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PREFACE 

The research for this study has included a survey of 

Peirce's writings found in a copy of manuscripts, letters, 

and publications located in the Institute for Studies in 

Pragmaticism in the library at Texas Tech University; The 

Collected Papers of Charles Sanders Peirce, Harvard 

University Press, Volume 1-6, edited by Charles Hartshorne 

and Paul Weiss, 1931-1934; Volumes 7-8 edited by Arthur W. 

Burks, 1948; The New Elements of Mathematics by Charles Ŝ. 

Peirce, edited by Carolyn Eisele, 4 volumes in 5 books. The 

Hague: Mouton, 1976; Semiotic and Signifies: The 

Correspondence between Charles Ŝ. Peirce and Victoria Lady 

Welby, edited by Charles S. Hardwick, Indiana University 

Press, 1977; and Charles Sanders Peirce: Contributions to the 

Nation, in three parts, compiled and annotated by Kenneth 

Laine Ketner and James Edward Cook, Texas Tech University 

Press, 1975. 

The following short reference forms will be used: MS 

478:15, 1903 or L75:22 for manuscript number and sheet number 

of manuscripts located in the Institute; 5.78 for volume and 

paragraph in The Collected Papers; NEM 3:246 for volume and 

page in The New Element of Mathematics; and N 1:29 for part 

and page in The Nation. 

A Comprehensive Bibliography and Index of the Published 

Works of Charles Sanders Peirce with a Bibliography of 
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Secondary Studies, edited by Max Fisch, Charles Hardwick, 

Kenneth Ketner, Christian Kloesel, and Joseph Ransdell was 

used to locate both primary and secondary material. A 

bibliographical search was conducted through Dialog which 

produced references to over seven hundred books and articles, 

including more than one hundred dissertations. This list was 

cross-referenced with a German bibliography 

Semiotik-Bibliographie edited by Achim Eschback and Wendelin 

Rader. Based on the abstracts provided in these searches, 

material which seemed promising was surveyed. Two 

observations are note-worthy: first, there were hundreds of 

entries dealing with various aspects of Peirce's philosophy, 

but only a small number identified a relationship between his 

philosophical ideas and mathematics or science; second, the 

search yielded a limited number of articles associating 

Peirce's semiotic with the visual arts, but few of these went 

beyond a consideration of his sign-classification system and 

no studies placed semiotic within his System of Science and 

thereby recognized the significance of his analysis of 

mathematical reasoning. 

References to secondary material will appear in endnotes 

following each chapter. One exception is Carolyn Eisele's 

Studies in the Scientific and Mathematical Philosophy of 

Charles ^. Peirce, short references to which will appear in 

the text in the form SSMP:155. 
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CHAPTER ONE 

INTRODUCTION 

Purpose of the Study 

In recent years the genius of Charles Sanders Peirce has 

been extensively documented and he is posthumously receiving 

the accolades he so justly deserved during his lifetime. The 

problem for thinkers of his stature is that they rarely have 

a contemporary audience, either friends or foes, that is 

capable of accurately apprehending all the necessary 

conceptions. They are most unfortunate when their ideas are 

rejected or lie fallow because they are counter to, or ahead 

of, the accepted thinking of their times. But perhaps an 

equally frustrating dilemma is to have these ideas 

misinterpreted or trivialized beyond recognition. As Walker 

Percy eloquently observes, Peirce was no exception to this 

fate. 

Charles Peirce was an unlucky man. His 
two most important ideas ran counter to 
the intellectual currents of his day, 
were embraced by his friends — and 
turned into something else. William 
James took one idea and turned it into a 
pragmatism which, whatever its value, is 
not the same thing as Peirce' s 
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pragmaticism. Peirce's triadic theory 
has been duly saluted by latter-day 
semioticists -- and turned into a trivial 
instance of learning theory. Freud was 
lucky. The times were ready for him and 
he had good enemies.-. It is our friends 
we should beware of. 

The ultimate fate for Peirce's ideas is much more 

optimistic. Scholarship in recent years has taken giant 

strides toward providing a more complete perspective of his 

thought. There is an emerging realization that his writings 

were neither fragmentary nor unsystematic, but instead 

comprised a completely developed and highly organized system 

of thought. This study first proposes a hypothesis regarding 

the nature of Peirce's System and, secondly, suggests how 

such an interpretation might be applied to objective inquiry 

in the visual arts. 

The first hypothesis proposed is that Peirce conceived 

of his work in terms of a comprehensive and unified System of 

Science and that a familiarity with this System is essential 

to understanding the interdependent relationships between his 

contributions to mathematics, certain special sciences, 

logic, and other areas of philosophy. Although Peirce was 

unable to finish the book in which this System would have 

been fully presented, there is ample evidence from existent 



manuscripts that most of the work had been completed. My 

hypothesis as to the nature of that System is based upon 

Pierce's classification of the sciences from which the System 

can be reconstructed. The classification is a model that 

represents the analogous relationships one would find in a 

thorough examination of his System of Science. As Peirce 

frequently noted, the classification of the sciences was the 

key to approaching the overall pattern of his thought 

(L107:15; MS 1334:5). 

As indicated by this classification of the sciences, the 

System of Science was a theory which described science as a 

living activity in terms of scientific methods. Peirce's 

primary interest was always methodology. He made it clear 

that his diverse studies had one animating purpose and that 

was to explain the derivations and nature of methods of 

scientific thought (MS 630:10; 6.604). As he reviewed the 

corpus of his work in his later years, he reorganized this 

work to reflect the conclusions drawn from more than thirty 

years of observations and experiments designed for the 

purpose of evaluating the methods of reasoning used by 

mathematicians, scientists, and philosophers. Based on 

experimentation and observation, the System itself was 

developed by using a scientific rather than an a priori 

method. 



