaviour may be largely a function of size of firm. The
Swedish firms were mainly small ones but the larger Furopean and
American firms typically follow a more long-term budget strategy.
Between industries wide variations in research intensity continue o exist,
and it may be postulated that they are attributable on the one hand to
historical drecumstances (new technological opportunities), and on the other
to the varying pressures of competition. In an industry in which new
processes or new generations of products emerge every ten years or so, a
moderately high level of research intensity would be necessary to avoid
obsolescence of the product range or excessive costs {drugs, insbruments,
machinery, vehicles). Although the individual firm in such an industry
might increase profitability for a few years by cutting back on R&D, this
would be at the expense of long-term profitability and survival. A very low
ievel of R&D activity, or none at all, would be a viable strategy in those
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branches of industry where technological obsolescence is not a problem, or
where changes in product range are mainly fashion based. An extra-
ordinarily high level of R&D activity might be necessary for survival in
industries such as aircraft and electronics where an artificial stimulus to
obsolescence derives from military R&D and procurement as well as rapid
changes in world sdence and technology. In the exireme case, if it works,
it's obsolete. The fact that one-third of the net output of the aircraft industry
In the United States and the United Kingdom was actually R&D for long
periods can only be explained in these ‘Alice in Wonderland’ terms. Thus
the main determinant of research intensity is the branch of industry, and
the ranking of industries by intensity is similar in all industralized
countries. Nelson (1991) and Pavitt (1984) are amorig the authors who have
most strongly emphasized the importance of this variation by industry.

The outcome of the individual projects with a high degree of technical
and market uncertainty cannot be precisely foreseen, either by the firms or
by anyone else. Otherwise they would make fortunes more easily and
enjoy a high and relatively stable rate of growth. But within an industry
branch it is much more likely that someone will succeed in making the big
advances, even though we cannot predict exactly which firm. Thus the
uncertainty attached to R&D would lead one to expect a stronger statistical
association between R&D spending and the growth of an industry than
between R&D spending and the growth of the individual firm. This is in
fact what the empirical evidence does show.

The most research intensive industries are, by and large, those with the
highest growth rate (Fig. 7.1), whereas industries with little R&D are on the
whole relatively slow-growing or stagnant. But within a fast-growing,
research intensive industry, such as electronics or pharmaceuticals, there is
not such a strong association between high growth and research intensity by

firm. Some of the empirical data suggest a weak correlation and some

suggest none at all. This result could be expected not only on grounds of the
high degree of uncertainty surrounding the outcome of expensive offensive
projects in any individual firm, but also on grounds of externalities which
continually arise in R&D. Many firms in an industry may benefit from the
technical progress made in only one or two or in a different industry
altogether. The whole electronics industry benefited from Bell’s work on
semiconductors, but only a small part of this benefit was recovered by Bell
in the form of licence and know-how payments or indeed in sales. Whereas
the patent system strengthens the possibility of appropriating the benefits of
knowledge gained through inhouse R&D, it cannot and does not prevent
the diffusion of this information through a variety of channels, particularly
the movement of people as in the American semiconductor industry.

A much stronger association might be expected between firm growth
and some combined measure of R&D with Scientific and Technological
Services (STS). This would capture the important productivity growth
attributable to minor productivity improvements of the type described by
Hollander. The empirical results of Katz confirm this hypothesis and so too
does some work on the distribution of qualified personnel and growth of
firms.

Firms recognize the need to perform R&D in order to stay in business or
retain their independence, but there is no recipe for successful innovation.
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This is one of the main factors contzibuting fo Mhiggledy-piggledy’ or
‘Tolstoyan’ patterns of growth. Among the characteristics of successfud
innovation are the capacity of the innovator o couple efficient R&D with
knowledge of the market requirements. But this is more obvious ex post
than ex ante. Burns and Stalker in a classic study (1961) showed the internal
difficulties within the firm in achieving the necessary degree of integration
of these functions. Since innovztion is often a complex of events extending
over several years, the coupling process is a continuous one and is Hable to
be severely strained by internz! problems within the firm as well as by
exitaneous events. The process is one of groping, searching and experi-
menting and even the best laid plans may come to grief. A firm with an
effident R&D set-up is more likely to survive, but it is by no means sure to
do so. Even its own innovations may increase the general instebility and
uncertainty, so that they wili often be unwelcome within the firm itself.
Project SAPPHO showed fhat typically there was opposition to an inno-
vation within the firm both on comumerdat and technical grounds. A greater
degree of oppositon on commerdial grounds was guite strongly associated
with failure of the innovation.

The existence of confiict in relation to R&D decision-making and the
uncertainty inherent in the procsss mean that selecion and forecasting
procedures are not always what they appear from formal descriptions of
the methods. A great deal has been written about various modes of tech-
nological forecasfing and their application inn American industry (Jantsch,
1967). Such TF tfechniques can undoubiedly be very useful and Bright
{1968) in pardcular demonsizated their value In company strategy in
identifying new technological opportunities and threats. However, as with

ther management technigues, the reality differs from the impression given
by enthusiastic advocates. Inn view of the importance of recognizing what
really happens in indosiry, and distinguishing this from idealized abstract
concepts, the conclusions of one survey are guoted at some length:

Since some companies could probably beneft from formal technological fore-
casting but do not practice i, we searched within the organization for facters that
inhiblt its use. We found these common management-oriented obstackes to the
use of this technique:

1. Failuve to infegrate fechwological forecasting inio the organization’s regnior plans.
Whereas most managers support the viewpoint that the most critical factor in
implementing any forecasting technique is its integration into a longrange
planning program, including the selection of research projects and the aliocation
of resources consistent with overall corporate ohjective, this is most often not the
case in practice. .

More typical is the experience of the executive who was transferred into the
advanced planning group of his company with the task of instituding a formal
forecasting program to simplify the planning process. ... There had been no
attempt to apply forecasting to the technological future of the company’s major
product line, and hence his efforts had had no impact on planning.

In another company, one individual with 2 technical background developed an
interest in sophisticated technological forecasting and, with the support of the
corporate vice-president for research, had been developing descriptive reports for
more than a year. In addition to preparing reports on techniques, he also
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addressed the R and D planning process, with special attention to the problems
of integrating technological forecasting with planning. Yet we found no evidence
that anyone was using these techniques for decision making contrary to reports
by Jantsch on the same organization. The company’s efforts represent the work of
one man who had hopes for the future, but has met with little success to date in
selling his ideas.

2. Failure fo objectively select research and development projects. In most of the
companies we studied, the planning and control of R and D expenditures
appears haphazard at best. An objective, factual assessment of the economic
benefits, direct and indirect, of R and D investments seems fo be very much the
exception. While part of this is a natural outgrowth of the inevitable uncertainty
of the task and the necessary flexibility and informality that characterize most
research activities, it also represents management’s failure to deal adequately
with the planning and control process. The R and D project-selection process
observed was primarily one of ‘advocacy’, based on the personal interests of
zesearchers, the pet projects of key administrators, and a variety of other criteria
which could be at odds with the strategic ‘interests of the company.

In one company major R and D decisions are determined by internal power
dynamics, which has led to a considerable amount of ‘hobby work’, or unauthor-
ized research on pet projects. In another, funds are allocated by function or
discipline on the basis of advocacy and power, even though it is recognized that
individual product allocations might provide a more solid basis for planning.
Despite the need for an objective costjustification of research projects, we found
Little incentive among R and D dedision makers for either planning or forecasting
of technology.

3. Failure to understand the role of sephisticated management technigues. A further
aspect of managerial resistance to technological forecasting (and to other manage-
ment techniques) results from a fear of the unknown, a concem that decision-
making prerogatives are being pre-empted, and/or the fear that systematic
decision-making techniques may uncover incorrect decisions made in the past. In
addition, the adoption of sophisticated forecasting is likely to further complicate
the planning task rather than simplify it. :

4. Failure of top management to support forecasting efforts. The support of top
management is a requisite for many major changes, but we found few top
managers supporting techinological forecasting, and none initiating it. Initiation
generally came from one man with the right background, interest and motiva-
tion, but without the influence necessary to establish his technological forecasting
ideas.

