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Peirce: CP Editorial Introduction to Electronic Edition

Charles S. Peirce (the "S" stands for "Sanders™ by Baptism and later for "Santiago™
as Charles' way of honoring William James) has so far best been known in academia
at large as some kind of a background figure to the rise of Pragmatism, as mentor to
that movement's truly well-known protagonists, William James and John Dewey. That
misleading identification is in the process of changing, and the literature supporting
the understanding of Peirce in the established framework of modern philosophy,
particularly with its opposition of "realism™ to "idealism" such as the works of
Buchler, Goudge, Manley Thompson already belong to the genre of depassé
interpretation.
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It is not merely a question of the curiously underassessed fact (excepting Apel's
pioneering 1970 study, Der Denkweg von Charles S. Peirce: Eine Einfihrung in
den amerikanischen Pragmatismus [Frankfurt am Main: Suhrkamp Verlag],
presciently retitled From Pragmatism to Pragmaticism for its 1981 English translation
by J. M. Krois [Amherst, MA: University of Massachusetts Press]) that, despite the
willingness on all sides to attribute the original coining of the term "pragmatism” as a
philosophical name to him, Peirce eschewed the classical pragmatist development to
the point of giving to his own position a new name, "Pragmaticism". It is a question at
bottom of the principal optic through which Peirce early and ever-after came to view
the problems of philosophy, the optic of "semiotic", as he called it after Locke, or the
doctrina signorum, as both Locke and Peirce called it, both unaware of the earlier
Latin Iberian development of this optic through the successive work of Domingo de
Soto (with his Summulae or Introductory Logic of 1529), Pedro da Fonseca (1564)
and the Conimbricenses (1607) he started, Francisco Araujo (1617), and the
culminating synthesis of John Poinsot's Tractatus de Signis (Treatise on Signs) of
1632 (also a full-text data-base in this Past Masters series).
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| first came to take Peirce seriously as a result of Thomas A. Sebeok's 1978 NEH
Summer Seminar on semiotics as a new foundation for the sciences. In that group of
seminarians there were three expert Peirceans, Jarrett E. Brock, H. William
Davenport, and George A. Benedict. It soon became clear that anyone studying Peirce
today on the basis of the Harvard Collected Papers of Charles Sanders Peirce
(henceforward CP) was essentially in the position of an animal wading into a pool of
piranha fish. A whole generation of young Peirce scholars had come of age under the
tutelage or indirect influence of Max Fisch, the most knowledgeable of all the senior
Peirce scholars, who had almost alone come to grasp the semiotic trajectory
animating the entire Peircean corpus. First through Kenneth Ketner's Institute for the
Study of Pragmaticism at Texas Tech University, and later through the Peirce Edition
Project at IUPUI, Fisch had shown the new generation not only the importance of the
unpublished Peirce manuscripts, but, equally importantly, how to read them with



semiotic eyes. Oddly enough, as an index of how much remains to be done in
achieving a balanced and integral presentation of the Peircean corpus, the recent An
Introduction to C. S. Peirce by Robert Corrington (Lanham, MD: Rowman &
Littlefield, 1993) stands out as the first introduction to give semiotic a co-ordinate
billing with such traditional aspects of Peircean thought as his metaphysics (yet even
in this ground-breaking over-all introduction, arguably the best so far, Corrington told
me that "piety toward the elders" inhibited him in annotating his bibliography).
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The story of the Harvard edition titled CP, which we here re-present in electronic
form, is a story fairly well known, and a sad one. Hartshorne and Weiss, along with
Burks later, deserve our thanks for getting the volumes out, but we must at the same
time regret the manner of their editing, which was to construct a topical scheme of
their own devising under which to sort and dissect the papers left whole to Harvard
through the good intentions of Josiah Royce. How Harvard abused that trust! The
story, at least, is now out with the bursting upon the scene of the newly-worked (after
more than thirty years of repression) biographical dissertation of Joseph Brent in the
form of the book, Charles Sanders Peirce. A Life (Bloomington, IN: Indiana
University Press, 1993). This publication is a tribute in equal parts to the writing skill
and historical tenacity of its author, to the editorial genius (to say nothing of the
detective skills) of Thomas A. Sebeok, and to the publishing genius of John Gallman,
the Director of the Indiana University Press.
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But why re-publish the CP now, just when the chronological edition of the
Writings (henceforward W) may be getting up steam? There are several answers to
this question. The first reason is that the CP is not in competition with W. The
chronological edition, when completed, will become the irreplaceable standard and, if
brought to completion at its current level of scholarly excellence, will remain
practically unsurpassable as a hardcopy critical source. But W is, simply put, taking
too long, partly in the nature of the task which, after all, however much more quickly
it might have been shepherded, cannot be rushed: it needs to be done rightly, and
critical editing takes time. Still, those of us alive today and interested in Peirce would
like to have access to as much of his work as possible as soon as possible. At present,
as far as published writings go, that still means the CP.
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A second reason is that CP contains some material which, at least according to
current plans, will not be included in W. That means that, for the foreseeable future,
the CP will remain an independent, and at least minor, source for Peircean
scholarship.
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The third reason, however, is the main reason for this edition. By bringing out the
CP in electronic form, we not only keep available the so-far primary published source
of Peirce material, but we present it in a form that enables the user in principle to
overcome the primary defect of the original publication, namely, its artificial
dismemberment of the Peircean corpus. Using the invaluable tool of the Burks
bibliography from the last of the eight CP volumes, which gave scholars the necessary
key to reconstruct the order of the Peirce manuscripts before the CP editors dissected
them and shuffled the pieces (it is amazing, between the Burks bibliography and the
Robin catalogue, not to mention many lesser essays, how much Peirce scholarship has
been devoted to undoing that dismemberment), we have created hypertext links which



will enable the users of the electronic edition to reconstruct and print out for
themselves Peirce's manuscripts in something like their original integrity.
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An illustration of this advantage of the electronic CP may be given using Peirce's
€.1895 essay "That Categorical and Hypothetical Propositions Are One in Essence”.
According to Burks (p. 286), paragraphs CP 2.332-339, 2.278-28, 1.564-567 (¢.1899),
and 2.340 "are from it in this order". Using the electronic CP, a reader can reconstruct
this whole and print it out as such for scholarly or classroom use. Thus the "bodily
parts” of the Peircean corpus, so far as they are included in the CP, may be easily
rearrayed in proper order so as to appear in something closer to the light under which
Peirce left them.
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This illustration brings out the fourth reason for this electronic edition, namely, to
stimulate self-appointed scholarly caretakers of the manuscript materials to hasten the
making available of the whole of the Peirce documents in electronic form even while
the critical published edition (for which there is no substitute) goes forward at its own
pace. Joseph Ransdell has been tirelessly promoting the desirability of an on-line
forum through the proposal of the Peirce electronic consortium and through the two
Peirce bulletin boards in which he is closely involved (contact Professor Ransdell at
<bnjmr@ttacs.ttu.edu> for full details of the possibilities). By presenting this edition
to the scholarly world, we have done the best that was possible at this actual historical
moment in bringing Peirce as so far published "on line".
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Past Masters Introduction

Below find the text of The Collected Papers of Charles Sanders Peirce. All
footnotes have been placed at the ends of their respective volumes. We have
numbered the footnotes of volumes 1-6 relative to the page (instead of using the
symbols of volumes 1-6). Footnotes authored by Peirce in volumes 1-6 are identified
by the letter "P" after the carat symbol (1) and before the numeral. Thus footnote TP1
is a footnote authored by Peirce (i.e. the numbered footnotes of the printed editions
(CP 1-6). In volumes 7 and 8 we have followed Burks scheme.

Peirce: Collected Papers - PAST MASTERS Introduction
A number of substitutions were made for symbols. Please see the "Key to
Symbols™ for a complete list.
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A number of groups have been created to facilitate searches. Please see the
"Groups of the database" for more information.
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A link token is found on every reference line which leads to the "Table of
Cross-References." The "Table of Cross-References” correlates the bibliography with
every paragraph of text of the CP. A link appears next to every bibliographic entry of



this table, which leads to the complete bibliographic record. Thus to see the complete
bibliographic record which identifies the source of any particular paragraph:

a) Go to the View menu, and execute the Hidden menu item (either by moving
to the item with your Arrow keys or mouse then pressing Return/Enter or by clicking
on the item with your mouse). Successful execution will result in a check mark to the
left of the Hidden menu item. All reference lines in the text will be unhidden. The
reference lines are located at the beginning of the paragraph, and appear purplish-red
on color screens.

b) Note your current paragraph number (e.g. CP 3.183); click with your mouse
on top of the link to the right of "Cross-Ref:". You will be moved to a table of
Cross-references for the volume in question.

c) Move to the paragraph range in the table (using your arrow keys or mouse)
in which your current paragraph falls, then click on the range with your mouse. You
will be moved to the record which identifies the bibliographic source of the paragraph
in question.
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Groups of the Peirce database

A number of groups have been created to make searching the database easier.
First, groups have been created from the divisions of Hartshorne, Weiss, and Burks.
[Group: CP1], [Group: CP2], ... [Group: CP8] etc. identify volumes 1 through 8. Thus
the search

[Group: CP3] abnumeral
would find all paragraphs in volume 3 containing the word abnumeral.
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A group exists for every book, chapter and section division as well. Thus the
search

[Group: cp4.i.ii] good

would find all paragraphs from Volume 4, Book I, Lecture Il containing the word
"good."
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Secondly, every paragraph of the Collected Papers has been placed in a group
which identifies the year in which the paragraph was authored. Thus the [Group:
Peirce.1888] group contains all paragraphs identified in the bibliography as having
been written in 1888. The search

[Group: Peirce.1888]
would find all paragraphs written by Peirce in 1888, which are in the CP. The search

[Group: Peirce.1888] abnumeral



would find all paragraphs written by Peirce in 1888 (in the CP) which contain the
word "abnumeral” (if any).
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This chronological grouping also exists at the 5-year and 10-year level. The
[Group: Peirce5.1875] and [Group: Peirce10.1880] groups contain every paragraph
authored by Peirce (in the CP, identified in the bibliography) in the years 1871-1875,
and 1871-1880 respectively. Thus the search

[Group: Peircel0.1890] [Group: Peirce5.1895] abnumeral

would find every paragraph containing abnumeral authored by Peirce between the
years 1881-1895 (in the CP).
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A group has been created from the text only and footnotes only of each
volume. These groups are accessible from the opening screen of the database. Thus
[Group: cpl.text] contains all paragraphs of the text of volume 1, and [Group:
cp3.footnotes] contains all footnotes of volume 3. A [Group: cp.text] group excludes
all footnotes, introductory and explanatory material, as well as table of contents
entries. (Thus the [Group: cp.text] group = [Group: cpl.text] or [Group: cp2.text] ...
[Group: cp8.text].) A [Group: cp.footnotes] group contains the footnotes from all 8
volumes. Finally, a [Group: peirce] group contains all and only material authored by
Peirce, from both footnotes and text.
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Key to Symbols: Introduction

Many symbols which do not appear in the extended ANSI or ASCII character
sets (or symbol font sets) appear in the text of the Collected Papers. In the Windows
and Macintosh version of this database, we are creating a Peirce font set that will
accurately display onscreen all symbols found in the Collected Papers. This new
Peirce font will appear in an updated version of the database. In the meantime, below
find all substitutions made, with (if necessary) an image which displays the symbol as
it appears in the print edition.

Peirce: CP Key to Electronic Symbols:
Key to Symbols

All subscripts are enclosed between brackets. Thus A[1] is A followed by the
subscript 1. Occasionally a bracket in the text is double-bracketed in the electronic
edition, to avoid ambiguity. Thus A[[1]] would indicate that an unsubscripted 1
enclosed by brackets appears in the printed edition.



Occasionally parentheses have been introduced to disambiguate expressions
made ambiguous by substituting notation. Parentheses were particularly necessary to
disambiguate numerators and denominators in division from surrounding expressions.

All Greek has been transliterated and is enclosed between braces {}. This
transliterated Greek will be replaced with true Greek in an updated version of this
database. Standard rules for transliteration were followed with the following
exceptions:

{é} = lowercase eta
{E} = uppercase eta
{6} = lowercase omega

{O} = uppercase omega

The $ sign is used to represent "some"”. If the the curved line appears over an
expression, the $ sign precedes the parenthesized expression.

-
A

A vertical bar above a symbol or expression has been replaced with a tilde
preceding the expression. Thus:

A—<B_, .
A,

A vertical bar underneath a symbol is represented by following the symbol
with _. If the vertical bar is underneath more than one symbol, the _ sign is placed
after the parenthetical expression:

X ALX
— = (X X)_

A dot over a symbol is represented by preceding the symbol with a dot. Thus:



e il

The remainder of the symbol-equivalents are self-explanatory:



= /0\

Peirce: CP Texts in Chronological Order
Texts in Chronological Order

1866-1870  1871-1880  1881-1890  1891-1900  1901-1910  1911-1913

1866 1871-1875  1881-1885  1891-1895  1901-1905 1911
1867 1871 1881 1891 1901 1913
1868 1882 1892 1902
1869 1873 1883 1893 1903
1870 1884 1894 1904
1875 1885 1895 1905 Undated
1876-1880  1886-1890  1896-1900  1906-1910
1876 1896 1906
1877 1887 1897 1907
1878 1898 1908
1879 1889 1899 1909
1880 1890 1900 1910
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INTRODUCTION

Charles Sanders Peirce plays a unique réle in the history of American
philosophy. During his own lifetime he published no book on philosophy, and except
for a relatively short period he held no university chair from which to impress his
influence upon students; yet he has come to be recognized as the founder of the one
distinctive movement which this country has produced.
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Pragmatism, as it developed, followed the pattern of William James' thought
and that of John Dewey rather than the conceptions of Peirce; but it was Peirce, as
James and Dewey magnanimously insisted, who defined the principle of the
movement and gave it the first impetus. Never indeed a leader of movements, Peirce
was an originator of ideas. He clearly formulated in his writings many conceptions
which are only today beginning to find recognition, and there are implications in his
thought which have not yet been fully developed.
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Avrticles on pragmatism represent only one phase of his work. Some of his best
thought was devoted to logical problems: to the logic of classes and relations, the
theory of signs, scientific method, to probability and induction, and to the logical



analysis of mathematics. In the development of exact or mathematical logic his papers
represent the most important and considerable contributions in the period between
Boole's Laws of Thought and Schréder's Vorlesungen. His writings on logic touch
almost every point of theoretical interest in the subject.
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His published papers, about seventy-five in number, include the series of
articles on pragmatism, the logical papers, and important discussions of metaphysical
problems. There are about twice as many book reviews. From these published works
one may gather some suggestion of the versatility of his interests and the wide range
of his studies, which included subjects as remote and unexpected as geodesy and
astronomy, telepathy, criminology, and optics. But perhaps because carefully edited
for publication, these papers and reviews fail to reveal as they might another side of
Peirce -- his humor, freshness, pithiness of phrase, his exuberance of idea, erratic
self-consciousness and self-confidence, his endless projection of vast systematic
constructions, the gleams of genius described by James in his famous phrase as
"flashes of brilliant light relieved against Cimmerian darkness.” Only in the less
formal writings does Peirce emerge as his friends at Harvard knew him in the great
period of philosophy there at the turn of the century.
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After Peirce's death in 1914, his unpublished manuscripts came into the care
of the Department of Philosophy at Harvard University. They number several
hundreds, not including fragments, the fruit of a long life devoted almost exclusively
to philosophy and to science in a great variety of forms. These manuscripts represent
all stages of incompleteness. Frequently there is no date or title, and many leaves are
out of place or altogether missing. Some of them were rewritten as many as a dozen
times: it is often evident that Peirce himself was not able to select the final form.
Some are clearly identifiable as earlier drafts of his published papers; others one may
assume to have been such drafts, although they differ from the published papers so
much as to make this a matter of doubt. Often these unpublished studies contain
passages, or longer portions, which impress those who have examined them as being
of greater worth or clarity than those in the published articles. There are, likewise, a
number of studies, often completed and of considerable length, and yet plainly
unrelated to any which were printed. Sometimes they can be identified, through
contemporary correspondence, as definite projects for publication which for one or
another reason, never came to fruition. Often, however, there is no indication of such
definite intent; he seems to have written merely from the impulse to formulate what
was in his mind. Nevertheless, Peirce's studies of this kind are usually fairly
continuous and systematic. If their merely private or preliminary nature is at all
betrayed, this is because in them Peirce allows himself to follow out the ramifications
of his topic, so that digressions appear which are inadmissible in print, but which
show vividly the interconnectedness of his thought and the unsystematic character of
his writings.
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Peirce possessed the system-making mind. That the merely external
exigencies of his life and the indifference of publishers prevented any full-length
presentation of his philosophy is a tragedy. And it is a tragedy which cannot now be
set right. His system cannot be completely reconstructed; even the attempt would
mean taking indefensible liberties with the manuscripts. The most that can be done is
to select, with such judgment as one can command, the most important of these



unpublished papers and to compare them with his published writings on the same
topic. Such selection is always difficult. Illuminating passages of great interest must
be passed by because inextricably connected with other material the inclusion of
which is not justified. On the other hand, because the doctrines they present are too
important to be omitted, papers and fragments must often be included although one is
sure that the author would not have printed them in their present condition. Often
there are alternative drafts of the same study, one distinctly superior in some portion
or respect; the other, in some other portion or respect. In such cases a choice is
necessary, although any choice is a matter of regret.
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In general, when Peirce's thought is at its best, he writes least well. For
relatively superficial and transient topics he commanded a facile style, as in the many
engaging contributions to The Nation. And in his more serious published work, he
never allowed anything to leave his hand until it had attained a certain clarity and
continuity. But when he is most in earnest (the manuscripts make this evident), the
systematic and detailed character of his thought impedes his pen: he is likely to fall
into some harsh jargon of his own, adopted in the interests of precision. The neatly
turned phrase or brief and striking statement must often be rejected, in favor of one
more technically accurate, or more complicated in the interest of adequacy. It is only
just, however, to recognize that there are infelicities of style which occur in some of
the papers included in these volumes which Peirce himself would never have allowed
to remain in the final published form.
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The more important of these manuscripts of Peirce, as well as his published
papers, have now been brought together in some ten volumes which will appear in
rapid succession. The first volume contains in outline his system, so far as it can be
presented, his writings on scientific method and the classification of the sciences, his
doctrine of the categories, and his work on ethics. The next volume deals with the
theory of signs and meaning, traditional logic, induction, the science of discovery and
probability; and the third volume reprints his published work on modern logic. The
fourth includes his unpublished original contributions to the foundations of
mathematics, logic and graphs. The fifth volume contains his papers on pragmatism.
The sixth is concerned with metaphysics. It is expected that the remaining volumes
will contain his writings on physics and psychology, as well as his reviews, letters
and biography.
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Nearly all the members of the Department during the last fifteen years, as well
as many others who were interested in Peirce, have devoted much time to the often
very intractable material of the manuscripts. But the final and laborious work of
selecting, arranging and preparing the papers for the press has been done by Dr.
Charles Hartshorne, formerly Instructor in Philosophy at Harvard and by Dr. Paul
Weiss, who is at present an Instructor in Philosophy at this university. The
Department desires to express its gratitude to the many friends who have contributed
generously towards the expense of printing the volumes.

* X *
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Wherever possible Peirce's punctuation and spelling have been retained. Titles
supplied by the editors for papers previously published are marked with an E, while
Peirce's titles for unpublished papers are marked with a P. Peirce's titles for
previously published papers and the editors' titles for unpublished papers are not
marked. Remarks and additions by the editors are inclosed in light-face square
brackets. The editors' footnotes are indicated by various typographical signs, while
Peirce's are indicated by numbers. Paragraphs are numbered consecutively throughout
each volume. At the top of each page the numbers signify the volume and the first
paragraph of that page. All references in the indices are to the numbers of the
paragraphs.

HARVARD UNIVERSITY
AUGUST, 1931.
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PREFACE 11

1. To erect a philosophical edifice that shall outlast the vicissitudes of time,
my care must be, not so much to set each brick with nicest accuracy, as to lay the
foundations deep and massive. Aristotle builded upon a few deliberately chosen
concepts -- such as matter and form, act and power -- very broad, and in their outlines
vague and rough, but solid, unshakable, and not easily undermined; and thence it has
come to pass that Aristotelianism is babbled in every nursery, that "English Common
Sense," for example, is thoroughly peripatetic, and that ordinary men live so
completely within the house of the Stagyrite that whatever they see out of the
windows appears to them incomprehensible and metaphysical. Long it has been only
too manifest that, fondly habituated though we be to it, the old structure will not do
for modern needs; and accordingly, under Descartes, Hobbes, Kant, and others,
repairs, alterations, and partial demolitions have been carried on for the last three
centuries. One system, also, stands upon its own ground; | mean the new
Schelling-Hegel mansion, lately run up in the German taste, but with such oversights
in its construction that, although brand new, it is already pronounced uninhabitable.
The undertaking which this volume inaugurates is to make a philosophy like that of
Aristotle, that is to say, to outline a theory so comprehensive that, for a long time to
come, the entire work of human reason, in philosophy of every school and kind, in
mathematics, in psychology, in physical science, in history, in sociology, and in
whatever other department there may be, shall appear as the filling up of its details.
The first step toward this is to find simple concepts applicable to every subject.t2
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2. But before all else, let me make the acquaintance of my reader, and express
my sincere esteem for him and the deep pleasure it is to me to address one so wise
and so patient. | know his character pretty well, for both the subject and the style of
this book ensure his being one out of millions. He will comprehend that it has not
been written for the purpose of confirming him in his preconceived opinions, and he



would not take the trouble to read it if it had. He is prepared to meet with propositions
that he is inclined at first to dissent from; and he looks to being convinced that some
of them are true, after all. He will reflect, too, that the thinking and writing of this
book has taken, | won't say how long, quite certainly more than a quarter of an hour,
and consequently fundamental objections of so obvious a nature that they must strike
everyone instantaneously will have occurred to the author, although the replies to
them may not be of that kind whose full force can be instantly apprehended.
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3. The reader has a right to know how the author's opinions were formed. Not,
of course, that he is expected to accept any conclusions which are not borne out by
argument. But in discussions of extreme difficulty, like these, when good judgment is
a factor, and pure ratiocination is not everything, it is prudent to take every element
into consideration. From the moment when | could think at all, until now, about forty
years, | have been diligently and incessantly occupied with the study of methods [of]
inquiry, both those which have been and are pursued and those which ought to be
pursued. For ten years before this study began, | had been in training in the chemical
laboratory. | was thoroughly grounded not only in all that was then known of physics
and chemistry, but also in the way in which those who were successfully advancing
knowledge proceeded. | have paid the most attention to the methods of the most exact
sciences, have intimately communed with some of the greatest minds of our times in
physical science, and have myself made positive contributions -- none of them of any
very great importance, perhaps -- in mathematics, gravitation, optics, chemistry,
astronomy, etc. | am saturated, through and through, with the spirit of the physical
sciences. | have been a great student of logic, having read everything of any
importance on the subject, devoting a great deal of time to medieval thought, without
neglecting the works of the Greeks, the English, the Germans, the French, etc., and
have produced systems of my own both in deductive and in inductive logic. In
metaphysics, my training has been less systematic; yet | have read and deeply
pondered upon all the main systems, never being satisfied until I was able to think
about them as their own advocates thought.

Peirce: CP 1.4 Cross-Ref: Tt

4. The first strictly philosophical books that | read were of the classical
German schools; and | became so deeply imbued with many of their ways of thinking
that I have never been able to disabuse myself of them. Yet my attitude was always
that of a dweller in a laboratory, eager only to learn what I did not yet know, and not
that of philosophers bred in theological seminaries, whose ruling impulse is to teach
what they hold to be infallibly true. | devoted two hours a day to the study of Kant's
Critic of the Pure Reason for more than three years, until I almost knew the whole
book by heart, and had critically examined every section of it. For about two years, |
had long and almost daily discussions with Chauncey Wright, one of the most acute
of the followers of J. S. Mill.
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5. The effect of these studies was that | came to hold the classical German
philosophy to be, upon its argumentative side, of little weight; although I esteem it,
perhaps am too partial to it, as a rich mine of philosophical suggestions. The English
philosophy, meagre and crude, as it is, in its conceptions, proceeds by surer methods
and more accurate logic. The doctrine of the association of ideas is, to my thinking,
the finest piece of philosophical work of the prescientific ages. Yet | can but
pronounce English sensationalism to be entirely destitute of any solid bottom. From



the evolutionary philosophers, | have learned little; although I admit that, however
hurriedly their theories have been knocked together, and however antiquated and
ignorant Spencer's First Principles and general doctrines, yet they are under the
guidance of a great and true idea, and are developing it by methods that are in their
main features sound and scientific.
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6. The works of Duns Scotus have strongly influenced me. If his logic and
metaphysics, not slavishly worshipped, but torn away from its medievalism, be
adapted to modern culture, under continual wholesome reminders of nominalistic
criticisms, I am convinced that it will go far toward supplying the philosophy which is
best to harmonize with physical science. But other conceptions have to be drawn from
the history of science and from mathematics.
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7. Thus, in brief, my philosophy may be described as the attempt of a physicist
to make such conjecture as to the constitution of the universe as the methods of
science may permit, with the aid of all that has been done by previous philosophers. |
shall support my propositions by such arguments as | can. Demonstrative proof is not
to be thought of. The demonstrations of the metaphysicians are all moonshine. The
best that can be done is to supply a hypothesis, not devoid of all likelihood, in the
general line of growth of scientific ideas, and capable of being verified or refuted by
future observers.
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8. Religious infallibilism, caught in the current of the times, shows symptoms
of declaring itself to be only practically speaking infallible; and when it has thus once
confessed itself subject to gradations, there will remain over no relic of the good old
tenth-century infallibilism, except that of the infallible scientists, under which head |
include, not merely the kind of characters that manufacture scientific catechisms and
homilies, churches and creeds, and who are indeed "born missionaries,” but all those
respectable and cultivated persons who, having acquired their notions of science from
reading, and not from research, have the idea that "science" means knowledge, while
the truth is, it is a misnomer applied to the pursuit of those who are devoured by a
desire to find things out....
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9. Though infallibility in scientific matters seems to me irresistibly comical, |
should be in a sad way if | could not retain a high respect for those who lay claim to
it, for they comprise the greater part of the people who have any conversation at all.
When | say they lay claim to it, | mean they assume the functions of it quite naturally
and unconsciously. The full meaning of the adage Humanum est errare, they have
never waked up to. In those sciences of measurement which are the least subject to
error -- metrology, geodesy, and metrical astronomy -- no man of self-respect ever
now states his result, without affixing to it its probable error; and if this practice is
not followed in other sciences it is because in those the probable errors are too vast to
be estimated.
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10. I am a man of whom critics have never found anything good to say. When
they could see no opportunity to injure me, they have held their peace. The little
laudation | have had has come from such sources, that the only satisfaction | have
derived from it, has been from such slices of bread and butter as it might waft my



way. Only once, as far as | remember, in all my lifetime have | experienced the
pleasure of praise -- not for what it might bring but in itself. That pleasure was
beatific; and the praise that conferred it was meant for blame. It was that a critic said
of me that | did not seem to be absolutely sure of my own conclusions. Never, if |
can help it, shall that critic's eye ever rest on what | am now writing; for | owe a great
pleasure to him; and, such was his evident animus, that should he find that out, | fear
the fires of hell would be fed with new fuel in his breast.
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11. My book will have no instruction to impart to anybody. Like a
mathematical treatise, it will suggest certain ideas and certain reasons for holding
them true; but then, if you accept them, it must be because you like my reasons, and
the responsibility lies with you. Man is essentially a social animal: but to be social is
one thing, to be gregarious is another: | decline to serve as bellwether. My book is
meant for people who want to find out; and people who want philosophy ladled out
to them can go elsewhere. There are philosophical soup shops at every corner, thank
God!
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12. The development of my ideas has been the industry of thirty years. | did
not know as | ever should get to publish them, their ripening seemed so slow. But the
harvest time has come, at last, and to me that harvest seems a wild one, but of course
it is not | who have to pass judgment. It is not quite you, either, individual reader; it is
experience and history.
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13. For years in the course of this ripening process, | used for myself to collect
my ideas under the designation fallibilism; and indeed the first step toward finding
out is to acknowledge you do not satisfactorily know already; so that no blight can so
surely arrest all intellectual growth as the blight of cocksureness; and ninety-nine out
of every hundred good heads are reduced to impotence by that malady -- of whose
inroads they are most strangely unaware!
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14. Indeed, out of a contrite fallibilism, combined with a high faith in the
reality of knowledge, and an intense desire to find things out, all my philosophy has
always seemed to me to grow. . ..
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LESSONS FROM THE HISTORY OF PHILOSOPHY

81. NOMINALISM 11

15. Very early in my studies of logic, before | had really been devoting myself
to it more than four or five years, it became quite manifest to me that this science was
in a bad condition, entirely unworthy of the general state of intellectual development
of our age; and in consequence of this, every other branch of philosophy except ethics
-- for it was already clear that psychology was a special science and no part of
philosophy -- was in a similar disgraceful state. About that time -- say the date of
Mansel's Prolegomena Logicat?2 -- Logic touched bottom. There was no room for it
to become more degraded. It had been sinking steadily, and relatively to the advance
of physical science, by no means slowly from the time of the revival of learning -- say
from the date of the last fall of Constantinople.t3 One important addition to the
subject had been made early in the eighteenth century, the Doctrine of Chances. But
this had not come from the professed logicians, who knew nothing about it. Whewell,
it is true, had been doing some fine work; but it was not of a fundamental character.
De Morgan and Boole had laid the foundations for modern exact logic, but they can
hardly be said to have begun the erection of the edifice itself. Under these
circumstances, | naturally opened the dusty folios of the scholastic doctors. Thought
generally was, of course, in a somewhat low condition under the Plantagenets. You
can appraise it very well by the impression that Dante, Chaucer, Marco Polo,
Froissart, and the great cathedrals make upon us. But [their] logic, relatively to the
general condition of thought, was marvellously exact and critical. They can tell us
nothing concerning methods of reasoning since their own reasoning was puerile; but
their analyses of thought and their discussions of all those questions of logic that
almost trench upon metaphysics are very instructive as well as very good discipline in
that subtle kind of thinking that is required in logic.
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16. In the days of which | am speaking, the age of Robert of Lincoln, Roger
Bacon, St. Thomas Aquinas, and Duns Scotus, the question of nominalism and
realism was regarded as definitively and conclusively settled in favor of realism. You
know what the question was. It was whether laws and general types are figments of
the mind or are real. If this be understood to mean whether there really are any laws
and types, it is strictly speaking a question of metaphysics and not of logic. But as a
first step toward its solution, it is proper to ask whether, granting that our
common-sense beliefs are true, the analysis of the meaning of those beliefs shows
that, according to those beliefs, laws and types are objective or subjective. This is a
question of logic rather than of metaphysics -- and as soon as this is answered the
reply to the other question immediately follows after.
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17. Notwithstanding a great outburst of nominalism in the fourteenth century
which was connected with politics, the nominalists being generally opposed to the
excessive powers of the pope and in favor of civil government, a connection that lent
to the philosophical doctrine a factitious following, the Scotists, who were realists,
were in most places the predominant party, and retained possession of the
universities. At the revival of learning they stubbornly opposed the new studies; and



thus the word Duns, the proper name of their master, came to mean an adversary of
learning. The word originally further implied that the person so called was a master of
subtle thought with which the humanists were unable to cope. But in another
generation the disputations by which that power of thought was kept in training had
lost their liveliness; and the consequence was that Scotism died out when the strong
Scotists died. It was a mere change of fashion.
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18. The humanists were weak thinkers. Some of them no doubt might have
been trained to be strong thinkers; but they had no severe training in thought. All their
energies went to writing a classical language and an artistic style of expression. They
went to the ancients for their philosophy; and mostly took up the three easiest of the
ancient sects of philosophy, Epicureanism, Stoicism, and Scepticism. Epicureanism
was a doctrine extremely like that of John Stuart Mill. The Epicureans alone of the
later ancient schools believed in inductive reasoning, which they grounded upon the
uniformity of nature, although they made the uniformity of nature to consist in
somewhat different characters from those Stuart Mill emphasizes. Like Mill, the
Epicureans were extreme nominalists. The Stoics advocated the flattest materialism,
which nobody any longer has any need of doing since the new invention of Monism
enables a man to be perfectly materialist in substance, and as idealistic as he likes in
words. Of course the Stoics could not but be nominalists. They took no stock in
inductive reasoning. They held it to be a transparent fallacy. The Sceptics of the
Renaissance were something like the agnostics of the generation now passing away,
except that they went much further. Our agnostics contented themselves with
declaring everything beyond ordinary generalizations of experience to be
unknowable, while the Sceptics did not think any scientific knowledge of any
description to be possible. If you turn over the pages, for example, of Cornelius
Agrippa’s book De [incertitudine et] vanitate scientiarum [et artium] [1531], you
will find he takes up every science in succession, arithmetic, geometry, mechanics,
optics, and after examination pronounces each to be altogether beyond the power of
the human mind. Of course, therefore, as far as they believed in anything at all, the
Sceptics were nominalists.
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19. In short, there was a tidal wave of nominalism. Descartes was a
nominalist. Locke and all his following, Berkeley, Hartley, Hume, and even Reid,
were nominalists. Leibniz was an extreme nominalist, and Rémusat [C. F. M.?] who
has lately made an attempt to repair the edifice of Leibnizian monadology, does so by
cutting away every part which leans at all toward realism. Kant was a nominalist;
although his philosophy would have been rendered compacter, more consistent, and
stronger if its author had taken up realism, as he certainly would have done if he had
read Scotus. Hegel was a nominalist of realistic yearnings. I might continue the list
much further. Thus, in one word, all modern philosophy of every sect has been
nominalistic.