By examining Peirce's classification of the sciences, 

one can make a number of significant observations, but two 

are particularly important for introducing this study. The 

first is that scientific methodology is the principal 

category for Peirce's thought. Within his System philosophy 

is only one of the sciences and, therefore, it is not the 

most general category. In fact, it presupposes the science 

of mathematics which is the most basic science in terms of 

its methods. This leads to the second observation which is 

that logic must also be interpreted in terms of science and 

likewise presupposes an understanding of mathematical 

methods. In Peirce's later writings logic in the general 

sense and semiotic are equivalent. Semiotic is composed of 

Speculative Grammar, Critic (which is logic in the 

traditional sense), and Methodeutic (today this division is 

usually called methodology). Peirce made important 

contributions to all three divisions of semiotic, but the 

project which continually occupied him was the analysis and 

evaluation of the methods of science, the third division of 

semiotic. Therefore, one of the functions of semiotic is to 

give an account of these methods. It is a science with its 

own scientific method which has been adapted from mathematics 

and is then used for the purpose of analyzing scientific 

methods as they appear in the other sciences. 

The second thesis is that an adaptation of the 

diagrammatic reasoning used to acquire mathematical knowledge 



can contribute to interpreting works of visual art. To my 

knowledge there are no studies applying Peirce's semiotic to 

the arts which also place this scientific method within his 

System of Science and thereby recognize the significance of 

his analysis of mathematical reasoning. According to Peirce, 

scientific or objective investigations must rely on 

experimentation and observation. From the observer's 

perspective there are certain analogies which can be drawn 

between diagrams and works of art which suggest that 

diagrammatic reasoning could provide the means to satisfy the 

requirements of scientific inquiry and promote an enhanced 

and objective interpretation of abstract conceptual relations 

represented visually in the work of art. The work of art is 

a visual approximation of the form of conceptual relations. 

In the interpretation of works of art, as in the mathematical 

study of a construction, the goal of inquiry is the 

discernment of that system of relations. Diagrams which one 

might construct to represent and study the form of the 

relations in works of art offer a tool for visual thinking. 

They permit one to observe and experiment on the relations 

and thereby reason to the meaning they represent. This not 

only assists in the control and correction of one's own 

thoughts, but it also provides for the intersubjectivity 

required for objective inquiry. 



Plan of the Thesis 

The first part of chapter two presents how Peirce 

defined science and characterized scientists. As he 

understood it, science in its truest sense was neither 

systematized nor certain knowledge; it was instead a living 

and evolving historic entity which encompassed the past and 

extended into the future (1.44). Science was the living 

activities of those who were dedicated to the discovery of 

truth for its own sake (1.50) and who pursued it by the most 

critically chosen methods (MS 283:5). The procedure of 

scientific inquiry recognized that knowledge is inferentially 

derived from observation and experimentation, and 

acknowledged the fallibility of the results. The chapter 

discusses several flaws common to alternative subjective 

methods of fixing beliefs and presents the central 

requirements for objective inquiry. 

The second part of the chapter examines Peirce's 

classification of the sciences. In this model the sciences 

are classified in a descending order of methodological 

dependency. All science is divided into three major 

branches: Science of Discovery or Research; Science of 

Review; and Practical Science. Although the first and third 

branches were worked out in elaborate detail, this study is 

confined to the Science of Discovery. Within this branch 

mathematics is identified as the fundamental science which 



means that the methods of objective inquiry used by all the 

other sciences beneath it are derived in part from the method 

of mathematics. 

Philosophy, as a science, is positioned after 

mathematics in this branch of the classification schema. 

Analyzing the experience common to all human beings, its four 

divisions are phenomenology [Peirce usually used the term 

"phaneroscopy" to avoid preconceived ideas which might be 

associated with traditional views on phenomenology, but also 

we can assume he wanted to distinguish his conception from 

that of Husserl (4.7)], esthetics (by which he meant 

something other than that which the term connotes in 

contemporary usage), ethics, logic (which in his later 

writings is synonymous with semiotic), and metaphysics. Like 

the entire System of Science, these divisions are concerned 

with the components essential to ascertaining the goals and 

skills requisite for intellectual objectivity. Each division 

presupposes the science above it. 

The third chapter considers four mathematical theories 

which Peirce incorporated into his System of Science. The 

mathematical notion of the absolute is linked with his 

conception of the categories in the science of phaneroscopy, 

the process of logical reasoning or inquiry, and his adoption 

of a hyperbolic or evolutionary theory of philosophy. 

The role of chance is discussed in terms of Peirce' s 

opposition to mechanical philosophy as a form of 
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necessitarianism. He adopted the word "tychism" to denote a 

regulative principle in his semiotic epistemology and a 

significant aspect of his cosmological theory. In 

hypothesizing the existence of chance to explain both the 

variety and the developing regularities of nature, Peirce was 

not countering mechanical laws with the absence of law, but 

was introducing a theory of statistical laws instead. In the 

doctrine of chance probability is a ratio of frequency in the 

long run of experience. The significance of this is that 

there can be no certainty attached to any individual instance 

or to any finite succession of events. Chance is a sort of 

freedom or looseness that allows options for interpretations. 

Peirce's cosmology was an endeavor to show the ideas which 

ought to enter into a view which encompassed semiotic in the 

universe. The role of chance in human thought is analogous 

to its role in the universe. Absolute fixity in habits of 

reason could not account for the variety and growth of ideas 

and would not allow for doubts, the uncertainty of 

conclusions, or correction errors. Therefore, it is relevant 

to the process of self-control through self-criticism. 

Evolutionary considerations were notably influential in 

Peirce's conception of the method of science. While it is 

evidenced in all three forms of reasoning, it is most 

prominent in induction and retroduction or abduction, the 

terms he used to designate that form of reasoning which 

consists in studying facts and forming provisional hypotheses 



or theories to explain them. In his later writings he 

identified pragmaticism with retroduction in its capacity to 

originate new ideas. Chance is discussed as it is relevant 

to the diversity and evolutionary growth found in the visual 

arts. 

For Peirce, the mathematical conception of continuity 

was pivotal to the unity of his System of Science and had its 

analogue in the three divisions of philosophy. Although his 

work on mathematical continuity spanned over thirty years, 

this study will be confined to a theory he proposed late in 

his career. I will refer to this as the "supermultitudinous 

collection." Even though there was a later theory which 

superceded this one, it did not appear, except by intimation, 

until the years between 1908 and 1911. Therefore, it is not 

directly reflected in his writings on semiotic and will not 

appear in my account. I will consider only the relevance of 

continuity to Peirce's conception of the representation 

relation and the relationship between inquiry, the real 

object, and the possibility of ultimately discovering truth. 

The final section of this chapter presents an overview 

of the categories found in Peirce's phaneroscopy. 