The staff-line barrier is another aspect of this problem, manifested by a
corporate staff trying to sell the technique to a divisional planning group, which,
in turn, is asked to sell it to the divisional management.

3. Failure of divisional management io look far enough ahend. A final management
impediment to technological forecasting is the short time perspective of line
decision makers in profitcontrolled divisions. The pay-off from technological
forecasting is often in the long run, and, as one director of technology planning
noted, “The big corporation has no memory for the long-term investment’.
(Dory and Lord, 1970; Roberts, 1968)

Many other empirical surveys could be cited to confirm these conclusions,
notably Olin (1972). They support the general arguments of Nelson and
Winter (1977), Dosi (1984, 1988), Downie (1958), Gold (1971, 1979} and
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Marzis (1964) on the theory of the firm. Dowsnde was concemned to explain
why it was that the process of concentration in more efficient firmns did not
proceed more rapidly and more ‘rationally” since big inter-firm differences
in effidency were clearly apparent. His explanation was in terms of
“unexpected’ success of innovations in firms which had fallen behind. Thus
the ‘innovation mechanism’ offset the efficency ‘transfer mechanism’, con~
stantly changing the relative position of compeiiive Srms. Marris was
arguing that growth maximization was a more realistic explanation of firm
behaviour than profit maximization. He postulated, however, that suc_.'n
growth policies were subject to a profits constraint. Insofar as R&D is
regarded mainly as a force contributing to growth and survival, its spread
may be associated with fhe type of professional managerent attitudes
which he identified as characteristic of the modern corporation, but in so
far as they are unable to estimate Ekely profitability, it will remain
higgledy-piggledy, with the profit/survival constraint sometimes weeding
out the unducky as well as the ineffident. )
Moreover, the empirical evidence confims that decision-making in
relation to R&D projects or general sirategy is usually a matter of contro-
versy within the firm. The general uncertainty means that many different
views may be held and the situation is typically one of advocacy and
political debate in which project estimates are used by interest groups to
buttress a particular point of view. Evaluation technigues and technological
forecasting, Like tribal war dances, play 2 very impertant part in mobiliz-
ing, energizing and organizing, ) )
Althcugh a defensive R&D strategy may be regarded as the typical
response of the firm in reseazch intensive branches of industry, it is by no
means the only possible response. Particularly in countries where science is
in any case underdeveloped, such a strategy may not be 2 realistic possi-
bility. Even in the case of firms in advanced economies, managemen’cs of
some frms may prefer a strategy of imitation, dependence or even suicide.
These may be the only realistic alternatives where strong military or civil
demands from government provide a powerful arfifidal stimulus in
paricular sectors of the world market, or where multinationa! corporations
enjoy overwhelming advantages in scale of R&D, dynamic economies and
market power, ] o
The possibilities open to the firm will be considerably affected by
natonal innovation policies. From the historical account in Part One it was
evident that the growth of synthetic materials in Germany and of
electronics in the USA were intimately related to government policies. By
greatly reducing both the technical and the markef uncertainty, govermn-
ments provided a very powerful stimulus to industrial inmovation. The
profitability constraint (or profit maximizing behaviour for those who
prefer this assumption) means that the time horizon of most firms in their
decision-making is relatively short. This inevitably militates against long-
term strategies, so that the advocates of long-term R&D policies in the ﬁrm
will usually be at a disadvantage, urless they have external support of this
kind. This is of great importance in censidering such problems as poliution,
energy conservation and resource depletion {see Part Four). )
For this reason (the uncertainty and long-term nature of r?:'.dzcal R&.D),. it
must be expected that there will be a fendency in a private capitalist
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economy fo underinvestment in long-term research and innovation, in spite
of the potential advantages which the individual firm may gain. This
underinvestment will be greatest in fundamental research and the more
radical types of innovation (Nelson, 1959; Arrow, 1962). It is largely for this
reason that in capitalist and the former socialist economies alike, -govern-
ments finance most fundamental research and a certain amount of radical
innovation (see Chapter 16). Conversely, there may well be overinvestment
in shortterm R&D associated with product differentiation and brand
image. In conditions of oligopoly the firm strives to reduce market uncer-
tainty by differentiating the market for its own products through a com-
bination of advertising and minor technical changes. It does not necessarily
follow, however, as Arrow and other economists have -suggested, that a
more perfect innovation system would separate R&D from the firm. The
evidence from SAPPHO as well as most other innovation studies confirms

- . the view that the coupling entrepreneurial function of the firm can be most

efficently performed if it is active in' R&D itself. ‘Successful innovation
depends on combining technical with market knowledge. There is also the
negative evidence that those socialist economies which initially separated
industrial R&D from the enterprise were generally revising these polides in
the 1970s in the direction of greater emphasis on enterprise-level R&D. The
debates on the ‘core competences’ of firms (Teece, 1986; Prahalad and
Hamil, 1990) generally led to the conclusion that there were major

~advantages for those firms which were able tc integrate their manufactur-
ing know-how with their R&D. Some economists explained ¢his in terms of
transaction-cost theory (Williamson, 1975, 1285) but sociological explana-
tions also cazry convicton (Mowery 1983).

The overall picture which emerges from this survey of uncerfainty and
project selection in relation io innovation is rather more Tolstoyan than the
neaclassical theory of the firm tends to assume. Most firms are unable to
make very rational calculations sbout any one project, because of the
uncertainty which is inherent in the process, because they lack the infor-
mation necessary for rational behaviour and because they lack the time and
the inclination to get it or to use very complex methods of assessment. This
means that growth is higgledy-piggledy and that no one foresees very
clearly the outcome of their own or their competitors’ behaviour. If anyone
doubts this let them consider the behaviour of the firms involved in the
United States and European computer industries between 1950 and 1990,
or in the radio industry between 1900 and 1930. Nevertheless, the social
benefits and costs arising from this untidy innovative process can be very
great. We now turn to a consideration of the various strategies which are
open to the firm in the face of this degree of techmical and market
uncertainty, and in Part Four we consider the problem from the standpoint
of national policy.

NOTE

1. One can only agree with Mansfield’s ironic comments on the apparent opti-

mistic self-deception of US research managements in believing that ‘good’

- estimates could be made of many of these factors. The point here, however, is
the relative accuracy.

CHAPTER il
INNOVATION AND THE
STRATEGY OF THE FIRM

111 THE RANGE-CF INNOVATION STRATECIES
Even though the survival and profitability constraints are obviously of the

t3

greatest imporiance in explaining fimm DPehaviour, we conciude from

Chapter i0 thal ragonal profit maximizing behaviour (or growth maxi-

mizing) is seldom possible in the face of the uncerizinties assodated :with
individual innovation projects. This is not to deny that neodlassical short-
run theory is a valuable, precise, abstract mode! of frm behaviour, but it
means that this model has Hmited relevance, and that other ways of
interpreting and understanding innovalive behaviour are needed (Neison
and Winter, 1577, 1582; Dosi ef 4l., 1988}. One possible approach to su;h a
theory (and it is no more than a fivst ap}?roac.:h) is to look at the w rious
strategies open to a firm when confronted with technical change. Such an
approach doss not look to an equilibrivm which is never attained, but does
take into account the historical context of any industry in a particular
country. This chapter classifies some possible sirategies, and discusses
them in relation to R&D, and other innovative activities of the firm. )
Any deassification of strategies by types is necessarily somewhat arbifrary
and does violence fo the infinite variety of cdircumstances in the real world.
The use of such ideal types may nevertheiess be useful for purposes of
conceptualization, just as the use of the concepts o;‘ extrovert and Infrovert
is useful in psychology. In practice there is an infinite gradation beiw en
fypes, and many individuals possess characieristics of both fypes. _u'IoEe-
over, individuals (and firms} do not always behave true fo fype. Firally,
people and firm strategies are always changing, so that generahzatczoj—'.s
which were true of a previous decade will not gecessanly be true of the
next. For example, information and communication technology is leading
to many changes in the behaviour of firms, especially with respect to their
external networks of relationships and their collaboration with other firms
{Coombs et al., 1996; Hagedoom and Schaken;raad, 1992}.' ‘
Any firm operates within a spectrum of technological and market
possibilities arising from the growth of world science and technology and
the world market. These developments are largely independent of the
individual firm and would mostly continue even if it ceased to exist. To
survive and develop it must take imto account these limitatiens and
historical circumstances. To this extent its innovative activity is not free or
arbitrary, but historically drcumscribed. its survival and growth depend
upon its capacity to adapt to this rapidly changing external envirorznent
and to change it. Whereas traditional economic theory largely ignores the
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complication of world sdence and technology and looks to the market as
the environment, changing technology is a citically important aspect of the
environment for fixrms in most industries in most countries.