Peirce: CP 1.20 Cross-Ref: Tt

20. In a long notice of Frazer's Berkeley, in the North American Review for
October, 1871,11 I declared for realism. | have since very carefully and thoroughly
revised my philosophical opinions more than half a dozen times, and have modified
them more or less on most topics; but | have never been able to think differently on
that question of nominalism and realism. In that paper | acknowledged that the
tendency of science has been toward nominalism; but the late Dr. Francis Ellingwood



Abbot in the very remarkable introduction to his book entitled "Scientific Theism"
[1885], showed on the contrary, quite conclusively, that science has always been at
heart realistic, and always must be so; and upon comparing his writings with mine, it
is easily seen that these features of nominalism which | pointed out in science are
merely superficial and transient.
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21. The heart of the dispute lies in this. The modern philosophers -- one and
all, unless Schelling be an exception -- recognize but one mode of being, the being of
an individual thing or fact, the being which consists in the object's crowding out a
place for itself in the universe, so to speak, and reacting by brute force of fact, against
all other things. I call that existence.
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22. Aristotle, on the other hand, whose system, like all the greatest systems,
was evolutionary, recognized besides an embryonic kind of being, like the being of a
tree in its seed, or like the being of a future contingent event, depending on how a
man shall decide to act. In a few passages Aristotle seems to have a dim apercue of a
third mode of being in the entelechy. The embryonic being for Aristotle was the being
he called matter, which is alike in all things, and which in the course of its
development took on form. Form is an element having a different mode of being. The
whole philosophy of the scholastic doctors is an attempt to mould this doctrine of
Aristotle into harmony with christian truth. This harmony the different doctors
attempted to bring about in different ways. But all the realists agree in reversing the
order of Aristotle's evolution by making the form come first, and the individuation of
that form come later. Thus, they too recognized two modes of being; but they were
not the two modes of being of Aristotle.
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23. My view is that there are three modes of being. I hold that we can directly
observe them in elements of whatever is at any time before the mind in any way. They
are the being of positive qualitative possibility, the being of actual fact, and the being
of law that will govern facts in the future.
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24. Let us begin with considering actuality, and try to make out just what it
consists in. If I ask you what the actuality of an event consists in, you will tell me that
it consists in its happening then and there. The specifications then and there involve
all its relations to other existents. The actuality of the event seems to lie in its
relations to the universe of existents. A court may issue injunctions and judgments
against me and | not care a snap of my finger for them. | may think them idle vapor.
But when | feel the sheriff's hand on my shoulder, | shall begin to have a sense of
actuality. Actuality is something brute. There is no reason in it. | instance putting
your shoulder against a door and trying to force it open against an unseen, silent, and
unknown resistance. We have a two-sided consciousness of effort and resistance,
which seems to me to come tolerably near to a pure sense of actuality. On the whole, |
think we have here a mode of being of one thing which consists in how a second
object is. I call that Secondness.
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25. Besides this, there are two modes of being that I call Firstness and
Thirdness. Firstness is the mode of being which consists in its subject's being
positively such as it is regardless of aught else. That can only be a possibility. For as



long as things do not act upon one another there is no sense or meaning in saying that
they have any being, unless it be that they are such in themselves that they may
perhaps come into relation with others. The mode of being a redness, before anything
in the universe was yet red, was nevertheless a positive qualitative possibility. And
redness in itself, even if it be embodied, is something positive and sui generis. That |
call Firstness. We naturally attribute Firstness to outward objects, that is we suppose
they have capacities in themselves which may or may not be already actualized,
which may or may not ever be actualized, although we can know nothing of such
possibilities [except] so far as they are actualized.
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26. Now for Thirdness. Five minutes of our waking life will hardly pass
without our making some kind of prediction; and in the majority of cases these
predictions are fulfilled in the event. Yet a prediction is essentially of a general
nature, and cannot ever be completely fulfilled. To say that a prediction has a decided
tendency to be fulfilled, is to say that the future events are in a measure really
governed by a law. If a pair of dice turns up sixes five times running, that is a mere
uniformity. The dice might happen fortuitously to turn up sixes a thousand times
running. But that would not afford the slightest security for a prediction that they
would turn up sixes the next time. If the prediction has a tendency to be fulfilled, it
must be that future events have a tendency to conform to a general rule. "Oh," but say
the nominalists, "this general rule is nothing but a mere word or couple of words!" |
reply, "Nobody ever dreamed of denying that what is general is of the nature of a
general sign; but the question is whether future events will conform to it or not. If
they will, your adjective 'mere’ seems to be ill-placed.” A rule to which future events
have a tendency to conform is ipso facto an important thing, an important element in
the happening of those events. This mode of being which consists, mind my word if
you please, the mode of being which consists in the fact that future facts of
Secondness will take on a determinate general character, I call a Thirdness.
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82. CONCEPTUALISM t1

27. Many philosophers call their variety of nominalism, "conceptualism”; but
it is essentially the same thing; and their not seeing that it is so is but another example
of that loose and slapdash style of thinking that has made it possible for them to
remain nominalists. Their calling their "conceptualism” a middle term between
realism and nominalism is itself an example in the very matter to which nominalism
relates. For while the question between nominalism and realism is, in its nature,
susceptible of but two answers: yes and no, they make an idle and irrelevant point
which had been thoroughly considered by all the great realists; and instead of drawing
a valid distinction, as they suppose, only repeat the very same confusion of thought
which made them nominalists. The question was whether all properties, laws of
nature, and predicates of more than an actually existent subject are, without
exception, mere figments or not.tfP1 The conceptualists seek to wedge in a third
position conflicting with the principle of excluded middle. They say, "Those
universals are real, indeed; but they are only real thoughts.” So much may be said of
the philosopher's stone. To give that answer constitutes a man a nominalist. Are the
laws of nature, and that property of gold by which it will yield the purple of Cassius,



no more real than the philosopher's stone? No, the conceptualists admit that there is a
difference; but they say that the laws of nature and the properties of chemical species
are results of thinking. The great realists had brought out all the truth there is in that
much more distinctly long before modern conceptualism appeared in the world. They
showed that the general is not capable of full actualization in the world of action and
reaction but is of the nature of what is thought, but that our thinking only apprehends
and does not create thought, and that that thought may and does as much govern
outward things as it does our thinking. But those realists did not fall into any
confusion between the real fact of having a dream and the illusory object dreamed.
The conceptualist doctrine is an undisputed truism about thinking, while the question
between nominalists and realists relates to thoughts, that is, to the objects which
thinking enables us to know.
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83. THE SPIRIT OF SCHOLASTICISM t1

28. ... [The] history of logic is not altogether without an interest as a branch
of history. For so far as the logic of an age adequately represents the methods of
thought of that age, its history is a history of the human mind in its most essential
relation -- that is to say with reference to its power of investigating truth. But the chief
value of the study of historical philosophy is that it disciplines the mind to regard
philosophy with a cold and scientific eye and not with passion as though philosophers
were contestants.
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29. British logic is a subject of some particular interest inasmuch as some
peculiar lines of thought have always been predominant in those islands, giving their
logicians a certain family resemblance, which already begins to appear in very early
times. The most striking characteristic of British thinkers is their nominalistic
tendency. This has always been and is now very marked. So much so that in England
and in England alone are there many thinkers more distinguished at this day as being
nominalistic than as holding any other doctrines. William Ockham or Oakum, an
Englishman, was beyond question the greatest nominalist that ever lived; while Duns
Scotus, another British name, it is equally certain is the subtilest advocate of the
opposite opinion. These two men, Duns Scotus and William Ockham, are decidedly
the greatest speculative minds of the middle ages, as well as two of the profoundest
metaphysicians that ever lived. Another circumstance which makes [the] logic of the
British Islands interesting is that there more than elsewhere have the studies of the
logic of the natural sciences been made. Already we find some evidences of English
thought running in that direction, when we meet with that singular phenomenon
Roger Bacon -- a man who was scientific before science began. At the first dawn of
the age [of] science, Francis Bacon wrote that professedly and really logical treatise,
the Novum Organum, a work the celebrity of which perhaps exceeds its real merits.
In our own day, the writings of Whewell, Mill, and Herschel afford some of the finest
accounts of the methods of thought in science. Another direction in which logical
thought has gone farther in England than elsewhere is in mathematico-formal logic --
the chief writers on which are Boole, DeMorgan, and the Scotch Sir William
Hamilton -- for although Hamilton was so bitter against mathematics, that his own
doctrine of the quantified predicate is essentially mathematical is beyond intelligent



dispute. This fondness for the formal part of logic had already appeared in the middle
ages, when the nominalistic school of Ockham -- the most extremely scholastic of the
scholastics -- and next to them the school of Scotus carried to the utmost the doctrines
of the Parva Logicalia which were the contribution of those ages to this branch of the
science. And those Parva Logicalia may themselves have had an English origin, for
the earliest known writer upon the subject -- unless the Synopsis {Aristotelous
Organou} be attributed to Psellus -- was an Englishman, William Shirwood. . . .11
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30. The most striking characteristic of medieval thought is the importance
attributed to authority. It was held that authority and reason were two codrdinate
methods of arriving at truth, and far from holding that authority was secondary to
reason, the scholastics were much more apt to place it quite above reason. When
Berengarius in his dispute with Lanfranc remarked that the whole of an affirmation
does not stand after a part is subverted, his adversary replied: "The sacred authorities
being relinquished, you take refuge in dialectic, and when | am to hear and to answer
concerning the ministry of the Faith, | prefer to hear and to answer the sacred
authorities which are supposed to relate to the subject rather than dialectical reasons."
To this Berengarius replied that St. Augustine in his book De doctrina christiana
says that what he said concerning an affirmation is bound up indissolubly with that
very eternity of truth which is God. But added: "Maximi plane cordis est, per omnia
ad dialecticum confugere, quia confugere ad eam ad rationem est confugere, quo qui
non confugit, cum secundum rationem sit factus ad imaginem Dei, suum honorem
reliquit, nec potest renovari de die in diem ad imaginem Dei."t2 Next to sacred
authorities -- the Bible, the church and the fathers -- that of Aristotle of course ranked
the highest. It could be denied, but the presumption was immense against his being
wrong on any particular point.
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31. Such a weight being attached to authority -- a weight which would be
excessive were not the human mind at that time in so uneducated a state that it could
not do better than follow masters, since it was totally incompetent to solve
metaphysical problems for itself -- it follows naturally that originality of thought was
not greatly admired, but that on the contrary the admirable mind was his who
succeeded in interpreting consistently the dicta of Aristotle, Porphyry, and Boethius.
Vanity, therefore, the vanity of cleverness, was a vice from which the schoolmen
were remarkably free. They were minute and thorough in their knowledge of such
authorities as they had, and they were equally minute and thorough in their treatment
of every question which came up.
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32. All these characters remind us less of the philosophers of our day than of
the men of science. | do not hesitate to say that scientific men now think much more
of authority than do metaphysicians; for in science a question is not regarded as
settled or its solution as certain until all intelligent and informed doubt has ceased and
all competent persons have come to a catholic agreement, whereas fifty
metaphysicians, each holding opinions that no one of the other forty-nine can admit,
will nevertheless generally regard their fifty opposite opinions as more certain than
that the sun will rise tomorrow. This is to have what seems an absurd disregard for
others' opinions. The man of science attaches positive value to the opinion of every
man as competent as himself, so that he cannot but have a doubt of a conclusion
which he would adopt were it not that a competent man opposes it; but on the other



hand, he will regard a sufficient divergence from the convictions of the great body of
scientific men as tending of itself to argue incompetence, and he will generally attach
little weight to the opinions of men who have long been dead and were ignorant of
much that has been since discovered which bears upon the question in hand. The
schoolmen, however, attached the greatest authority to men long since dead, and there
they were right, for in the dark ages it was not true that the later state of human
knowledge was the most perfect, but on the contrary. | think it may be said then that
the schoolmen did not attach too much weight to authority, although they attached
much more to it than we ought to do or than ought or could be attached to it in any
age in which science is pursuing a successful and onward course -- and of course
infinitely more than is attached to it by those intellectual nomads, the modern
metaphysicians, including the positivists.
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33. In the slight importance they attached to a brilliant theory, the schoolmen
also resembled modern scientific men, who cannot be comprehended in this respect at
all by men not scientific. The followers of Herbert Spencer, for example, cannot
comprehend why scientific men place Darwin so infinitely above Spencer, since the
theories of the latter are so much grander and more comprehensive. They cannot
understand that it is not the sublimity of Darwin's theories which makes him admired
by men of science, but that it is rather his minute, systematic, extensive, strict,
scientific researches which have given his theories a more favorable reception --
theories which in themselves would barely command scientific respect. And this
misunderstanding belongs to all those metaphysicians who fancy themselves men of
science on account of their metaphysics. This same scientific spirit has been equally
misunderstood as it is found in the schoolmen. They have been above all things found
fault with because they do not write a literary style and do not "study in a literary
spirit."” The men who make this objection cannot possibly comprehend the real merits
of modern science. If the words quidditas, entitas, and haecceitas are to excite our
disgust, what shall we say of the Latin of the botanists, and the style of any
technically scientific work? As for that phrase "studying in a literary spirit™ it is
impossible to express how nauseating it is to any scientific man, yes even to the
scientific linguist. But above all things it is the searching thoroughness of the
schoolmen which affiliates them with men of science and separates them, world-wide,
from modern so-called philosophers. The thoroughness | allude to consists in this, that
in adopting any theory, they go about everywhere, they devote their whole energies
and lives in putting it to tests bona fide -- not such as shall merely add a new spangle
to the glitter of their proofs but such as shall really go toward satisfying their restless
insatiable impulse to put their opinions to the test. Having a theory, they must apply it
to every subject and to every branch of every subject to see whether it produces a
result in accordance with the only criteria they were able to apply -- the truth of the
Catholic faith and the teaching of the Prince of Philosophers.
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34. Mr. George Henry Lewes in his work on Aristotle T1 seems to me to have
come pretty near to stating the true cause of the success of modern science when he
has said that it was verification. | should express it in this way: modern students of
science have been successful because they have spent their lives not in their libraries
and museums but in their laboratories and in the field; and while in their laboratories
and in the field they have been not gazing on nature with a vacant eye, that is, in
passive perception unassisted by thought, but have been observing -- that is,
perceiving by the aid of analysis -- and testing suggestions of theories. The cause of



their success has been that the motive which has carried them to the laboratory and
the field has been a craving to know how things really were, and an interest in finding
out whether or not general propositions actually held good -- which has overbalanced
all prejudice, all vanity, and all passion. Now it is plainly not an essential part of this
method in general that the tests were made by the observation of natural objects. For
the immense progress which modern mathematics has made is also to be explained by
the same intense interest in testing general propositions by particular cases -- only the
tests were applied by means of particular demonstrations. This is observation, still, for
as the great mathematician Gauss has declared -- algebra is a science of the eye, 12
only it is observation of artificial objects and of a highly recondite character. Now this
same unwearied interest in testing general propositions is what produced those long
rows of folios of the schoolmen, and if the test which they employed is of only limited
validity so that they could not unhampered go on indefinitely to further discoveries,
yet the spirit, which is the most essential thing -- the motive, was nearly the same.
And how different this spirit is from that of the major part, though not all, of modern
philosophers -- even of those who have called themselves empirical, no man who is
actuated by it can fail to perceive.
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84. KANT AND HIS REFUTATION OF IDEALISM t1

35. Kant's whole philosophy turns upon his logic. He gives the name of logic
to the greater part of his Critic of the Pure Reason, and it is a result of the great fault
of his logical theory that he does not extend that name to the whole work. This
greatest fault was at the same [time] the greatest merit of his doctrine: it lay in his
sharp discrimination of the intuitive and the discursive processes of the mind. The
distinction itself is not only familiar to everybody but it had long played a part in
philosophy. Nevertheless, it is on such obvious distinctions that the greater systems
have been founded, and [Kant] saw far more clearly than any predecessor had done
the whole philosophical import of this distinction. This was what emancipated him
from Leibnizianism, and at the same time turned him against sensationalism. It was
also what enabled him to see that no general description of existence is possible,
which is perhaps the most valuable proposition that the Critic contains. But he drew
too hard a line between the operations of observation and of ratiocination. He allows
himself to fall into the habit of thinking that the latter only begins after the former is
complete; and wholly fails to see that even the simplest syllogistic conclusion can
only be drawn by observing the relations of the terms in the premisses and
conclusion. His doctrine of the schemata can only have been an afterthought, an
addition to his system after it was substantially complete. For if the schemata had
been considered early enough, they would have overgrown his whole work.

Peirce: CP 1.36 Cross-Ref: 1t

36. Kant's refutation of idealism in the second edition of the Critic of the Pure
Reason has been often held to be inconsistent with his main position or even to be
knowingly sophistical. It appears to me to be one of the numerous passages in that
work which betray an elaborated and vigorous analysis, marred in the exposition by
the attempt to state the argument more abstractly and demonstratively than the
thought would warrant.
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In "Note 1," Kant says that his argument beats idealism at its own game. How
is that? The idealist says that all that we know immediately, that is, otherwise than
inferentially, is what is present in the mind; and things out of the mind are not so
present. The whole idealist position turns upon this conception of the present.

Peirce: CP 1.37 Cross-Ref: Tt

37. The idealistic argument turns upon the assumption that certain things are
absolutely "present,” namely what we have in mind at the moment, and that nothing
else can be immediately, that is, otherwise than inferentially known. When this is
once granted, the idealist has no difficulty in showing that that external existence
which we cannot know immediately we cannot know, at all. Some of the arguments
used for this purpose are of little value, because they only go to show that our
knowledge of an external world is fallible; now there is a world of difference between
fallible knowledge and no knowledge. However, | think it would have to be admitted
as a matter of logic that if we have no immediate perception of a non-ego, we can
have no reason to admit the supposition of an existence so contrary to all experience
as that would in that case be.
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38. But what evidence is there that we can immediately know only what is
"present” to the mind? The idealists generally treat this as self-evident; but, as
Clifford jestingly says, "it is evident" is a phrase which only means "we do not know
how to prove.” The proposition that we can immediately perceive only what is present
seems to me parallel to that other vulgar prejudice that "a thing cannot act where it is
not." An opinion which can only defend itself by such a sounding phrase is pretty sure
to be wrong. That a thing cannot act where it is not is plainly an induction from
ordinary experience, which shows no forces except such as act through the resistance
of materials, with the exception of gravity which, owing to its being the same for all
bodies, does not appear in ordinary experience like a force. But further experience
shows that attractions and repulsions are the universal types of forces. A thing may be
said to be wherever it acts; but the notion that a particle is absolutely present in one
part of space and absolutely absent from all the rest of space is devoid of all
foundation. In like manner, the idea that we can immediately perceive only what is
present seems to be founded on our ordinary experience that we cannot recall and
reexamine the events of yesterday nor know otherwise than by inference what is to
happen tomorrow. Obviously, then, the first move toward beating idealism at its own
game is to remark that we apprehend our own ideas only as flowing in time, and since
neither the future nor the past, however near they may be, is present, there is as much
difficulty in conceiving our perception of what passes within us as in conceiving
external perception. If so, replies the idealist, instead of giving up idealism we must
go still further to nihilism. Kant does not notice this retort; but it is clear from his
footnote that he would have said: Not so; for it is impossible we should so much as
think we think in time unless we do think in time; or rather, dismissing blind
impossibility, the mere imagination of time is a clear perception of the past. Hamilton
t1 stupidly objects to Reid's phrase "immediate memory"; but an immediate, intuitive
consciousness of time clearly exists wherever time exists. But once grant immediate
knowledge in time, and what becomes of the idealist theory that we immediately
know only the present? For the present can contain no time.
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39. But Kant does not pursue this line of thought along the straight road to its



natural result; because he is a sort of idealist himself. Namely, though not idealistic as
to the substance of things, he is partially so in regard to their accidents. Accordingly,
he introduces his distinction of the variable and the persistent (beharrlich), and seeks
to show that the only way we can apprehend our own flow of ideas, binding them
together as a connected flow, is by attaching them to an immediately perceived
persistent externality. He refuses to inquire how that immediate external
consciousness is possible, though such an inquiry might have probed the foundations
of his system.
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85. HEGELISM 12

40. The critical logicians have been much affiliated to the theological
seminaries. About the thinking that goes on in laboratories they have known nothing.
Now the seminarists and religionists generally have at all times and places set their
faces against the idea of continuous growth. That disposition of intellect is the most
catholic element of religion. Religious truth having been once defined is never to be
altered in the most minute particular; and theology being held as queen of the
sciences, the religionists have bitterly fought by fire and tortures all great advances in
the true sciences; and if there be no true continuous growth in men's ideas where else
in the world should it be looked for? Thence, we find this folk setting up hard lines of
demarcation, or great gulfs, contrary to all observation, between good men and bad,
between the wise and foolish, between the spirit and the flesh, between all the
different kinds of objects, between one quantity and the next. So shut up are they in
this conception of the world that when the seminarist Hegel discovered that the
universe is everywhere permeated with continuous growth (for that, and nothing else,
is the "Secret of Hegel") it was supposed to be an entirely new idea, a century and a
half after the differential calculus had been in working order.
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41. Hegel, while regarding scientific men with disdain, has for his chief topic
the importance of continuity, which was the very idea the mathematicians and
physicists had been chiefly engaged in following out for three centuries. This made
Hegel's work less correct and excellent in itself than it might have been; and at the
same time hid its true mode of affinity with the scientific thought into which the life
of the race had been chiefly laid up. It was a misfortune for Hegelism, a misfortune
for "philosophy," and a misfortune (in lesser degree) for science.
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42. My philosophy resuscitates Hegel, though in a strange costume.
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CHAPTER 2

LESSONS FROM THE HISTORY OF SCIENCEt1



81. THE SCIENTIFIC ATTITUDE

43. If we endeavor to form our conceptions upon history and life, we remark
three classes of men. The first consists of those for whom the chief thing is the
qualities of feelings. These men create art. The second consists of the practical men,
who carry on the business of the world. They respect nothing but power, and respect
power only so far as it [is] exercized. The third class consists of men to whom nothing
seems great but reason. If force interests them, it is not in its exertion, but in that it
has a reason and a law. For men of the first class, nature is a picture; for men of the
second class, it is an opportunity; for men of the third class, it is a cosmos, so
admirable, that to penetrate to its ways seems to them the only thing that makes life
worth living. These are the men whom we see possessed by a passion to learn, just as
other men have a passion to teach and to disseminate their influence. If they do not
give themselves over completely to their passion to learn, it is because they exercise
self-control. Those are the natural scientific men; and they are the only men that have
any real success in scientific research.
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44. If we are to define science, not in the sense of stuffing it into an artificial
pigeon-hole where it may be found again by some insignificant mark, but in the sense
of characterizing it as a living historic entity, we must conceive it as that about which
such men as | have described busy themselves. As such, it does not consist so much in
knowing, nor even in "organized knowledge," as it does in diligent inquiry into truth
for truth's sake, without any sort of axe to grind, nor for the sake of the delight of
contemplating it, but from an impulse to penetrate into the reason of things. This is
the sense in which this book is entitled a History of Science. Science and philosophy
seem to have been changed in their cradles. For it is not knowing, but the love of
learning, that characterizes the scientific man; while the "philosopher™ is a man with a
system which he thinks embodies all that is best worth knowing. If a man burns to
learn and sets himself to comparing his ideas with experimental results in order that
he may correct those ideas, every scientific man will recognize him as a brother, no
matter how small his knowledge may be.
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45. But if a man occupies himself with investigating the truth of some
question for some ulterior purpose, such as to make money, or to amend his life, or to
benefit his fellows, he may be ever so much better than a scientific man, if you will --
to discuss that would be aside from the question -- but he is not a scientific man. For
example, there are numbers of chemists who occupy themselves exclusively with the
study of dyestuffs. They discover facts that are useful to scientific chemistry; but they
do not rank as genuine scientific men. The genuine scientific chemist cares just as
much to learn about erbium -- the extreme rarity of which renders it commercially
unimportant -- as he does about iron. He is more eager to learn about erbium if the
knowledge of it would do more to complete his conception of the Periodic Law,
which expresses the mutual relations of the elements.
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82. THE SCIENTIFIC IMAGINATION

46. When a man desires ardently to know the truth, his first effort will be to
imagine what that truth can be. He cannot prosecute his pursuit long without finding
that imagination unbridled is sure to carry him off the track. Yet nevertheless, it
remains true that there is, after all, nothing but imagination that can ever supply him
an inkling of the truth. He can stare stupidly at phenomena; but in the absence of
imagination they will not connect themselves together in any rational way. Just as for
Peter Bell a cowslip was nothing but a cowslip, so for thousands of men a falling
apple was nothing but a falling apple; and to compare it to the moon would by them
be deemed "fanciful.”
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47. 1t is not too much to say that next after the passion to learn there is no
quality so indispensable to the successful prosecution of science as imagination. Find
me a people whose early medicine is not mixed up with magic and incantations, and |
will find you a people devoid of all scientific ability. There is no magic in the medical
Papyrus Ebers. The stolid Egyptian saw nothing in disease but derangement of the
affected organ. There never was any true Egyptian science.
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48. There are, no doubt, kinds of imagination of no value in science, mere
artistic imagination, mere dreaming of opportunities for gain. The scientific
imagination dreams of explanations and laws.
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83. SCIENCE AND MORALITY

49. A scientific man must be single-minded and sincere with himself.
Otherwise, his love of truth will melt away, at once. He can, therefore, hardly be
otherwise than an honest, fair-minded man. True, a few naturalists have been accused
of purloining specimens; and some men have been far from judicial in advocating
their theories. Both of these faults must be exceedingly deleterious to their scientific
ability. But on the whole, scientific men have been the best of men. It is quite natural,
therefore, that a young man who might develope into a scientific man should be a
well-conducted person.
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50. Yet in more ways than one an exaggerated regard for morality is
unfavorable to scientific progress. | shall present only one of those ways. It will no
doubt shock some persons that | should speak of morality as involving an element
which can become bad. To them good conduct and moral conduct are one and the
same -- and they will accuse me of hostility to morality. | regard morality as highly
necessary; but it is a means to good life, not necessarily coextensive with good
conduct. Morality consists in the folklore of right conduct. A man is brought up to
think he ought to behave in certain ways. If he behaves otherwise, he is
uncomfortable. His conscience pricks him. That system of morals is the traditional
wisdom of ages of experience. If a man cuts loose from it, he will become the victim



of his passions. It is not safe for him even to reason about it, except in a purely
speculative way. Hence, morality is essentially conservative. Good morals and good
manners are identical, except that tradition attaches less importance to the latter. The
gentleman is imbued with conservatism. This conservatism is a habit, and it is the law
of habit that it tends to spread and extend itself over more and more of the life. In this
way, conservatism about morals leads to conservatism about manners and finally
conservatism about opinions of a speculative kind. Besides, to distinguish between
speculative and practical opinions is the mark of the most cultivated intellects. Go
down below this level and you come across reformers and rationalists at every turn --
people who propose to remodel the ten commandments on modern science. Hence it
is that morality leads to a conservatism which any new view, or even any free inquiry,
no matter how purely speculative, shocks. The whole moral weight of such a
community will be cast against science. To inquire into nature is for a Turk very
unbecoming to a good Moslem; just as the family of Tycho Brahe regarded his pursuit
of astronomy as unbecoming to a nobleman. (See Thomas Nash in Pierce Pennilesse
for the character of a Danish nobleman.)
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51. This tendency is necessarily greatly exaggerated in a country when the
"gentleman,"” or recognized exponent of good manners, is appointed to that place as
the most learned man. For then the inquiring spirit cannot say the gentlemen are a lot
of ignorant fools. To the moral weight cast against progress in science is added the
weight of superior learning. Wherever there is a large class of academic professors
who are provided with good incomes and looked up to as gentlemen, scientific
inquiry must languish. Wherever the bureaucrats are the more learned class, the case
will be still worse.