Phaneroscopy was the science which studied the kinds of 

elements universally present in the "phaneron," or that which 

is experienced in any way. Although the categories 

historically emerged through Peirce's study of logic, 

evidence is presented that he later identified his 
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classification of the categories with the mathematical notion 

of valency as the basis of all external structure (cf. MS 

292:34 and MS 293; NEM 4:320-22). The importance of form as 

external structure is especially relevant to the relationship 

between mathematical diagrams, works of art, and diagrams 

used to interpret art because it is through form or structure 

that conceptual relations become perceptual and thereby 

intelligible objects for observation and experimentation. 

The fourth chapter is concerned with the nature of the 

mathematical method. One of the questions considered is 

whether logic presupposes mathematical reasoning. Although 

the entire chapter could be viewed as a partial response to 

this question, the first three sections deal with Peirce's 

evaluation of logic as it was practiced during his time and 

his efforts to improve it through an analysis of mathematical 

reasoning. The major portion of the chapter presents the 

elements of the mathematical method. 

Peirce concluded from his analysis that mathematics, 

like all sciences, relies on observation and experimentation. 

Although mathematics is defined as the science which draws 

necessary conclusions, its procedure involves all three forms 

of inference (retroduction, deduction, and induction) and the 

basic divisions of representation. This was further evidence 

to support his hypothesis that there was unity in the System 

of Science. 
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The role of the diagram in the method of mathematical 

reasoning is the key to understanding why the science of 

mathematics is presupposed by the other sciences. 

Mathematics, as Peirce conceived of that science, is a 

gigantic modeling enterprise whereby conceptual relations are 

understood through the aid of perceptual images. 

In his identification of the elements of mathematical 

reasoning, Peirce drew an important distinction between 

corrollarial and theorematic reasoning. He considered his 

development of theorematic reasoning into a procedure for 

mathematical and logical inquiry to be one of his most 

important contributions to logic (L224; NEM 3/2:869, 873). 

Although both forms of reasoning involve observation, 

theorematic reasoning introduces the performance of 

systematic experiments and therefore, something very similar 

to induction (2.778). The process of prescissive and 

hypostatic abstraction found in theorematic reasoning was 

further evidence that mathematics is an observational and 

experimental science. Hypostatic abstraction is crucial to 

Peirce's pragmaticistic theory of inquiry in that it makes 

possible the essential elements of self-criticism and 

self-control over one's thoughts. 

The chapter concludes with a discussion of the intimate 

connection between mathematics and Peirce's conception of 

semiotic. Based on his observations, Peirce concluded that 

mathematicians were the best reasoners and proposed a 
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hypothesis which incorporated the characteristics of 

diagrammatic reasoning. He subsequently tested this theory 

by applying it to various mathematical and philosophical 

problems. Peirce's semiotic is an account of reasoning, a 

theory of scientific methods. He examined mathematical 

reasoning as part of his study of methods. In turn he was 

influenced by mathematical reasoning in his development of 

semiotic. The study of mathematics, as the most fundamental 

science, provided the basis for observing the characteristics 

of scientific intelligence in other sciences. By adapting 

the diagrammatic method of reasoning one could observe and 

experiment on the activities of scientific intelligence. As 

a science, semiotic has to conduct its investigations through 

observation and experimentation and provide for 

intersubjectivity. Peirce's chief effort in this direction 

was the development of his Existential Graphs for analyzing 

logical reasoning. 

Because the central requirements for objective inquiry 

are met through diagrammatic reasoning in mathematics and 

logic, this is an important reason for considering a 

diagrammatic approach for reasoning about works of art. Such 

diagrams not only offer an efficient and economical research 

tool for experimentation and observation by the individual 

inquirer, but they also afford opportunities for public 

accessibility and replication of those processes. The most 

important reason for suggesting their use is that they are 
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visual. An interpretation of art is directed at the meaning 

of the work. Meaning is conceptual. Since, according to 

Peirce, all knowledge begins with perception, to comprehend 

that which is conceptual we need a perceivable means of 

experience. Genuine reasoning about anything has to be 

subject to control and criticism so that thought can be 

expanded and corrected. Diagrams make it possible to isolate 

and observe the form of the relations in a work of art. 

These can then be subjected to experiments whereby new 

relations are conceived. Additionally diagrams can be 

constructed to represent the relations of one's own thinking 

process about the work of art so that it can be 

self-controlled also. 

The fifth chapter examines the potential for 

diagrammatic reasoning in the visual arts. It first 

considers the similarities between the diagrams in 

mathematical reasoning and those which might be constructed 

for analyzing works of art. This is followed by a discussion 

of Peirce's representative theory of perception which was 

proposed to explain the bridge between the perceivable and 

the intelligible. Using indeterminate or ambiguous figures, 

it is shown that perceptual judgments presuppose an 

abstraction; the object is perceived as a kind of thing and 

therefore the judgment contains general elements from the 

outset. The illusions of art depend upon this combination of 

expectation and capacity for guessing to overcome the 
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limitations of the medium. In addition to showing the role 

of prior experience, visual illusions point to the way the 

unconscious quasi-inferential process of perceptual judgments 

lead to the logically controlled inferences of abduction 

which are proposed to explain the phenomena. It is in this 

way that perception is the gate to logical thought and 

knowledge (5.212). 

The remaining section of the chapter adapts the 

diagrammatic reasoning of mathematics for interpreting the 

relations in works of art. Proceeding through the three 

stages of inquiry, the discussion suggests how a particular 

analysis might require both corollarial and theorematic 

deduction and involve prescissive and hypostatic abstraction 

depending upon the complexity of the relations. Diagrams 

constructed by Rudolf Arnheim and Frank Russell are used to 

illustrate the process. The study is concluded by relating 

diagrammatic reasoning in the visual arts to Peirce's 

pragmatic maxim. The position is taken that art is one of 

the principal means for exploring the external world and our 

own internal world, but its message must be decoded to be 

found meaningful. The hypothesis is proposed that Peirce's 

diagrammatic method of reasoning provides the instrument for 

objective inquiry which this goal requires. 



15 

Limitations of the Study 

The limits of this study preclude a developmental 

examination of Pierce's thought. It would be a disservice to 

the quality of his work to assume that it does not manifest 

both growth and refinement and there can be no doubt that he 

continually questioned and reevaluated his ideas. 