Within these limits, the firm has a range of options and alternative
strategies. It can use its resources and scientific and technical skills in a
variety of different combinations. It can give greater or lesser weight to
short-term or long-term considerations. It can form alliances of various
kinds. It can license innovations made elsewhere. It can attempt market
and technological forecasting. It can attempt to develop a variety of new
products and processes on its own. It can modify world science and tech-
nology to a small extent, but it cannot predict accurately the outcome of its
own innovative efforts or those of its competitors, so that the hazards and
risks which it faces if it attemnpts any major change in world technology are
always present.

Yet not to innovate is to die. Some firms actually do elect to die.® Firms
which fail to introduce new products or processes in the chemical, instru-
ments or electronics industries cannot usually survive, because their com-
petitors will pre-empt the market with product innovations, or manufacture
standard products more cheaply with new processes. Consequently, if they
wish to survive despite all their uncertainties about innovation, most firms
are on an innovative treadmill. They may not wish to be offensive inno-
vators, but they can often scarcely avoid being defensive or imitative
innovators. Changes in technology and in the market and the advances of
their competitors compel them to try and keep pace in one way or another.
There are various alternative strategies which they may follow, depending
upon their resources, their history, their management attitudes, and their
luck (Table 11.1).

They differ from those which are rormally considered in relation fo the
economist’s model of perfect competition, since two of the assumptions of
this model are perfect information and equal technology. Both of these
assumptions are completely unrealistic in relation to most of the sirategies
we are considering, but they are perhaps relevant for the traditional
strategy which may be followed by firms producing a stendard homo-
geneous commodity under competifive conditions. Such firms can concen-
trate all their ingenuity on low-cost efficient production and can ignore
other scientific and technical activities or treat them as exogenous to the
firm. Some products are still produced under conditions which may
sometimes approximate to traditional competitive assumptions but they are
only at one end of the spectrum. The traditional strategy is essentially non-
innovative, or insofar as it is innovative it is restricted to the adoption of
process innovations, generated elsewhere but available equally to all firms
in the industry. Agriculture, building and catering are examples of indus-
tries which in some respects approximate to these assumptions, although
all three are now quite strongly affected by information technology and by
organizational innovations.

We consider six alternative strategies, but they should be considered as a
spectrum of possibilities, not as clearly definable pure forms. Although
some firms recognizably follow one or other of these strategies, they may
change from one strategy to another, and they may follow different
strategies in different sectors of their business.

INNOVATION AND THE
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11.2 OFFENSIVE STRATEGY

An “offensive’ innovation strategy is one designed to achieve technical ahd
market leadership by being ahead of competitors in the introduction of
new products? Since a great deal of world science and technology is
accessible to other firms, such a strategy must either be based on a special
relationship with part of the world sdence—technology system, or on
strong independent R&D, or on very much quicker exploitation of new
possibilities, or on some combination of these advantages. The special

relationship may involve recruitment of key individuals, consultancy-

arrangements, contract research, good information systems, personal links,

or a mixture of these. But in any case the technical and scientific infor-

mation and knowledge for an innovation will rarely come from a single
source or be available in a finished form. Consequently the firm’s R&D
department has a key role in an offensive strategy. It must itself generate
that sdlentific and technical information and knowledge which is not
available from outside and it must take the proposed innovation to the
point at which normal production can be launched. A partial exception to
this generalization is the new firm which is formed to exploit an inmovation
already wholly or largely developed elsewhere, as was the case with many
scientific instrument innovations. The new small firm is a special category
of offensive innovator. The remarks here apply primarily to already estab-
lished firms, but we may recall the conclusion of Chapters 8 and 9 that the
importance of the new small innovating firm is related to the reluctance
and inability of many established firms to adopt an offensive strategy.

The firm pursuing an offensive strategy wili normally be highly research
intensive, since it will usually depend to a considerable extent on inhouse
R&D. In the extreme case it may do nothing but R&D for some years. It
will usually attach considerable importance to patent protection since it is
aiming to be first or nearly first in the world, and hoping for substantial
menopoly profits to cover the heavy R&D costs'which it incurs and the
failures which are inevitable. It must be prepared to take a very long-term
view and high risks. Examples of such an offensive strategy which have
been considered in Part One are RCA’s development of television and
colour television, Du Pont’s development of nylon and Corfam, IG Farben's
development of PVC, ICI’s development of Terylene, Bell’s development of
semiconductors, Houdry’s development of catalytic cracking, and the UK
Atomic Energy Authority’s development of various nuclear reactors. It
took more than ten years from the commencement of research before most
of these innovations showed any profit, and some never did so.

The extent to which an offensive strategy requires the pursuit of inhouse
fundamental research is a matter partly of debate and partly of definition.
From a narrow economic point of view it is fashionable to deride inhouse
fundamental research, and to regard it as an expensive toy or a white
elephant. Certainly it can be this, and the advice of many economists and
management consultants to leave fundamental research fo universities has
a kernel of good sense, but it is too narrow. Certainly some of the most
successful offensive innovations were partly based on inhouse fundamental
research. Or at least the firms who were doing it described it as such, and
it could legitimately be defined as research without a specific practical end
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in view (the definition of applied research). However, it was certainly not
compietely pure research in the academic sense of knowledge pursued
without any regard to the possible appiications. Perhaps the best descrip-
tion of ‘it is oriented fundamental research or background fundamental
research. A strong case can be made for doing this type of research as part
of an offensive sirategy {or even in some cases a5 part of z defensive
strategy). -

The - siraightforward economic argument against inhouse fundamental
research holds that no frm cen possibly do more than a smazll fraction of

© - the fundamental research which is relevant, and that In any case the firm

can get access o the resnits of fundamerdal research performed elsewhere.
This oversimnplified ‘economy’ argument breaks down because of its faiture
to understand the nature of irformation processing in research, and the
peculiar nature of the interface between science and technelogy. There is no
direct correspondence between changes in sdence and changes in tech-
nology. Their interacton is extremely complex and resembles more a
process of mutual scanning of old and new knowledge. The argument that
‘anyone can read the published resuiis of fundamental scientific research’ is
only a half-truth. A number of empirical studies which have been made in
the Unites States indicate that access to the results of fundamental research
is pardy related to the degree of parficipaton (Price and Bass, 1965;
Steinmuelier, 1954). In frying o answer the guestion: “Why do firms do
basic research with their own money?’, Rosenberg {i990) described basic
research invesiment as a “Hicket of admission” to scdentific and knowledge-
budlding networks. Many case studies of innovation show that direct access
to original research resuits was exitemely important, although the mode of
access vaned considerably (linois Institute of Technology Research Inst-
tute, 1969; Langrish ef al., 1972; Wilkins, 1967; Gibbons and Johnston, 1974;
Industrial Research Institute Research Corporation, 1979%; Hounshell and
Smith, 1988). More systematic studies by Mansfield (1591} of 76 major
American firms showed that most of them believed that a significant
proportion of their new products and processes introduced between 1975
and 1985 could not have been developed without the results of funda-
mental university research in the fifteen years prior to the inncvations.