Peirce: CP 1.52 Cross-Ref: 17
84. MATHEMATICS

52. The first questions which men ask about the universe are naturally the
most general and abstract ones. Nor is it true, as has so often been asserted, that these
are the most difficult questions to answer. Francis Bacon is largely responsible for
this error, he having represented -- having nothing but his imagination and no
acquaintance with actual science to draw upon -- that the most general inductions
must be reached by successive steps. History does not at all bear out that theory. The
errors about very general questions have been due to a circumstance which | proceed
to set forth.
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53. The most abstract of all the sciences is mathematics. That this is so, has
been made manifest in our day; because all mathematicians now see clearly that
mathematics is only busied about purely hypothetical questions. As for what the truth
of existence may be the mathematician does not (qua mathematician) care a straw. It
IS true that early mathematicians could not clearly see that this was so. But for all
their not seeing it, it was just as true of the mathematics of early days as of our own.
The early mathematician might perhaps be more inclined to assert roundly that two
straight lines in a plane cut by a third so as to make the sum of the internal angles on
one side less than two right angles would meet at some finite distance on that side if



sufficiently produced; although, as a matter of fact, we observe no such tendency in
Euclid. But however that may have been, the early mathematician had certainly no
more tendency than the modern to inquire into the truth of that postulate; but quite
the reverse. What he really did, therefore, was merely to deduce consequences of
unsupported assumptions, whether he recognized that this was the nature of his
business or not. Mathematics, then, really was, for him as for us, the most abstract of
the sciences, cut off from all inquiry into existential truth. Consequently, the tendency
to attack the most abstract problems first, not because they were recognized as such,
but because such they were, led to mathematics being the earliest field of inquiry.
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54. We find some peoples drawn more toward arithmetic; others more toward
geometry. But in either case, a correct method of reasoning was sure to be reached
before many centuries of real inquiry had elapsed. The reasoning would be at first
awkward, and one case would be needlessly split up into several. But still all
influences were pressing the reasoner to make use of a diagram, and as soon as he did
that he was pursuing the correct method. For mathematical reasoning consists in
constructing a diagram according to a general precept, in observing certain relations
between parts of that diagram not explicitly required by the precept, showing that
these relations will hold for all such diagrams, and in formulating this conclusion in
general terms. All valid necessary reasoning is in fact thus diagrammatic.t1 This,
however, is far from being obviously true. There was nothing to draw the attention of
the early reasoners to the need of a diagram in such reasoning. Finding that by their
inward meditations they could deduce the truth concerning, for example, the height of
an inaccessible pillar, they naturally concluded the same method could be applied to
positive inquiries.
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In this way, early success in mathematics would naturally lead to bad methods
in the positive sciences, and especially in metaphysics.
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85. SCIENCE AS A GUIDE TO CONDUCT

55. We have seen how success in mathematics would necessarily create a
confidence altogether unfounded in man's power of eliciting truth by inward
meditation without any aid from experience. Both its confidence in what is within and
the absolute certainty of its conclusions lead to the confusion of a priori reason with
conscience. For conscience, also, refuses to submit its dicta to experiment, and makes
an absolute dual distinction between right and wrong. One result of this is that men
begin to rationalize about questions of purity and integrity, which in the long run,
through moral decay, is unfavorable to science. But what is worse, from our point of
view, they begin to look upon science as a guide to conduct, that is, no longer as pure
science but as an instrument for a practical end. One result of this is that all probable
reasoning is despised. If a proposition is to be applied to action, it has to be embraced,
or believed without reservation. There is no room for doubt, which can only paralyze
action. But the scientific spirit requires a man to be at all times ready to dump his
whole cart-load of beliefs, the moment experience is against them. The desire to learn
forbids him to be perfectly cocksure that he knows already. Besides positive science



can only rest on experience; and experience can never result in absolute certainty,
exactitude, necessity, or universality. But it is precisely with the universal and
necessary, that is, with Law, that [con]science concerns itself. Thus the real character
of science is destroyed as soon as it is made an adjunct to conduct; and especially all
progress in the inductive sciences is brought to a standstill.

Peirce: CP 1.56 Cross-Ref: 1
86. MORALITY AND SHAM REASONING

56. The effect of mixing speculative inquiry with questions of conduct results
finally in a sort of half make-believe reasoning which deceives itself in regard to its
real character. Conscience really belongs to the subconscious man, to that part of the
soul which is hardly distinct in different individuals, a sort of
community-consciousness, or public spirit, not absolutely one and the same in
different citizens, and yet not by any means independent in them. Conscience has
been created by experience just as any knowledge is; but it is modified by further
experience only with secular 11 slowness.
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57. When men begin to rationalize about their conduct, the first effect is to
deliver them over to their passions and produce the most frightful demoralization,
especially in sexual matters. Thus, among the Greeks, it brought about paederasty and
a precedence of public women over private wives. But ultimately the subconscious
part of the soul, being stronger, regains its predominance and insists on setting
matters right. Men, then, continue to tell themselves they regulate their conduct by
reason; but they learn to look forward and see what conclusions a given method will
lead to before they give their adhesion to it. In short, it is no longer the reasoning
which determines what the conclusion shall be, but it is the conclusion which
determines what the reasoning shall be. This is sham reasoning. In short, as morality
supposes self-control, men learn that they must not surrender themselves unreservedly
to any method, without considering to what conclusions it will lead them. But this is
utterly contrary to the single-mindedness that is requisite in science. In order that
science may be successful, its votaries must hasten to surrender themselves at
discretion to experimental inquiry, in advance of knowing what its decisions may be.
There must be no reservations.
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58. The effect of this shamming is that men come to look upon reasoning as
mainly decorative, or at most, as a secondary aid in minor matters -- a view not
altogether unjust, if questions of conduct are alone to interest us. They, therefore,
demand that it shall be plain and facile. If, in special cases, complicated reasoning is
indispensable, they hire a specialist to perform it. The result of this state of things is,
of course, a rapid deterioration of intellectual vigor, very perceptible from one
generation to the next. This is just what is taking place among us before our eyes; and
to judge from the history of Constantinople, it is likely to go on until the race comes
to a despicable end.
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87. THE METHOD OF AUTHORITY

59. When society is broken into bands, now warring, now allied, now for a
time subordinated one to another, man loses his conceptions of truth and of reason. If
he sees one man assert what another denies, he will, if he is concerned, choose his
side and set to work by all means in his power to silence his adversaries. The truth for
him is that for which he fights.
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60. The next step which is to be expected in a logical development not
interrupted by accidental occurrences will consist in the recognition that a central
authority ought to determine the beliefs of the entire community. As far as morals and
religion go, this plan admirably fulfills its purpose of producing uniformity. But in
order that it may do this, it is desirable that there should be another less absolute
authority which shall declare, not infallibly but yet with a weight of collective
learning, the propositions which science from time to time puts out of reasonable
doubt, and which shall aid the researches of competent investigators. The value of
such services in the development of science is immense; though they are accompanied
by very serious disadvantages in not allowing to unofficial studies the weight which
ought to be accorded to them. The history of science is full of examples of this sort.
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88. SCIENCE AND CONTINUITY

61. One of the worst effects of the influence of moral and religious reasonings
upon science lies in this, that the distinctions upon which both insist as fundamental
are dual distinctions, and that their tendency is toward an ignoring of all distinctions
that are not dual and especially of the conception of continuity. Religion recognizes
the saints and the damned. It will not readily admit any third fate. Morality insists that
a motive is either good or bad. That the gulf between them is bridged over and that
most motives are somewhere near the middle of the bridge, is quite contrary to the
teachings of any moral system which ever lived in the hearts and consciences of a
people.
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62. It is not necessary to read far in almost any work of philosophy written by
a man whose training is that of a theologian, in order to see how helpless such minds
are in attempting to deal with continuity. Now continuity, it is not too much to say, is
the leading conception of science. The complexity of the conception of continuity is
S0 great as to render it important wherever it occurs. Now it enters into every
fundamental and exact law of physics or of psychics that is known. The few laws of
chemistry which do not involve continuity seem for the most part to be very roughly
true. It seems not unlikely that if the veritable laws were known continuity would be
found to be involved in them. .. .t1
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89. THE ANALYTIC METHOD



63. The first problems to suggest themselves to the inquirer into nature are far
too complex and difficult for any early solution, even if any satisfactorily secure
conclusion can ever be drawn concerning them. What ought to be done, therefore, and
what in fact is done, is at first to substitute for those problems others much simpler,
much more abstract, of which there is a good prospect of finding probable solutions.
Then, the reasonably certain solutions of these last problems will throw a light more
or less clear upon more concrete problems which are in certain respects more
interesting.
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64. This method of procedure is that Analytic Method to which modern
physics owes all its triumphs. It has been applied with great success in psychical
sciences also. (Thus, the classical political economists, especially Ricardo, pursued
this method.)t2 It is reprobated by the whole Hegelian army, who think it ought to be
replaced by the "Historic Method," which studies complex problems in all their
complexity, but which cannot boast any distinguished successes.
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§10. KINDS OF REASONING 11

65. There are in science three fundamentally different kinds of reasoning,
Deduction (called by Aristotle {synagtgé} or {anagdgé}), Induction (Aristotle's and
Plato's {epagdgé}) and Retroduction (Aristotle's {apagdgé}, but misunderstood
because of corrupt text, and as misunderstood usually translated abduction).t2
Besides these three, Analogy (Aristotle's {paradeigma}) combines the characters of
Induction and Retroduction.
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66. Deduction is that mode of reasoning which examines the state of things
asserted in the premisses, forms a diagram of that state of things, perceives in the
parts of that diagram relations not explicitly mentioned in the premisses, satisfies
itself by mental experiments upon the diagram that these relations would always
subsist, or at least would do so in a certain proportion of cases, and concludes their
necessary, or probable, truth. For example, let the premiss be that there are four
marked points upon a line which has neither extremity nor furcation. Then, by means
of a diagram,
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we may conclude that there are two pairs of points such that in passing along the line
in any way from one to the other point of either pair, one point of the second pair will
be passed an odd number of times and the other point an even (or zero) number of
times. This is deduction.

Peirce: CP 1.67 Cross-Ref: Tt

67. Induction is that mode of reasoning which adopts a conclusion as
approximate, because it results from a method of inference which must generally lead
to the truth in the long run. For example, a ship enters port laden with coffee. | go
aboard and sample the coffee. Perhaps | do not examine over a hundred beans, but
they have been taken from the middle, top, and bottom of bags in every part of the
hold. I conclude by induction that the whole cargo has approximately the same value
per bean as the hundred beans of my sample. All that induction can do is to ascertain
the value of a ratio.
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68. Retroduction is the provisional adoption of a hypothesis, because every
possible consequence of it is capable of experimental verification, so that the
persevering application of the same method may be expected to reveal its
disagreement with facts, if it does so disagree. For example, all the operations of
chemistry fail to decompose hydrogen, lithium, glucinum, boron, carbon, nitrogen,
oxygen, fluorine, sodium, . . . gold, mercury, thallium, lead, bismuth, thorium, and
uranium. We provisionally suppose these bodies to be simple; for if not, similar
experimentation will detect their compound nature, if it can be detected at all. That |
term retroduction.
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69. Analogy is the inference that a not very large collection of objects which
agree in various respects may very likely agree in another respect. For instance, the
earth and Mars agree in so many respects that it seems not unlikely they may agree in
being inhabited.
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70. The methods of reasoning of science have been studied in various ways
and with results which disagree in important particulars. The followers of Laplace
treat the subject from the point of view of the theory of probabilities. After
corrections due to Boole 11 and others, 2 that method yields substantially the results
stated above. Whewell 13 described the reasoning just as it appeared to a man deeply
conversant with several branches of science as only a genuine researcher can know
them, and adding to that knowledge a full acquaintance with the history of science.



These results, as might be expected, are of the highest value, although there are
important distinctions and reasons which he overlooked. John Stuart Mill endeavored
to explain the reasonings of science by the nominalistic metaphysics of his father. The
superficial perspicuity of that kind of metaphysics rendered his logic extremely
popular with those who think, but do not think profoundly; who know something of
science, but more from the outside than the inside, and who for one reason or another
delight in the simplest theories even if they fail to cover the facts.
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71. Mill denies that there was any reasoning in Kepler's procedure. He says it
is merely a description of the facts.t1 He seems to imagine that Kepler had all the
places of Mars in space given him by Tycho's observations; and that all he did was to
generalize and so obtain a general expression for them. Even had that been all, it
would certainly have been inference. Had Mill had even so much practical
acquaintance with astronomy as to have practised discussions of the motions of
double stars, he would have seen that. But so to characterize Kepler's work is to
betray total ignorance of it. Mill certainly never read the De Motu [Motibus] Stellae
Martis, which is not easy reading. The reason it is not easy is that it calls for the most
vigorous exercise of all the powers of reasoning from beginning to end.
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72. What Kepler had given was a large collection of observations of the
apparent places of Mars at different times. He also knew that, in a general way, the
Ptolemaic theory agrees with the appearances, although there were various difficulties
in making it fit exactly. He was furthermore convinced that the hypothesis of
Copernicus ought to be accepted. Now this hypothesis, as Copernicus himself
understood its first outline, merely modifies the theory of Ptolemy so far as [to]
impart to all the bodies of the solar system one common motion, just what is required
to annul the mean motion of the sun. It would seem, therefore, at first sight, that it
ought not to affect the appearances at all. If Mill had called the work of Copernicus
mere description he would not have been so very far from the truth as he was. But
Kepler did not understand the matter quite as Copernicus did. Because the sun was so
near the centre of the system, and was of vast size (even Kepler knew its diameter
must be at least fifteen times that of the earth), Kepler, looking at the matter
dynamically, thought it must have something to do with causing the planets to move
in their orbits. This retroduction, vague as it was, cost great intellectual labor, and was
most important in its bearings upon all Kepler's work. Now Kepler remarked that the
lines of apsides of the orbits of Mars and of the earth are not parallel; and he utilized
various observations most ingeniously to infer that they probably intersected in the
sun. Consequently, it must be supposed that a general description of the motion would
be simpler when referred to the sun as a fixed point of reference than when referred to
any other point. Thence it followed that the proper times at which to take the
observations of Mars for determining its orbit were when it appeared just opposite the
sun -- the true sun -- instead of when it was opposite the mean sun, as had been the
practice. Carrying out this idea, he obtained a theory of Mars which satisfied the
longitudes at all the oppositions observed by Tycho and himself, thirteen in number,
to perfection. But unfortunately, it did not satisfy the latitudes at all and was totally
irreconcilable with observations of Mars when far from opposition.

Peirce: CP 1.73 Cross-Ref: Tt
73. At each stage of his long investigation, Kepler has a theory which is
approximately true, since it approximately satisfies the observations (that is, within 8,



which is less than any but Tycho's observations could decisively pronounce an error),
and he proceeds to modify this theory, after the most careful and judicious reflection,
in such a way as to render it more rational or closer to the observed fact. Thus, having
found that the centre of the orbit bisects the eccentricity, he finds in this an indication
of the falsity of the theory of the equant and substitutes, for this artificial device, the
principle of the equable description of areas. Subsequently, finding that the planet
moves faster at ninety degrees from its apsides than it ought to do, the question is
whether this is owing to an error in the law of areas or to a compression of the orbit.
He ingeniously proves that the latter is the case.
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74. Thus, never modifying his theory capriciously, but always with a sound
and rational motive for just the modification he makes, it follows that when he finally
reaches a modification -- of most striking simplicity and rationality -- which exactly
satisfies the observations, it stands upon a totally different logical footing from what it
would if it had been struck out at random, or the reader knows not how, and had been
found to satisfy the observation. Kepler shows his keen logical sense in detailing the
whole process by which he finally arrived at the true orbit. This is the greatest piece
of Retroductive reasoning ever performed.
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811. THE STUDY OF THE USELESS

75. ... The old-fashioned political economist adored, as alone capable of
redeeming the human race, the glorious principle of individual greed, although, as this
principle requires for its action hypocrisy and fraud, he generally threw in some dash
of inconsistent concessions to virtue, as a sop to the vulgar Cerberus. But it is easy to
see that the only kind of science this principle would favor would be such as is
immediately remunerative with a great preference for such as can be kept secret, like
the modern sciences of dyeing and perfumery. Kepler's discovery rendered Newton
possible, and Newton rendered modern physics possible, with the steam engine,
electricity, and all the other sources of the stupendous fortunes of our age. But
Kepler's discovery would not have been possible without the doctrine of conics. Now
contemporaries of Kepler -- such penetrating minds as Descartes and Pascal -- were
abandoning the study of geometry (in which they included what we now call the
differential calculus, so far as that had at that time any existence) because they said it
was so UTTERLY USELESS. There was the future of the human race almost
trembling in the balance; for had not the geometry of conic sections already been
worked out in large measure, and had their opinion that only sciences apparently
useful ought to be pursued, [prevailed] the nineteenth century would have had none of
those characters which distinguish it from the ancien régime.
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76. True science is distinctively the study of useless things. For the useful
things will get studied without the aid of scientific men. To employ these rare minds
on such work is like running a steam engine by burning diamonds.
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77. The University of Paris encouraged useless studies in the most effective
way possible, by training so many men as to be almost sure of getting a large



proportion of all the minds that could be very serviceable in such studies. At the same
time, it provided a sure living not only for such as were really successful, but even for
those whose talents were of a somewhat inferior kind. On the other hand, like all
universities, it set up an official standard of truth, and frowned on all who questioned
it. Just so, the German universities for a whole generation turned the cold shoulder to
every man who did not extol their stale Hegelianism, until it became a stench in the
nostrils of every man of common sense. Then the official fashion shifted, and a
Hegelian is today treated in Germany with the same arrogant stupidity with which an
anti-Hegelian formerly was. Of course, so-called "universities," whose purpose is not
the solution of great problems, but merely the fitting of a selection of young men to
earn more money than their fellow citizens not so favored, have for the interests of
science none of the value of the medieval and German universities, although they
exercise the same baleful influence to about the same degree.
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78. The small academies of continental Europe are reasonably free from the
gravest fault of the universities. Their defect is that while they indirectly do much for
their few members they extend little aid to the younger men, except that of giving a
general tone of respectability to pure science.
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79. The larger bodies give much less aid to individuals; but they begin to aid
them sooner. They have a distinct though limited use when they are specialized, like
the Union of German chemists. But whether the Royal Society has been as
serviceable to science as the French Académie des Sciences may be doubted.
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812. IL LUME NATURALE

80. In examining the reasonings of those physicists who gave to modern
science the initial propulsion which has insured its healthful life ever since, we are
struck with the great, though not absolutely decisive, weight they allowed to
instinctive judgments. Galileo appeals to il lume naturale at the most critical stages
of his reasoning. Kepler, Gilbert, and Harvey -- not to speak of Copernicus --
substantially rely upon an inward power, not sufficient to reach the truth by itself, but
yet supplying an essential factor to the influences carrying their minds to the truth.
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81. It is certain that the only hope of retroductive reasoning ever reaching the
truth is that there may be some natural tendency toward an agreement between the
ideas which suggest themselves to the human mind and those which are concerned in
the laws of nature.
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813. GENERALIZATION AND ABSTRACTION

82. The most important operation of the mind is that of generalization. There



are some exceedingly difficult questions of theoretical logic connected with
generalization. On the other hand, there are some valuable lessons which evade those
puzzles. If we look at any earlier work upon mathematics as compared with a later
one upon the same subject, that which most astonishes us is to see the difficulty men
had in first seizing upon general conceptions which after we become a little
familiarized to them are quite matters of course. That an Egyptian should have been
able to think of adding one-fifth and one-fifth, and yet should not have been content
to call the sum two-fifths, but must call it one-third plus one-fifteenth, as if he could
not conceive of a sum of fractions unless their denominators were different, seems
perverse stupidity. That decimals should have been so slow in coming in, and that,
when they did come, the so-called decimal point should be written as if the relation of
units to tenths were somehow peculiar, while what was logically called for was
simply some mark attached to the units place, so that instead of 3.14159 [what]

should have been written [was] JI [Click here to view]

314159, seems very surprising. That Descartes should have thought it necessary to
work problems in analytical geometry four times over, according to the different
quadrants between the axes of codrdinates in which the point to be determined might
occur, is astonishing. That which the early mathematicians failed to see in all these
cases was that some feature which they were accustomed to insert into their theorems
was quite irrelevant and could perfectly well be omitted without affecting in the
slightest degree the cogency of any step of the demonstrations.
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83. Another operation closely allied to generalization is abstraction; and the
use of it is perhaps even more characteristic of mathematical reasoning than is
generalization. This consists of seizing upon something which has been conceived as
a {epos pteroen}, a meaning not dwelt upon but through which something else is
discerned, and converting it into an {epos apteroen}, a meaning upon which we rest
as the principal subject of discourse. Thus, the mathematician conceives an operation
as something itself to be operated upon. He conceives the collection of places of a
moving particle as itself a place which can at one instant be totally occupied by a
filament, which can again move, and the aggregate of all its places, considered as
possibly occupied in one instant, is a surface, and so forth.
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84. The intimate connection between generalization and continuity is to be
pointed out.t1
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814. THE EVALUATION OF EXACTITUDE

85. For every line of scientific research there is in any given stage of its
development, an appropriate standard of certitude and exactitude, such that it is
useless to require more, and unsatisfactory to have less. This is a part of the doctrine
of the Economy of Research. When Phoenix T2 made his celebrated survey of the
route from San Francisco to the Mission of Dolores, the distance required was the
sum of two parts, one of them resting on the guess of a driver, while the other was



determined at great expense to a transcendental precision. As long as one part of the
distance was extremely uncertain, there was no use in spending much money in
ascertaining the other part precisely. For there is a relation between the value of an
increased certainty of an item of knowledge and the cost of such increase of certainty,
which enables us to determine whether it is better to expend our genius, energy, time,
and money upon one investigation or upon another.

Peirce: CP 1.86 Cross-Ref:tt

86. If a result is to be used merely to confirm the result of an independent
investigation, it may have a high value even though its probability is not very high.
But if it is only to be used in combination with other results, very little will be gained
by increasing its probability far beyond the probabilities of those others. Of course,
knowledge that is to be put to special purposes may need to be more precise than
other knowledge. Thus, it pays to determine the places of a thousand stars with the
utmost accuracy, leaving hundreds of thousands only roughly located, and others only
recorded upon photographs. But where a high degree of exactitude and probability is
unattainable, that is no reason for refusing to accept such knowledge as we can attain.
Because we cannot reach great certainty about the life and teachings of Pythagoras is
no reason for sulkily dismissing the subject as one we know nothing about, as Dr. Ed.
Zeller 1 would have us do.
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815. SCIENCE AND EXTRAORDINARY PHENOMENA

87. Science is from the nature of its procedure confined to the investigation of
the ordinary course of nature. I do not mean that it cannot investigate individual
objects, such as the earth. But all its explanations of such objects must be limited to
the supposition that they have come about in the ordinary course of nature. A
statistical result may be obtained.
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88. We may find that such and such a proportion of calves have five legs. But
we never can conclude with any probability that the ratio is strictly zero; and even if
we knew that the proportion of men with golden thighs is exactly zero, that would be
no argument at all against Pythagoras having had a golden thigh. For something might
be true of one man, or any number of men, and yet might occur in the long run in a
finite number of cases out of an infinite series. Now a finite number divided by
infinity is exactly zero. That Pythagoras had a golden thigh is the testimony of
history. It is asserted by Aristotle, of all possible authorities the highest, by both
Porphyry and Jamblichus after Nicomachus, by Herodotus, by Plutarch, Diogenes
Laertius, Aelian, Apollonius,T2 etc. This is far stronger testimony than we have for
the resurrection of Jesus. Are we then to admit as a part of the science of history that
Pythagoras had a golden thigh?
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89. To do so would be to make a retroductive inference. Now a retroductive
conclusion is only justified by its explaining an observed fact. An explanation is a
syllogism of which the major premiss, or rule, is a known law or rule of nature, or
other general truth; the minor premiss, or case, is the hypothesis or retroductive
conclusion, and the conclusion, or result, is the observed (or otherwise established)



fact. Such an explanation, in this case, would be like this:

Every fact about Pythagoras (unless kept secret or insignificant) would be
reported by his ancient biographers.

That Pythagoras had a golden thigh was a fact about Pythagoras neither secret
nor insignificant.

That Pythagoras had a golden thigh would be reported by all his ancient
biographers.
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90. But this syllogism may be condemned at once on the ground that it
supposes we have statistical knowledge about such kinds of facts as are quite contrary
to the usual course of nature. If the reply be made that it could make in regard to the
reporting of the fact no difference whether it were a natural one or not, I rejoin, that
granting that, it is not to the purpose. It only goes to show that there is no difference
between natural and supernatural facts in this respect; from which the only just
inference is that no such proposition can be known even in respect to natural facts.
This, indeed, is the case. We cannot say that every remarkable public fact about
Pythagoras would be reported, but only that every phenomenon would be told as it
appeared to people in an almost primitive state of civilization. Nobody can think that
the golden thigh was treated as a modern assayer would treat a gold brick. It was
probably flexible and therefore its golden appearance was superficial. One of these
days, we may find out something about the ancient Persians, Chorasmians, or
Brahmins which may make this story significant. At present, it only illustrates the
impossibility of science making any assertion about a fact out of the course of nature.
Pythagoras was certainly a wonderful man. We have no right, at all, to say that
supernal powers had not put a physical mark upon him as extraordinary as his
personality. Science can no more deny a miracle than it can assert one.

Peirce: CP 1.91 Cross-Ref: Tt

91. But although science cannot infer any particular violation of the ordinary
course of nature, it may very well be that it should find evidence that such violations
are so frequent and usual that this fact is itself a part of the ordinary course of nature.
For that reason, it is perfectly proper that science should inquire, for example, into the
evidences of the fulfillment of prayers, etc. That is something open to experimental
inquiry; and until such inquiry has been instituted nobody is entitled to any opinion
whatever, or any bias, as to its result.
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816. REASONING FROM SAMPLES

92. Many persons seem to suppose that the state of things asserted in the
premisses of an induction renders the state of things asserted in the conclusion
probable. The fact that Macaulay's essay on Bacon was admired in its day shows how
little the absurdity of such a position was perceived. Even John Stuart Mill holds that
the uniformity of nature makes the one state of things follow from the other. He
overlooks the circumstance that if so it ought to follow necessarily, while in truth no



definite probability can be assigned to it without absurd consequences. He also
overlooks the fact that inductive reasoning does not invariably infer a uniformity; it
may infer a diversity. | watch the throws of a die, | notice that about half are odd and
half are even, and that they follow one another with the utmost irregularity. | conclude
that about half of all the throws of that die are odd and that the odd and even follow
one another with great irregularity. How can any principle of uniformity account for
the truth of such an induction? Mill never made up his mind in what sense he took the
phrase "uniformity of nature” when he spoke of it as the basis of induction. In some
passages he clearly means any special uniformity by which a given character is likely
to belong to the whole of a species, a genus, a family, or a class if it belongs to any
members of that group. In this sense, as well as in others, overlooked by Mill, there is
no doubt the knowledge of a uniformity strengthens an inductive conclusion; but it is
equally free from doubt that such knowledge is not essential to induction. But in other
passages Mill holds that it is not the knowledge of the uniformity, but the uniformity
itself that supports induction, and furthermore that it is no special uniformity but a
general uniformity in nature. Mill's mind was certainly acute and vigorous, but it was
not mathematically accurate; and it is by that trait that | am forced to explain his not
seeing that this general uniformity could not be so defined as not on the one hand to
appear manifestly false or on the other hand to render no support to induction, or
both. He says it means that under similar circumstances similar events will occur. But
this is vague. Does he mean that objects alike in all respects but one are alike in that
one? But plainly no two different real objects are alike in all respects but one. Does he
mean that objects sufficiently alike in other respects are alike in any given respect?
But that would be but another way of saying that no two different objects are alike in
all respects but one. It is obviously true; but it has no bearing on induction, where we
deal with objects which we well know are, like all existing things, alike in numberless
respects and unlike in numberless other respects.t1
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93. The truth is that induction is reasoning from a sample taken at random to
the whole lot sampled. A sample is a random one, provided it is drawn by such
machinery, artificial or physiological, that in the long run any one individual of the
whole lot would get taken as often as any other. Therefore, judging of the statistical
composition of a whole lot from a sample is judging by a method which will be right
on the average in the long run, and, by the reasoning of the doctrine of chances, will
be nearly right oftener than it will be far from right.
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94. That this does justify induction is a mathematical proposition beyond
dispute. It has been objected that the sampling cannot be random in this sense. But
this is an idea which flies far away from the plain facts. Thirty throws of a die
constitute an approximately random sample of all the throws of that die; and that the
randomness should be approximate is all that is required.
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95. This account of the rationale of induction is distinguished from others in
that it has as its consequences two rules of inductive inference which are very
frequently violated, although they have sometimes been insisted upon. The first of
these is that the sample must be a random one. Upon that I shall not dwell here. The
other rule is that the character, toward the ascertainment of the proportionate
frequency of which in the lot sampled [the sampling is done], must not be determined
by the character of the particular sample taken. For example, we must not take a



sample of eminent men, and studying over them, find that they have certain characters
and conclude that all eminent men will have those characters. We must first decide for
what character we propose to examine the sample, and only after that decision
examine the sample. The reason is that any sample will be peculiar and unlike the
average of the lot sampled in innumerable respects. At the same time it will be
approximately like the average of the whole lot in the great majority of respects.
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96. In order to illustrate the necessity of this rule | take a random sample of
eminent persons. It is quite a random one, for it consists of the first names on pages
100, 300, 500, 700, 900, of Phillips's Great Index of Biography [Biographical
Reference, second edition, 1881]. The names are as follows:

Born  Died
Francis Baring 1740 1810 Sept. 12
Vicomte de Custine 1760 1794 Jan. 3
Hippostrates (of uncertain age)
Marquis d'O. 1535 1594 Oct. 24
Theocrenes 1480 1536 Oct. 18
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Now I might, in violation of the above rule of predesignation, draw the
following inductions:

1. Three-fourths of these men were born in a year whose date ends in a cipher.
Hence about three-fourths of all eminent men are probably so born. But, in fact, only
one in ten is so born.