Nevertheless, as late as 1904, he maintained that it had 

undergone few alterations, 

except for the introduction of the 
problematical tychism and a few minor 
corrections (of which the most important 
relate to the precise nature, definitions 
of induction and abduction), and an 
increasing insistence on the exclusion of 
psychological premises from logic, 
consist in the extension of his inquiries 
to new problems and the greater fullness 
of his positions (L107:14-15). 

Peirce's writings should be studied as an entire development 

of thought, but it is between 1890 and his death that the 

architectonic nature of his thought becomes most evident. 

His work as a scientist, mathematician, historian of science, 

and logican are brought together in his contributions to 

philosophy. It is during this period that he constructed his 

classification of the sciences and conceived of general logic 

as semiotic. He also expanded the science of philosophy to 

include esthetics and ethics and returned to the problems of 

metaphysics. This later period is further marked by his 

development of the Existential Graphs. For these reasons 
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this study is limited to a consideration of the writings of 

this period. 

It should also be noted that Peirce did not 

systematically develop a philosophy of art even though his 

writings contain references to the arts which display a 

better than average familiarity with a variety of art forms, 

and he is known to have been acquainted with several artists 

of his time. Peirce did not use the term "esthetics" in the 

same sense in which it is used today, although it may be 

possible that his particular conception can be interpreted as 

foundational for a theory of aesthetics in the contemporary 

sense. At this point I will not conjecture what a Peircean 

account of aesthetics might be, nor will I be concerned with 

what he thought about the arts in terms of aesthetic 

criticism. This study is limited to the possibility of 

adapting his diagrammatic theory of inquiry to the visual 

arts. To allay some other possible misconceptions, I must 

emphasize that what I will be describing should not be 

thought of as a complete semiotic theory of art. A 

presentation of that magnitude would involve a detailed 

account of the three divisions of semiotic and a more 

comprehensive examination of those sciences it presupposes. 

Finally, it should be noted that Peirce was writing in 

the stylistic tradition of the nineteenth century and 

generally referred to a human being as a "man" or "he." He 

was not a sexist and neither am I, but where the flow of 
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language from his writings to my own would make the use of 

non-gender words awkward, I will follow the form of his 

style. 
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Farr^r ^tl7' ^/^^^^^^ ^ ^he Bottle (New York: irarrar, Straus and Giroux, 1982), p. 160. 



CHAPTER TWO 

THE SYSTEM OF SCIENCE 

A Theory of Scientific Methods 

I was brought up in an atmosphere of 
scientific inquiry, and have all my life 
lived among scientific men. For the last 
thirty years, the study which has 
constantly been before my mind has been 
the nature, strength, and history of 
methods of scientific thought (6.604, 
1893). 

To some persons, Peirce's multiple and simultaneous 

careers in mathematics, science, the history of science, 

logic, and other areas of philosophy may have the appearance 

of unrelated diversity, but from his perspective there was a 

basic common denominator which dictated the direction of his 

work. Based upon his broad conception of the term "science," 

which will be presented shortly, all of these occupations 

were, or should be, scientific enterprises. 

Peirce's work in all these areas was motivated by the 

perceived need to develop a sound theory of method which 

reflected not only the methods which have been or are used, 

but the kind of method which ought to be used for the 

discovery of truth. His work was an attempt to lay a solid 

foundation for the life of twentieth century science in terms 

of a method that would encompass the goals and means of 

justification required in scientific investigation. 

19 
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Therefore, his primary interest was always methodology. But 

his study was concerned only with the nature of scientific 

(as synonymous with objective) inquiry as he distinguished it 

from those methods of settling doubts which he regarded as 

being nonscientific. The central focus of his work was an 

investigation into the nature of scientific intelligence. 

Because he defined a scientific intelligence as "one capable 

of learning from experience" (2.227) (by "experience" Pierce 

meant experimentation and observation), this form of 

intelligence might be described as "laboratory 

intelligence." In the latter part of his life, he conceived 

of logic as semiotic as the science which could analyze the 

nature of scientific intelligence and thereby expose and 

oppose nonscientific methods. 

Peirce's System of Science is a comprehensive and 

unified theory proposed to explain and improve the method of 

scientific or objective inquiry. He did not have the 

opportunity to finish the book in which this System would 

have been fully presented, but there is ample evidence from 

his manuscripts that most of the work had been completed. 

Indeed, the system can be reconstructed from extant writings 

by following the schema represented in his classification of 

the sciences. Although the distinction will become clearer 

in the discussion of that classification system, Peirce used 

the term "science" in two distinct senses. In the broader 

sense it denoted the living activities for which the System 
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of Science was intended to be a true description. In a 

narrower sense the word designated those sciences which 

require special instruments to make their observations, such 

as the physical sciences of chemistry, physics, and biology. 

To avoid further confusion, I will follow Peirce's example 

and refer to the latter as the "special sciences." 

Peirce used the term "special sciences" to denote sciences 

which require special instruments not needed- for the 

observations made in either mathematics or philosophy. 

Peirce's development of the System itself represents one 

application of his methodology. From his autobiographical 

remarks, we can infer that his early experiences in several 

sciences, mathematics, and logic gave occasions for the 

development of his theory, and that his continued work in 

these areas represented his constant efforts to test and 

refine it. For example, his work on the history of science 

recognized the importance of history as one major resource 

for epistemology. That is, the objective method is taken as 

the means for gaining true conceptions, then one must 

consider how that method developed and is continuing to 

evolve within the scientific community. Peirce spent his 

life designing experiments, making observations, and 

gathering data; and while doing so he constantly evaluated 

the methods of reasoning used by mathematicians, scientists, 

and philosophers, both those who lived during his lifetime 

and those who had made contributions in the past. Based on 
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his observation that mathematicians were the best reasoners, 

he proposed a hypothesis which incorporated the 

characteristics of diagrammatic reasoning in mathematics. He 

then tested this theory by applying it to various 

mathematical and philosophical problems. In the first part 

of this chapter we will see how Peirce defined science and 

characterized scientists. Then we will turn to his 

classification of the sciences as the key to understanding 

the System of Science. 