Inhouse fundamental research was obvicusly important in some of the
cases considered in Part One (e.g. nylon and polyethylene), and its role in
relation to Bell's discovery and development of the transistor is discussed
in a classic paper by Nelson (1962). It was also important in a significant
proportion of the American case studies, for example in GE and Dow. The
results of SAPPHO, although not strongly differentiating between success
and failure on the basis of fundamental research performance, did suggest
a marginal advantage to fundamental research performers (Science Policy
Research Unit, 1972). It may sometimes be a matter of hair-splitting as to
whether research is defined as background, oriented basic or applied
research. It must always be remembered that all schemes of classification
are to some extent arbitrary and artificial.

Price and Bass (1969) attempted to meastre the relative importance of
direct participation as one of the modes of access to original research. They
classified 244 coupling events in 27 inmovaton case studies. A coupling
event is one which links developments in basic science with technological
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Table 11.2 Frequency of use of coupling method

Suifs and Frey and Tannenbaum
Category of coupling Bueche Goldman ({MAB)
Indirect® 8 5 25
Passive availability® 28 17 43
Direct participation® 38 18 490
‘Gatek 14 2 6
All “coupling events’ 88 42 114

a

N No direct dialogue between originators and users of new scientific knov;rledge.

Scientists are open to approach but do not initiate a dialogue. Technologists request
assistance,

Includes inter-disciplinary teams, exchanges and consultants.

Gifted individuals assigned the specific function of promoting communication between
sclentists and engineers.

Source: Price and Bass (1969).

<
d

advances. The results shown in Table 11.2 indicate that direct participation
was involved in 40 per cent of the events, and passive availability of
scientists -outside firms was also very important. It is not unreasonable to
postulate that here too the effectiveness of communication is o some extent
a function of the degree of involvement in basic research.

Most of these studies relate to innovations made by firms which would
probably be classified as offensive, and tend to confirm the view that
inhouse oriented fundamental research combined with monitoring activi-
ties and consultancy are important modes of access to new knowledge for
firms pursuing such a strategy. Price and Bass conclude that:

1. Although the discovery of new knowledge is not the typical siarting point
four italics} for the innovative process, very frequently interaction with new
knowledge or with persons actively engaged in scientific resesdrch is essential.

2. Innovation typically depends on information for which the requirement
cannot be anticipated in definitive terms and therefore cannot be pro-
grammed in’ advance; instead key information is often provided through
unrelated research. The process is facilitated by a great dea}l of freedom and
flexdbility in communication across organizational, geographical and
disciplinary lines. ‘

3. The function of basic research in the innovative process can often be
described as meaningful dialogue between the scientific and technological
communities, The entrepreneurs for the innovative process usually belong to
the latter sector, while the persons intimately familiar with the necessary
scientific understanding are often part of the former.

{Price and Bass, 1969, p. 804)

These findings are exiremely important, because it has often been con-
cduded from individual case studies that technical innovations bear no
relation to basic research or the advance of scientific knowledge. The
results of the US Department of Defense Project Hindsight (Sherwin and
Isenson, 1966) and of the Manchester Queen’s Award study (Langrish ef al.,
1972) were often wrongly construed in this way, because they suggested
that most of the new products were based on an ‘old’ science. Any major

INNOVATION AND THE STRATEGY OF THE FIRM 271

innovation will draw on z stock of knowledge, much of which is old in this
sense. But the capacity to innovate successfully depends increasingly on the
ability to draw upon this whole corpus of structured knowledge, old and
new {Steinmueller, 1994).

The availability of external econornies in the form of a highly developed
scientific and technological infrastructure is consequently a critical element
in innovative efficdency. Although these external economies are to some
extent woridwide, and o this extent it makes sense #o talk of 2 world stock
or pool of knowledge, access to many paris of it is Hmited. Cultural,
educational, political, nationza! and proprietary commerdial barriers prevent
everyone from drawing freely on this stock as well as purely geogr%p}ucal
factors. The zability to gain access fo it is an important aspect of R&D
management and bears a definite relatonship {o research performance and
reputation. Pavitt's inter-couniry comparisons of innovalive performance
(1971, 1980) also bear out this conclusion and so too does the study by
‘Gitbons and Johnston on the interacton of sdence and technology {1974).

We mayv conclude, therefore, both from the resulis of Price and Bass and
other empirical studies and fom our own survey, that the performance of
fundamental research, while not essential to an offensive imnovation
strategy, is often a valuable means of access to new and old knowledge
generated outside the firm, as well as a source of new ideas within the firmn.
While uitimately all firms may be able to use new sdentific knowledge, the
firmn with an offensive strategy aims to get there many years sooner. Even if
it does not conduct oriented fundamental research Itself it will need to be
able to communicate with those who do, whether by the performance of
appied research, through comsultants or through recruitment of young
postgraduates or by other means. This has very imporiant implications for
training policy as well as for commurications with the outside scientific and
technological community. _

However, although access to basic scientific knowledge may often be
important, the most critical technological functions for the firm pursuing an
offensive innovaten shtategy will be those centred on experimental
development work. These will include design engineering on the one hand,
and applied research on the other. A firm wishing to be zhead of the world
in the introduction of a new product or process must have & very sirong
problem-solving capacity in designing, building and tfesting prototypes and
pilot plants. Its heaviest expenditures are likely to be in these areas, and it
wili probably seek patent protection not only for its original breakthrough
inventions but also for a variety of secondary and follow-up inventicns.
Since many new products are essentially engineering systems, a wide range
of skills may be needed. Pilkington’s were successful with the float glass
process and IG Farben with PVC, largely because they had the scientific
capacity to resolve the problems which cropped up in pilot plant work and
could not be resolved by rule of thumb. The same is even more {rue of
ruclear reactor development work. )

There has been a great deal of confusion and misunderstanding over
expenditure on R&D in relation to the total costs of innovation. It became
fashionable to talk of R&D costs as a relatively insignificant part of the total
costs of innovation — at most 10 per cent. This view is not supported by any
empirical research and is based on a misreading of a US Department of
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Commerce report frequently quoted and requoted. The small amount of
empirical research which has been done on this question indicates that R&D
costs fypically account for about 50 per cent of the total costs of launching a
new product in the electronics and chemical industries. As in so mar
aspects of industrial innovation it was Mansfield and his colleagues (1971,
1977) who got down to the hard task of systematic empirical observation
and measurement, rather than plucking generalizations from the air. Their
results were confirmed on a larger scale by the Canadian surveys of indus-
trial R&D and by German work (OECD, 1982).

This is not to minimize the importance of production planning, tooling,
market research, advertising and marketing. All of these functions must be
efficiently performed by the innovating firm, but its most important dis-
tinguishing feature is likely to be its heavy commitment to applied research
and experimental development. As we have seen, this was characteristic of
IG Farben, Du Pont, GE, RCA, Bell and other offensive inmovators. In the
case of the new firm established to launch a new product, the inventor-
entrepreneur is the living embodiment of this characteristic.

However, in order to succeed in its offensive strategy the firm will not
only need to be good at R&D, it will also need to be able to educate both
its customers and its own personnel. At a later stage these functions may
be socialized as the new technology becomes generally established, but in
the early stages (which may last for some decades) the innovating firm
may have to bear the brunt of this educational and training effort. This
may involve running courses, writing manuals and textbooks, producing
films, providing technical assistance and advisory services and developing
new instruments. Typical examples of this .aspect of innovation are the
Marconi school for wireless operators, the BASF agricultural advisory

- stations, the ICI technical services for polyethylene and other plastics, the
IBM and ICL computer training and advisory services, UKAEA’s work on

isotopes, and technical education of the consortia and the CEGB. As we-

have seen, many observers {eg. Brock, 1975) believed that the efficient
provision of these services was the decisive advantage of IBM in the world
computer market at the time of its greatest dominance.

The offensive innovator will need good sdientists, technologists and
technicians for all these functions as well as for production and marketing
of the new product. This means that such firms are likely to be highly
education intensive in the sense of having an above average ratio of
scientifically trained people in relation to their total employment. The
generation and processing of information occupy a high proportion of the
labour force, but whereas for the traditional firm this would represent a top
heavy and wasteful deployment of resources, these activities are the life-
blood of the offensive innovating firm. It is the conversion of information
into new knowledge of products and processes which is its most important
eature.