2. Three eminent men out of four die in autumn. In fact, only one out of four.

3. All eminent men die on a day of the month divisible by three. In fact, one
out of three.

4. All eminent men die in years whose date doubled and increased by one
gives a number whose last figure is the same as that in the tens' place of the date
itself. In fact, only one in ten.

5. All eminent men who were living in any year ending in forty-four died at an
age which after subtracting four becomes divisible by eleven. All others die at an age
which increased by ten is divisible by eleven.
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97. This rule is recognized in the requirement of physicists that a theory shall
furnish predictions which shall be verified before any particular weight is accorded to
it. The medical men, too, who deserve special mention for the reason that they have
had since Galen a logical tradition of their own, recognize this rule, however dimly, in
their working against reasoning "post hoc, ergo propter hoc.". . .



Peirce: CP 1.98 Cross-Ref: 1
817 THE METHOD OF RESIDUAL PHENOMENA

98. The so-called "method of residual phenomena” is so simple that it hardly
calls for any remark. At any early stage of science when there are few observations of
a given matter, and those rough ones, a law is made out which, when the observations
come to be increased in number and made more accurate, is found not to hold exactly.
The departures from this law are found themselves to follow a law which may now be
shown to be true. But at a still later date it is found that this law again is interfered
with, that there are still more minute departures from it, and these departures are again
found to follow a law. All the successive laws so found may be real, or they may be
merely empirical formulae. . . .
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818. OBSERVATION

99. I have already remarked that a definition of science in general which shall
express a really intelligent conception of it as a living historic entity must regard it as
the occupation of that peculiar class of men, the scientific men. The same remark may
be extended to definitions of the different branches of science. The men who pursue a
given branch herd together. They understand one another; they live in the same world,
while those who pursue another branch are for them foreigners.
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100. It will be found upon close examination that that which renders the
modes of thought of the students of a special branch of science peculiar is that their
experience lies in a peculiar region. And the cause of this is that they are trained and
equipped to make a peculiar kind of observations. The man who is continually
making chemical analyses lives in a different region of nature from other men. The
same thing is even more true of men who are constantly using a microscope.
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101. It comes to this, that sciences must be classified according to the peculiar
means of observation they employ.
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102. So too the great landmarks in the history of science are to be placed at the
points where new instruments, or other means of observation, are introduced.
Astronomy before the telescope and astronomy after the telescope. Prephotographic
astronomy and photographic astronomy. Chemistry before the exact analytic balance,
and after.
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§19. EVOLUTION



103. The evolutionary theory in general throws great light upon history and
especially upon the history of science -- both its public history and the account of its
development in an individual intellect. As great a light is thrown upon the theory of
evolution in general by the evolution of history, especially that of science -- whether
public or private.
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104. The main theories of the evolution of organic species are three. First, the
theory of Darwin, according to which the entire interval from Moner to Man has been
traversed by successive purely fortuitous and insensible variations in reproduction.
The changes on the whole follow a determinate course simply because a certain
amount of change in certain directions destroys the species altogether, as the final
result of successive weakenings of its reproductive power. Second, the theory of
Lamarck, according to which the whole interval has been traversed by a succession of
very minute changes. But these have not taken place in reproduction, which has
absolutely nothing to do with the business, except to keep the average individuals
plastic by their youth. The changes have not been fortuitous but wholly the result of
strivings of the individuals. Third, the theory of cataclysmal evolution, according to
which the changes have not been small and have not been fortuitous; but they have
taken place chiefly in reproduction. According to this view, sudden changes of the
environment have taken place from time to time. These changes have put certain
organs at a disadvantage, and there has been an effort to use them in new ways. Such
organs are particularly apt to sport in reproduction and to change in the way which
adapts them better to their recent mode of exercise.
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105. Notwithstanding the teachings of Weismann, it seems altogether probable
that all three of these modes of evolution have acted. It is probable that the last has
been the most efficient. These three modes of organic evolution have their parallels in
other departments of evolution.
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106. Let us consider, for example, the evolution of standards of weights and
measures. In order to define the word "pound™ in the Century Dictionary,t1 | made a
list of about four hundred pounds which had been in use in different parts of Europe --
undoubtedly a very incomplete list, for it was confined in great measure to certain
provinces concerning which | was able to obtain information. Each individual pound
or measuring stick is from time to time copied; and at length the old one becomes
destroyed. The measure of each copy is imperceptibly larger or smaller than its
immediate prototype. If then these variations cannot, by gradual summation, produce
a standard much smaller without that standard being destroyed as inconvenient while
no such destruction would follow upon an increase of the standard, the average of the
standards will slowly grow larger by Darwinian evolution. If there were a disposition
on the part of owners of pounds to file them down, so as to make them lighter, though
not enough to be noticed, then these filed pounds being copied, and the copies filed,
there would be a gradual lightening of the pound by Lamarckian evolution. But it is
very unlikely that either of these two modes has been a considerable factor in the
actual evolution of weights and measures. As long as their circumstances are
unchanged, human communities are exceedingly conservative. Nothing short of the
despotism of a modern government with a modern police can cause a change in
weights and measures. But from time to time changes occur which cause trade to take
new routes. Business has to be adapted to new conditions; and under such influences



we find all those habits of communities which are rendered unsuitable by the change
become plastic enough. Then it is that a new pound or a new yard may be made which
is a compromise between a desire to retain old ways and a desire to please
new-comers.
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107. In the evolution of science, a Darwinian mode of evolution might, for
example, consist in this, that at every recall of a judgment to the mind -- say, for
example, a judgment in regard to some such delicate question as the marriage of the
clergy -- a slight fortuitous modification of the judgment might take place; the
modified judgment would cause a corresponding modification of the belief-habit, so
that the next recall would be influenced by this fortuitous modification, though it
would depart more or less from it by a new fortuitous modification. If, however, by
such summation of modifications an opinion quite untenable were reached, it would
either be violently changed or would be associationally weak and not apt to be
recalled. The effect of this would be in the long run that belief would move away
from such untenable positions. It is possible that such a mode of influence may affect
our instinctive feelings; but there can be nothing of this sort in science, which is
controlled and exact. But another sort of Darwinian evolution undoubtedly does take
place. We are studying over phenomena of which we have been unable to acquire any
satisfactory account. Various tentative explanations recur to our minds from time to
time, and at each occurrence are modified by omission, insertion, or change in the
point of view, in an almost fortuitous way. Finally, one of these takes such an aspect
that we are led to dismiss it as impossible. Then, all the energy of thought which had
previously gone to the consideration of that becomes distributed among the other
explanations, until finally one of them becomes greatly strengthened in our minds.
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108. Lamarckian evolution might, for example, take the form of perpetually
modifying our opinion in the effort to make that opinion represent the known facts as
more and more observations came to be collected. This is all the time going on in
regard, for example, to our estimate of the danger of infection of phthisis. Yet, after
all, it does not play a prominent part in the evolution of science. The physical journals
-- say, for example, Poggendorff's [Annalen der Physik] and Beiblétter -- publish
each month a great number of new researches. Each of these is a distinct contribution
to science. It represents some good, solid, well-trained labor of observation and
inference. But as modifying what is already known, the average effect of the ordinary
research may be said to be insignificant. Nevertheless, as these modifications are not
fortuitous but are for the most part movements toward the truth -- could they be
rightly understood, all of them would be so -- there is no doubt that from decade to
decade, even without any splendid discoveries or great studies, science would
advance very perceptibly. We see that it is so in branches of physics which remain for
a long time without any decisive conquests. It was so, for example, in regard to the
classification of the chemical elements in the lapse of time from Berzelius to
Mendeléeff, as the valuable history of Venable 1 shows. This is an evolution of the
Lamarckian type.
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109. But this is not the way in which science mainly progresses. It advances
by leaps; and the impulse for each leap is either some new observational resource, or
some novel way of reasoning about the observations. Such novel way of reasoning
might, perhaps, be considered as a new observational means, since it draws attention



to relations between facts which would previously have been passed by unperceived.
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[1] illustrate by the discoveries of Pasteur,t2 who began by applying the
microscope to chemistry. He picked out the right- and left-handed crystals of tartaric
acid. The two kinds have absolutely the same properties except in regard to direction
of rotation of the plane of polarization and in their chemical relations to other
"optically active" bodies. Since this method of picking out individual crystals was so
slow, Pasteur looked for other means. Ferments of appropriate kinds were found to
have the same effect. The microscope showed these were due to living organisms,
which Pasteur began studying. At that time the medical world was dominated by
Claude Bernard's dictum that a disease is not an entity but merely a sum of
symptoms.t3 This was pure metaphysics which only barricaded inquiry in that
direction. But that was a generation which attached great value to nominalistic
metaphysics. Pasteur began with the phylloxera. He found it influenced the "optical
activity" of the sugar. This pointed to a ferment and therefore to an entity. He began
to extend the doctrine to other diseases. The medical men, dominated by the
metaphysics of Claude Bernard, raised all sorts of sophistical objections. But the
method of cultures and inoculation proved the thing, and here we see new ideas
connected with new observational methods and a fine example of the usual process of
scientific evolution. It is not by insensible steps.
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§20. SOME A PRIORI DICTA

110. The last fifty years have taught the lesson of not trifling with facts and
not trusting to principles and methods which are not logically founded upon facts and
which serve only to exclude testimony from consideration.
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111. Such, for example, was the dictum of Claude Bernard that a disease is not
an entity -- a purely metaphysical doctrine. But the observation of facts has taught us
that a disease is in many, if not most, serious cases, just as much an entity as a human
family consisting of father, mother, and children.
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112. Such was the dictum of the old psychology which identified the soul with
the ego, declared its absolute simplicity, and held that its faculties were mere names
for logical divisions of human activity. This was all unadulterated fancy. The
observation of facts has now taught us that the ego is a mere wave in the soul, a
superficial and small feature, that the soul may contain several personalities and is as
complex as the brain itself, and that the faculties, while not exactly definable and not
absolutely fixed, are as real as are the different convolutions of the cortex.
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113. Such were the dicta by means of which the internal criticism of historical
documents was carried to such a height that it often amounted to the rejection of all
the testimony that has come down to us, and the substitution for it of a dream spun out
of the critic's brain. But archeological researches have shown that ancient testimony
ought to be trusted in the main, with a small allowance for the changes in the



meanings of words. When we are told that Pythagoras had a golden thigh, we are to
remember that to the ancients gold did not mean a chemical element of atomic weight
197.5 and specific gravity 19.3, melting at 1045+ C. and forming saline compounds of
the types AuX and AuX[3]. It meant something of metallic lustre, warmer in color
than electrum and cooler than copper. Dr. Schliemann's discoveries were the first
socdolager that "higher criticism” received. It has since got many others.
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114. Such was the dictum of Laplace that stones do not come from heaven.
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115. Such were the dicta by which everything of the nature of extraordinary
powers connected with psychological states of which the hypnotic trance is an
example were set down as tricks. At present, while the existence of telepathy cannot
be said to be established, all scientific men are obliged by observed facts to admit that
it presents at least a very serious problem requiring respectful treatment.
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821. THE PAUCITY OF SCIENTIFIC KNOWLEDGE

116. Persons who know science chiefly by its results -- that is to say, have no
acquaintance with it at all as a living inquiry -- are apt to acquire the notion that the
universe is now entirely explained in all its leading features; and that it is only here
and there that the fabric of scientific knowledge betrays any rents.
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117. But in point of fact, notwithstanding all that has been discovered since
Newton's time, his saying that we are little children picking up pretty pebbles on the
beach while the whole ocean lies before us unexplored remains substantially as true
as ever, and will do so though we shovel up the pebbles by steam shovels and carry
them off in carloads. An infinitesimal ratio may be multiplied indefinitely and remain
infinitesimal still.
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118. In the first place all that science has done is to study those relations
between objects which were brought into prominence and conceiving which we had
been endowed with some original knowledge in two instincts -- the instinct of
feeding, which brought with it elementary knowledge of mechanical forces, space,
etc., and the instinct of breeding, which brought with it elementary knowledge of
psychical motives, of time, etc. All the other relations of things concerning which we
must suppose there is vast store of truth are for us merely the object of such false
sciences as judicial astrology, palmistry, the doctrine of signatures, the doctrine of
correspondences, magic, and the like.
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119. In the next place, even within the very bounds to which our science is
confined, it is altogether superficial and fragmentary. Want of knowledge of the
constitution of matter and of electricity. The conservation of forces, as Helmholtz first
enunciated it, untenable; whether it can be universally true in any sense is a difficult
problem. To strengthen it Helmholtz greatly insisted on discontinuities -- a most



objectionable theory from every point of view. Mind quite as little understood as
matter, and the relations between the two an enigma. The forces we know can be but a
small part of all those that are operative. Our ignorance of small things and great, of
distant times and of very slow operations. We are equally ignorant of very rapid
performances which nevertheless we know to take place. Our science is altogether
middle-sized and mediocre. Its insignificance compared with the universe cannot be
exaggerated.
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8§22. THE UNCERTAINTY OF SCIENTIFIC RESULTS

120. It is a great mistake to suppose that the mind of the active scientist is
filled with propositions which, if not proved beyond all reasonable cavil, are at least
extremely probable. On the contrary, he entertains hypotheses which are almost
wildly incredible, and treats them with respect for the time being. Why does he do
this? Simply because any scientific proposition whatever is always liable to be refuted
and dropped at short notice. A hypothesis is something which looks as if it might be
true and were true, and which is capable of verification or refutation by comparison
with facts. The best hypothesis, in the sense of the one most recommending itself to
the inquirer, is the one which can be the most readily refuted if it is false. This far
outweighs the trifling merit of being likely. For after all, what is a likely hypothesis?
It is one which falls in with our preconceived ideas. But these may be wrong. Their
errors are just what the scientific man is out gunning for more particularly. But if a
hypothesis can quickly and easily be cleared away so as to go toward leaving the field
free for the main struggle, this is an immense advantage.
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121. Retroduction goes upon the hope that there is sufficient affinity between
the reasoner's mind and nature's to render guessing not altogether hopeless, provided
each guess is checked by comparison with observation. It is true that agreement does
not show the guess is right; but if it is wrong it must ultimately get found out. The
effort should therefore be to make each hypothesis, which is practically no more than
a question, as near an even bet as possible.

Peirce: CP 1.122 Cross-Ref: Tt
§23. THE ECONOMY OF RESEARCH

122. Dr. Ernst Mach, who has one of the best faults a philosopher can have,
that of riding his horse to death, does just this with his principle of Economy in
science.T1 But of course there is a doctrine of the Economies of Research. One or two
of its principles are easily made out. The value of knowledge is, for the purposes of
science, in one sense absolute. It is not to be measured, it may be said, in money; in
one sense that is true. But knowledge that leads to other knowledge is more valuable
in proportion to the trouble it saves in the way of expenditure to get that other
knowledge. Having a certain fund of energy, time, money, etc., all of which are
merchantable articles to spend upon research, the question is how much is to be



allowed to each investigation; and for us the value of that investigation is the amount
of money it will pay us to spend upon it. Relatively, therefore, knowledge, even of a
purely scientific kind, has a money value.
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This value increases with the fullness and precision of the information, but
plainly it increases slower and slower as the knowledge becomes fuller and more
precise. The cost of the information also increases with its fullness and accuracy, and
increases faster and faster the more accurate and full it is. It therefore may be the case
that it does not pay to get any information on a given subject; but, at any rate, it must
be true that it does not pay (in any given state of science) to push the investigation
beyond a certain point in fullness or precision.
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123. If we have a number of studies in which we are interested, we should
commence with the most remunerative and carry that forward until it becomes no
more than equally remunerative with the commencement of another; carry both
forward at such rates that they are equally remunerative until each is no more
remunerative than a third, and so on.
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124. 1f two or more kinds of knowledge are so related that one can replace the
other so that the possession of one renders the other less profitable, this will diminish
the investigation of either while increasing the investigation of all.
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125. If two or more kinds of information are of use only as supplementing one
another, that is, only when combined together, this will increase the investigations
until there is little or no profit from the least profitable kind of research.
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CHAPTER 3

NOTES ON SCIENTIFIC PHILOSOPHY

81. LABORATORY AND SEMINARY PHILOSOPHIES 11

126. . .. The kind of philosophy which interests me and must, I think, interest
everybody is that philosophy, which uses the most rational methods it can devise, for
finding out the little that can as yet be found out about the universe of mind and
matter from those observations which every person can make in every hour of his
waking life. It will not include matters which are more conveniently studied by
students of special sciences, such as psychology. Thus, everybody has remarked that
there are four prominent qualities of the sense of taste, sweet, sour, salt, and bitter.
But there may be other tastes, not so readily made out without special study; and in



any case tastes are conveniently studied in connexion with flavors and odors, which
make a difficult experimental inquiry. Besides, the four tastes are altogether special
and throw no light on the problems which, on account of their extreme generality, will
naturally be examined by a class of researchers of entirely different aptitudes from
those which adapt men to the discovery of recondite facts.
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127. If anybody asks what there is in the study of obvious phenomena to make
it particularly interesting, I will give two answers. The first is the one which seems to
me the strongest; the other is that which nobody can fail to feel the force of. The first
answer is that the spirit in which, as it seems to me, philosophy ought to be studied is
the spirit in which every branch of science ought to be studied; namely, the spirit of
joy in learning ourselves and in making others acquainted with the glories of God.
Each person will feel this joy most in the particular branch of science to which his
faculties are best adapted. It is not a sin to have no taste for philosophy as I define
philosophy. As a matter of fact, however, almost everybody does feel an interest in
philosophical problems, especially at that time of life at which he is spoiling for an
intellectual tussle.
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128. It is true that philosophy is in a lamentably crude condition at present;
that very little is really established about it; while most philosophers set up a
pretension of knowing all there is to know -- a pretension calculated to disgust
anybody who is at home in any real science. But all we have to do is to turn our backs
upon all such truly vicious conduct, and we shall find ourselves enjoying the
advantages of having an almost virgin soil to till, where a given amount of really
scientific work will bring in an extraordinary harvest, and that a harvest of very
fundamental truth of exceptional value from every point of view.
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129. This consideration touches upon the second reason for studying
laboratory-philosophy (as contradistinguished from seminary-philosophy). It is that
the special sciences are obliged to take for granted a number of most important
propositions, because their ways of working afford no means of bringing these
propositions to the test. In short, they always rest upon metaphysics. At one time, for
example, we find physicists, Kelvin, Maxwell and others, assuming that a body
cannot act where it is not, meaning by "where it is not" where its lines of force do not
centre. At another time, we find them assuming that the laws of mechanics (including
the principles of metric geometry) hold good for the smallest corpuscles. Now it is
one thing to infer from the laws of little things how great things, that consist of little
things, will act; but it is quite a different thing to infer from the phenomena presented
by great things how single things billions of times smaller will act. It is like inferring
that because in any country one man in so many will commit suicide, therefore every
individual, once in such a period of time, will make an attempt at suicide. The
psychical sciences, especially psychology, are, if possible, even more necessitated to
assume general principles that cannot be proved or disproved by their ordinary
methods of work. The philosopher alone is equipped with the facilities for examining
such "axioms" and for determining the degree to which confidence may safely be
reposed in them. Find a scientific man who proposes to get along without any
metaphysics -- not by any means every man who holds the ordinary reasonings of
metaphysicians in scorn -- and you have found one whose doctrines are thoroughly
vitiated by the crude and uncriticized metaphysics with which they are packed. We



must philosophize, said the great naturalist Aristotle T1 -- if only to avoid
philosophizing. Every man of us has a metaphysics, and has to have one; and it will
influence his life greatly. Far better, then, that that metaphysics should be criticized
and not be allowed to run loose. A man may say "l will content myself with common
sense." |, for one, am with him there, in the main. I shall show why | do not think
there can be any direct profit in going behind common sense -- meaning by common
sense those ideas and beliefs that man's situation absolutely forces upon him. We shall
later see more definitely what is meant.2 | agree, for example, that it is better to
recognize that some things are red and some others blue, in the teeth of what optical
philosophers say, that it is merely that some things are resonant to shorter ether waves
and some to longer ones. But the difficulty is to determine what really is and what is
not the authoritative decision of common sense and what is merely obiter dictum. In
short, there is no escape from the need of a critical examination of "first principles.”
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82. AXIOMS 13

130. The science which, next after logic, may be expected to throw the most
light upon philosophy, is mathematics. It is historical fact, | believe, that it was the
mathematicians Thales, Pythagoras, and Plato who created metaphysics, and that
metaphysics has always been the ape of mathematics. Seeing how the propositions of
geometry flowed demonstratively from a few postulates, men got the notion that the
same must be true in philosophy. But of late mathematicians have fully agreed that
the axioms of geometry (as they are wrongly called) are not by any means evidently
true. Euclid, be it observed, never pretended they were evident; he does not reckon
them among his {koinai ennoiai}, or things everybody knows,tP1 but among the
{aitémata}, postulates, or things the author must beg you to admit, because he is
unable to prove them. At any rate, it is now agreed that there is no reason whatever to
think the sum of the three angles of a triangle precisely equal to 180 degrees. It is
generally admitted that the evidence is that the departure from 180 degrees ( if there is
any) will be greater the larger the triangle, and in the case of a triangle having for its
base the diameter of the earth's orbit and for its apex the furthest star, the sum hardly
can differ, according to observation, so much as 0.1". It is probable the discrepancy is
far less. Nevertheless, there is an infinite number of different possible values, of
which precisely 180 degrees is only one; so that the probability is as 1 to « or 0 to 1,
that the value is just 180 degrees. In other words, it seems for the present impossible
to suppose the postulates of geometry precisely true. The matter is reduced to one of
evidence; and as absolute precision [is] beyond the reach of direct observation, so it
can never be rendered probable by evidence, which is indirect observation.
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131. Thus, the postulates of geometry must go into the number of things
approximately true. It may be thousands of years before men find out whether the sum
of the three angles of a triangle is greater or less than 180 degrees; but the
presumption is, it is one or the other.
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132. Now what is metaphysics, which has always formed itself after the model
of mathematics, to say to this state of things? The mathematical axioms being



discredited, are the metaphysical ones to remain unquestioned? | trow not. There is
one proposition, now held to be very certain, though denied throughout antiquity,
namely that every event is precisely determined by general laws, which evidently
never can be rendered probable by observation, and which, if admitted, must,
therefore, stand as self-evident. This is a metaphysical postulate closely analogous to
the postulates of geometry. Its fate is sealed. The geometrical axioms being exploded,
this is for the future untenable. Whenever we attempt to verify a physical law, we find
discrepancies between observation and theory, which we rightly set down as errors of
observation. But now it appears we have no reason to deny that there are similar,
though no doubt far smaller, discrepancies between the law and the real facts. As
Lucretius says,t1 the atoms swerve from the paths to which the laws of mechanics
would confine them. | do not now inquire whether there is or not any positive
evidence that this is so. What | am at present urging is that this arbitrariness is a
conception occurring in logic, encouraged by mathematics, and ought to be regarded
as a possible material to be used in the construction of a philosophical theory, should
we find that it would suit the facts. We observe that phenomena approach very closely
to satisfying general laws; but we have not the smallest reason for supposing that they
satisfy them precisely.
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83. THE OBSERVATIONAL PART OF PHILOSOPHY 12

133. Every science has a mathematical part, a branch of work that the
mathematician is called in to do. We say, "Here, mathematician, suppose such and
such to be the case. Never you mind whether it is really so or not; but tell us,
supposing it to be so, what will be the consequence.” Thus arise mathematical
psychology, mathematical stylometry, mathematical economics, mathematical
physics, mathematical chemistry, mathematical meteorology, mathematical biology,
mathematical geology, mathematical astronomy, etc., etc., etc. But there is none of
these mathematical offices which constitutes quite so large a proportion of the whole
science to which it is annexed as mathematical philosophy, for the obvious reason that
the observational part of philosophy is a simple business, compared, for example,
with that of anatomy or biography, or any other special science.
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134. To assume, however, that the observational part of philosophy, because it
is not particularly laborious, is therefore easy, is a dreadful mistake, into which the
student is very apt to fall, and which gives the death-blow to any possibility of his
success in this study. It is, on the contrary, extremely difficult to bring our attention to
elements of experience which are continually present. For we have nothing in
experience with which to contrast them; and without contrast, they cannot excite our
attention. We can only contrast them with imaginary states of things; but even what
we imagine is but a crazy-quilt of bits snipped off from actual experiences. The result
is that roundabout devices have to be resorted to, in order to enable us to perceive
what stares us in the face with a glare that, once noticed, becomes almost oppressive
with its insistency. This circumstance alone would be sufficient to render
philosophical observation difficult -- much more difficult, for example, than the kind
of observation which the painter has to exercise. Yet this is the least of the difficulties
of philosophy. Of the various hindrances more serious still, | may mention once more



the notion that it is an extremely easy thing to perceive what is before us every day
and hour. But quite the worst is, that every man becomes more or less imbued with
philosophical opinions, without being clearly aware of it. Some of these, it is true,
may be right opinions; if he is a quite uneducated man, they doubtless will be so. But
even if they are right, or nearly right, they prevent true observation as much as a pair
of blue spectacles will prevent a man from observing the blue of the sky. The man
will hold the right opinion, but not knowing that it might be founded upon direct
observation, he will class it among articles of faith of a pretty dubious character. The
more a man is educated in other branches, but not trained in philosophy, the more
certain it is that two-thirds of his stock of half-conscious philosophical opinions will
be utterly wrong, and will completely blind him to the truth, which he will gradually
become unable so much as to conceive. | remember a really eminent French savant,
who had sojourned for very many months in America, but who must have imbibed in
his childhood the notion, then common in France, that Englishmen and Americans
interject into every second sentence a certain word which the French imagine to be
English. He belonged to one of the most observant of races; he was naturally a keen
observer; and he was trained in an observational science; and yet, in order to
assimilate himself as much as possible to American ways, he used to think it
necessary to greet one every morning with a "How do you do, goddam?" and to keep
it up all day. He actually believed that he had observed that such was the American
style. The educated man who is a beginner in philosophy is just like that man, who
(be it remembered) had been moving about in America for years; -- and by a beginner
in philosophy | wish to be understood as meaning, in the case of an educated man,
one who has not been seriously, earnestly, and single-mindedly devoted to the study
of it for more than six or eight years. For there is no other science for which the
preparatory training requires to be nearly so severe and so long, no matter how great
the natural genius of the student may be. For a plain man or a boy who should be
early taken in hand by an instructor capable of making him comprehend both sides of
every question, the time, without doubt, can be greatly reduced, with untiring industry
and energy on the pupil's part.
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84. THE FIRST RULE OF REASON t1

135. Upon this first, and in one sense this sole, rule of reason, that in order to
learn you must desire to learn, and in so desiring not be satisfied with what you
already incline to think, there follows one corollary which itself deserves to be
inscribed upon every wall of the city of philosophy:

Do not block the way of inquiry.
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136. Although it is better to be methodical in our investigations, and to
consider the economics of research, yet there is no positive sin against logic in trying
any theory which may come into our heads, so long as it is adopted in such a sense as
to permit the investigation to go on unimpeded and undiscouraged. On the other hand,
to set up a philosophy which barricades the road of further advance toward the truth is
the one unpardonable offence in reasoning, as it is also the one to which



metaphysicians have in all ages shown themselves the most addicted.
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Let me call your attention to four familiar shapes in which this venomous
error assails our knowledge:
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137. The first is the shape of absolute assertion. That we can be sure of
nothing in science is an ancient truth. The Academy taught it. Yet science has been
infested with overconfident assertion, especially on the part of the third-rate and
fourth-rate men, who have been more concerned with teaching than with learning, at
all times. No doubt some of the geometries still teach as a self-evident truth the
proposition that if two straight lines in one plane meet a third straight line so as to
make the sum of the internal angles on one side less than two right angles those two
lines will meet on that side if sufficiently prolonged. Euclid, whose logic was more
careful, only reckoned this proposition as a Postulate, or arbitrary Hypothesis. Yet
even he places among his axioms the proposition that a part is less than its whole, and
falls into several conflicts with our most modern geometry in consequence. But why
need we stop to consider cases where some subtilty of thought is required to see that
the assertion is not warranted when every book which applies philosophy to the
conduct of life lays down as positive certainty propositions which it is quite as easy to
doubt as to believe?
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138. The second bar which philosophers often set up across the roadway of
inquiry lies in maintaining that this, that, and the other never can be known. When
Auguste Comte was pressed to specify any matter of positive fact to the knowledge of
which no man could by any possibility attain, he instanced the knowledge of the
chemical composition of the fixed stars; and you may see his answer set down in the
Philosophie positive.t1 But the ink was scarcely dry upon the printed page before the
spectroscope was discovered and that which he had deemed absolutely unknowable
was well on the way of getting ascertained. It is easy enough to mention a question
the answer to which is not known to me today. But to aver that that answer will not be
known tomorrow is somewhat risky; for oftentimes it is precisely the least expected
truth which is turned up under the ploughshare of research. And when it comes to
positive assertion that the truth never will be found out, that, in the light of the history
of our time, seems to me more hazardous than the venture of Andrée.2
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139. The third philosophical stratagem for cutting off inquiry consists in
maintaining that this, that, or the other element of science is basic, ultimate,
independent of aught else, and utterly inexplicable -- not so much from any defect in
our knowing as because there is nothing beneath it to know. The only type of
reasoning by which such a conclusion could possibly be reached is retroduction. Now
nothing justifies a retroductive inference except its affording an explanation of the
facts. It is, however, no explanation at all of a fact to pronounce it inexplicable. That,
therefore, is a conclusion which no reasoning can ever justify or excuse.
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140. The last philosophical obstacle to the advance of knowledge which |
intend to mention is the holding that this or that law or truth has found its last and
perfect formulation -- and especially that the ordinary and usual course of nature
never can be broken through. "Stones do not fall from heaven," said Laplace,



although they had been falling upon inhabited ground every day from the earliest
times. But there is no kind of inference which can lend the slightest probability to any
such absolute denial of an unusual phenomenon.
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85. FALLIBILISM, CONTINUITY, AND EVOLUTION t1