Science and Scientific People 

Men, the principal occupation of whose 
lives is finding out the truth, are 
called scientific men; and their 
occupation is called Science (MS 693; NEM 
4:188 "Reason's Conscience," 1904). 

In lectures and writings on science Peirce frequently 

prefaced his remarks with a description of what he deemed to 

be the three categories, or classes, into which human lives 

could be divided. In most of these citations he was 

depicting the occupations or principal motivations of mature 

adults, but one manuscript presents them as descriptive of 

potential life-stages. I will begin with the latter because 

its divisions not only describe the basis for action and 

knowledge in individual lives, but also seem to encapsulate a 

way of measuring the evolution of human intellect. 
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The earliest occupation of man is 
poetizing, is Feeling and delighting in 
feeling. That is what the infant in his 
cradle seems to be about. But feeling 
generates dreams; dreams, desires, 
impulses to do things. So the main 
business of a normal man's life comes to 
[the word is blotted, but appears to be 
"consists"] in Action. But any man that 
has ability to ripen is soon made by 
active life to realize that his different 
acts must not stand each for itself, 
unrelated to the others, that mere action 
is fatuous unless it accomplishes 
something and in some way affects the 
world; and that in order to affect the 
world the man must be affected by the 
world, that is, must know the facts of 
the case, that consideration is necessary 
to harmonize them with the situation of 
the world, and without this harmony and 
systematization of efforts nothing can be 
accomplished. The longer a man lives the 
more he is impressed with the necessity 
of elaborate consideration to obtain a 
basis and a plan for action . . . and the 
deeper becomes his conviction of how 
little the greatest man can individually 
affect the world (MS 277: 47-9). 

I interpret Peirce to have meant that, as human beings, 

we want consistency in our lives. By "consistency" I don't 

mean something unvarying like a bowl of cream of wheat. It 

is that we not only want our individual beliefs and actions 

to be consistent with each other, but we want our beliefs to 

reflect the way things really are. We want to have some 

impact on the world, or at least, some measure of assurance 

that our actions will have the results we anticipate. As we 

mature most of us find it impossible to be unthinking 

machines of action. Based upon our beliefs, our acts become 
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increasingly purposive. A belief is the consciousness of a 

habit (3.160) which predisposes us to anticipate that if 

particular conditions occur in the future, certain actions 

would have predictable consequences. In our interaction with 

people or through other experiences we may be confronted with 

situations which cause us to question a belief we have held. 

This may take the form of unexpected results or an idea which 

poses a contrary or inconsistent alternative to our belief. 

In these instances we find it uncomfortable or impossible to 

act until we have resolved the conflict (5.370-75). That is, 

as we are "affected by the world" we try to ascertain "the 

facts of the case" so that we can settle on a belief that 

appears to be consistent with our experience of the world, 

"in harmony" with it. To accomplish this we must 

"systematize" our efforts or, in other words, use some method 

that affords a "basis and plan for action." The realization 

that as individuals we have little effect on the world 

introduces the final stage. 

As old age creeps upon him he gets more 
and more to rate the search after the 
truth about men, about physical things, 
and about real potentialities, as that 
part of the business of life that lays up 
for us the greatest treasure, sure to 
profit one's intellectual heirs, and as 
the noblest and purest exercise [of] 
one's spiritual powers (ibid.). 
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In this last stage the search for truth is recognized to be a 

communal effort that affords its own rewards, not the least 

of which is the inheritance passed on to future generations. 

In some of the references where Peirce expanded on these 

stages to characterize three kinds of human life there is a 

marked resemblance to those portions of the Phaedo where 

Plato distinguished the three types of men as lovers of 

wisdom, lovers of honor, or lovers of sensual pleasure and 

wealth. These types might also be described as (1) men who 

seek truth, (2) men of action, and (3) men of feeling or 

appetite. Since most human beings will be some blend of the 

defining characteristics, Peirce's descriptions are somewhat 

analogous to Plato's tripartite divisions of the human 

psyche. 

Peirce's first group are "devotees of enjoyment who 

devote themselves to earning their bread and eating as fine 

bread as they can" (MS 1334:18). They may pretend to be 

thinkers, but their exclusive goal is pleasure. Those who 

are writers are concerned only with profit (MS 277:50). The 

second group are motivated by the desire for success which 

may mean financial rewards, political power, or individual 

recognition for some theory or idea (which is "uniformly 

plagiarized, with a certain percentage of consciousness of 

it" (MS 277:49). They are practical businessmen who want to 

accomplish results and respect nothing but power (1.43). 
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Reminiscent of Plato's rational aspect of the soul, the 

third class is described as those for 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" (1.43). 

These men "cannot conceive at all of a life of enjoyment and 

look down upon a life of action. Their purpose is to worship 

God in the development of ideas and of truth. These are the 

men of science" (MS 1334:19). According to Peirce, each 

class has a different perception of nature. The first class 

are artists for whom nature is a picture. For men of the 

second class nature is an opportunity, while those in the 

third class see it as a "cosmos, so admirable, that to 

penetrate to its ways seems to them the only thing that makes 

life worth living" (1.43). This last group possesses both 

the passion to learn and the self-control exemplified by 

Plato's virtuous person of wisdom. In Peirce's estimation 

they were the only ones who have any success in scientific 

research (ibid.). 

It will come as no surprise to those familiar with 

Peirce's phenomenology that these classes of men correspond 

to the three modes of consciousness: feeling, volition, and 

thought. The third class of men were further subdivided in 

accordance with three different conceptions of the purpose of 

science. Their activities define the three sub-branches of 

Theoretical Science in Peirce's classification of the 

sciences: (1) Practical (Special) Sciences, where 
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investigations are conducted for utilitarian purposes; (2) 

Science of Review, where "science" is understood to mean 

systematized knowledge; and (3) Science of Discovery. 

According to Peirce, science in its truest sense was neither 

systematized nor certain knowledge. 

In the mouths of scientific men 
themselves "science" means the concrete 
body of their own proper activities, in 
seeking such truth as seems to them 
highly worthy of life-long devotion, and 
in pursuing it by the most critically 
chosen methods, including all the help 
both general and special that they can 
obtain from one another's information and 
reflexion (MS 283:5). 