11.3 DEFENSIVE INNOVATION STRATEGY

Only a small minority of firms in any country are willing to follow an
offensive innovation strategy, and even these are seldom able to do so
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consistently over a long period. Their very success with original innovations
may lead them into a position where they are essentially resting on their
laurels and consolidating an established position. They will in any case often
have products at various stages of the product cycle — some completely
new, others just established and still others nearing obsolescence. The vast
majority of firms, including some of those who have once been offensive
innovators, will follow & different strategy: defensive, imitative, dependent,
traditional, or opportunist. It must be emphasized again that these cate-
gories are not pure forms but shade into one another. The differences
assume particular importance in relation to industry in the developing
countries, but they are alsc important in Europe and the United States.

A defensive strategy does not imply absence of R&D. On the contrary a
defensive policy may be just as research intensive as an offensive pokicy.
(The example of Sloan’s approach fo R&D at GM cescibed in Chapter 6 is
a good illustration.) The difference lies in the nature and fiming of inno-
vatons. The defensive innovators do not wish to be the frst i the world,
but neither do they wish to be lzft behind by the tide of technical change.
They may not wish o incur the heavy risks of being the first to innovate
and may imagine that they can proft from the mistakes of early innovators
and from their opening up of the market Altematively, the defensive
innovator may lack the capacity for the more original types of innovation,
and in particular the links with fundamental research. Or they may have
particular sirength and skilis in production engineering and in marketing.
Most probably the reascns for a defensive strategy will be a mixture of
these and similar factors. A defensive sirategy may somefimes be involun-
tary in the sense that a would-be offensive innovator may be outpaced by a
more successiul offensive competitor. .

Several surveys (Nelron ef al, 1967; Schott, 1975, 1976; Sirilli, 1982) have
shown that in all the leading countries, most industrial R&D is defensive or
imitative in, character and concerned mainly with minor improvements,
modifications of existing products and processes, technical services and
other work with short Hme horizons. Defensive R&D is probably typical of
most cligopolistic markets and is clasely kinked to product differentiation.
For the oligopolist, defensive R&D is 2 form of insurance enabling the firm
to react and adapt to the technical changes introduced by competitors.
Since defensive innovators do not wish to be left too far behind, they must
be capable of moving rapidly once they decide that the time is ripe. If they
wish to obtain or retain a significant share of the market they must design
models at least as good as the early innovators and preferably incor-
porating some technical advances which differentiate their products, but at
a lower cost. Consequently, experimental development and design are just
as important for the defensive innovator as for the offensive innovator.
Computer firms which continued to market valve designs long after the
introducton of semiconductors could no{ survive. Chemical contractors
which attempted to market a process which was technically obsolescent
could not survive either. The defensive innovator must be capable at least
of catching up with the game, if not of leap-frogging. This means that in
industries such as semiconductors and software, ali innovators must be
extremely agile since the life of each new generation of components and
products is so short (Hobday, 1994).
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In an interesting study of the computer market, Hoffmann (1976) main-
tains that IBM has mainly followed a defensive innovation strategy,
although with some offensive elements, while Sperry Rand (Univac)
pursued a more consistently offensive strategy and Honeywell an imitative
strategy. Since IBM spent far more on R&D than Sperry Rand in absolute
terms, this jllustrates the point that the defensive innovator may well
commit greater scientific and technical resources than the offensive inno-
vator. A certain amount of slack may be necessary in order to cover many
new possibilities and to retain the flexibility needed to move very fast in
catching up with the technical advances first introduced by competitors.
However, even with heavy R&D spending a defensive strategy may lead to
a firm being outflanked by more agile competitors. The classic case of an
R&D-intensive firm being outmanoeuvred in this way was IBM's late
development of the personal computer. In the end, they had to do this
using external sources and an R&D team which stood outside their main
R&D fadlities {Chapter 7).

Patents may be extremely important for the defensive innovator but they
assume a slightly different role. Whereas for the pioneer patents are often a
critical method of protecting a technical lead and retaining a monopolistic
position, for the defensive innovator they zre a bargaining counter to
weaken this monopoly. The defensive innovators will typically regard
patents as a nuisance, but will claim that they have to get them to avoid
being excluded from a new branch of technology. The offensive innovators
will often regard them as a major source of licensing revenue, as weli as
protection for the price level needed to recoup' R&D costs. They may fight
major legal battles to establish and protect their patent position (RCA with
television, ICI with polyethylene, La Roche with tranquillizers, EMI with
- their scanner; Telefunken with PAL), and typically their receipts from
licensing and know-liow deals will far exceed expenditure. (In 1971, ICI
had receipts of £13 million and expenditure of £3 million.)

The defensive innovators will probably find it necessary to devote
resources to the education and training of their customers as well as their
own staff. They will also usually have to provide technical assistance and
advice and these functions may be just as important for the defensive as
for the offensive innovators. On the other hand, advertising and selling
organizations, the traditional weapons of the oligopolist, will probably be
more important, and to some extent technical services to customers will be
bound up with this. The oligopolist may well attempt to use a combination
of product differentiation and technical services to secure a market share
not attainable by sheer originality (Brock, 1975; Hoffmann, 1976).

Both the offensive and the defensive innovator will be deeply concerned
with long-range planning, whether or not they formalize this function
within the firm. In many cases this may still often be the vision of the
entrepreneur and his immediate associates, but increasingly this function,
t00, is becoming professionalized and specialized, so that product planning
is a typical department for both offensive and defensive innovators.
However, the more speculative type of ‘technological forecasting’ is more
characteristic of the offensive innovator, and as we have seen in Chapter
10, still has considerable affinities to astrology or fortune-telling. It should
probably still be regarded as a kind of sophisticated war dance to mobilize
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a facton in support of a particular project or strategy, but increasingly
serious techniques have been developed (Bright, 1968; Beattie and Reader,
1971; Encel et al., 1975; and Jones, 1981).

The defensive innovator, then, like the offensive innovator, will be a
knowledge intensive firm, employing a high proportion of scientific and
technical personnel. Sdentific and ical informaton services will be
particularly irnportant, and so will speed in dedsion-making, since survival
and growth will depend to & considerable extenit on fiming. The defensive
innovators can wait uniil they see how the market is going to develop and
what mistakes the pioneers make, but they dare not wait too long or they
may miss the boat altogether, or slip into a position of complete depen-
dence in which they have lost their freedom of manoeuvre. R&D will be
geared. to speed and effidency in development and design work, once
management decides to take the plunge. Such firms will somelimes
describe their R&D as advanced development rather than research.

Most commonly, the large multi-product chemical or electrical firm will
contain elements of both offensive and defensive straiegies In ifs various
product lines, but a defensive sirategy is more characteristic of firms in the
smaller industrialized countries, which cannot risk an offensive strategy or
lack the scientific envirorment and the market.

The strategy which a firm is able or willing to pursue is strongly influ-
enced by its national environment and government pelicy. Thus, for
example, European firms since the war have generally been unable or
unwilling to attempt offensive innovatons in the semiconductor industry
and their role has been almost entirely defensive (Chapter 7 and Hobday,
1991). French chemical firms have often followed a defensive strategy while
German chemical firms have often been offensive. The complex interplay of
national environment and firm strategy cannot be dealt with in detail here.
But it is important to make the simple but fundamental point that many
firms in the offensive group are United States firms, while most firms in
the developing countries are imitative, dependent or iaditiomai, with
Europe in an intermediate position. In the eighteenth and early ninetzenth
centuries many British firms were following offensive inngvabion strategies,
although without formal R&D depariments. An over-simplified interpreta-
tion of Japanese experience since 1990 would be in terms of the movement
of an increasing proporton of firms from {raditional to imitative strategies,
and then to defensive and offensive innovations. Japanese national policy
has been designed to facilitate this progression. The extent of this shift is
dearly observable in the statistics of the Japanese technclogical balance of
payments since the war. In the early post-war period Japanese firms were
spending far more on buying foreign licences and know-how than they
were receiving from the sale of their own techinology. At this time it was
customary to regard the Japanese as ‘superb imitators’ and the long-term
elements in their strategy were often oveslooked. During the 1970s and
1980s on the new contracts which they signed, Japanese firms received
more from the sale of their own technology than they paid out.