141. All positive reasoning is of the nature of judging the proportion of
something in a whole collection by the proportion found in a sample. Accordingly,
there are three things to which we can never hope to attain by reasoning, namely,
absolute certainty, absolute exactitude, absolute universality. We cannot be absolutely
certain that our conclusions are even approximately true; for the sample may be
utterly unlike the unsampled part of the collection. We cannot pretend to be even
probably exact; because the sample consists of but a finite number of instances and
only admits special values of the proportion sought. Finally, even if we could
ascertain with absolute certainty and exactness that the ratio of sinful men to all men
was as 1 to 1; still among the infinite generations of men there would be room for any
finite number of sinless men without violating the proportion. The case is the same
with a seven legged calf.
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142. Now if exactitude, certitude, and universality are not to be attained by
reasoning, there is certainly no other means by which they can be reached.
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143. Somebody will suggest revelation. There are scientists and people
influenced by science who laugh at revelation; and certainly science has taught us to
look at testimony in such a light that the whole theological doctrine of the
"Evidences" seems pretty weak. However, | do not think it is philosophical to reject
the possibility of a revelation. Still, granting that, | declare as a logician that revealed
truths -- that is, truths which have nothing in their favor but revelations made to a few
individuals -- constitute by far the most uncertain class of truths there are. There is
here no question of universality; for revelation is itself sporadic and miraculous.
There is no question of mathematical exactitude; for no revelation makes any
pretension to that character. But it does pretend to be certain; and against that there
are three conclusive objections. First, we never can be absolutely certain that any
given deliverance really is inspired; for that can only be established by reasoning. We
cannot even prove it with any very high degree of probability. Second, even if it is
inspired, we cannot be sure, or nearly sure, that the statement is true. We know that
one of the commandments was in one of the Bibles printed with[out] a not in it.t1 All
inspired matter has been subject to human distortion or coloring. Besides we cannot
penetrate the counsels of the most High, or lay down anything as a principle that
would govern his conduct. We do not know his inscrutable purposes, nor can we
comprehend his plans. We cannot tell but he might see fit to inspire his servants with
errors. In the third place, a truth which rests on the authority of inspiration only is of a
somewhat incomprehensible nature; and we never can be sure that we rightly
comprehend it. As there is no way of evading these difficulties, | say that revelation,
far from affording us any certainty, gives results less certain than other sources of
information. This would be so even if revelation were much plainer than it is.
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144. But, it will be said, you forget the laws which are known to us a priori,
the axioms of geometry, the principles of logic, the maxims of causality, and the like.
Those are absolutely certain, without exception and exact. To this | reply that it seems
to me there is the most positive historic proof that innate truths are particularly
uncertain and mixed up with error, and therefore a fortiori not without exception.
This historical proof is, of course, not infallible; but it is very strong. Therefore, | ask
how do you know that a priori truth is certain, exceptionless, and exact? You cannot
know it by reasoning. For that would be subject to uncertainty and inexactitude.
Then, it must amount to this that you know it a priori; that is, you take a priori
judgments at their own valuation, without criticism or credentials. That is barring the
gate of inquiry.
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145. Ah! but it will be said, you forget direct experience. Direct experience is
neither certain nor uncertain, because it affirms nothing -- it just is. There are
delusions, hallucinations, dreams. But there is no mistake that such things really do
appear, and direct experience means simply the appearance. It involves no error,
because it testifies to nothing but its own appearance. For the same reason, it affords
no certainty. It is not exact, because it leaves much vague; though it is not inexact
either; that is, it has no false exactitude.
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146. All this is true of direct experience at its first presentation. But when it
comes up to be criticized it is past, itself, and is represented by memory. Now the
deceptions and inexactitude of memory are proverbial.
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147. ... 0On the whole, then, we cannot in any way reach perfect certitude nor
exactitude. We never can be absolutely sure of anything, nor can we with any
probability ascertain the exact value of any measure or general ratio.
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This is my conclusion, after many years study of the logic of science; and it is
the conclusion which others, of very different cast of mind, have come to, likewise. |
believe | may say there is no tenable opinion regarding human knowledge which does
not legitimately lead to this corollary. Certainly there is nothing new in it; and many
of the greatest minds of all time have held it for true.
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148. Indeed, most everybody will admit it until he begins to see what is
involved in the admission -- and then most people will draw back. It will not be
admitted by persons utterly incapable of philosophical reflection. It will not be fully
admitted by masterful minds developed exclusively in the direction of action and
accustomed to claim practical infallibility in matters of business. These men will
admit the incurable fallibility of all opinions readily enough; only, they will always
make exception of their own. The doctrine of fallibilism will also be denied by those
who fear its consequences for science, for religion, and for morality. But I will take
leave to say to these highly conservative gentlemen that however competent they may
be to direct the affairs of a church or other corporation, they had better not try to
manage science in that way. Conservatism -- in the sense of a dread of consequences
-- is altogether out of place in science -- which has on the contrary always been



forwarded by radicals and radicalism, in the sense of the eagerness to carry
consequences to their extremes. Not the radicalism that is cocksure, however, but the
radicalism that tries experiments. Indeed, it is precisely among men animated by the
spirit of science that the doctrine of fallibilism will find supporters.
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149. Still, even such a man as that may well ask whether | propose to say that
it is not quite certain that twice two are four -- and that it is even not probably quite
exact! But it would be quite misunderstanding the doctrine of fallibilism to suppose
that it means that twice two is probably not exactly four. As | have already remarked,
it is not my purpose to doubt that people can usually count with accuracy. Nor does
fallibilism say that men cannot attain a sure knowledge of the creations of their own
minds. It neither affirms nor denies that. It only says that people cannot attain
absolute certainty concerning questions of fact. Numbers are merely a system of
names devised by men for the purpose of counting.t1 It is a matter of real fact to say
that in a certain room there are two persons. It is a matter of fact to say that each
person has two eyes. It is a matter of fact to say that there are four eyes in the room.
But to say that if there are two persons and each person has two eyes there will be
four eyes is not a statement of fact, but a statement about the system of numbers
which is our own creation.
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150. Still, if the matter is pressed, let me ask whether any individual here
present thinks there is no room for possible doubt that twice two is four?
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What do you think? You have heard of hypnotism. You know how common it
is. You know that about one man in twenty is capable of being put into a condition in
which he holds the most ridiculous nonsense for unquestionable truth. How does any
individual here know but that I am a hypnotist and that when he comes out of my
influence he may see that twice two is four is merely his distorted idea; that in fact
everybody knows it isn't so? Suppose the individual 1 am addressing to be enormously
wealthy. Then I ask: "Would you, in view of this possibility -- or with the possibility
that you are seized with a temporary insanity, risk your entire fortune this minute
against one cent, on the truth of twice two being four?" You certainly ought not to do
so; for you could not go on making very many millions of such bets before you would
lose! Why, according to my estimate of probabilities there is not a single truth of
science upon which we ought to bet more than about a million of millions to one --
and that truth will be a general one and not a special fact. People say "Such a thing is
as certain as that the sun will rise tomorrow!" I like that phrase for its great
moderation because it is infinitely far from certain that the sun will rise tomorrow.

Peirce: CP 1.151 Cross-Ref:t1

151. To return to our friends the Conservatives; these ladies and gentlemen
will tell me this doctrine of fallibilism can never be admitted because the
consequences from it would undermine Religion. | can only say | am very sorry. The
doctrine is true; -- without claiming absolute certainty for it, it is substantially
unassailable. And if its consequences are antagonistic to religion, so much the worse
for religion. At the same time, | do not believe they are so antagonistic. The dogmas
of a church may be infallible -- infallible in the sense in which it is infallibly true that
it is wrong to murder and steal -- practically and substantially infallible. But what use
a church could make of a mathematical infallibility, I fail to see. Messieurs et



mesdames les conservateurs have generally taken the lead in determining what the
church should say to the novelties of science; and I don't think they have managed the
business with very distinguished success so far. They have begun by recoiling with
horror from the alleged heresies -- about the rotundity of the earth, about its rotation,
about geology, about Egyptian history, and so forth -- and they have ended by
declaring that the church never breathed a single word against any of these truths of
science. Perhaps, it be just so with fallibility. For the present those knowing in divine
things insist that infallibility is the prerogative of the church, but maybe bye and bye
we shall be told that this infallibility had always been taken in an ecclesiastical sense.
And that will be true, too. | should not wonder if the churches were to be quite agile
in reformed teachings during the coming thirty years. Even one that mainly gathers in
the very ignorant and the very rich may feel young blood in its veins.
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152. But doubtless many of you will say, as many most intelligent people have
said, Oh, we grant your fallibilism to the extent you insist upon it. It is nothing new.
Franklin said a century ago that nothing was certain. We will grant it would be foolish
to bet ten years' expenditure of the United States Government against one cent upon
any fact whatever. But practically speaking many things are substantially certain. So,
after all, of what importance is your fallibilism?
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We come then to this question: of what importance is it? Let us see.
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153. How can such a little thing be of importance, you will ask? I answer:
after all there is a difference between something and nothing. If a metaphysical theory
has come into general vogue, which can rest on nothing in the world but the
assumption that absolute exactitude and certitude are to be attained, and if that
metaphysics leaves us unprovided with pigeonholes in which to file important facts so
that they have to be thrown in the fire -- or to resume our previous figure if that
metaphysical theory seriously blocks the road of inquiry -- then it is comprehensible
that the little difference between a degree of evidence extremely high and absolute
certainty should after all be of great importance as removing a mote from our eye.
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154. Let us look then at two or three of the grandest results of science and see
whether they appear any different from a fallibilist standpoint from what they would
to an infallibilist.
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Three of the leading conceptions of science may be glanced at -- | mean the
ideas of force, of continuity, and of evolution.

Peirce: CP 1.155 Cross-Ref:t1

155. ... The fourth law of motion was developed about forty years ago 1 by
Helmholtz and others. It is called the law of the conservation of energy; but in my
opinion that is a very misleading name, implying a peculiar aspect of the law under
which the real fact at the bottom of it is not clearly brought out. It is therefore not
suitable for an abstract and general statement, although it is a point of view which is
very serviceable for many practical applications. But the law generally stated is that
the changes in the velocities of particles depend exclusively on their relative
positions.
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It is not necessary now to examine these laws with technical accuracy. It is
sufficient to notice that they leave the poor little particle no option at all. Under given
circumstances his motion is precisely laid out for him.
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We can from the nature of things have no evidence at all tending to show that
these laws are absolutely exact. But in some single cases we can see that the
approximation to exactitude is quite wonderful.
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These laws have had a very wonderful effect upon physical sciences, because
they have shown the very high degree of exactitude with which nature acts -- at least,
in simple configurations. But, as | said before, the logic of the case affords us not one
scintilla of reason to think that this exactitude is perfect.
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156. The illustrious Phoenix [G. H. Derby], you remember, wrote a series of
lectures on astronomy to be delivered at the Lowell Institute in Boston.t2 But owing
to the unexpected circumstance of his not being invited to give any lectures at that
Institution, they were ultimately published in The San Diego Herald. In those
lectures in treating of the sun he mentions how it once stood still at the command of
Joshua. But, says he, I never could help thinking that it might have wiggled a very
little when Joshua was not looking directly at it. The question is whether particles
may not spontaneously swerve by a very little -- less than we can perceive -- from the
exact requirements of the laws of mechanics. We cannot possibly have a right to deny
this. For such a denial would be a claim to absolute exactitude of knowledge. On the
other hand, we never can have any right to suppose that any observed phenomenon is
simply a sporadic spontaneous irregularity. For the only justification we can have for
supposing anything we don't see is that it would explain how an observed fact could
result from the ordinary course of things. Now to suppose a thing sporadic,
spontaneous, irregular, is to suppose it departs from the ordinary course of things.
That is blocking the road of inquiry; it is supposing the thing inexplicable, when a
supposition can only be justified by its affording an explanation.
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157. But we may find a general class of phenomena, forming a part of the
general course of things, which are explicable not as an irregularity, but as the
resultant effect of a whole class of irregularities.
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Physicists often resort to this kind of explanation to account for phenomena
which appear to violate the law of the conservation of energy. The general properties
of gases are explained by supposing the molecules are moving about in every
direction in the most diverse possible ways. Here, it is true, it is supposed that there is
only so much irregularity as the laws of mechanics permit -- but the principle is there
of explaining a general phenomenon by the statistical regularities that exist among
irregularities.
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158. As there is nothing to show that there is not a certain amount of absolute
spontaneity in nature, despite all laws, our metaphysical pigeon-holes should not be
so limited as to exclude this hypothesis, provided any general phenomena should



appear which might be explained by such spontaneity.

Peirce: CP 1.159 Cross-Ref: T+
159. Now in my opinion there are several such general phenomena. Of these |
will at this moment instance but one.
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It is the most obtrusive character of nature. It is so obvious, that you will
hardly know at first what it is | mean. It is curious how certain facts escape us because
they are so pervading and ubiquitous; just as the ancients imagined the music of the
spheres was not heard because it was heard all the time. But will not somebody kindly
tell the rest of the audience what is the most marked and obtrusive character of
nature? Of course, | mean the variety of nature.
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160. Now I don't know that it is logically accurate to say that this marvellous
and infinite diversity and manifoldness of things is a sign of spontaneity. | am a
logical analyst by long training, you know, and to say this is a manifestation of
spontaneity seems to me faulty analysis. | would rather say it is spontaneity. | don't
know what you can make out of the meaning of spontaneity but newness, freshness,
and diversity.
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161. Let me ask you a little question? Can the operation of law create diversity
where there was no diversity before? Obviously not; under given circumstances
mechanical law prescribes one determinate result.
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I could easily prove this by the principles of analytical mechanics. But that is
needless. You can see for yourselves that law prescribes like results under like
circumstances. That is what the word law implies. So then, all this exuberant diversity
of nature cannot be the result of law. Now what is spontaneity? It is the character of
not resulting by law from something antecedent.
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162. Thus, the universe is not a mere mechanical result of the operation of
blind law.t1 The most obvious of all its characters cannot be so explained. It is the
multitudinous facts of all experience that show us this; but that which has opened our
eyes to these facts is the principle of fallibilism. Those who fail to appreciate the
importance of fallibilism reason: we see these laws of mechanics; we see how
extremely closely they have been verified in some cases. We suppose that what we
haven't examined is like what we have examined, and that these laws are absolute,
and the whole universe is a boundless machine working by the blind laws of
mechanics. This is a philosophy which leaves no room for a God! No, indeed! It
leaves even human consciousness, which cannot well be denied to exist, as a perfectly
idle and functionless flaneur in the world, with no possible influence upon anything
-- not even upon itself. Now will you tell me that this fallibilism amounts to nothing?
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163. But in order really to see all there is in the doctrine of fallibilism, it is
necessary to introduce the idea of continuity, or unbrokenness. This is the leading
idea of the differential calculus and of all the useful branches of mathematics; it plays
a great part in all scientific thought, and the greater the more scientific that thought is;
and it is the master key which adepts tell us unlocks the arcana of philosophy.
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164. We all have some idea of continuity. Continuity is fluidity, the merging
of part into part. But to achieve a really distinct and adequate conception of it is a
difficult task, which with all the aids possible must for the most acute and most
logically trained intellect require days of severe thought. If | were to attempt to give
you any logical conception of it, | should only make you dizzy to no purpose. | may
say this, however. | draw a line. Now the points on that line form a continuous series.
If | take any two points on that line, however close together, other points there are
lying between them. If that were not so, the series of points would not be continuous.
It might be so, even if the series of points were not continuous. . . .
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165. You will readily see that the idea of continuity involves the idea of
infinity. Now, the nominalists tell us that we cannot reason about infinity, or that we
cannot reason about it mathematically. Nothing can be more false. Nominalists
cannot reason about infinity, because they do not reason logically about anything.
Their reasoning consists of performing certain processes which they have found
worked well -- without having any insight into the conditions of their working well.
This is not logical reasoning. It naturally fails when infinity is involved; because they
reason about infinity as if it were finite. But to a logical reasoner, reasoning about
infinity is decidedly simpler than reasoning about finite quantity.
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166. There is one property of a continuous expanse that I must mention,
though I cannot venture to trouble you with the demonstration of it. It is that in a
continuous expanse, say a continuous line, there are continuous lines infinitely short.
In fact, the whole line is made up of such infinitesimal parts. The property of these
infinitely small spaces is -- | regret the abstruseness of what | am going to say, but |
cannot help it -- the property which distinguishes these infinitesimal distances is that a
certain mode of reasoning which holds good of all finite quantities and of some that
are not finite does not hold good of them. Namely, mark any point on the line A.
Suppose that point to have any character; suppose, for instance, it is blue. Now
suppose we lay down the rule that every point within an inch of a blue point shall be
painted blue. Obviously, the consequence will be that the whole line will have to be
blue. But this reasoning does not hold good of infinitesimal distances. After the point
A has been painted blue, the rule that every point infinitesimally near to a blue point
shall be painted blue will not necessarily result in making the whole blue. Continuity
involves infinity in the strictest sense, and infinity even in a less strict sense goes
beyond the possibility of direct experience.
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167. Can we, then, ever be sure that anything in the real world is continuous?
Of course, | am not asking for an absolute certainty; but can we ever say that it is so
with any ordinary degree of security? This is a vitally important question. I think that
we have one positive direct evidence of continuity and on the first line but one. It is
this. We are immediately aware only of our present feelings -- not of the future, nor of
the past. The past is known to us by present memory, the future by present suggestion.
But before we can interpret the memory or the suggestion, they are past; before we
can interpret the present feeling which means memory, or the present feeling that
means suggestion, since that interpretation takes time, that feeling has ceased to be
present and is now past. So we can reach no conclusion from the present but only
from the past.
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168. How do we know then on the whole that the past ever existed, that the
future ever will exist? How do we know there ever was or ever will be anything but
the present instant? Or stop: | must not say we. How do | know that anybody but
myself ever existed or even | myself exist except for one single instant, the present,
and that all this business is not an illusion from top to bottom? Answer: | don't know.
But | am trying the hypothesis that it is real, which seems to work excellently so far.
Now if this is real, the past is really known to the present. How can it be known? Not
by inference; because as we have just seen we can make no inference from the
present, since it will be past before the inference gets drawn.
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169. Then we must have an immediate consciousness of the past. But if we
have an immediate consciousness of a state of consciousness past by one unit of time
and if that past state involved an immediate consciousness of a state then past by one
unit, we now have an immediate consciousness of a state past by two units; and as
this is equally true of all states, we have an immediate consciousness of a state past by
four units, by eight units, by sixteen units, etc.; in short we must have an immediate
consciousness of every state of mind that is past by any finite number of units of time.
But we certainly have not an immediate consciousness of our state of mind a year
ago. So a year is more than any finite number of units of time in this system of
measurement; or, in other words, there is a measure of time infinitely less than a year.
Now, this is only true if the series be continuous. Here, then, it seems to me, we have
positive and tremendously strong reason for believing that time really is continuous.
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170. Equally conclusive and direct reason for thinking that space and degrees
of quality and other things are continuous is to be found as for believing time to be so.
Yet, the reality of continuity once admitted, reasons are there, divers reasons, some
positive, others only formal, yet not contemptible, for admitting the continuity of all
things. I am making a bore of myself and won't bother you with any full statement of
these reasons, but will just indicate the nature of a few of them. Among formal
reasons, there are such as these, that it is easier to reason about continuity than about
discontinuity, so that it is a convenient assumption. Also, in case of ignorance it is
best to adopt the hypothesis which leaves open the greatest field of possibility; now a
continuum is merely a discontinuous series with additional possibilities. Among
positive reasons, we have that apparent analogy between time and space, between
time and degree, and so on. There are various other positive reasons, but the
weightiest consideration appears to me to be this: How can one mind act upon another
mind? How can one particle of matter act upon another at a distance from it? The
nominalists tell us this is an ultimate fact -- it cannot be explained. Now, if this were
meant in [a] merely practical sense, if it were only meant that we know that one thing
does act on another but that how it takes place we cannot very well tell, up to date, |
should have nothing to say, except to applaud the moderation and good logic of the
statement. But this is not what is meant; what is meant is that we come up, bump
against actions absolutely unintelligible and inexplicable, where human inquiries have
to stop. Now that is a mere theory, and nothing can justify a theory except its
explaining observed facts. It is a poor kind of theory which in place of performing
this, the sole legitimate function of a theory, merely supposes the facts to be
inexplicable. It is one of the peculiarities of nominalism that it is continually
supposing things to be absolutely inexplicable. That blocks the road of inquiry. But if



we adopt the theory of continuity we escape this illogical situation. We may then say
that one portion of mind acts upon another, because it is in a measure immediately
present to that other; just as we suppose that the infinitesimally past is in a measure
present. And in like manner we may suppose that one portion of matter acts upon
another because it is in a measure in the same place.
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171. If I were to attempt to describe to you in full all the scientific beauty and
truth that I find in the principle of continuity, I might say in the simple language of
Matilda the Engaged, "the tomb would close over me e'er the entrancing topic were
exhausted" -- but not before my audience was exhausted. So | will just drop it here.
Only, in doing so, let me call your attention to the natural affinity of this principle to
the doctrine of fallibilism. The principle of continuity is the idea of fallibilism
objectified. For fallibilism is the doctrine that our knowledge is never absolute but
always swims, as it were, in a continuum of uncertainty and of indeterminacy. Now
the doctrine of continuity is that all things so swim in continua.
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172. The doctrine of continuity rests upon observed fact as we have seen. But
what opens our eyes to the significance of that fact is fallibilism. The ordinary
scientific infallibilist -- of which sect Blchner in his Kraft und Stoff affords a fine
example -- cannot accept synechism, or the doctrine that all that exists is continuous
-- because he is committed to discontinuity in regard to all those things which he
fancies he has exactly ascertained, and especially in regard to that part of his
knowledge which he fancies he has exactly ascertained to be certain. For where there
is continuity, the exact ascertainment of real quantities is too obviously impossible.
No sane man can dream that the ratio of the circumference to the diameter could be
exactly ascertained by measurement. As to the quantities he has not yet exactly
ascertained, the Buchnerite is naturally led to separate them into two distinct classes,
those which may be ascertained hereafter (and there, as before, continuity must be
excluded), and those absolutely unascertainable -- and these in their utter and
everlasting severance from the other class present a new breach of continuity. Thus
scientific infallibilism draws down a veil before the eyes which prevents the
evidences of continuity from being discerned.

Peirce: CP 1.172 Cross-Ref: Tt

But as soon as a man is fully impressed with the fact that absolute exactitude
never can be known, he naturally asks whether there are any facts to show that hard
discrete exactitude really exists. That suggestion lifts the edge of that curtain and he
begins to see the clear daylight shining in from behind it.

Peirce: CP 1.173 Cross-Ref: Tt

173. But fallibilism cannot be appreciated in anything like its true significancy
until evolution has been considered. This is what the world has been most thinking of
for the last forty years -- though old enough is the general idea itself. Aristotle's
philosophy, that dominated the world for so many ages and still in great measure
tyrannizes over the thoughts of butchers and bakers that never heard of him -- is but a
metaphysical evolutionism.
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174. Evolution means nothing but growth in the widest sense of that word.
Reproduction, of course, is merely one of the incidents of growth. And what is
growth? Not mere increase. Spencer says it is the passage from the homogeneous to



the heterogeneous -- or, if we prefer English to Spencerese -- diversification. That is
certainly an important factor of it. Spencer further says that it is a passage from the
unorganized to the organized; but that part of the definition is so obscure that I will
leave it aside for the present. But think what an astonishing idea this of diversification
is! Is there such thing in nature as increase of variety? Were things simpler, was
variety less in the original nebula from which the solar system is supposed to have
grown than it is now when the land and sea swarms with animal and vegetable forms
with their intricate anatomies and still more wonderful economies? It would seem as
if there were an increase in variety, would it not? And yet mechanical law, which the
scientific infallibilist tells us is the only agency of nature, mechanical law can never
produce diversification. That is a mathematical truth -- a proposition of analytical
mechanics; and anybody can see without any algebraical apparatus that mechanical
law out of like antecedents can only produce like consequents. It is the very idea of
law. So if observed facts point to real growth, they point to another agency, to
spontaneity for which infallibilism provides no pigeon-hole. And what is meant by
this passage from the less organized to the more organized? Does it mean a passage
from the less bound together to the more bound together, the less connected to the
more connected, the less regular to the more regular? How can the regularity of the
world increase, if it has been absolutely perfect all the time?
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175. ... Once you have embraced the principle of continuity no kind of
explanation of things will satisfy you except that they grew. The infallibilist naturally
thinks that everything always was substantially as it is now. Laws at any rate being
absolute could not grow. They either always were, or they sprang instantaneously into
being by a sudden fiat like the drill of a company of soldiers. This makes the laws of
nature absolutely blind and inexplicable. Their why and wherefore can't be asked.
This absolutely blocks the road of inquiry. The fallibilist won't do this. He asks may
these forces of nature not be somehow amenable to reason? May they not have
naturally grown up? After all, there is no reason to think they are absolute. If all
things are continuous, the universe must be undergoing a continuous growth from
non-existence to existence. There is no difficulty in conceiving existence as a matter
of degree. The reality of things consists in their persistent forcing themselves upon
our recognition. If a thing has no such persistence, it is a mere dream. Reality, then, is
persistence, is regularity. In the original chaos, where there was no regularity, there
was no existence. It was all a confused dream. This we may suppose was in the
infinitely distant past. But as things are getting more regular, more persistent, they are
getting less dreamy and more real.

Peirce: CP 1.175 Cross-Ref: 1t
Fallibilism will at least provide a big pigeon-hole for facts bearing on that
theory.
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THE CLASSIFICATION OF THE SCIENCES

PROEM: THE ARCHITECTONIC CHARACTER OF PHILOSOPHY 1

176. The universally and justly lauded parallel which Kant draws between a
philosophical doctrine and a piece of architecture has excellencies which the beginner
in philosophy might easily overlook; and not the least of these is its recognition of the
cosmic character of philosophy. I use the word "cosmic™ because cosmicus is Kant's
own choice; but I must say I think secular or public would have approached nearer to
the expression of his meaning. Works of sculpture and painting can be executed for a
single patron and must be by a single artist. A painting always represents a fragment
of a larger whole. It is broken at its edges. It is to be shut up in a room and admired by
a few. In such a work individuality of thought and feeling is an element of beauty. But
a great building, such as alone can call out the depths of the architect's soul, is meant
for the whole people, and is erected by the exertions of an army representative of the
whole people. It is the message with which an age is charged, and which it delivers to
posterity. Consequently, thought characteristic of an individual -- the piquant, the
nice, the clever -- is too little to play any but the most subordinate réle in architecture.
If anybody can doubt whether this be equally true of philosophy, I can but
recommend to him that splendid third chapter of the Methodology, in the Critic of the
Pure Reason.

Peirce: CP 1.177 Cross-Ref: Tt

177. To the cosmological or secular character of philosophy (to which, as
closely connected, Kant with his unfailing discernment joins the circumstance that
philosophy is a thing that has to grow by the fission of minute parts and not by
accretion) is due the necessity of planning it out from the beginning. Of course, every
painting likewise has its composition; but composition is not a very weighty problem,
except in that kind of painting which is accessory to architecture, or is, at any rate,
very public in its appeal. Indeed historical painting is one of those exceptions which
go to prove the rule that in works which aim at being secular, rather than
individualistic, the preliminary business of planning is particularly important and
onerous.
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178. And the reason is very plain and simple. The instincts of the lower
animals answer their purposes much more unerringly than a discursive understanding
could do. But for man discourse of reason is requisite, because men are so intensively
individualistic and original that the instincts, which are racial ideas, become
smothered in them. A deliberate logical faculty, therefore, has in man to take their
place; and the sole function of this logical deliberation is to grind off the arbitrary and
the individualistic character of thought. Hence, wherever the arbitrary and the
individualistic is particularly prejudicial, there logical deliberation, or discourse of
reason, must be allowed as much play as possible.

Peirce: CP 1.179 Cross-Ref: Tt

179. That is why philosophy ought to be deliberate and planned out; and that
is why, though pitchforking articles into a volume is a favorite and easy method of
bookmaking, it is not the one which Mr. Peirce has deemed to be the most appropriate



to the exposition of the principles of philosophy; so that, instead of making up this
book by a collection of his old papers with additions, as he was urged to do, he has
preferred to write it entirely anew, as if he had never before set pen to paper.t1
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CHAPTER 1

AN OUTLINE CLASSIFICATION OF THE SCIENCES 11

180. This classification, which aims to base itself on the principal affinities of
the objects classified, is concerned not with all possible sciences, nor with so many
branches of knowledge, but with sciences in their present condition, as so many
businesses of groups of living men. It borrows its idea from Comte's classification;
namely, the idea that one science depends upon another for fundamental principles,
but does not furnish such principles to that other. It turns out that in most cases the
divisions are trichotomic; the First of the three members relating to universal elements
or laws, the Second arranging classes of forms and seeking to bring them under
universal laws, the Third going into the utmost detail, describing individual
phenomena and endeavoring to explain them. But not all the divisions are of this
character.
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The classification has been carried into great detail;12 but only its broader
divisions are here given.

Peirce: CP 1.181 Cross-Ref: 1t
181. All science is either, A. Science of Discovery; B. Science of Review; or
C. Practical Science.
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182. By "science of review" is meant the business of those who occupy
themselves with arranging the results of discovery, beginning with digests, and going
on to endeavor to form a philosophy of science. Such is the nature of Humboldt's
Cosmos, of Comte's Philosophie positive, and of Spencer's Synthetic Philosophy.
The classification of the sciences belongs to this department.
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183. Science of Discovery is either, I. Mathematics; Il. Philosophy; or IlI.
Idioscopy.t1
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184. Mathematics studies what is and what is not logically possible, without
making itself responsible for its actual existence. Philosophy is positive science, in
the sense of discovering what really is true; but it limits itself to so much of truth as
can be inferred from common experience. ldioscopy embraces all the special sciences,
which are principally occupied with the accumulation of new facts.
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185. Mathematics may be divided into a. the Mathematics of Logic; b. the
Mathematics of Discrete Series; c. the Mathematics of Continua and Pseudo-continua.