For Peirce the activity of science was the epitome of 

man's intellectual development (1.49) and to understand its 

success one had to conceive of it, not as knowledge already 

acquired or organized, but as the concrete life of those who 

work to discover the truth for truth's sake (1.50). 

It is inseparably bound up with that of a 
life devoted to single minded inquiry . . 
. a mode of life whose single animating 
purpose is to find out the real truth, 
which pursues this purpose by a well-
considered method, founded on thorough 
acquaintances with such scientific 
results as may be available, and which 
seeks cooperation in the hope that the 
truth may be found, if not by any of the 
actual inquirers, yet ultimately by those 
who come after them and who shall make 
use of their results. It makes no 
difference how imperfect a man's 
knowledge may be, how mixed with error 
and prejudice; from the moment that he 
engages in inquiry in the spirit 
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described, that which occupies him is 
science (7.55). 

Science so defined is a "living historic entity" (1.44); that 

is to say, it is an ongoing investigation that takes place 

within a community. Peirce did not call the solitary studies 

of a single man a science. "It is only when a group of men, 

more or less in intercommunication, are aiding and 

stimulating one another by their understanding . . . that I 

call their life a science" (MS 134:14-15). This community 

extends beyond the limits of the present into the past and 

future. It is a community that is less concerned with 

knowledge already acquired than with "devoting the sum of 

their energies to refuting their present errors, and that not 

so much for themselves as for future generations" (7.50). As 

a living process. Science is primarily involved with framing 

and testing conjectures. Systematized knowledge is applied in 

approximately the same way a practicing physician or a 

manufacturer uses it, except when it becomes the object of 

science. It becomes the concern of science when for some 

reason it must be either purified or transformed (1.234). 

The most marked characteristics of genuine Science is 

that it is in an "incessant state of metabolism and growth" 

(1.232) and that scientists pursue their purpose by the best 

method known at the time. Both science, as a living 

activity, and its methods are evolving. 
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Plato is quite right in saying that a 
true belief is not necessarily knowledge. 
A man may be willing to stake his life 
upon the truth of a doctrine which was 
instilled into his mind before his 
earliest memories without knowing at all 
why it is worthy of credence; and while 
such a faith might just as easily be 
attached to a gross superstition as to a 
noble truth, it may by good luck, happen 
to be perfectly true. But can he be said 
to know it? By no means: to render the 
word knowledge applicable to his belief, 
he must not only believe it . . . but 
must know what justifies the belief, and 
just WHY and HOW the justification is 
sufficient (7.49). 

Remarkable as its achievements have been, there can be 

no doubt that human intelligence is fallible. In two 1868 

articles for the Journal of Speculative Philosophy 

("Questions Concerning Certain Faculties Claimed for Man" and 

"Some Consequences of Four Incapacties", P 26 and P 27), 

Peirce drew the following conclusions: 

1. We have no power of Introspection, 
but all knowledge of the internal 
world is derived by hypothetical 
reasoning from our knowledge of 
external facts. 

2. We have no power of Intuition, but 
every cognition is determined 
logically by previous cognitions. 

3. We have no power of thinking without 
signs. 

4. We have no conception of the 
absolutely incognizable (5.265). 
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Peirce never altered his stance on these conclusions; 

therefore, they will figure prominently in the third and 

fourth chapters where his theory of inquiry will be covered 

in greater detail. For the purposes of the present 

discussion, however, we need to know that Peirce disavowed 

the Aristotelian and Cartesian notion of first principles 

(commonly referred to as "self-evident truths") and rejected 

the assumption of an infallible faculty of intuition. The 

principals and procedures of scientific inquiry which had 

produced results with remarkable success ran counter to such 

presupposition; in the first place, to assume there are 

things which are incognizable would preclude inquiry. 

Secondly, the procedure of scientific inquiry recognized that 

knowledge was inferentially derived from observation and 

experimentation which belies a bogus faculty of intuition, 

and acknowledges the fallibility of the results. 

Furthermore, the use of scientific models was a prime example 

of the way thought proceeds and is controlled through signs. 

Peirce observed the success of scientists and remarked that, 

"each chief step in science has been a lesson in logic" 

(5.363). His theory of logic reflected these lessons, 

however, he broadened the traditional conception of science 

to include the science of mathematics and the other divisions 

of philosophy which preceded logic in his classification 

system. 
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Peirce was not claiming that all action and reasoning 

require recourse to theoretical procedures. Many of our 

reasonings are performed instinctively. Another kind of 

reasoning, although not exactly instinctive, has become so 

habitual as to resemble instinctive actions. It has become 

traditional or habitual over the long course of experience, 

during which time it has been frequently tested. This 

"everyday" kind of reasoning is adequate for many of our 

decisions because the habits of thought upon which it is 

based would have been broken if these tests had proved 

unfavorable. Where it has not been frequently tested, 

however, its being traditional or habitual affords no 

guarantee that it is sound. But instinctual or everyday 

forms of reasoning cannot resolve many of the situations 

which arise in our lives. 

The less simple and more intellectual a 
man's life is, the higher his aims, and 
the oftener his ambition or enterprise 
carries him into unwonted situations the 
oftener will the theory of finding the 
truth be needed (MS 693;1904; NEM 4:188). 

This does not mean that we must adopt an objective 

method (the method of science) to settle our disputes, to 

find solutions to our problems, or to answer our questions. 

There is nothing which compels us to do so, except our desire 

for some assurance that the method we have chosen will 

ultimately lead to the truth. Peirce's 1877 article "The 
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Fixation of Belief" (P 107), a favored selection for 

anthologies, identified the methods of tenacity, authority, 

and the a priori method as alternatives people frequently 

choose instead of the method of science. 

Briefly, the method of tenacity is that in which we are 

guided by our emotions in "taking as answer to a question any 

we may fancy, and constantly reiterating it to ourselves, 

dwelling on all which may conduce to that belief and learning 

to turn with contempt and hatred from anything that might 

disturb it" (5.377). We can readily see that this method can 

rarely be sustained for long. "The social impulse is against 

it" (5.378). We eventually must acknowledge the strength of 

other people's thinking and opinions and further realize that 

fixing beliefs is not only a problem for an individual, but 

one for the community as well. This frequently causes 

individuals and groups to rely on the method of authority. 