Hobday (1995) has shown in his research on the innovative strategies of
East Asian firms in the ‘Tigers’ that there has been similar progression in
their strategies from dependence, imitation and joint projects with foreign
firms to increasingly independent innovations. National policies have tried
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to facilitate this (see Chapter 12). A technology policy of this sort involves a
gradual change in the mix of STS in the direction of a more R&D-intensive
mix. The type of R&D also changes from adaptive to increased originality,
but it may require a long period in which most enterprises follow a
dependent or imitative strategy, while slowly strengthening their technical
resources, on the basis of a carefully conceived long-term: national policy,
involving protection of ‘infant technology’ as well as the build-up of a wide
range of government-supported STS. The main elements of this lohg-term
national strategy have been well described by Allen (1981) and are
analysed further in Chapter 12. The precise balance of STS must vary with
the size, resource endowment and historical background of each country.
But in many developing countties STINFO (Science and Technical Infor-
mation Services), survey organizations, standard institutes, technical assist-
ance organizations and design-engineering consultancy organizations
capable of impartial scrutiny and feasibility studies for projects involving
imported technology are all of critical importance. They can provide the
essential science and technology infrastructure which enableés the STS at
enterprise level to funcHon effectively, despite the inevitable limitations in
trained scientific and technical personnel. Only a few enterprises will
-gradually be able to develop first an adaptive and later an original inno-

-vative capacity. However, even in the United States the vast majority of:

firms are traditional, dependent or imitatve in their st.-ategies. We now
tamn to a consideration of these alternztves, -

114 IMITATIVE AND DEPENDENT STRATEGIES

The defensive innovators do not normally aim to produce a carbon-copy
imitation of the products introduced by early innevators. On the contrary,
they hope to take advantage of early mistakes to imiprove upon the design,
and they must have the technical strength to do so. At least they would
like to differentiate their products by minor technical improvements. They

will- try- to compete by. establishing an independest patent position rather

than simply by taking a licence, but if they do take-a licénce it will usually
be with the aim of using it as a springboard to do better. However, their
expenditure on acquisition of know-how and Heences from other (offensive
and defensive) firms may often exceed their income from licensing. For the
imitative firm it will always do so.

The imitative firm does not aspire to ‘leap-frogging’ or even to keeping
up with the game. It is content to follow some way behind the leaders in
established technologies, often a long way behind. The extent of the lag
will vary, depending upon the particular circumstances of the industry, the
country and the firm. If the lag is long then it may be unnecessary to take a
licence, but it still may be useful to buy know-how. If the lag is short,
formal and deliberate licensing and know-how acquisition will often be
necessary. The imitative firm may take out a few secondary patents but
these will be a byproduct of its activity rather than a central part of its
strategy. Similarly, the imitative firm may devote some resources to
technical services and fraining but these will be far less important than for
the innovating firms, as the imitators will rely on the pioneering work of
others or on the socialization of these activities, through the national
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education system. An exception to this generalization might be in a com-
pletely new area (e.g. in a developing counizy) when neither imports nor
the subsidiary of an innovating firm have opened up the market. The
enterprising imitator may aspire to become a defensive innovator,
especially in rapidly growing economies. This will mean an upgrading of
STS and the strengthening or commencement of R&D activities, leading
often to joint ventures or coliaborative agreements with foreign or domestic
firms. Examples of this are discussed in Pari Three.

The imitator must enjoy certain advaniages to enier the market in
competition with the estabtished innovaiing firmis. These may vary from a
captive market to decisive cost advantages. The captive market mzay be
within the firm itself or iis saiellites. For example, 2 large user of synthetic
rubber, such as a tyre company, may decide to go into production on its own
account. Or it may be in & geographical area where the fnm eroys spedal
advantages, varying from a politically privileged position to tariff

" protection. {This was the typical situation In many developing counties in

the period of import substitution and stll today in many cases). Altema-
tively or additionally, the imitator may enjoy advantages in lower labour
costs, plant investment costs, energy supplies or material costs. The former
are more iImporiant in electrical equipment, the latter in the chemical
industry. Lower material costs may be the result of a naturzl advantage or of
other activities (e.g. oil refineries in the plastics industry). Fnally, imitators
may enjoy advantages in managerial efficiency and in much lower overhead
costs, arising from the fact that they do not need to spend heavily on R&E,
patents, fraining, and technical services, which loom so large for the
innovating firm. The extent to which imitators are able o erode the position
of the early innovators through these advantages will depend upon the
continuing pace of technological change. The early Innovators will try to
maintain a sufficient fiow of improvements and new geherations of
equipment, so as to lose the imitators. But if the technologv settles down,
and the industry becomes mature, they are vulnereble and may have to
innovate elsewhere. Du Pont's dedision to move right cut of the rayon

industry despite their techndcai sirength is & good example of sirategic

planning of this kind. Several other more recent cases in the chemical
industry are discussed in Quintella (1993} in his book on sirategic
management. In some industries and technologies {but by no means ali)
the growth of an industry may be represented as following a cyclical pattern
— a product cycle from ‘birth” to ‘maturity’. Sometimes the pace of technical
change and the rapid succession of new generations of products may delay
‘maturity’, while in others apparently ‘mature’ industries may be rejuven-
ated. However, in those cases where it is 2 useful approximation to the
growth pattern Hirsch (1965) has summarized the characteristics of the
product cycle which may permit imitators to compete (Table 11.3 and Fig.
11.1). The extent to which they are actually able to do so, parficularly in
developing countries, is strongly influenced by institutional factors and
government policies {(see Chapters 12 and 15}.

Unless the imitators enjoy significant market protection or privilege they
must rely on lower unit costs of production to make headway. This will
usually mean that in addition fo lower overhezads, they will also strive to be
more efficient in the basic production process. They may attempt this by
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Table 113 Characteristics of the product cycle

ECONOMICS OF INDUSTRIAL INNOVATION

Cycle phase

Characteristics

Early

Mature

Growth

Mass production methods

Long runs and stable technology
Few mnovations of importance

gradually introduced
Varfations in techniques still

Short runs :
Rapidly changing techniques
Dependence on external

Technology

frequent

economies

High, due to large quantity of
specialized equipment

High, due to high obsolescence
rate

Low

Capital intensity

Entry is know-how determined
Numerous flrms providing

specialized services

entry

Financial resoutces critical for
Number of firms declining

Many casualties and mergers
Growing vertical integration

Growing number of firms

Industry structure

Scientific and engineering

Unskilled and semi-skilled
labour

Management

Critical human inputs

Sellers’ market

Information casily available

Buyers’ market

Demand struciure
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Source: Hirsch (1965).
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product ¢ycle phase

production factors
new growth mature

management

scientific and
engineering
know-how

unskiiled fabour

external economies

@a

Fig. 3.1 The relative importance of vasious factors in different phases of the
product cyde.

Note: The purposs of the blocks is simply to rank the importance of the different factors, at
different stages of the product cycle. The relative areas of the rectangles are not intended to
imply anything more precise than this.

* Considered to be of equal importance.

Sowurce: Hirsch {19635).

process improvements, but both static and dynamic economies of scale will
usually be operating to their competitive disadvantage, so that good adap-
tive R&D must be closely linked to menufacturing. Consequently,
production engineering and design are two technical functions in which
the imitators must be strong. Even if they are making carbon copies under
licence, the imitators cannot afford to have high production costs unless
they have high tariff protection. They will also wish to be well-informed
about changes in production techniques and in the market, so that scientific
and technical information services are another function which is essential for
the imitator firm. The information function is also important for the selection
of products to imitate and of firms from which to acquire know-how. It is
clear that in all of this the would-be imitator in the typical developing
country may be severely handicapped by local drcumstences, unless
national policies are carefully designed to facilitate technical progress.
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If national policies and firm strategies are strongly oriented towards
catch-up, for example, with respect to training, education, finance for
investment and the import of technology, then it may be possible for
latecomers to turn their lateness into a competitive advantage. Gerschenk-
ron {1962) developed this theory of latecomer advantages mainly with
respect to scale of plant in the steel industry in the nineteenth century. He
pointed {o the importance of financial institutions which could bear the
costs of heavy investment and argued that given this ‘social capability’
latecomer firms could enjoy the advantages of the existence of an
established world market and the availability of skills and technologies

which could be imported quickly and more cheaply than those which were-

available to the early innovators. Jang-Sup Shin (1996) has extended
Gerschenkron's analysis with the example of the South Korean steel
industry and the South Korean semiconductor industry.