Peirce: CP 1.185 Cross-Ref: Tt
I shall not carry this division further. Branch b has recourse to branch a, and
branch c to branch b.
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186. Philosophy is divided into a. Phenomenology; b. Normative Science; c.
Metaphysics.
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Phenomenology ascertains and studies the kinds of elements universally
present in the phenomenon; meaning by the phenomenon, whatever is present at any
time to the mind in any way. Normative science distinguishes what ought to be from
what ought not to be, and makes many other divisions and arrangements subservient
to its primary dualistic distinction. Metaphysics seeks to give an account of the
universe of mind and matter. Normative science rests largely on phenomenology and
on mathematics; metaphysics on phenomenology and on normative science.
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187. Idioscopy has two wings: o. the Physical Sciences; and p. the Psychical,
or Human Sciences.
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Psychical science borrows principles continually from the physical sciences;
the latter very little from the former.
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188. The physical sciences are: a. Nomological, or General, Physics; b.
Classificatory Physics; c. Descriptive Physics.
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Nomological physics discovers the ubiquitous phenomena of the physical
universe, formulates their laws, and measures their constants. It draws upon
metaphysics and upon mathematics for principles. Classificatory physics describes
and classifies physical forms and seeks to explain them by the laws discovered by
nomological physics with which it ultimately tends to coalesce. Descriptive physics
describes individual objects -- the earth and the heavens -- endeavors to explain their
phenomena by the principles of nomological and classificatory physics, and tends
ultimately itself to become classificatory.
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189. The Psychical Sciences are: a. Nomological Psychics or Psychology; b.
Classificatory Psychics, or Ethnology; c. Descriptive Psychics, or History.
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Nomological psychics discovers the general elements and laws of mental
phenomena. It is greatly influenced by phenomenology, by logic, by metaphysics, and
by biology (a branch of classificatory physics). Classificatory psychics classifies
products of mind and endeavors to explain them on psychological principles. At
present it is far too much in its infancy (except linguistics, to which reference will be



made below) to approach very closely to psychology. It borrows from psychology and
from physics. Descriptive psychics endeavors in the first place to describe individual
manifestations of mind, whether they be permanent works or actions; and to that task
it joins that of endeavoring to explain them on the principles of psychology and
ethnology. It borrows from geography (a branch of descriptive physics), from
astronomy (another branch) and from other branches of physical and psychical
science.
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I now consider the subdivisions of these sciences, so far as they are so widely
separated as quite to sunder the groups of investigators who today study them.
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190. Phenomenology is, at present, a single study.
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191. Normative science has three widely separated divisions: i. Esthetics; ii.
Ethics; iii. Logic.
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Esthetics is the science of ideals, or of that which is objectively admirable
without any ulterior reason. I am not well acquainted with this science; but it ought to
repose on phenomenology. Ethics, or the science of right and wrong, must appeal to
Esthetics for aid in determining the summum bonum. It is the theory of
self-controlled, or deliberate, conduct. Logic is the theory of self-controlled, or
deliberate, thought; and as such, must appeal to ethics for its principles. It also
depends upon phenomenology and upon mathematics. All thought being performed
by means of signs, logic may be regarded as the science of the general laws of signs.
It has three branches: 1, Speculative Grammar, or the general theory of the nature and
meanings of signs, whether they be icons, indices, or symbols; 2, Critic, which
classifies arguments and determines the validity and degree of force of each kind; 3,
Methodeutic, which studies the methods that ought to be pursued in the investigation,
in the exposition, and in the application of truth. Each division depends on that which
precedes it.
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192. Metaphysics may be divided into, i, General Metaphysics, or Ontology;
ii, Psychical, or Religious, Metaphysics, concerned chiefly with the questions of 1,
God, 2, Freedom, 3, Immortality; and iii, Physical Metaphysics, which discusses the
real nature of time, space, laws of nature, matter, etc. The second and third branches
appear at present to look upon one another with supreme contempt.

Peirce: CP 1.193 Cross-Ref: Tt

193. Nomological physics is divided into, i, Molar Physics, Dynamics and
Gravitation; ii, Molecular Physics, Elaterics and Thermodynamics; iii, Etherial
Physics, Optics and Electrics. Each division has two subdivisions. The dependence of
the divisions is well marked.
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194. Classificatory physics seems, at present, as a matter of fact, to be divided,
quite irrationally and most unequally, into i, Crystallography; ii, Chemistry; iii,
Biology.
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195. But crystallography is rather an offshoot from chemistry, to which it
furnishes a few facts, but hardly a principle. It is highly mathematical and depends
also on elaterics. Biology might be regarded (although, as a matter of fact, no such
view is taken) as the chemistry of the albumoids and of the forms they assume. It is
probable that all the differences of races, individuals, and tissues are chemical, at
bottom. At any rate, the possible varieties of albuminoids are amply sufficient to
account for all the diversity of organic forms.
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196. Pure chemistry seems, at present, to consist of, 1, Physical Chemistry,
consisting of the old chemical physics and the modern chemical dynamics; 2, Organic
Chemistry, Aliphatic and Aromatic; 3, Inorganic Chemistry, consisting of the doctrine
of the elements, their atomic weights, periodicity, etc., and the doctrine of
compounds.
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197. Biology is divided into, 1, Physiology; and 2, Anatomy. Physiology is
closely allied to chemistry and physics. Anatomy is divided into many distinct fields,
according to the nature of the forms studied.
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198. Descriptive physics is divided into, 1, Geognosy, and, 2, Astronomy.
Both have various well-known subdivisions.
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199. Psychology is most naturally divided, according to the methods it
follows, into, i, Introspectional Psychology; ii, Experimental Psychologys; iii,
Physiological Psychology; iv, Child Psychology.
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This division only admits those parts of psychology which investigate the
general phenomena of mind. Special psychology belongs to classificatory psychics.
Both experimental and physiological psychology are dependent upon introspective
psychology. But it is hard to say which of them derives most from the other. Child
psychology depends on all the others. Psychology is too young a science to have any
further living divisions than such as are here admitted.
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200. Classificatory psychics is divided into, i, Special Psychology, itself
consisting of, 1, Individual Psychology; 2, Psychical Heredity; 3, Abnormal
Psychology; 4, Mob Psychology; 5, Race Psychology; 6, Animal Psychology; ii,
Linguistics, a vast science, divided according to the families of speech, and
cross-divided into, 1, Word Linguistics; 2, Grammar; and there should be a
comparative science of forms of composition; iii, Ethnology, divided into, 1, the
Ethnology of Social Developments, customs, laws, religion, and traditions; and, 2, the
Ethnology of Technology.
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201. Descriptive psychics is divided into, i, History proper, itself divided
according to the nature of its data into, 1, Monumental History; 2, Ancient History
with all other history that is drawn from few and general testimonies; 3, History
drawn from a wealth of documents, as Modern History, generally. History has, beside,
two cross-divisions; the one into, 1, Political History; 2, History of the Different
Sciences; 3, History of Social Developments, religion, law, slavery, manners, etc.; the



other according to the different parts of the world and the different peoples whose
history is studied; ii, Biography, which at present is rather a mass of lies than a
science; iii, Criticism, the study of individual works of mind, itself divided into, 1,
Literary Criticism; 2, Art Criticism, of which the latter is divided into many
departments, as Criticism of Military Operations, Criticism of Architecture, etc.
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202. The classification of practical sciences has been elaborated by the author,
but will not here be touched upon.t1 No classification of the science of review has
been attempted.
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CHAPTER 2

A DETAILED CLASSIFICATION OF THE SCIENCEST1

81. NATURAL CLASSES

203. Many have been the attempts at a general classification of the sciences.
Dr. Richardson’s little book upon the subject tP1 is quite incomplete, only
enumerating one hundred and forty-six systems. They are naturally many, because not
only are their purposes various, but their conceptions of a science are divergent, and
their notions of what classification is are still more so. Many of these schemes
introduce sciences which nobody ever heard of; so that they seem to aim at
classifying, not actually existent sciences, but possible sciences. A somewhat
presumptuous undertaking is that of classifying the science of the remote future. On
the other hand, if classifications are to be restricted to sciences actually existing at the
time the classifications are made, the classifications certainly ought to differ from age
to age. If Plato's classification was satisfactory in his day, it cannot be good today;
and if it be good now, the inference will be that it was bad when he proposed it.
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This business of classifying sciences is not one to be undertaken precipitately
or off-hand. That is plain. We should not begin the execution of the task until we have
well considered, first, what classification is; and secondly, what science is. . . .
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204. The first question then, that it seems well to consider (remembering that
classification is one of the topics of logic to be dealt with more scientifically in its
proper place, and that I can here only skim the surface of it) is, What is meant by a
true and natural class? A great many logicians say there is no such thing; and, what is
strange, even many students of taxonomic sciences not only follow this opinion, but
allow it a great part in determining the conclusions of botany and zo6logy. The cause
of their holding this opinion has two factors; first, that they attach a metaphysical
signification to the term natural or real class, and secondly, that they have embraced



a system of metaphysics which allows them to believe in no such thing as that which
they have defined a real or natural class to be. Far be it from me to wish to close any
avenue by which truth may be arrived at; and if botanists and zodlogists come to the
conclusion that botany and zo6logy must rest upon metaphysics, | have not a word of
objection to make. Only I can tell them that metaphysics is a most difficult science,
presenting more pitfalls for the uninformed than almost any, which a mere amateur at
it would be foolish to fancy that he could escape. Therefore, if botany and zodlogy
must perforce rest upon metaphysics, by all means let this metaphysics be recognized
as an explicit branch of those sciences, and be treated in a thoroughgoing and
scientific manner. Having devoted many years to it, | am entitled to my opinion upon
a metaphysical question, although it may be a mistaken one; and my opinion is that it
is a shallow and sciolistic metaphysics which declares a "real class,” in the sense
which those writers attach to the term, to be an impossible thing. At the same time, |
am unable to see any need at all in positive science for considering such
metaphysically real classes. To my apprehension the business of classification has no
concern with them, but only with true and natural classes, in another and a purely
experiential sense. For example, if | were to attempt to classify the arts, which I shall
not do, | should have to recognize, as one of them, the art of illumination, and should
have occasion to remark that lamps form a true, real, and natural class, because every
lamp has been made and has come into being as a result of an aim common and
peculiar to all lamps. A class, of course, is the total of whatever objects there may be
in the universe which are of a certain description. What if we try taking the term
"natural,” or "real, class" to mean a class of which all the members owe their
existence as members of the class to a common final cause? This is somewhat vague;
but it is better to allow a term like this to remain vague, until we see our way to
rational precision. In the case of lamps, we know what that cause is: that instinct
which enables us to distinguish human productions and to divine their purpose
informs us of this with a degree of certainty which it were futile to hope that any
science should surpass. But in the case of natural classes the final cause remains
occult. Perhaps, since phrases retain their sway over men's minds long after their
meaning has evaporated, it may be that some reader, even at this day, remains imbued
with the old notion that there are no final causes in nature; in which case, natural
selection, and every form of evolution, would be false. For evolution is nothing more
nor less than the working out of a definite end. A final cause may be conceived to
operate without having been the purpose of any mind: that supposed phenomenon
goes by the name of fate. The doctrine of evolution refrains from pronouncing
whether forms are simply fated or whether they are providential; but that definite ends
are worked out none of us today any longer deny. Our eyes have been opened; and the
evidence is too overwhelming. In regard to natural objects, however, it may be said,
in general, that we do not know precisely what their final causes are. But need that
prevent us from ascertaining whether or not there is a common cause by virtue of
which those things that have the essential characters of the class are enabled to exist?
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205. The manner of distribution of the class-character will show, with a high
degree of certainty, whether or not it is determinative of existence. Take, for example,
the class of animals that have legs. The use of legs is clear to us, having them
ourselves. But if we pass the animal kingdom in review, we see that in the majority of
branches there are no such organs of locomotion; while in the others they are present
throughout some whole classes, and absent throughout others; and in still others are
sometimes present, sometimes absent. With such a distribution, this mode of
locomotion may be so connected with the possibility of a form, that two animals of



the same order could not differ in respect to using legs; but it is evident that animals
having legs do not form a natural group; for they are not separated from all others in
any other important particular. We thus get a tolerably clear idea of what a natural
class is: it will amply suffice for our present purpose; though we can hardly hope that
it will turn out to be logically accurate. We also see that, when an object has been
made with a purpose, as is, of course, the case with the sciences, no classes can be
more fundamental nor broader than those which are defined by the purpose. A
purpose is an operative desire. Now a desire is always general; that is, it is always
some kind of thing or event which is desired; at least, until the element of will, which
is always exercised upon an individual object upon an individual occasion, becomes
so predominant as to overrule the generalizing character of desire. Thus, desires
create classes, and extremely broad classes. But desires become, in the pursuit of
them, more specific. Let us revert, for example, to lamps. We desire, in the first
instance, merely economical illumination. But we remark that that may be carried out
by combustion, where there is a chemical process kindling itself, or heat may be
supplied from without in electric lighting, or it may be stored up, as in
phosphorescence. These three ways of carrying out our main purpose constitute
subsidiary purposes.tP1 So if we decide upon electric lighting, the question will be
between incandescent and arc lighting. If we decide upon combustion, the burning
matter may itself become incandescent, or its heat may serve to render another more
suitable thing incandescent, as in the Welsbach burner. Here is a complication which
will ordinarily be advantageous, since by not making the same thing fulfill the two
functions of supplying heat to produce incandescence and of incandescing upon being
heated, there is more freedom to choose things suitable to the two functions. This is a
good example of that sort of natural class which Agassiz called an order; that is, a
class created by a useful complication of a general plan.
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206. Closely connected with the fact that every desire is general, are two other
facts which must be taken into account in considering purposive classes. The first of
these is that a desire is always more or less variable, or vague. For example, a man
wants an economical lamp. Then if he burns oil in it, he will endeavor to burn that oil
which gives him sufficient light at the lowest cost. But another man, who lives a little
further from the source of supply of that oil and a little nearer the source of a different
oil may find that different oil to be the better for him. So it is with the desires of one
individual. The same man who prefers veal to pork as a general thing, may think that
an occasional spare rib is better than having cold boiled veal every day of his life. In
short, variety is the spice of life for the individual, and practically still more so for a
large number of individuals; and as far as we can compare Nature's ways with ours,
she seems to be even more given to variety than we. These three cases may be very
different on their subjective side; but for purposes of classification they are
equivalent.
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207. But not only is desire general and vague, or indeterminate; it has besides
a certain longitude, or third dimension. By this | mean that while a certain ideal state
of things might most perfectly satisfy a desire, yet a situation somewhat differing
from that will be far better than nothing; and in general, when a state is not too far
from the ideal state, the nearer it approaches that state the better. Moreover, the
situation of things most satisfactory to one desire is almost never the situation most
satisfactory to another. A brighter lamp than that I use would perhaps be more
agreeable to my eyes; but it would be less so to my pocket, to my lungs, and to my



sense of heat. Accordingly, a compromise is struck; and since all the desires
concerned are somewhat vague, the result is that the objects actually will cluster
about certain middling qualities, some being removed this way, some that way, and at
greater and greater removes fewer and fewer objects will be so determined. Thus,
clustering distributions will characterize purposive classes.

Peirce: CP 1.208 Cross-Ref:tt

208. One consequence of this deserves particular notice, since it will concern
us a good deal in our classification of the sciences, and yet is quite usually overlooked
and assumed not to be as it is. Namely, it follows that it may be quite impossible to
draw a sharp line of demarcation between two classes, although they are real and
natural classes in strictest truth. Namely, this will happen when the form about which
the individuals of one class cluster is not so unlike the form about which individuals
of another class cluster but that variations from each middling form may precisely
agree. In such a case, we may know in regard to any intermediate form what
proportion of the objects of that form had one purpose and what proportion the other;
but unless we have some supplementary information we cannot tell which ones had
one purpose and which the other.
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209. The reader may be disposed to suspect that this is merely a
mathematician's fancy, and that no such case would be likely ever to occur. But he
may be assured that such occurrences are far from being rare. In order to satisfy him
that this state of things does occur, | will mention an incontestable instance of it; --
incontestable, at least, by any fair mind competent to deal with the problem. Prof. [W.
M.] Flinders Petrie, whose reasoning powers | had admired long before his other great
scientific qualities had been proved, among which his great exactitude and
circumspection as a metrologist concerns us here, exhumed, at the ancient trading
town of Naucratis, no less than 158 balance-weights having the Egyptian ket as their
unit.TP1 The great majority of them are of basalt and syenite, material so
unchangeable that the corrections needed to bring them to their original values are
small. I shall deal only with 144 of them from each of which Mr. Petrie has calculated
the value of the ket to a tenth of a Troy grain. Since these values range all the way
from 137 to 152 grains, it is evident that the weights were intended to be copies of
several different standards, probably four or five; for there would be no use of a
balance, if one could detect the errors of the balance-weights by simply "hefting"
them, and comparing them with one's memory of the standard weight. Considering
that these weights are small, and were therefore used for weighing costly or even
precious matter, our knowledge of the practice of weighing among the ancients gives
us ground for thinking it likely that about half the weights would depart from their
virtual standards by more, and about half by less, than, say, four or five tenths of one
per cent, which, upon a ket, would be from half to two-thirds of a grain. Now the
whole interval here is fourteen and one-half grains; and between 136.8 grains to 151.3
grains there is no case of an interval of more than a third of a grain not represented by
any weight among the 144. To a person thoroughly familiar with the theory of errors
this shows that there must be four or five different standards to which different ones
aim to conform. . . . In order to represent these observations, | have adopted the
following rough-and-ready theory; for to make elaborate calculations would, from
every point of view, be a waste of time. | have assumed that there were five different
standards; that the weights depart from their standards according to the probability
curve; and that the probable error of a single weight is five-eighths of a grain. |
assume that of the 144 weights



36 were designed to conform to a standard of 139.2 grs.
25 were designed to conform to a standard of 142.2 grs.
26 were designed to conform to a standard of 144.7 grs.
23 were designed to conform to a standard of 146.95 grs.
34 were designed to conform to a standard of 149.7 grs.

... | repeat that this theory has not been the subject of any but the simplest
calculations. It is obvious that some such theory must be true; but to decide how near
my theory probably comes to the true theory or how it ought to be modified, would be
a very intricate problem for the solution of which the data are probably insufficient. It
does not concern us here; our object being merely to make it clear that truly natural
classes may, and undoubtedly often do merge into one another inextricably.

Peirce: CP 1.209 Cross-Ref: Tt

Itis, I think, pretty certain that there were as many as five standards. Before
the adoption of the metric system, every city throughout the greater part, if not all, the
continent of Europe had its own pound, like its own patois. See the article "pound” in
the Century Dictionary,t1 which was based on a list of some three hundred of such
pounds whose values were known to me, a list now kept in manuscript in the Astor
Library. That the same state of things must have been true in ancient Egypt may be
inferred from the looseness of the tie which bound the different provinces of that
empire together. Even their religions were different; so that a fortiori their kets would
be so. Besides, none of the kets carry any authoritative mark; which is pretty
conclusive proof that the central government did not intervene. It is, therefore,
probable that the five standards were those of five towns with which Naucratis carried
on trade. Yet virtual standards may be created in other ways. For example, where
government does not insure uniformity in weights, it is usual for buyers to bring their
own weights. It would thus naturally happen that some balance-weights would be
manufactured for the use of buyers, and others for the use of sellers; and thus there
would naturally be a tendency to the crystallization of a heavier and a lighter norm.
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210. As for my assumption that the departures of the single weights from their
virtual standards conform to the probability curve, it was only adopted as a ready way
of imparting definiteness to the problem. Rich as is the store of data given by Petrie, it
is insufficient, apparently, for determining the true law of those departures. If the
workmen were sufficiently skillful (as I believe they would be) the departures would
follow the probability curve. But if they were unskillful, it would be desirable to
ascertain by what process the weights were made. The weights, being of stone, are not
loaded; so that the adjustment was made by grinding, exclusively. Did the workman,
then, have a balance by his side, or did he finish the weight by guesswork? In the
latter case, inspection (and some sort of inspection there must, in this case, have been)
would reject all weights outside a certain "tolerance,"” as it is called in coinage. Those
that were too light would have to be thrown away. They would lie in a heap, until
they reappeared to deceive a future archeologist. Petrie's weights, however, are
somewhat heavier, not lighter, than independent evidence would lead us to believe the
ket to have been. Those that were too heavy would be reground, but would for the
most part still be rather heavier than the standard. The consequence would be that the
[error] curve would be cut down vertically at two ordinates (equally distant, perhaps,



from the standard), while the ordinate of its maximum would be at the right of that of
the standard. If the workman had a balance at hand, and frequently used it during the
process of adjustment, the form of the error-curve would depend upon the
construction of the balance. If it were like a modern balance, so as to show, not only
that one mass is greater than another, but also whether it is much or little greater, the
workman would keep in one pan a weight of the maximum value that he proposed to
himself as permissible for the weight he was making; and in all his successive
grindings would be aiming at that. The consequence would be a curve

I | ]
[Click here to view] concave upwards and stopping abruptly at its

maX|mum ordinate: a form easily manageable by a slight modification of the method
of least squares. But most of the balances shown upon the Egyptian monuments are
provided with stops or other contrivances which would be needless if the balances
were not top-heavy. Such balances, working automatically, are in use in all the mints
of the civilized world, for throwing out light and heavy coins. Now a top-heavy
balance will not show that two weights are equal, otherwise than by remaining with
either end down which may be down. It only shows when, a weight being already in
one pan, a decidedly heavier weight is placed in the other. The workman using such a
balance would have no warning that he was approaching the limit, and would be
unable to aim at any definite value, but (being, as we are supposing, devoid of skill),
would have to grind away blindly, trying his weight every time he had ground off
about as much as the whole range of variation which he proposed to allow himself. If
he always ground off precisely the same amounts between successive tryings of his
weight, he would be just as likely to grind below his maximum by any one fraction of
the amount taken off at a grinding as by any other; so that his error curve would be a

horizontal line cut off by vertical ordinates; thus, [Click here to
view]. But since there would be a variability in the amount taken off between the
trials, the curve would show a contrary flexure; thus,

Figure 1 [Click here
to view]. It must be admitted that the distribution of Petrie's kets is suggestive of this
sort of curve, or rather of a modification of it due to a middling degree of skill.
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211. | hope this long digression (which will be referred to with some interest
when we come to study the theory of errors) will not have caused the reader to forget
that we were engaged in tracing out some of the consequences of understanding the



term "natural,” or "real," class to mean a class the existence of whose members is due
to a common and peculiar final cause. It is, as | was saying, a widespread error to
think that a "final cause" is necessarily a purpose. A purpose is merely that form of
final cause which is most familiar to our experience. The signification of the phrase
"final cause™ must be determined by its use in the statement of Aristotle t1 that all
causation divides into two grand branches, the efficient, or forceful; and the ideal, or
final. If we are to conserve the truth of that statement, we must understand by final
causation that mode of bringing facts about according to which a general description
of result is made to come about, quite irrespective of any compulsion for it to come
about in this or that particular way; although the means may be adapted to the end.
The general result may be brought about at one time in one way, and at another time
in another way. Final causation does not determine in what particular way it is to be
brought about, but only that the result shall have a certain general character.
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212. Efficient causation, on the other hand, is a compulsion determined by the
particular condition of things, and is a compulsion acting to make that situation begin
to change in a perfectly determinate way; and what the general character of the result
may be in no way concerns the efficient causation. For example, | shoot at an eagle on
the wing; and since my purpose -- a special sort of final, or ideal, cause -- is to hit the
bird, I do not shoot directly at it, but a little ahead of it, making allowance for the
change of place by the time the bullet gets to that distance. So far, it is an affair of
final causation. But after the bullet leaves the rifle, the affair is turned over to the
stupid efficient causation, and should the eagle make a swoop in another direction, the
bullet does not swerve in the least, efficient causation having no regard whatsoever
for results, but simply obeying orders blindly. It is true that the force of the bullet
conforms to a law; and the law is something general. But for that very reason the law
is not a force. For force is compulsion; and compulsion is hic et nunc. It is either that
or it is no compulsion. Law, without force to carry it out, would be a court without a
sheriff; and all its dicta would be vaporings. Thus, the relation of law, as a cause, to
the action of force, as its effect, is final, or ideal, causation, not efficient causation.
The relation is somewhat similar to that of my pulling the hair trigger of my rifle,
when the cartridge explodes with a force of its own, and off goes the bullet in blind
obedience to perform the special instantaneous beginning of an act that it is, each
instant, compelled to commence. It is a vehicle of compulsion hic et nunc, receiving
and transmitting it; while I receive and transmit ideal influence, of which I am a
vehicle.
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213. When we speak of an "idea," or "notion," or "conception of the mind,"
we are most usually thinking -- or trying to think -- of an idea abstracted from all
efficiency. But a court without a sheriff, or the means of creating one, would not be a
court at all; and did it ever occur to you, my reader, that an idea without efficiency is
something equally absurd and unthinkable? Imagine such an idea if you can! Have
you done so? Well, where did you get this idea? If it was communicated to you viva
voce from another person, it must have had efficiency enough to get the particles of
air vibrating. If you read it in a newspaper, it had set a monstrous printing press in
motion. If you thought it out yourself, it had caused something to happen in your
brain. And again, how do you know that you did have the idea when this discussion
began a few lines above, unless it had efficiency to make some record on the brain?
The court cannot be imagined without a sheriff. Final causality cannot be imagined
without efficient causality; but no whit the less on that account are their modes of



action polar contraries. The sheriff would still have his fist, even if there were no
court; but an efficient cause, detached from a final cause in the form of a law, would
not even possess efficiency: it might exert itself, and something might follow post
hoc, but not propter hoc; for propter implies potential regularity. Now without law
there is no regularity; and without the influence of ideas there is no potentiality.
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214. The light of these reflections brings out into distinct view characters of
our definition of a real class which we might otherwise have overlooked or
misinterpreted. Every class has its definition, which is an idea; but it is not every class
where the existence, that is, the occurrence in the universe of its members is due to
the active causality of the defining idea of the class. That circumstance makes the
epithet natural particularly appropriate to the class. The word natura evidently must
originally have meant birth; although even in the oldest Latin it very seldom bears
that meaning. There is, however, a certain sub-conscious memory of that meaning in
many phrases; just as with words from {physis}, there is the idea of springing forth,
or a more vegetable-like production, without so much reference to a progenitor.
Things, it may be, {phyetai} spontaneously; but nature is an inheritance.
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215. Heredity, of which so much has been said since 1860, is not a force but a
law, although, like other laws, it doubtless avails itself of forces. But it is essentially
that the offspring shall have a general resemblance to the parent, not that this general
resemblance happens to result from this or that blind and particular action. No doubt,
there is some blind efficient causation; but it is not that which constitutes the heredity,
but, on the contrary, the general resemblance.
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216. So, then, those naturalists are right who hold that the action of evolution
in reproduction produces real classes, as by the very force of the words it produces
natural classes. In considering the classification of sciences, however, we have no
need of penetrating the mysteries of biological development; for the generation here is
of ideas by ideas -- unless one is to say, with many logicians, that ideas arise from the
consideration of facts in which there are no such ideas, nor any ideas. That opinion is
a superficial one, allied, on one side of it, to the notion that the only final cause is a
purpose. So, those logicians imagine that an idea has to be connected with a brain, or
has to inhere in a "soul.” This is preposterous: the idea does not belong to the soul; it
is the soul that belongs to the idea. The soul does for the idea just what the cellulose
does for the beauty of the rose; that is to say, it affords it opportunity. It is the
court-sheriff, the arm of the law.
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217. | fear | may be producing the impression of talking at random. It is that |
wish the reader to "catch on" to my conception, my point of view; and just as one
cannot make a man see that a thing is red, or is beautiful, or is touching, by describing
redness, beauty, or pathos, but can only point to something else that is red, beautiful,
or pathetic, and say, "Look here too for something like that there," so if the reader has
not been in the habit of conceiving ideas as | conceive them, I can only cast a sort of
dragnet into his experience and hope that it may fish up some instance in which he
shall have had a similar conception. Do you think, reader, that it is a positive fact that



"Truth, crushed to earth, shall rise again,"

or do you think that this, being poetry, is only a pretty fiction? Do you think that,
notwithstanding the horrible wickedness of every mortal wight, the idea of right and
wrong is nevertheless the greatest power on this earth, to which every knee must
sooner or later bow or be broken down; or do you think that this is another notion at
which common sense should smile? Even if you are of the negative opinion, still you
must acknowledge that the affirmative is intelligible. Here, then, are two instances of
ideas which either have, or are believed to have, life, the power of bringing things to
pass, here below. Perhaps you may object that right and wrong are only a power
because there are, or will be, powerful men who are disposed to make them so; just as
they might take it into their heads to make tulip-fancying, or freemasonry, or VVolapiik
a power. But you must acknowledge that this is not the position of those on the
affirmative side. On the contrary, they hold that it is the idea which will create its
defenders, and render them powerful. They will say that if it be that freemasonry or
its foe, the Papacy, ever pass away -- as perhaps either may -- it will be precisely
because they are ideas devoid of inherent, incorruptible vitality, and not at all because
they have been unsupplied with stalwart defenders. Thus, whether you accept the
opinion or not, you must see that it is a perfectly intelligible opinion that ideas are not
all mere creations of this or that mind, but on the contrary have a power of finding or
creating their vehicles, and having found them, of conferring upon them the ability to
transform the face of the earth.
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218. If you ask what mode of being is supposed to belong to an idea that is in
no mind, the reply will come that undoubtedly the idea must be embodied (or
ensouled -- it is all one) in order to attain complete being, and that if, at any moment,
it should happen that an idea -- say that of physical decency -- was quite unconceived
by any living being, then its mode of being (supposing that it was not altogether dead)
would consist precisely in this, namely, that it was about to receive embodiment (or
ensoulment) and to work in the world. This would be a mere potential being, a being
in futuro; but it would not be the utter nothingness which would befall matter (or
spirit) if it were to be deprived of the governance of ideas, and thus were to have no
regularity in its action, so that throughout no fraction of a second could it steadily act
in any general way. For matter would thus not only not actually exist, but it would not
have even a potential existence, since potentiality is an affair of ideas. It would be just
downright Nothing.
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219. It so happens that | myself believe in the eternal life of the ideas Truth
and Right. I need not, however, insist upon that for my present purpose, and have
only spoken of them in order to make my meaning clear. What | do insist upon is not
now the infinite vitality of those particular ideas, but that every idea has in some
measure, in the same sense that those are supposed to have it in unlimited measure,
the power to work out physical and psychical results. They have life, generative life.
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That it is so is a matter of experiential fact. But whether it is so or not is not a
question to be settled by producing a microscope or telescope or any recondite
observations of any kind. Its evidence stares us all in the face every hour of our lives.