This technique has numerous variations; the most obvious 

situation is one wherein beliefs are established and enforced 

through the power and influence of political or theological 

institutions. However, when our deference to the opinions of 

any group or individual is based on fear, respect, or our 

need to conform, we are resorting to a form of the method of 

authority. 

There is a social context for the a priori method as 

well. Although it claims to produce beliefs which are 

"agreeable to reason," it is like the method of tenacity in 
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that the beliefs do not have to agree with experience, but 

are ones which we are "inclined to believe." This method is 

most frequently associated with thinkers who assume the 

existence of a faculty of intuition and claim certain truths 

to be self-evidently true, but it can also refer to those 

beliefs which are culturally fashionable or those which have 

been so societally engrained through tradition that their 

truth is never questioned. 

These methods have several flaws in common. In the 

first place, the beliefs generated are relative to the 

believer rather than to any independent reality. 

To satisfy our doubts, therefore, it is 
necessary that a method should be found 
by which our beliefs may be determined by 
nothing human, but by some external 
permanency -- by something upon which our 
thinking has no effect . . . [In a 1903 
footnote, Peirce added, "But which, on 
the other hand, unceasingly tends to 
influence thought; or in other words, by 
something Real"] . . . Our external 
permanency would not be external, in our 
sense, if it was restricted in its 
influence to one individual. It must be 
something which affects, or might affect, 
every man. And, though these affections 
are necessarily various as are individual 
conditions, yet the method must be such 
that the ultimate conclusion of every man 
shall be the same. Such is the method 
of science (5.384). 

This is essentially the distinction we are making when we 

contrast the words "subjectivity" or "egocentricity" with the 

word "objectivity" or speak of objective versus subjective 
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methods. In contrast to the methods of tenacity, authority, 

and the a priori method, the method of science has as its 

foundation the hypothesis of reality, which is that: 

There are Real things, whose characters 
are entirely independent of our opinion 
about them, those Reals affect our senses 
according to regular laws, and, though 
our sensations are as different as are 
our relations to the objects, yet, by 
taking advantage of the laws of 
perception, we can ascertain by reasoning 
how things really and truly are (5.384). 

The second flaw of subjective methods follows from this. 

One who uses the method of science will not only be drawn to 

a conclusion on the basis of the evidence, but will actively 

seek for evidence on both sides of the issue, because the 

inquirer will not decide in advance what the conclusion is 

going to be. In other words, the evidence will not be 

manipulated in support of a favored position, but will itself 

suggest what that position ought to be. Evidence isn't 

considered at all in the method of tenacity; and, if it is a 

factor in the method of authority and the a priori method as 

they are employed in particular situations, it is used 

selectively to support previously adopted conclusions. 

The third flaw common to these three methods concerns 

the methods themselves. None of them make any distinction of 

a correct or incorrect way to conduct inquiry, or a correct 

or incorrect answer to a question. The individual who adopts 

the method of tenacity is shut off from all outside 
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influences. The only relevant test of the method of 

authority is what the state or institution or respected 

individual thinks is correct. Since the a priori method 

produces beliefs based on thinking as one is inclined to 

think, those who adopt this method are inclined to think it 

is correct. Peirce concluded that only the scientific method 

provided the means for correcting erroneous beliefs and 

evaluating the method itself. Intrinsic to an application of 

the method was the affirmation of good reasoning and 

application of self-correction to known bad reasoning. 

I may start with known and observed facts 
to proceed to the unknown; and yet the 
rules which I follow in doing so may not 
be such as investigation would approve. 
The test of whether I am truly following 
the method is not an immediate appeal to 
my feelings and purposes, but, on the 
contrary, itself involves an application 
of the method (5.385). 

The central requirements for objective inquiry are the 

repeatability and public nature of the following: (1) the 

observable data; (2) the inferential procedure; and (3) the 

stated conclusions. This entails that the assertion of the 

conclusions be sufficiently detailed so that other similarly 

motivated and competent inquirers can replicate the entire 

process. The purpose of such inquiry is the discovery of 

truth, regardless of the subject matter. There is no 

assurance that any given inquiry will produce true knowledge; 

in fact, the conclusions are always provisional and subject 
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to correction, but the claim is made that with sufficient 

experience and reasoning all inquirers would ultimately be 

drawn to the true conclusion. This acknowledges the 

fallibility of any actual claim or agreement. There is 

always the possibility of some kind of error or new evidence 

which would lead to doubts and which could produce further 

inquiry. 

By scientific or objective method Peirce did not mean a 

recipe into which we can plug certain data and mechanically 

be assured of instantaneous truth. It seems clearly mistaken 

to think that by following prescribed steps we can be led to 

truth in the same way that we collect $200 every time we pass 

"Go" in a game of Monopoly. Although the assurance for 

correction of error and eventual knowledge rests with the use 

of the method, the method, like science itself, is evolving 

and therefore also fallible. When it fails to produce 

predicted results, the method may be doubted and become the 

subject of investigation and possible correction. 

There is an ethical dimension in the objective methods. 

The use of such methods implies more than fruitful procedural 

techniques. While these provide a means for controlling our 

thoughts and thereby self-criticism and self-correction, the 

essence of objectivity lies in our desire and capacity to 

precisely communicate to others what we have done. When we 

make a truth claim we are hypothesizing that anyone who 

investigated the matter as we have would be drawn to the same 
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conclusion. What we mean by this is that, if we clearly 

communicate how we made our observations and drew our 

conclusions, others can replicate the experiment and 

regularly have the same experience. It is unfortunate that 

too often this relationship between inquirers is viewed to be 

an adversarial one, but perhaps this mistaken perception 

reflects an egocentric attitude rather than a scientific one. 

As noted earlier in the description of Science, its 

method implies that inquiry is a cooperative venture, "where 

investigators, instead of contemning each the work of most oi 

the others as misdirected from beginning to end, cooperate, 

stand upon one another's shoulders, and multiply 

incontestable results" (5.413). The objectivity of the 

method is based on the public accessibility of the evidence 

and the recognition that the particular reasoning process is 

itself hypothetical and open to correction. It is 

anticipated that other competent and dedicated inquirers will 

be able to replicate the observations and experiments and 

follow the inferential development. Every hypothesis that 

merits attention should be subjected to severe but fair 

examination and should not be trusted at all until the 

consequences to which it leads have been born out in 

experience. 