The examples cited in Chapter 2 on the British cotton industry show,

however, that the British offensive innovators in the late eighteenth and
early nineteenth century were able to reinforce their competitive advantages
by economies of agglomeration and networking advantages, as well as by
organizational and marketing innovations. Inn the end, they were overtaken
by catch-up firms in latecomer countries, but it was a very extended process.
The balance is a delicate and complicated one and the extent to which
latecomer firms and countries can overcome their disadvantages by
determined and intelligent catch-up strategies is one of the key questions
discussed in Part Three, especially in the chapters on national systems of
innovation (Chapier 12) and development {Chapter 15). :
' " A dependent strategy involves the acceptance of an essentially satellite or
subordinate role in relation to other stronger firms. The dependent firm does
not attempt to initiate or even imitate technical changes in its product,
except as a result of specific requests from its customers or its parent. It will
usually rely on its customers to supply the technical specification for the
new product, and technical advice in introducing it. Most large firms in
industrialized countries have a number of such satellite firms around them
supplying components, or doing contract fabrication and machining, or
supplying a variety of services. The dependent firm is oftent a subcontractor
or even a sub-subcontractor. Typically, it has lost all initiative in product
design and has no R&D facilities. The small firms in capital intensive
industries are often in this category and hence account for rather few
innovations (see Chapter 9). For the special role of such firms in the
Japanese economy, see Clark (1979); Sako, (1992); Womack et 4l., (1990).

The dependent small subcontract firm may, however, also seek to
upgrade its technology and in some instances its major customers may help
it to do so. In Chapter 9, we have seen that the most dynamic small firms
are the so-called NTBFs (new technology based firms). These will often be
offensive inmovators in very specialized niche markets. However, small
subcontract firms may also move from a dependent status to the category
of innovative firms by the upgrading of their spedalized knowledge in a
narrow field. They may also lessen their dependence by enlarging their
customer network once they strengthen their own innovative competence.

As we saw in Chapters 6 and 7, the Japanese automobile and electronic
industries are often cited as examples of changing subcontractor relation-
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ships. The large assembly firms may extend technical assistance to their
‘Arst-tier” suppliers, lend them engineers, and collaborate with them in
upgrading the specifications cf the components and materials which they
supply. The same strategy is being iruzeasingly imitated in Europe and
North America and indeed some large firms in both retailing and manu-
facture already pursued it decades ago. Marks and Spencer is a good
example of this. The case of Chrysler is another interesting example. For a
long time this firm was distinctly the weakest of the three top US auto-
mobile firms and was actually saved from bankuptcy by the federal
government. |t deliberately afiempted to emudate the Japanese sirategy of
working closely with suppiers in order to emerge from #s difficulties.
From 1989 to 1996 it reduced the number of supplers from 2,500 to 1,140
but established a new relationship of coliaboration it design and manu-
facturing with the remaining companies. Dver (1998}, who studied the
supplier companies, described this transformation as the creation of an
‘American Keirelsu’ and showed that Chrysler's profit per vehicle leapt
from an average of $250 in the 1980s to a record for all US automobile
firms of $2,110 per vehicle in 1934, From being the least profitable, Chrysler
bzcame the most profitable of the US aufo firms in the 1990s and the
supplier firms were able to make numerous suggestions for improvements,
many of which were implemented. Although the main benefits in this case
appear to have gone to Chrysler, there were clearly also gains for suppliers
and a changed form of dependence based more on mutual fust and co-
operaton.

The pure dependent firm is in effect a department or shop of a larger
firm, and very often such firms are actually taken over. But it may suit the
Jarger firm to maintain the client relationship, as subcontractors are a
usefud cushion to mitigate fluctuations in the work load of the main firm.
In the -1980s and 1990s, there has been &z fairly strong worldwide trend
towards outsourcing by large firms of acdvities which were once per-
formed inhouse. The dependent firmm may also wish to retain its formal
independence as the owners may hope they will ulémately be able 1o
change their status by diversificaiion or by enlarging their market. They
may in any case prize even that limited degree of autonomy which they
still enjoy as a satellite firm. In spite of their apparenily weak bargaining
position, they may enjoy good profits for considerable periods, because of
low overheads, entrepreneurial skill, specizlized craft knowledge or other
peculiar local advantages. Even if they are ‘squeezed’ pretty hard by their
customers, they may prefer to endure long periods of low profitability
rather than be taken over completely. Although banlcuptdes and take-
overs may be common, there is also a sfream of new entries.

11.5 TRADITIONAL AND OPPORTUNIST STRATEGIES

The ‘dependent’ firm differs from the ‘traditional” in the natwre of its
product, The product supplied by the ‘fraditional” firm changes little, if at
all. The product supplied by the ‘dependent’ firm may change quite a lot,
but in response to an initiative and a specification from outside. The
traditional firms sees no reason {o change its product because the market
does not demand a change, and the competificn does not compel it to do
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50. Both lack the scientific and technical capacity to initate product
changes of a far-reaching character, but the traditional firm may be able to
cope with design changes which are essentially fashion rather than
technique. Sometimes indeed, this is its greatest strength.

Traditional firms may operate under severely competitive conditions

approximating to the perfect competition model of economists, or they may
operate under conditions of fragmented local monopoly based on poor
communications, lack of a developed market economy, and pre-capitalist
social systems. Their technology is often based on craft skills and their
scientific inputs are minimal or non-existent. Demand for the products of
such firms may often be very strong, to some extent just because of their
traditional craft skills (handicrafts, restaurants and decorators). Such firms
may have good survival power even in highly industrialized capitalist
economies. But in many branches of industry they have proved vulnerabie
to exogenous technical change. Incapable of iniiating technical innovation
in their product line, or of defensive response to the technical changes
introduced by others, they have been gradually driven out. These are the
‘peasants’ of industry. o :
- An industrialized capitalist sodety includes some industries which are
predominantly traditional, and others characterized by rapid technical
innovation. It has been argued that an important feature of the twentieth
century has been the growth of the research intensive sector. But it is a
matter of conjecture and of policy as to how far this change may continue.
It is a complex process, since sometimes the very success of a technical
innovation may lead to standardized mass production of a new commodity
with little further technical change or research for a long time. Usially,
however, the industries generated by Ré&ID have continued to perform it, so
that the balance has gradually shifted towards a more research intensive
" economy, and a higher rate of technical change. It is the contention of this
book that this has been one of the most important changes in twentieth-
century industry, but it must be seen over a long time perspective. -

This change is now extending to service industries and may prove to be
an even more important structural change in the economies of the twenty-
first century, both in the presently industrialized countries and in the
developing countries. Mainly as a result of the pervasiveness of ICT, some
service industries, such as the financial services, entertainment and infor-
mation services are becoming both more capital intensive (through their
heavy investment in computers and communication equipment) and more
research intensive (through their employment of software and electzonic
engineers). The telecommunication industry which was already fairly R&D-
intensive and capital intensive is now even more so and is rapidly extend-
ing its linkages to the world of enterfainment and multimedia services.
Moreover, the old boundaries between manufachuring and services, which
were already being bridged in the 19505 and 1960s are now often com-
pletely eroded.