Nor is any ingenious reasoning needed to make it plain. If one does not see it, it is for
the same reason that some men have not a sense of sin; and there is nothing for it but
to be born again and become as a little child. If you do not see it, you have to look
upon the world with new eyes.
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220. | may be asked what | mean by the objects of [a] class deriving their
existence from an idea. Do | mean that the idea calls new matter into existence?
Certainly not. That would be pure intellectualism, which denies that blind force is an
element of experience distinct from rationality, or logical force. | believe that to be a
great error; but I need not stop to disprove it now, for those who entertain it will be on
my side in regard to classification. But it will be urged that if that is not my meaning,
then the idea merely confers upon the members of the class its character; and since
every class has a defining character, any one class is as "natural™ or "real" as another,
if that term be taken in the sense I give to it. | cannot, however, quite admit that.
Whether or not every class is or is not more or less a natural class is a question which
may be worth consideration; but I do not think that the relation of the idea to the
members of the natural class is simply that it is applicable to them as a predicate, as it
is to every class equally. What | mean by the idea’s conferring existence upon the
individual members of the class is that it confers upon them the power of working out
results in this world, that it confers upon them, that is to say, organic existence, or, in
one word, life. The existence of an individual man is a totally different thing from the
existence of the matter which at any given instant happens to compose him, and
which is incessantly passing in and out. A man is a wave, but not a vortex. Even the
existence of the vortex, though it does happen to contain, while it lasts, always the
same particles, is a very different thing from the existence of these particles. Neither
does the existence of wave or vortex consist merely in the fact that something is true
of whatever particles compose them; although it is inseparably bound up with that
fact. Let me not be understood as proposing any new definitions of a vortex and a
wave. What | mean is this. Take a corpse: dissect it, more perfectly than it ever was
dissected. Take out the whole system of blood vessels entire, as we see them figured
in the books. Treat the whole systems of spinal and sympathetic nerves, the
alimentary canal with its adjuvants, the muscular system, the osseous system, in the
same way. Hang these all in a cabinet so that from a certain point of view each
appears superposed over the others in its proper place. That would be a singularly
instructive specimen. But to call it a man would be what nobody would for an instant
do or dream. Now the best definition that ever was framed is, at best, but a similar
dissection. It will not really work in the world as the object defined will. 1t will enable
us to see how the thing works, in so far as it shows the efficient causation. The final
causation, which is what characterizes the definitum, it leaves out of account. We
make smoke rings. We make one pass through another, and perform various
experiments, which give us an imperfect idea, yet some idea, of what a vortex really
is. How all these things happen can be traced out from the definition. But the réle that
vortices really play in the universe -- no insignificant one, if all matter is built of them
-- the real life of them, depends upon the idea of them, which simply finds its
opportunity in those circumstances that are enumerated in the definition. Efficient
causation is that kind of causation whereby the parts compose the whole; final
causation is that kind of causation whereby the whole calls out its parts. Final
causation without efficient causation is helpless; mere calling for parts is what a
Hotspur, or any man, may do; but they will not come without efficient causation.
Efficient causation without final causation, however, is worse than helpless, by far; it
IS mere chaos; and chaos is not even so much as chaos, without final causation; it is



blank nothing.
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221. The writer of a book can do nothing but set down the items of his
thought. For the living thought, itself, in its entirety, the reader has to dig into his own
soul. I think I have done my part, as well as I can. | am sorry to have left the reader an
irksome chore before him. But he will find it worth the doing.

Peirce: CP 1.222 Cross-Ref: Tt

222. So then, a natural class being a family whose members are the sole
offspring and vehicles of one idea, from which they derive their peculiar faculty, to
classify by abstract definitions is simply a sure means of avoiding a natural
classification. | am not decrying definitions. I have a lively sense of their great value
in science. | only say that it should not be by means of definitions that one should
seek to find natural classes. When the classes have been found, then it is proper to try
to define them; and one may even, with great caution and reserve, allow the
definitions to lead us to turn back and see whether our classes ought not to have their
boundaries differently drawn. After all, boundary lines in some cases can only be
artificial, although the classes are natural, as we saw in the case of the kets. When one
can lay one's finger upon the purpose to which a class of things owes its origin, then
indeed abstract definition may formulate that purpose. But when one cannot do that,
but one can trace the genesis of a class and ascertain how several have been derived
by different lines of descent from one less specialized form, this is the best route
toward an understanding of what the natural classes are. This is true even in biology;
it is much more clearly so when the objects generated are, like sciences, themselves of
the nature of ideas.
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223. There are cases where we are quite in the dark, alike concerning the
creating purpose and concerning the genesis of things; but [there are cases] where we
find a system of classes connected with a system of abstract ideas -- most frequently
numbers -- and that in such a manner as to give us reason to guess that those ideas in
some way, usually obscure, determine the possibilities of the things. For example,
chemical compounds, generally -- or at least the more decidedly characterized of
them, including, it would seem, the so-called elements -- seem to belong to types, so
that, to take a single example, chlorates KCIO[3], manganates 11 KMnO[3], bromates
KBrO[3], rutheniates 12 KRuO[3], iodates KIO[3], behave chemically in strikingly
analogous ways. That this sort of argument for the existence of natural classes -- |
mean the argument drawn from types, that is, from a connection between the things
and a system of formal ideas -- may be much stronger and more direct than one might
expect to find it, is shown by the circumstance that ideas themselves -- and are they
not the easiest of all things to classify naturally, with assured truth? -- can be
classified on no other grounds than this, except in a few exceptional cases. Even in
these few cases, this method would seem to be the safest. For example, in pure
mathematics, almost all the classification reposes on the relations of the forms
classified to numbers or other multitudes. Thus, in topical geometry, figures are
classified according to the whole numbers attached to their choresis, cyclosis,
periphraxis, apeiresis, etc. As for the exceptions, such as the classes of hessians,
jacobians, invariants, vectors, etc., they all depend upon types, too, although upon
types of a different kind. It is plain that it must be so; and all the natural classes of
logic will be found to have the same character.
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82. NATURAL CLASSIFICATIONS

224. There are two remarks more about natural classification which, though
they are commonplace enough, cannot decently be passed by without recognition.
They have both just been virtually said, but they had better be more explicitly
expressed and put in a light in which their bearing upon the practice of classification
shall be plain. The descriptive definition of a natural class, according to what | have
been saying, is not the essence of it. It is only an enumeration of tests by which the
class may be recognized in any one of its members. A description of a natural class
must be founded upon samples of it or typical examples. Possibly a zo6logist or a
botanist may have so definite a conception of what a species is that a single
type-specimen may enable him to say whether a form of which he finds a specimen
belongs to the same species or not. But it will be much safer to have a large number of
individual specimens before him, from which he may get an idea of the amount and
kind of individual or geographical variation to which the given species is subject. In
proportion as the category of the class is higher, the greater will be the need of a
multiplicity of examples. True, a naturalist may be so familiar with what a genus is,
what a family is, what an order is, what a class is, that if you were to show him a new
specimen of a hitherto unknown class, he could, with that single specimen before him,
sit down and write out definitions, not only of its class, but also of its order, of its
family, and of its genus, as well as of its species. Such a feat would display
marvellous familiarity with what those categories [mean] in botany and in zo6logy;
but intellectually it would be a performance of no high order, and the less so the
greater the certainty of the conclusion. Generalization broad, luminous, and solid
must enter into an intellectual performance in order to command much admiration.
Such generalization, which teaches a new and clear lesson upon the truth of which
reliance can be placed, requires to be drawn from many specimens. We shall
endeavor, in that way, to define each class, that is to enumerate characters which are
absolutely decisive as to whether a given individual does or does not belong to the
class. But it may be, as our kets show, that this is altogether out of the question; and
the fact that two classes merge is no proof that they are not truly distinct natural
classes.
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225. For they may, nevertheless, be genealogically distinct, just as no degree
of resemblance between two men is proof positive that they are brothers. Now
genealogical classification, among those objects of which the genesis is genealogical,
is the classification we can most certainly rely upon as being natural. No harm will be
done if, in those cases, we define the natural classification as the genealogical
classification; or, at least, [if] we make the genealogical character one of the essential
characters of a natural classification. It can not be more; because if we had before us,
ranged in ancestral order, all the intermediate forms through which the human stock
has passed in developing from non-man into man, it is plain that other considerations
would be necessary in determining (if it admitted of determination) at what point in
the series the forms begin to merit the name of human.
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226. The sciences are, in part, produced each from others. Thus, spectroscopic
astronomy has for its parents, astronomy, chemistry, and optics. But this is not the



whole genesis nor the principal part of the genesis of any broad and definite science.
It has its own peculiar problem springing from an idea. That geometry derived its
birth from land surveying is the tradition, which is borne out by the tradition that it
took its origin in Egypt where the yearly floods must have rendered accurate
surveying of special importance. Moreover, the wonderful accuracy of the dimensions
of the great pyramid exhibit a degree of skill in laying out ground which could only
have been attained by great intellectual activity; and this activity could hardly fail to
lead to some beginnings of geometry. We may, therefore, accept with considerable
confidence the tradition involved in the very name of geometry. Speaking in a broad,
rough way, it may be said that the sciences have grown out of the useful arts, or out of
arts supposed to be useful. Astronomy out of astrology; physiology, taking medicine
as a halfway out of magic; chemistry out of alchemy; thermotics from the
steam-engine, etc. Among the theoretical sciences, while some of the most abstract
have sprung straight from the concretest arts, there is nevertheless a well-marked
tendency for a science to be first descriptive, later classificatory, and lastly to embrace
all classes in one law. The classificatory stage may be skipped. Yet in the truer order
of development, the generation proceeds quite in the other direction. Men may and do
begin to study the different kinds of animals and plants before they know anything of
the general laws of physiology. But they cannot attain any true understanding of
taxonomic biology until they can be guided by the discoveries of the physiologists.
Till then the study of mollusks will be nothing but conchology. On the other hand the
physiologist may be aided by a fact or two here and there drawn from taxonomic
biology; but he asks but little and that little not very urgently of anything that the
taxonomist can tell him and that he could not find out for himself.
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227. All natural classification is then essentially, we may almost say, an
attempt to find out the true genesis of the objects classified. But by genesis must be
understood, not the efficient action which produces the whole by producing the parts,
but the final action which produces the parts because they are needed to make the
whole. Genesis is production from ideas. It may be difficult to understand how this is
true in the biological world, though there is proof enough that it is so. But in regard to
science it is a proposition easily enough intelligible. A science is defined by its
problem; and its problem is clearly formulated on the basis of abstracter science. This
is all I intended to say here concerning classification, in general.
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228. Having found the natural classes of the objects to be classified, we shall
then use the same methods -- probably, in most cases, the third -- in order to discover
the natural classes of those classes that we have found. Is this the whole business of
classification? No serious student can hold it to be so. The classes found have to be
defined, naturally if possible, but if not, then at least conveniently for the purposes of
science. They have not only to be defined but described, a story without an end. This
applies, of course, not merely to the species or immediate classes of the objects
described, but to the higher orders of classes. There may also be between the different
classes relations, each of which appertains just as much to the description of any one
of the set of classes to which it belongs as to any other.
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229. In regard to the higher orders of classes, so far as concerns animals,
Louis Agassiz T1 thought that he was able to characterize in general terms the
different categories of classes which zodlogists talk of. That is, he undertook to say



what sort of characters distinguish branches from branches, classes from classes,
orders from orders, families from families, genera from genera, and species from
species. His general classification of animals has passed away; and few naturalists
attach much importance to his characterizations of the categories. Yet they are the
outcome of deep study, and it is a merit of them that they involve no attempt at hard
abstract accuracy of statement. How can he have been so long immersed in the study
of nature without some truth sticking to him? I will just set down his vague
definitions and allow myself to be vaguely influenced by them, so far as I find
anything in the facts that answers to his descriptions. Although I am an ignoramus in
biology, | ought by this time to recognize metaphysics when | meet with it; and it is
apparent to me that those biologists whose views of classification are most opposite to
those of Agassiz are saturated with metaphysics in its dangerous form -- i.e. the
unconscious form -- to such an extent that what they say upon this subject is rather the
expression of a traditionally absorbed fourteenth century metaphysics than of
scientific observation.
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230. It would be useless for our purpose to copy the definitions of Agassiz
TP1 had he not expressed them in the briefest terms, as follows:
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Branches are characterized by the plan of structure;
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Classes, by the manner in which that plan is executed, as far as ways and
means are concerned; (" Structure is the watch-word for the recognition of classes."
Page 145.)
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Orders, by the degrees of complication of that structure; (" The leading idea . .
. Is that of a definite rank among them." Page 151.)
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Families, by their form, as determined by structure; ("When we see new
animals, does not the first glance, that is, the first impression made upon us by their
form, give us a very correct idea of their nearest relationship? . . . So form is
characteristic of families; . . . I do not mean the mere outline, but form as determined
by structure." Pages 159, 160.)
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Genera, by the details of the execution in special parts;
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Species, by the relations of individuals to one another and to the world in
which they live, as well as by the proportions of their parts, their ornamentation, etc.
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231. All classification, whether artificial or natural, is the arrangement of
objects according to ideas. A natural classification is the arrangement of them
according to those ideas from which their existence results. No greater merit can a
taxonomist have than that of having his eyes open to the ideas in nature; no more
deplorable blindness can afflict him than that of not seeing that there are ideas in
nature which determine the existence of objects. The definitions of Agassiz will, at
least, do us the service of directing our attention to the supreme importance of bearing



in mind the final cause of objects in finding out their own natural classifications.
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83. THE ESSENCE OF SCIENCE

232. So much in regard to classification. Now if we are to classify the
sciences, it is highly desirable that we should begin with a definite notion of what we
mean by a science; and in view of what has been said of natural classification, it is
plainly important that our notion of science should be a notion of science as it lives
and not a mere abstract definition. Let us remember that science is a pursuit of living
men, and that its most marked characteristic is that when it is genuine, it is in an
incessant state of metabolism and growth. If we resort to a dictionary, we shall be told
that it is systematized knowledge. Most of the classifications of the sciences have
been classifications of systematized and established knowledge -- which is nothing
but the exudation of living science; -- as if plants were to be classified according to
the characters of their gums. Some of the classifications do even worse than that, by
taking science in the sense attached by the ancient Greeks, especially Aristotle, to the
word {epistémé}. A person can take no right view of the relation of ancient to modern
science unless he clearly apprehends the difference between what the Greeks meant
by {epistémé} and what we mean by knowledge. The best translation of {epistémé} is
"comprehension."” It is the ability to define a thing in such a manner that all its
properties shall be corollaries from its definition. Now it may be that we shall
ultimately be able to do that, say for light or electricity. On the other hand, it may
equally turn out that it forever remains as impossible as it certainly is to define
number in such a way that Fermat's and Wilson's theorems should be simple
corollaries from the definition. I do not mean to deny that those theorems are
deducible from the definition. All that is here being urged turns on the falsity of the
old notion that all deduction is corollarial deduction. But, at any rate, the Greek
conception of knowledge was all wrong in that they thought that one must advance in
direct attack upon this {epistémé}; and attached little value to any knowledge that did
not manifestly tend to that. To look upon science in that point of view in one's
classification is to throw modern science into confusion.
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233. Another fault of many classifications -- or if not a fault, it is at least a
purpose very different from that which I should be bold enough to attempt -- is that
they are classifications not of science as it exists, but of systematized knowledge such
as the classifier hopes may some time exist. I do not believe it is possible to have that
intimate acquaintance with the science of the indefinite future that the discovery of
the real and natural classification of it would require. At any rate, | will make no such
attempt, except in one department, and there only partially and timidly.
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234. Let us look upon science -- the science of today -- as a living thing. What
characterizes it generally, from this point of view, is that the thoroughly established
truths are labelled and put upon the shelves of each scientist's mind, where they can
be at hand when there is occasion to use things -- arranged, therefore, to suit his
special convenience -- while science itself, the living process, is busied mainly with
conjectures, which are either getting framed or getting tested. When that systematized



knowledge on the shelves is used, it is used almost exactly as a manufacturer or
practising physician might use it; that is to say, it is merely applied. If it ever becomes
the object of science, it is because in the advance of science, the moment has come
when it must undergo a process of purification or of transformation.
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235. A scientific man is likely in the course of a long life to pick up a pretty
extensive acquaintance with the results of science; but in many branches, this is so
little necessary that one will meet with men of the most deserved renown in science
who will tell you that, beyond their own little nooks, they hardly know anything of
what others have done. Sylvester always used to say that he knew very little
mathematics: true, he seemed to know more than he thought he did. In various
branches of science, some of the most eminent men first took up those subjects as
mere pastimes, knowing little or nothing of the accumulations of knowledge. So it
was with the astronomer Lockyer: so it has been with many naturalists. Now, did
those men gradually become men of science as their stores of knowledge increased, or
was there an epoch in their lives, before which they were amateurs and after which
they were scientists? | believe that the answer is that, like any other regeneration, the
metamorphosis is commonly sudden, though sometimes slow. When it is sudden,
what is it that constitutes the transformation? It is their being seized with a great
desire to learn the truth, and their going to work with all their might by a
well-considered method to gratify that desire. The man who is working in the right
way to learn something not already known is recognized by all men of science as one
of themselves, no matter how little he is informed. It would be monstrous to say that
Ptolemy, Archimedes, Eratosthenes and Posidonius were not scientific men because
their knowledge was comparatively small. The life of science is in the desire to learn.
If this desire is not pure, but is mingled with a desire to prove the truth of a definite
opinion, or of a general mode of conceiving of things, it will almost inevitably lead to
the adoption of a faulty method; and in so far such men, among whom many have
been looked upon in their day as great lights, are not genuine men of science; though
it would be foul injustice to exclude them absolutely from that class. So if a man
pursues a futile method through neglect to inform himself of effective methods, he is
no scientific man; he has not been moved by an intelligently sincere and effective
desire to learn. But if a man simply fails to inform himself of previous work which
would have facilitated his own, although he is to blame, it would be too harsh to say
that he has violated the essential principles of science. If a man pursues a method
which, though very bad, is the best that the state of intellectual development of his
time, or the state of the particular science he pursues, would enable a man to take -- |
mean, for example, such men as Lavater, Paracelsus and the earlier alchemists, the
author of the first chapter of Genesis, and the old metaphysicians -- we perhaps
cannot call them scientific men, while perhaps we ought to do so. Opinions would
differ about this. They are, at any rate, entitled to an honorable place in the vestibule
of science. A pretty wild play of the imagination is, it cannot be doubted, an
inevitable and probably even a useful prelude to science proper. For my part, if these
men really had an effective rage to learn the very truth, and did what they did as the
best way they knew, or could know, to find it out, I could not bring myself to deny
them the title. The difficulty is that one of the things that coheres to that undeveloped
state of intelligence is precisely a very imperfect and impure thirst for truth.
Paracelsus and the alchemists were rank charlatans seeking for gold more than for
truth. The metaphysicians were not only pedants and pretenders, but they were trying
to establish foregone conclusions. These are the traits which deprive those men of the
title scientist, although we ought to entertain a high respect for them as mortals go;



because they could no more escape the corruptness of their aims than they could the
deficiencies of their knowledge. Science consists in actually drawing the bow upon
truth with intentness in the eye, with energy in the arm.
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236. Such being the essence of science, it is obvious that its first offspring will
be men -- men whose whole lives are devoted to it. By such devotion each of them
acquires a training in making some particular kind of observations and experiments.
(Unfortunately, his acquisition of books, instruments, laboratory, etc., depends upon
qualifications in which the man of science is usually rather wanting -- as wealth,
diplomacy, popularity as a teacher -- so that he is less likely to be provided with them
than are men less qualified to use them for the advancement of science.) He will thus
live in quite a different world -- quite a different aggregate of experience -- from
unscientific men and even from scientific men pursuing other lines of work than his.
He naturally converses with and reads the writings of those who, having the same
experience, have ideas interpretable into his own. This society develops conceptions
of its own. Bring together two men from widely different departments -- say a
bacteriologist and astronomer -- and they will hardly know what to say to one
another; for neither has seen the world in which the other lives. True, both use optical
instruments; but the qualities striven for in a telescopic objective are of no
consequence in a microscopical objective; and all the subsidiary parts of telescope
and microscope are constructed on principles utterly foreign to one another -- except
their stiffness.
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237. Here, then, are natural classes of sciences all sorted out for us in nature
itself, so long as we limit our classification to actually recognized sciences. We have
only to look over the list of scientific periodicals and the list of scientific societies to
find the families of science, ready named. I call such classes families because Agassiz
tells us that it is the family which strikes the observer at first glance. To make out the
genera and especially the species, closer examination is requisite; while the
knowledge of orders, classes, and branches calls for a broader acquaintance with
science.
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84. THE DIVISIONS OF SCIENCE

238. The first great division of science will be according to its fundamental
purpose, making what | shall term branches of science. A modification of a general
purpose may constitute a subbranch. All knowledge whatever comes from
observation; but different sciences are observational in such radically different ways
that the kind of information derived from the observation of one department of
science (say natural history) could not possibly afford the information required of
observation by another branch (say mathematics). | call groups based on such
considerations classes, and modifications of the same nature subclasses. Observation
IS, in Agassiz's phrase, the "ways and means" of attaining the purpose of science. Of
two departments of science A and B, of the same class, A may derive special facts
from B for further generalization while supplying B with principles which the latter,
not aiming so high, is glad to find ready-made. A will rank higher than B, by virtue of



the greater generality of its object, while B will be richer and more varied than A. |
call groups based on these considerations orders, or if based on modifications of the
same sort of idea, suborders. A given science with a special name, a special journal, a
special society, studying one group of facts, whose students understand one another in
a general way and naturally associate together, forms what I call a family. A
subdivision of it on the same principle, but taken more minutely, I term a subfamily. |
can give no such definitions of genera and species, not having carried my
classification of the sciences to these minutiae. For it is to be understood that | have
not first fixed my definitions of branch, class, order, and family, and then adapted the
classification to those definitions, but, on the contrary, the classification was first
entirely formed (except that the categories of subbranches, subclasses, and suborders
had, in some cases, not been interposed, and in others had been confounded with the
classes above them) before any idea of employing the terms branch, class, order, and
family entered my head, and it was not until this was done that first the
appropriateness of these terms struck me. I can, however, say with some confidence
that I should not regard a family as constituted merely by the class of facts studied,
were there no concomitant difference of procedure, giving an all-round peculiar
character to the study of that subject; nor do I believe that a mere difference in the
things studied could appear to me a sufficient foundation for a difference between
genera. Since writing that sentence, | notice that | have made inorganic and organic
chemistry subgenera. But, then, everybody knows that there is far more difference
between inorganic and organic chemistry than that the latter studies the compounds of
a somewhat peculiar element. Their whole aims and ways of thinking, as well as their
manipulation, are in distinct contrast.
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239. | recognize two branches of science: Theoretical, whose purpose is
simply and solely knowledge of God's truth; and Practical, for the uses of life. In
Branch I, I recognize two subbranches, of which, at present, | consider only the first,
[the sciences of discovery]. Among the theoretical sciences [of discovery], |
distinguish three classes, all resting upon observation, but being observational in very
different senses.tP1
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240. The first is mathematics, which does not undertake to ascertain any
matter of fact whatever, but merely posits hypotheses, and traces out their
consequences. It is observational, in so far as it makes constructions in the
imagination according to abstract precepts, and then observes these imaginary objects,
finding in them relations of parts not specified in the precept of construction. This is
truly observation, yet certainly in a very peculiar sense; and no other kind of
observation would at all answer the purpose of mathematics.tP2
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241. Class Il is philosophy, which deals with positive truth, indeed, yet
contents itself with observations such as come within the range of every man's normal
experience, and for the most part in every waking hour of his life. Hence Bentham
calls this class, coenoscopic.t1 These observations escape the untrained eye precisely
because they permeate our whole lives, just as a man who never takes off his blue
spectacles soon ceases to see the blue tinge. Evidently, therefore, no microscope or
sensitive film would be of the least use in this class. The observation is observation in
a peculiar, yet perfectly legitimate, sense. If philosophy glances now and then at the
results of special sciences, it is only as a sort of condiment to excite its own proper



observation.
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242. Class 111 is Bentham's idioscopict?2; that is, the special sciences,
depending upon special observation, which travel or other exploration, or some
assistance to the senses, either instrumental or given by training, together with
unusual diligence, has put within the power of its students. This class manifestly
divides itself into two subclasses, the physical and the psychical sciences; or, as | will
call them, physiognosy and psychognosy. Under the former is to be included physics,
chemistry, biology, astronomy, geognosy, and whatever may be like these sciences;
under the latter, psychology, linguistics, ethnology, sociology, history, etc.
Physiognosy sets forth the workings of efficient causation, psychognosy of final
causation. But the two things call for different eyes. A man will be no whit the worse
physiognosist for being utterly blind to facts of mind; and if we sometimes find
observation in a psychognosist, it will, unless by exception, be found not to be of a
purely physical fact. Thus, a philologist may have a fine ear for language-sounds; but
it is by no means pure physical resemblance which determines whether a given sound
is or is not "the™ Italian close o, for example, as it is naively called: it is psychical
habit. In any simple physical sense the sounds not distinguished from that differ much
more from one another than almost any of them do from sounds which would not be
tolerated for "the" close 0. So, this fine phonetic observation of the linguist is a knack
of understanding a virtual convention. The two kinds of observation are different; but
they do not seem to be quite so different as both alike are from the observation of the
philosopher and the mathematician; and this is why, though I, at first, was inclined to
give each of them equal rank with those classes, it has at length appeared certain that
they should be placed a little lower.
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243. | still persist in leaving unnoticed a certain subbranch of theoretical
science [the sciences of review]; and as for the practical sciences,TP1 I shall merely
mention a few of them, just to give an idea of what I refer to under that name. | mean,
then, all such well-recognized sciences now in actu, as pedagogics, gold-beating,
etiquette, pigeon-fancying, vulgar arithmetic, horology, surveying, navigation,
telegraphy, printing, bookbinding, paper-making, deciphering, ink-making, librarian's
work, engraving, etc.t1 In short, this is by far the more various of the two branches of
science. | must confess to being utterly bewildered by its motley crowd, but
fortunately the natural classification of this branch will not concern us in logic -- at
least, will not do so as far as | can perceive.
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244. Now let us consider the relations of the classes of science to one another.
We have already remarked that relations of generation must always be of the highest
concern to natural classification, which is, in fact, no more nor less than an account of
the existential, or natural, birth concerning relations of things; meaning by birth the
relations of a thing to its originating final causes.
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245. Beginning with Class I, mathematics meddles with every other science
without exception. There is no science whatever to which is not attached an
application of mathematics. This is not true of any other science, since pure
mathematics has not, as a part of it, any application of any other science, inasmuch as
every other science is limited to finding out what is positively true, either as an
individual fact, as a class, or as a law; while pure mathematics has no interest in



whether a proposition is existentially true or not. In particular, mathematics has such a
close intimacy with one of the classes of philosophy, that is, with logic, that no small
acumen is required to find the joint between them.
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246. Next, passing to Class I, philosophy, whose business it is to find out all
that can be found out from those universal experiences which confront every man in
every waking hour of his life, must necessarily have its application in every other
science. For be this science of philosophy that is founded on those universal
phenomena as small as you please, as long as it amounts to anything at all, it is
evident that every special science ought to take that little into account before it begins
work with its microscope, or telescope, or whatever special means of ascertaining
truth it may be provided with.
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247. It might, indeed, very easily be supposed that even pure mathematics
itself would have need of one department of philosophy; that is to say, of logic. Yet a
little reflection would show, what the history of science confirms, that that is not true.
Logic will, indeed, like every other science, have its mathematical parts. There will be
a mathematical logic just as there is a mathematical physics and a mathematical
economics. If there is any part of logic of which mathematics stands in need -- logic
being a science of fact and mathematics only a science of the consequences of
hypotheses -- it can only be that very part of logic which consists merely in an
application of mathematics, so that the appeal will be, not of mathematics to a prior
science of logic, but of mathematics to mathematics. Let us look at the rationale of
this a little more closely. Mathematics is engaged solely in tracing out the
consequences of hypotheses. As such, she never at all considers whether or not
anything be existentially true, or not. But now suppose that mathematics strikes upon
a snag; and that one mathematician says that it is evident that a consequence follows
from a hypothesis, while another mathematician says it evidently does not. Here, then,
the mathematicians find themselves suddenly abutting against brute fact; for certainly
a dispute is not a rational consequence of anything. True, this fact, this dispute, is no
part of mathematics. Yet it would seem to give occasion for an appeal to logic, which
is generally a science of fact, being a science of truth; and whether or not there be any
such thing as truth is a question of fact. However, because this dispute relates merely
to the consequence of a hypothesis, the mere careful study of the hypothesis, which is
pure mathematics, resolves it; and after all, it turns out that there was no occasion for
the intervention of a science of reasoning.
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248. It is often said that the truths of mathematics are infallible. So they are, if
you mean practical infallibility, infallibility such as that of conscience. They appear
even as theoretically infallible, if they are viewed through spectacles that cut off the
rays of blunder. I never yet met with boy or man whose addition of a long column, of
fifty to a hundred lines, was absolutely infallible, so that adding it a second time could
in no degree increase one's confidence in the result, nor ought to do so. The addition
of that column is, however, merely a repetition of 1 + 1 = 2; so that, however
improbable it may be, there is a certain finite probability that everybody who has ever
performed this addition of 1 and 1 has blundered, except on those very occasions on
which we are accustomed to suppose (on grounds of probability merely) that they did
blunder. Looked at in this light, every mathematical inference is merely a matter of
probability. At any rate, in the sense in which anything in mathematics is certain, it is



most certain that the whole mathematical world has often fallen into error, and that, in
some cases, such errors have stood undetected for a couple of millennia. But no case
is adducible in which the science of logic has availed to set mathematicians right or to
save them from tripping. On the contrary, attention once having been called to a
supposed inferential blunder in mathematics, short time has ever elapsed before the
whole mathematical world has been in accord, either that the step was correct, or else
that it was fallacious; and this without appeal to logic, but merely by the careful
review of the mathematics as such. Thus, historically mathematics does not, as a
priori it cannot, stand in need of any separate science of reasoning.
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249. But mathematics is the only science which can be said to stand in no need
of philosophy, excepting, of course, some branches of philosophy itself. It so happens
that at this very moment the dependence of physics upon philosophy is illustrated by
several questions now on the tapis. The question of non-Euclidean geometry may be
said to be closed. It is apparent now that geometry, while in its main outlines, it must
ever remain within the borders of philosophy, since it depends and must depend upon
the scrutinizing of everyday experience, yet at certain special points it stretches over
into the domain of physics. Thus, space, as far as we can see, has three dimensions;
but are we quite sure that the corpuscles into which atoms are now minced have not
room enough to wiggle a little in a fourth? Is physical space hyperbolic, that is,
infinite and limited, or is it elliptic, that is, finite and unlimited? Only the exactest
measurements upon the stars can decide. Yet even with them the question cannot be
answered without recourse to philosophy. But a question at this moment under
consideration by physicists is whether matter consists ultimately of minute solids, or
whether it consists merely of vortices of an ultimate fluid. The third possibility, which
there seems to be reason to suspect is the true one, that it may consist of vortices in a
fluid which itself consists of far minuter solids, these, however, being themselves
vortices of a fluid, itself consisting of ultimate solids, and so on in endless alternation,
has hardly been broached. The question as it stands must evidently depend upon what
we ought to conclude from everyday, unspecialized observations, and particularly
upon a question of logic. Another still warmer controversy is whether or not it is
proper to endeavor to find a mechanical explanation of electricity, or whether it is
proper, on the contrary, to leave the differential equations of electrodynamics as the
last word of science. This is manifestly only to be decided by a scientific philosophy
very different from the amateurish, superficial stuff in which the contestants are now
entangling themselves. A third pretty well defended opinion, by the way, is that
instead of explaining electricity by molar dynamics, molar dynamics ought to be
explained as a special consequence of the laws of electricity. Another appeal to
philosophy was not long ago virtually made by the eminent electrician, the lamented
Hertz, who wished to explain force, in general, as a consequence of unseen
constraints. Philosophy alone can pronounce for or against such a theory. I will not
undertake to anticipate questions which have not yet emerged; otherwise, | might
suggest that chemists must ere long be making appeal to philosophy to decide
whether compounds are held together by force or by some other agency. In biology,
besides the old logico-metaphysical dispute about the reality of classifications, the
momentous question of evolution has unmistakable dependence on philosophy. Then
again, caryocinesis has emboldened some naturalists, having certain philosophical
leanings, to rebel against the empire of experimental physiology. The origin of life is
another topic where philosophy asserts itself; and with this I close my list, not at all
because | have mentioned all the points at which just now the physical sciences are
influenced by a philosophy, such as it is, but simply because | have mentioned enough



of them for my present purpose.
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250. The dependence of the psychical sciences upon philosophy is no less
manifest. A few years ago, indeed, regenerate psychology, in the flush of her first
success, not very wisely proposed to do without metaphysics; but I think that today
psychologists generally perceive the impossibility of such a thing. It is true that the
psychical sciences are not quite so dependent upon metaphysics as are the physical
sciences; but, by way of compensation, they must lean more upon logic. The mind
works by final causation, and final causation is logical causation. Note, for example,
the intimate bearing of logic upon grammatical syntax. Moreover, everything in the
psychical sciences is inferential. Not the smallest fact about the mind can be directly
perceived as psychical. An emotion is directly felt as a bodily state, or else it is only
known inferentially. That a thing is agreeable appears to direct observation as a
character of an object, and it is only by inference that it is referred to the mind. If this
statement be disputed (and some will dispute it), all the more need is there for the
intervention of logic. Very difficult problems of inference are continually emerging in
the psychical sciences. In psychology, there are such questions as free-will and innate
ideas; in linguistics, there is the question of the origin of language, which must be
settled before linguistics takes its final form. The whole business of deriving ancient
history from documents that are always insufficient and, even when not conflicting,
frequently pretty obviously false, must be carried on under the supervision of logic, or
else be badly done.
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251. The influence of philosophy upon the practical sciences is less direct. It is
only here and there that it can be detected; and ethics is the division of philosophy
which most concerns these sciences. Ethics is courteously invited to make a
suggestion now and then in law, jurisprudence, and sociology. Its sedulous exclusion
from diplomacy and economics is immense folly. We are unhappily debarred from
calling this folly stupendous or egregious, because it is merely the ordinary blindness
of those who profoundly believe that lies are the most wholesome of diet, who, as
Edgar Poe sagaciously said, when they get home, have once locked themselves in
their several chambers, have undressed, knelt down by the bedside and said their
prayers, got into bed, and blown out the candle, then, at length, and not till then,
indulge in one veracious wink -- the only veracious act of the day -- and lull
themselves to sleep with an inward ditty that Right is a silly thing without wealth or
vigor in this work-a-day world. One day man shall start up out of his slumber to see
by broad daylight that that despised idea has all along been the one irresistible power.
Then may begin an era when it is counted within the practical sciences, one and all --
when, in a word, a man will not design a stove nor order a coat without stopping first
and sifting out his real desire -- and it is prophecy as simple as Barbara, that, when
that comes to pass, those sciences will answer even their lower and nearest purposes
far more perfectly than at present they do. So, at any rate, the student of minute logic
will be forced to think.
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252. The direct action of the special psychical and physical sciences -- the two
subclasses of Class 111 -- upon one another seems to be slight. One cannot see how,
except in some accidental or exterior way, the psychical sciences are to influence the
physical sciences, unless it should be found advantageous to call upon psychology to
aid the physical observer in avoiding illusions and in diminishing his errors of



observation. This, no doubt, deserves careful consideration; but | believe that, if the
proper distinctions are drawn, it will be seen that as for illusions, the far better way,
when it is practicable, as it almost always will be, will be to make the observations so
simple and positive that no illusions can occur often enough to make any special
dealing desirable; and as for errors of observation, it is best to treat them as residual
phenomena like any other residual phenomena. That they are entirely physical every
physicist must insist, physics being sufficiently advanced to see that all phenomena,
without exception, are physical, for the purposes of physics. Soon we may hope that
all psychologists, on their side, may be equally at one that all phenomena without
exception are purely psychical for the purposes of psychics.
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253. How far then are the psychical sciences influenced by physiognosy, or
how far ought they to be so influenced? The theory of psychophysical parallelism
would seem to imply that there is and can be no influence at all. But | must confess
myself to be of the party which thinks that no psychical fact, as such, can be
observed. The direct percept, as it first appears, appears as forced upon us brutally. It
has no generality; and without generality there can be no psychicality. Physicality
consists in being under the governance of physical, i.e., efficient, causes, psychicality
in being under the governance of psychical, i.e., of final, causes. The percept brutally
forces itself upon us; thus it appears under a physical guise. It is quite ungeneral, even
antigeneral -- in its character as percept; and thus it does not appear as psychical. The
psychical, then, is not contained in the percept.
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254. "But what?" some one will say, "Does one not perceive redness? And is
not redness purely a psychical matter to which nothing in the physical world
corresponds?" If one must answer yes or no, in the rough, of course one must say yes.
Yet as to there being nothing in the physical universe that corresponds to a given
psychical phenomenon, the doctrine of parallelism itself disavows that opinion. Better
let us say that in the present state of physical theory the peculiarity of redness finds no
definite explanation. It would be an illogical presumption to say that it never can be
explained. Redness, though a sensation, does not in the percept proclaim itself as
such. At any rate, whether the psychical can be directly observed or not, no linguist,
ethnologist, nor historian -- no psychologist, even, in an unguarded moment -- but
will agree that his science rests very largely, if not quite entirely, upon physical facts.
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255. This does not amount to an acknowledgment of need of help from the
physical sciences. Some amount of such need and such help there is. It is easier
detected than the dubious help received by physiognosy from psychognosy. The
historian certainly depends in a measure upon physical geography. Linguistics must in
the future receive substantial assistance from acoustics, in more than one direction,
and from the anatomy of the vocal organs and of the ear. Besides such supplies of
information, (which are relatively unimportant) psychognosy has received instruction
and encouragement from the example of physiognosy in the nineteenth century. It has
been helped to minute accuracy, to objectivity, to genuine love of truth as against the
professor's profession of infallibility. Yet summing up all the items, the total influence
is trifling compared with that of mathematics on philosophy or of both on idioscopy.
Physics has, after all, supplied no principle to psychics, nor any great conception. On
the contrary, every attempt to import into psychics the conceptions proper to physics
has only led those who made it astray. All this confirms the justice of our rating of



these two departments as subclasses.
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256. We can now no longer postpone the recognition of a second subbranch of
theoretical science. It is a department perfectly well recognized. It belongs by virtue
of its purpose to the branch of Theory; yet varies enough in its purpose from the
active science to be erected into a subbranch. It is the subject of Humboldt's Cosmos,
Comte's Philosophie positive, and Spencer's Synthetic Philosophy. It is science en
retraite, Wissenschaft a.D. Its design is to sum up the results of all the theoretical
sciences and to study them as forming one system. It may be called retrospective [or
science of review], in contradistinction to active science.
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257. We now come to consider groups one grade lower. Here is a point where
I must confess to have hesitated. Our branches of science are distinguished by their
different purposes; our classes by the fundamentally different nature of their
observations. Logic suggests that orders, to which we next come, should be
distinguished by the difference in the intellectual part of the business of the sciences
under them; so that among the Physical Sciences, for example, we should have: first
those which investigate the laws common to all matter; second, those which study the
relations between different classes of physical objects; third, those whose objects are
the understanding of different individual objects; and it is plain that a similar
classification could be made in psychics. Still, although this seems a priori plausible,
a positive guarantee that this will be a natural division is perhaps lacking. At any rate,
no ground of assurance is evident. It has occurred to me that we might distribute the
physical sciences into those which study objects predominantly under the dominion of
force and those predominantly under the influence of final causality; giving physics
and natural history. This separation would well accord with the way in which the men
naturally cluster. But for that very reason, a suspicion is created that the point has not
yet been reached where that cleavage should be made. Before we come to groups of
men thoroughly understanding one another's work, we ought to consider groups of
which the one stands in the relation of teacher of principles to another; just as, in a
school, the relation of master and pupil makes a broader natural division than that
between different forms or classes. . . .
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258. Comte . . . produced a useful scale, as every candid man now confesses.
It ran thus: Mathematics, Astronomy, Physics, Chemistry, Biology, Sociology. But
sociology stands distinctly aloof from the others, as a psychical science. Astronomy,
for Comte, meant the astronomy of his day, which was confined almost entirely to
explaining the motions of the stars, and was thus directly dependent on mathematics.
But our astronomy depends largely on chemistry. Striking out mathematics and
sociology, which are not physical sciences, and putting astronomy where it now
seems to belong, we get Physics, Chemistry, Biology, Astronomy, or perhaps

Physics
Chemistry Biology

Astronomy



Geognosy was intended by Comte to be a subdivision of physics. But this is every
way unnatural. Geognosy applies physics as well [as] biology (especially
paleontology); so that a still better scheme would be

Physics
Chemistry Biology
Astronomy Geognosy
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259. In this scheme, we see a return to my first idea. For physics, here, must
mean general physics, so called; that is, the study of the laws and forces of nature.
Chemistry must here be understood as the science of the different kinds of matter
(which is substantially the definition of Ostwald and of Mendeléef). Thus the second
lines are sciences of classes, or, say for brief, Classificatory Sciences, which of course
have much more to do than merely to make schemes of classification. In the third line
we find sciences descriptive and explanatory of individual objects, or individual
systems; the heavens, and the earth. We may name them, by way of abridgment,
Descriptive Sciences.
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260. We may take it as settled, then, that nomological physics forms naturally
the first order of the subclass of the physical sciences. But whether the others ought
primarily to be divided according to the rows of the last scheme, or according to its
columns is a question upon which a little further consideration needs to be bestowed.
In this connection we remark that the affinity of geognosy to biology is hardly as
decided as the vertical division would represent it to be. One cannot even say that
chemistry is more allied to astronomy than it is to biology. Light may be thrown upon
the matter by asking where crystallography and mineralogy should be placed.
Nobody, surely, would hold it to be a natural classification to rank crystallography as
codrdinate with chemistry and biology. Nor does it belong to general nomological
physics; for it is eminently a study of kinds, not of general laws. A suggestion of
uniting it to biology would provoke a smile. It would seem, then, that nothing remains
but to treat it as a division of chemistry, in the sense of the study of the different kinds
of matter. Two great authorities, Ostwald and Mendeléef, do, in fact, so define
chemistry; but I venture to assert that chemists generally do not so understand their
science, and that chemical laboratories are not equipped for that study. Chemistry is,
as a matter of fact, pretty closely limited to the study of reactions, to the structure of
compounds, and to the behaviour of elements in combinations. A chemist, as such,
does not feel himself called upon to inquire further into the properties of the different
substances than is required to identify them and to make out their constitutional
relations. He would, for example, think it quite beyond his province to arrest his work
to determine the constants of elasticity of a substance. To ask that of him, he would
say, would be a mischievous mixing of vocations. The descriptions that chemists give
of crystals -- in most cases confined to their habits -- would be regarded by a
crystallographer as superficial; and if they occasionally go further, it is with a view to
the identification of the substances. The definition of Ostwald and Mendeléeff, then
(which I myself independently gave), defines a department of science of which
chemistry is but a part. Let us call the science of the kinds of matter by the name of
chemology. This science will have to describe all the special properties of all kinds of



matter, and among these properties, will have to describe the shapes into which matter
of different kinds grows. So, then, we may reckon crystallography as a branch of
chemology.
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261. We cannot but remark, in passing, that a certain doubt arises here;
because the study of the different kinds of crystalline form -- with their geometrical,
elaterical, and optical relations to one another -- will look upon the facts of
crystallization from quite another standpoint from that of the chemologist who is
considering the relations of the different kinds of matter to one another. But | pass
that by for the moment in order to make another remark. Suppose it were settled that
that difference of the points of view of the crystallographer and the chemologer were
of subsidiary importance, and that the latter's business includes the study [of] all the
forms that different kinds of matter naturally assume. Then | remark that there is a
certain group of chemical bodies, the albuminoids or protoplasms, of which, down to
this time, the chemist can only say that they contain carbon (51 or 52 per cent),
oxygen (20 to 23 per cent), nitrogen (16 to 19 per cent), hydrogen (about 7 per cent),
sulphur (about 1 per cent), and probably often phosphorus and many other elements,
and that there are something like fifteen thousand atoms to the molecule. These
substances assume forms far more fantastical than crystals -- namely all the forms that
the biologist describes; and the mathematician assures us that even if the number of
atoms to the molecule is greatly less than the number which Sabanajeff 11 has
determined by an approved method, there nevertheless can be no doubt that it is
sufficient to afford, on general principles of chemistry, enough different kinds of
protoplasm for each organ, or even cell of every individual animal or plant that ever
existed on earth to have a unique kind of its own, without seriously encroaching upon
the wealth of varieties of these substances. So, then, we may rationally conclude that
all the variety of the biological world is due to the variety of the different kinds of
chemical substances of this group, with their corresponding variety of properties and
of natural figures. Thereupon in comes the logician, and for his contribution to the
discussion, declares it to be absolutely impossible to frame any definite hypothesis --
however gratuitous -- which should assign any other origin to the forms of animals
and plants than the chemical constitution of the protoplasm. Imagine, if you like, that
separate corpuscles related to atoms as atoms are to billiard balls, are endowed with
free will, so that their motions are determined by persuasion and not by the general
laws of physics. That, if proved, would be a momentous discovery enough. I know
not what could tend more toward the obliteration of all distinction between
psychognosy and physiognosy. Nevertheless, under that state of things it would
remain true that the chemical constitution of the protoplasm, about which we now
make no pretension to knowing anything, although it would then turn out to be so
mighty strange, containing chemical elements that would put radium to the blush --
that chemical constitution, | say, would even then be the sole determining cause of the
forms of all animals and plants. So it would remain, though we were to suppose a
special creative act at the birth or budding of each biological individual -- as long as
there remained an approximate regularity in the action -- although this would be still
more revolutionary of all our chemological conceptions. We all know the type of
naturalist -- often a justly honored man of science -- who, at any suggestion that
experiment can ever be of real avail in biology, pours forth a torrent in which feeling
is more easily detected than logic. Some minds there are who seem to think that if A
and B are radically dissimilar, it is weak to admit that they can be fundamentally
unlike; although could this not be, there would be an end of natural classification.
Nobody can dispute the fact that the alouminoids are radically unlike all chemical



substances whose constitution we understand.
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262. If then we are to have an order or suborder of physiognosy consisting of
the study of kinds of matter and their natural forms, it is a requirement of logic that
biology should be reckoned as a family of that order or suborder. It must no doubt be
admitted that the study of the kinds of matter, chemology, is one thing and the study
of the kinds of forms that matter may take is another. These will be two suborders of
the order of classificatory physiognosy, or the study of physical kinds. But into which
of these suborders biology should be placed is not so clear. Perhaps it should
constitute a third suborder.
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263. In addition, we must recognize a third order, descriptive and explanatory
of the accidents of individual systems, apart from the study of the classes to which
they belong.
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264. |Is there a somewhat parallel division of psychognosy? "Anthropology™ is
a word sometimes used in so broad a sense that it covers all psychognosy, or would
do so, were the study of animals and of non-biological manifestations of mind not
arbitrarily excluded. Of anthropology, so understood, the late Dr. Brinton 1 proposed
a classification, an outline of which may usefully be put before the reader. It includes,
in the first place, four grand divisions of somatology, ethnology, ethnography, and
archeology. The first of these is purely physical, except that it strangely includes
psychology, so that it does not now concern us. The fourth is purely descriptive, and
largely physical. It will afford no help. Ethnology is made to include five
departments, as follows: 1. Sociology. 2. Technology, embracing the fine and useful
arts. 3. Religion. 4. Linguistics. 5. Folklore. Ethnography treats of the different races
of men, and is largely physical. | have no objection to admitting that zo6logy must
perforce take some cognizance of the instincts of animals, just as on the other hand, it
is quite evident that their minds can never be understood without taking some account
of their anatomy and physiology. But for all that, if we are to admit that the study of
animals' bodies is a study of efficiency, while the study of their minds is a study of
finality, a distinction the truth and unescapableness [of which] will only be
emphasized the more we study the different phases and facets of the subject, then we
must acknowledge that those two studies of animals' minds and of animals' bodies are
widely different, however much they may overlap. But in truth the overlapping is
quite trifling. Very little psychology is needed by the biologist; and no very deep
biology by the psychologist.

Peirce: CP 1.265 Cross-Ref: Tt

265. Dr. Brinton's classification is artificial. He would hardly himself have
contested that judgment. Of almost any subdivision of it, it may be said that no man
could judiciously devote himself to all those studies exclusively. Probably no man
ever did, if we read Brinton's explanation of what each includes. But the classification
has a fault even worse than that of being artificial. There can be no objection to a
man's engaging at one time in tracing out final, or mental, causation, and at another
time in tracing out material, or efficient, causation. But to confound these two things
together is fatal. That circumstance constitutes a certain measure of justification for
the warfare that has been waged, in many quarters, upon "final causes”; and it equally
justifies the dislike often felt to physical explanations. Longfellow used to say that he
hated sciences. | can sympathize with him. For he lived so entirely in the psychical



world, that science to him meant an endeavor to turn finality into efficiency; or as he
would say, to refute poetry. It is most narrow not to consider final causes in the study
of nature; but it is nonsense and utter confusion to treat them as forces in the material
sense. Dr. Brinton, along with ethnologists generally, appears to be oblivious to this,
throughout, and to look upon the study of the psychical from a psychical point of
view as essentially inexact. To ask whether a given fact is due to psychical or
physical causes is absurd. Every fact has a physical side; perhaps every fact has a
psychical side. Its physical aspect -- as a mere motion -- is due exclusively to physical
causes; its psychical aspect -- as a deed -- is due exclusively to psychical causes. This
remains true, though you accept every doctrine of telepathy, table-turning, or what
you will. If I can turn a table by the force of my will, this will simply establish the
fact that something between me and the table acts just as a stick with which | should
poke the table would act. It would be a physical connection purely and simply,
however interesting it might be to a psychologist. But on the other hand, as my hand
obeys, in a general way, my commands, clutching what I tell it to clutch, though |
leave to its better judgment all the menu of just how my general order is to be carried
out (and so I do with my rapier, directing its point to move so and so, but how it is
done I never know), so the table-turning experiment would, I suppose, show that |
could give similar general orders to the untouched table. That would be purely
psychical, or final, causation, in which particulars are disregarded. Meantime, one
may note that the table certainly will turn, if | really and truly will that it shall without
being too meticulous about ways and means.
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266. Three items only of Brinton's somatology belong to psychognosy. They
are, first, prosopology, so far as that refers to the dubious science of physiognomy;
second, psychology, and third, criminal-anthropology. A great part of his ethnography
simply considers men as biological forms. So, too, the physical geography, geology,
and paleontology that he includes. This latter I had not supposed belonged to the
science of man. On the other hand much of psychognosy is omitted; such as the study
of animal and vegetable instinct (both of which, especially the latter, throw much
light on man's nature), theology as such (supposing there is such a science),
economics, esthetics (so far as it is neither philosophy on the one hand, nor practical
science on the other), and history in all its many branches (and it seems to me strange
that Dr. Brinton, who makes almost everything else pertain to the science of man,
should think that history does not do so), and biography.
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267. Let us now, with Dr. Brinton's list before us, endeavor to survey
psychognosy and make out its orders. In the first place, final causality, which is the
object of psychical science, appears in three guises; first, quite detached from any
biological organism; second, in biological individuals as vehicles; third, in societies,
ranging from the family to that public which includes our indefinite "posterity.” These
distinctions, when we thus consider them together, impress us with a certain grandeur.
It may be that this explains what, at any rate, is a fact, that the question has often
pressed itself upon me whether they ought not to form the basis of the first division of
the class of psychical sciences. But this would be merely, or mainly, a division
according to the nature of the objects of study. We ought to classify the sciences
according to their own natures; and not according to the nature of their objects in the
least, except so far as this affects the nature of the studies of these objects.tP1 But
before taking anything of that sort into account, we ought to look for a division based
on the differences of the intellectual factor in the work of science, such as has been



found to constitute the three orders of physiognosy; to wit, the nomological, the
classificatory, and the descriptive. These orders appear more and more clear, the
further the subject is examined. Mind has its universal laws, operative wherever it is
manifested, although these may be modified according to the mode of its incarnation
or other manifestation. In studying the universal properties of mind, the student will,
no doubt, have occasion to remark some of the peculiarities of different modes of
manifestation of mind. It may easily happen to a young student that this study of
special kinds of productions of mind comes to fascinate and absorb him far more than
the thinner and abstracter science of mind's universal truths. It may happen to another
student that while he makes elaborate studies of a special form of psychical fruit, he
will never cease to pursue those studies with a view to their affording some clue to the
general secrets of mind. Just so, a man may study the systems [of] crystals for the
sake of their teachings concerning the nature of elasticity, as Rankine did, or in hopes
of learning from them something about light, as Brewster did; or on the other hand,
being interested in crystals and their classes, with a view to gaining a better
comprehension of them, he may make studies of their cohesion, as Hauly did; and with
either of these motives, he may produce a memoir which, in itself considered, might
very well be classed either as a contribution to nomological physics or to
crystallography. Take a larger view of his work, and there will be no possible doubt
that Brewster and Rankine were physicists, while Hatly was a botanist turned
crystallographer.
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268. What shall we classifiers do with studies which might equally belong to
either of two groups? Shall we, for the sake of convenience, allow a little artificiality
to enter into our classification, so as to give such a study an undoubted place? That
would be compromise. Now we ought always to be willing to compromise judiciously
in practical matters, never in theoretical science. But if there be any such thing as
natural classification, it is the truth, the theoretical truth, which is not to be sacrificed
to convenience. It may be different with a classification of sciences designed to
govern the alcove-arrangement of a library. That is a question for separate discussion.
I will only remark here that the purposes of alcove-arrangement are so multifarious,
that it will not in many cases happen that the integral convenience of any one artificial
arrangement is markedly superior to that of the natural arrangement. The natural
classification of science must be based on the study of the history of science; and it is
upon this same foundation that the alcove-classification of a library must be based.
The natural classification of science is to be a classification of men of science; and
because each great man's works are published in collected form, the
alcove-classification of a library must also be a classification of men. At any rate, for
our convenience in this chapter the plain truth untampered with alone will answer.
Where it happens that the truth is that the defining lines between natural classes are
not absolutely definite, it is that truth which we want stated.
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269. Mind has its universal mode of action, namely, by final causation. The
microscopist looks to see whether the motions of a little creature show any purpose. If
so, there is mind there. Passing from the little to the large, natural selection is the
theory of how forms come to be adaptive, that is, to be governed by a quasi purpose.
It suggests a machinery of efficiency to bring about the end -- a machinery inadequate
perhaps -- yet which must contribute some help toward the result. But the being
governed by a purpose or other final cause is the very essence of the psychical
phenomenon, in general. There ought, therefore, one would think, to be under the



order of psychonomy, or nomological psychognosy, a suborder which should seek to
formulate with exactitude the law of final causation and show how its workings are to
be traced out.
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270. But under this universal law of mind, there are other laws, it may be
equally ubiquitous yet not so abstract. There is, first of all, the great law of
association (including fusion), a principle strikingly analogous to gravitation, since it
IS an attraction between ideas. There are, besides, other general phenomena of mind
not explicable by association. The laws of all these phenomena will be studied under
a second suborder of special nomological psychology.
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271. As a second order, we have psychotaxy, not a very good name for
classificatory psychognosy or the study of kinds of mental manifestation. This order
falls into two suborders, the one embracing studies of mental performances and
products, the other of incarnations, or ensoulments of mind. To the latter suborder |
would refer all studies of the minds of insects and (when there are any) of octopuses,
of sexual characteristics, of the seven ages of human life, of professional and racial
types, of temperaments and characters. To the former suborder, |1 would refer the vast
and splendidly developed science of linguistics, of customs of all kinds, of Brinton's
ethnology generally.
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272. A third order of psychognosy is descriptive and explanatory, but not in
any predominant degree inductive. Those sciences which are mainly descriptive,
which tell, for example, what an explorer has found, which give accounts of systems,
as metrology, chronology, numismatics, heraldry, or examine individual productions
of man, will form a descriptive suborder; while those which narrate sequences of
events and show how one leads to another -- History in short, whether of individuals,
or of communities, or of fields of activity, or of the development of minds, or of
forms of social institutions, will form a second suborder.
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273. It is plain that philosophy cannot, like idioscopy, be split from top to
bottom into an efficient and a final wing. For, not to mention other reasons, to
philosophy must fall the task of comparing the two stems of causation and of
exhuming their common root. In another way, however, philosophy falls asunder into
two groups of studies to which the appellation of subclasses is alone appropriate, if
we are to understand by a subclass a modification of that class-making sense in which
philosophy may be said to be observational. For besides what constitutes -- in the
present stage of the study, at least -- the main body of philosophy, resting exclusively
upon universal experience, and imparting to it a tinge of necessity, there is a
department of science which, while it rests, and can only rest, as to the bulk of it,
upon universal experience, yet for certain special yet obtrusive points is obliged to
appeal to the most specialized and refined observations, in order to ascertain what
minute modifications of everyday experience they may introduce. If in these
departments the teachings of ordinary experience took on the true complexion of



necessity, as they usually do, it would hardly be in our power to appeal to special
experience to contradict them. But it is a remarkable fact that though inattentive
minds do pronounce the dicta of ordinary experience in these cases to be necessary,
they do not appear so to those who examine them more critically. For example,
everyday experience is that events occur in time, and that time has but one dimension.
So much appears necessary. For we should be utterly bewildered by the suggestion
that two events were each anterior to the other or that, happening at different times,
one was not anterior to the other. But a two-dimensional anteriority is easily shown to
involve a self-contradiction. So, then, that time is one-dimensional is, for the present,
necessary; and we know not how to appeal to special experience to disprove it. But
that space is three-dimensional involves no such necessity. We can perfectly well
suppose that atoms or their corpuscles move freely in four or more dimensions. So
everyday experience seems to teach us that time flows continuously. But that we are
not sure that it really does so, appears from the fact that many men of powerful minds
who have examined the question are of the opinion that it is not so. Why may there
not be a succession of stationary states, say a milliasse or so of them or perhaps an
infinite multitude per second, and why may states of things not break abruptly from
one to the next? Here the teachings of ordinary experience are, at least, difficult of
ascertainment. There are cases where they are decidedly indefinite. Thus, such
experience shows that the events of one day or year are not exactly like those of
another, although in part there is a cyclical repetition. Speculative minds have asked
whether there may not be a complete cycle at the expiration of which all things will
happen again as they did before. Such is said to have been the opinion of Pythagoras;
and the stoics took it up as a necessary consequence of their philistine views. Yet in
our day, certain experiences, especially the inspiring history of science and art during
the nineteenth century, have inclined many to the theory that there is endless progress,
a definite current of change on the whole of the whole universe. What treasures would
we not sacrifice for the sake of knowing for certain whether it really be so, or not! It
is nothing to you or me, to our children, or to our remoter posterity. What concern
have we with the universe, or with the course of ages? No more than my dog has in
the book | am writing. Yet | dare say he would defend the manuscript from harm with
his life. However, to return to the matter of progress, universal experience is rather for
the notion than against it, since there is a current in time, so far as we can see: the past
influences our intellect, the future our spirit, with entire uniformity. Still universal
experience merely favors a guess as to larger periods.
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274. There are two distinct questions to be answered concerning time, even
when we have accepted the doctrine that it is strictly continuous. The first is, whether
or not it has any exceptional instants in which it is discontinuous, -- any abrupt
beginning and end. Philosophers there have been who have said that such a thing is
inconceivable; but it is perfectly conceivable to a mind which takes up intelligently
and seriously the task of forming the conception. Men who are ready to pronounce a
thing impossible before they have seriously studied out the proper way of doing it,
and especially without having submitted to a course of training in making the
requisite exertion of will, merit contempt. When a man tells us something is
inconceivable, he ought to accompany the assertion with a full narrative of all he has
done in these two ways to see if it could not be conceived. If he fails to do that, he
may be set down as a trifler. There is no difficulty in imagining that at a certain
moment, velocity was suddenly imparted to every atom and corpuscle of the universe;
before which all was absolutely motionless and dead. To say that there was no motion
nor acceleration is to say there was no time. To say there was no action is to say there



was no actua