It was always hard to classify a firm like IBM, either to services or to
manufacturing since it was extremely strong in both. As the share of
software and consultancy in the total output of the computer industry has
been rapidly increasing, IBM {and similar computer firms) has become
more and more like a service firm, even though manufacturing remains a
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vitally important activity. The same tendency <an be seen in the case of
firms manufacturing telecommunication equipment: Ericsson, one of the
most successful European firms in this industry, now employs fewer than
10 per cent of its employees in manufacturing. Most of its personnel are
engaged in software, design of systems, R&D, worldwide consultancy and
marketing, technical services, management and networking. It subcontracts
a great deal of manufacturing. Smart {1596} has described how even 2
classical manufacturing firm like General Eiectric in the United States is
moving into service areas as & matter of deliberate strategy. Manufacturing
accounted for 56 per cent of total revenuse in 1990 but this had declined to
44 per cent by 1995 and was projected to decline still further to 33 per cent
by the year 2000. Finandal services, medical services, consultancy and
‘after-market services” were all expanding rapidly. :

An even more exiveme example is that of Benetton, which most people
would think of as a firm belonging to the dothing industry. But, as Belussi
(1993} and others have shown, Benetton actually has hardly any employees
in manufachring, except in experimentzl operations designed to keep
abreast of new technological developments. Almost alt manufachuring is
subcondracied fo a network of small firms in North-Eastern Italy, whereas
Benetton itself concentrates on design and worldwide marketing through
hundreds of franchised refall outlets all over the world. ICT is extremely
important for Benetton since the daily seies data from these retail outlets
are processed and co-ordinated by a computerized warehouse near Venice
and form the basis for the manufaciuring orders to the subconiractors.

All these examples are illustrative of the fundamenial changes affecting
the economy through the worldwide diffusion of ICT. Firms everywhere
are being obliged to rethirk their strategies as a resuit. Of course, this
rethinking may not take the form of deliberate sophisticated new manage-
ment strategies. Only in a minority of rather large frms will sophisticated
management tools such as technological forecasting be deployed. The latest
meanagement fashions, such as re-engineering or technological audits, lean
producton or bench-marking will be more common. But in the vast
majority, the rethink will take the form of chdef executives, entrepreneurs
and other managers responding to ideas or pressures from campetitors,
from the media, from suppliers and other extemal sources of information
and knowledge, and adapting their own hunches or visions of the future
accordingly. The shift in thinking related to the diffusion of the ICT techno-
economic paradigm is everywhere apparent (see Chapter 17).

This shift has been less the result of any conscious central government
strategy (although government policies have increasingly tended to favour
this change) than the outcome of a long series of adaptive responses by
firms to external pressures at home and abread, and of attempts to realize
the dreams of inventors. The efforts of firms to survive, to make profits and
to grow have led them to adopt one or more of the strategies which have
been discussed. But the variety of possible responses to changing circum-
stances is very great, and to allow for this element of variety one other
category should be included, which may be described as an opportunist or
niche strategy. There is always the possibility that enirepreneurs will
identify some new opportunity in the rapidly changing market, which may
not require any inhouse R&D, or complex design, but will enable them to
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prosper by finding an important niche, and providing a product or service
which consumers need, but nobody else has thought to provide. Imagi-
native entrepreneurship is still such a scarce resource that it will constantly
find new opportunities, which may bear little relation to R&D, even in
research intensive industries.

Those firms which adopt a strategy of offensive or defensive innovation
have gradually leamed how to innovate. But there is no recipe which can
ensure success and intense controversy still surrounds the important
ingredients. The fact that they are often innovating on a world market
increases the uncertainty which they confront, and has often led to the
mvolvement of government to subsidize R&D, to create appropriate infra-
structures and to diminish market uncertainty. Economic policy inevitably
becomes enmeshed with policy for science and technology. These problems
are particularly acute for the developing countries and are discussed
further in Part Three.

11.6 CONCLUSIONS
In Part One it was argued from historical evidence that the professionaliza-

tion of the R&D process was one of the most important social changes in’

twentieth-century industry. In Part Two it has been argued that the
Tequirements of successful jnnovation and the emergence of an R&D

7 —establishment within industry have prefoundly modified ‘patterns of firm -

behaviour. This means that it is no longer satisfactory (if it ever was) o
explain behaviour exclusively in terms of response to price signals in an
external environment, and adjustment towards an equilibrium’ situation.
World technology is just as much a part of the firm’s environment as the
world market, and the firm’s adaptive responses to changes in technology
cannot be reduced to predictable reactions to price changes. This makes
things difficult for economists. It means that they must pay much more
attention to engineers and to sociology, psychology and political science.
Economists have an elegant theory which is confronted with a very untidy
and messy reality. Their theory was and is an important contribution to the
explanation and prediction of many aspects of firm behaviour, but it is riot

- self-sufficlent and attempts to make it so can only lead to sterility.

The chapters in Part Two offer little support to those theories of the firm
which have postulated either perfect knowledge or optimizing behaviour
with respect to the future. A more sophisticated modern defence of these
theories is the ‘as if’ version. It is conceded that firms are incapable of
making the type of calculations about the future, which are assumed in the
neoclassical story, but it is argued that the outcome is nevertheless the
same because competition ensures the survival and growth of those firms
who have behaved ‘as if’ they could. However, as Hodgson (1992) and
Winter (1986) have convincingly argued, this story is barely more credible
than the original version. Neither biological evolution, nor the evolution of
firms and industries, leads to optimality.

Far more plausible, in the light of the evidence in Parts One and Two,
are those theories of the firm, such as those of Nelson and Winter {1974,
1982) and of Dosi ¢t al. (1988} which take full account of bounded rationality,
imperfect information, market and technical uncertainty. Moreover, any
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satisfactory theory of the firm must also take account of the variety of
behaviour in different industrial sectors and over different historical periods.

The late Edith Penrose (1939} pointed ecornomics in this new direction
with her ‘resource-based’ theory of the fizmn, with various combinations of
‘competences’ and accomulated skills and knowledge. Most recent
theorizing has followed Teece {1986) in his development of these concepts
in relation to various funciions within the firm, ie. competence in R&D,
manufacturing and marketing. At one exireme this can lead to the rotion
of the ‘hollow corporation’ which subcontracts all manufactuzing. How-
ever, the examples which have been discussed zbove do not point
unequivocally in this direction. Even Benetton recognized the importance
of retaining some minimal competence in mamifacturing, If only to check
the work of subconizactors and to aveid being overtaken by sudden new
developments in technology.

An interesting and original alternative to this type of thinking is thadt
advanced by Christensan (1995}, He proposes & concephual distinction
between four generic categeries of assels for Immovadon: (1) scientific
research assets; (2} process innovative assets; (3) product innovative appli-
cation assets; {4} aesthelic design asseis. The last of these is too often
forgotten in theorizing about competence but is of the greatest importance
in many indusiries and services. Whereas innavation may someHmes
depend on only one or two of these four assels, more commonly & constel-
Iation of assets has to be mebilized. However, these assets may be located in
a variety of organizational selfings, which are moresver ofien regrouping.
Christensen’s theory indicates many exdting avenues of research both for
economists and for scciologists and organization theorists.

The discussion in this chapter is not infended as an aliernative theory
of firm behaviour. Such a thecry Tequires a greater integrative effort in
the social sciences. But it is intended to indicate the kind of issues which
must be embraced by any theory which sesks to explain the £rm’s inno-
vative and adaptive responses to technological change, as 'well as to price
changes in ifs factor inpuis and the market for its products. There are
encouraging indications that social sclentists from sevéral disciplines,
including economists, are beginning to tackle the development of a more
comprehensive and salisfactory theory of the frm (MacKenzie, 159;
Stirling, 1994).

NOTES

1. Metcalfe’s study {1970) on Lancashire cotton firms showed that a large number
were not willing to purchase a simple new piece of equipment.-(z size box), event
though it cost Jess than £100, and the payback period was dlearly demonstrated
by the Research Assodation and the mamufacturers to be less than one year.
Mansfield ef al.’s study (1972} of the adoption: process of numerically controlled
machine tools in the American tool-and-die industry simiarly showed that many
firms did not intend to adopt, ‘even when firm owners granted that the lack of
numerical control would soon be a major competitive disadvantage’. Mansfield
estimated the median payback period in this case as five years and suggests that
in many firms in this category the owners were close to retirement.

2. The new product may, of course, be a process for other firms.
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