Peirce certainly did not limit an application of the 

scientific method to the natural sciences, but thought it 

should be employed to rescue philosophy from its deplorable 
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state, bringing it to a condition like that of the natural 

sciences. Pursuant to this aim, in addition to desiring to 

learn and therefore not simply being satisfied with what you 

are already inclined 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" (1.135). 

"To set up a philosophy which barricades the road of further 

advance toward the truth is the one unpardonable offense in 

reasoning" (1.136). The first obstacle denies the principle 

of fallibilism by asserting that some propositions are either 

self-evidently true or can be known with absolute certainty 

(1.137). The second obstacle is to claim that there are 

certain things about which knowledge is unattainable. It was 

pointed out earlier in this chapter that Peirce denied the 

existence of anything incognizable (for example, Kant's 

"Thing-In-Itself"). From this we are led to the third 

obstacle where it is maintained that there are elements of 

science which are basic or ultimate and therefore, 

inexplicable (1.139). The last philosophical obstacle is 

holding that a particular law or truth has attained its last 

and perfect formulation. 

As Peirce's three classes of life was intended to show, 

not every human being is in the class exemplified by the 

scientific mode of life. The members of this group were 

characterized by their pursuit of truth by a well-considered 

method, but they were also distinguished by a particular 
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approach to their activities which Peirce called the 

"scientific attitude." They do not passively learn from 

experience; they eagerly and patiently seek experience 

through extended experimentation and observation (MS 1125:10, 

1900). 

In the presumptive choice of hypotheses, 
still higher virtues are needed -- a true 
elevation of soul. At the very lowest, a 
man must prefer the truth to his own 
interests and well-being and not merely 
to his bread and butter, and to his own 
vanity, too, if he is to do much in 
science (1.576). 

Peirce specified two qualifications which all true people of 

science must possess. They must, of course, have a natural 

gift for reasoning; but additionally, the "dominant passion 

of his soul must be to find out the truth in some department, 

regardless what the color of that truth may be" (7.604). 

"The scientific spirit requires a man to be at all times 

ready to dump his whole cartload of beliefs, the moment 

experience is against them" (1.55). This is in contrast to 

the practical man who "must believe with all the force of his 

manhood that the object for which he strives is good and that 

the theory of his plan is correct; while the scientific man 

recognizes that all his beliefs are provisional and works 

hard to sweep them away" (6.3). "A scientific man who has 

any such immovable beliefs to which he regards himself as 

religiously bound to be loyal, cannot at the same time desire 
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to have his beliefs altered. In other words, he cannot wish 

to learn the truth" (ibid.). For science to be successful, 

those who practice it must "surrender themselves at 

discretion to experimental inquiry, in advance of knowing 

what its decisions may be. There must be no reservations" 

(ibid.); otherwise it is not the reasoning that determines 

what the conclusions will be; it is the preconceived 

conclusion that determines the nature of the "reasoning" 

process. 

What Peirce required is the very essence of free 

scientific inquiry, ethically conducted; but this should not 

be confounded with the sense in which he used the word 

"morality." "Morality consists in the folklore of right 

conduct. A man is brought up to think he ought to behave in 

certain ways . . . It is not safe for him to even reason 

about it, except in a purely speculative way. Hence, 

morality is essentially conservative" (1.50). Conservatism 

is a habit, and as such tends to extend itself and 

increasingly pervade all areas of life. That which may begin 

as conservatism about manners becomes conservatism about 

speculative opinions as well. "Morality leads to a 

conservatism which any new view, or even free inquiry shocks. 

The whole moral weight of such a community will be cast 

against science" (ibid.). It takes a sophisticated intellect 

to distinguish between practical and speculative opinions and 

if you drop below this level of intellect "you come across 
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reformers and rationalists at every turn — people who 

propose to remodel the ten commandments on modern science" 

(ibid.). 

Had Peirce lived for eleven more years he would have 

witnessed the incarnation of his prophetic words at the 

2 Scopes trial in Dayton, Tennessee. You will remember that 

this trial involved a violation of the Butler Act which had 

declared it unlawful for any teacher in an institution 

supported by state funds to teach any theory that denied the 

story of divine creation of man as taught in the Bible. In 

less than thirty years we have seen history repeat itself in 

Louisiana and Arkansas. These events prompted Stephen Jay 

Gould, a professor of biology, geology, and rhe history of 

science at Harvard University, to return to Dayton and make 

the following observation: 

I learned something in Dayton, or rather, 
remembered something I should never have 
forgotten . . . The enemy is not 
fundamentalism; it is intolerance. In 
this case, the intolerance is perverse 
since it masquerades under the "liberal" 
rhetoric of "equal time." But mistake it 
not. Creationists are trying to impose a 
specific religious view by legislative 
fiat upon teachers who reject it both by 
conscience and training. For all their 
talk about weighing both sides (a mere 
matter of political expedience), they 
would also substitute biblical authority 
for free scientific in<^iry as a source 
of empirical knowledge. 
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I am not trying to argue here for the relative merits of one 

theory over the other; this is not the format for such a 

debate. The issues here are those of intellectual freedom 

and the substantiation of theories through the scientific 

method. But, say the creationists, scientific creationism is 

supported by the scientific method. 

For an excellent examination of this question, I would 

recommend an article by Robert Charles Williams in the March, 

1983, issue of American Anthropologist. A brief summary of 

his argument against accepting scientific creationism as a 

science will serve to exemplify and reinforce the criteria 

that Peirce maintained were essential for scientific inquiry. 

First, all of the creationist "scientists" must share a 

common belief in the literal truth of the Genesis account of 

creation. In Peircean terms this means that they have 

decided in advance of inquiry what the conclusion must be. 

Their beliefs, to which they are religiously bound, are not 

provisional, so they can have no sincere desire to have their 

beliefs altered. Secondly, they cannot reject the 

creationist model no matter how overwhelming the evidence 

might be against it. As Peirce would say, they have let the 

conclusion determine the nature of their reasoning. Thirdly, 

they are forced by their preconceived notions to interpret 

all of the facts of scientific observation about origins only 

within the creation model. Not only is the model itself 

never questioned, but observational evidence is always 
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interpreted in terms of a previously accepted conclusion 

which is not considered to be provisional and is therefore, 

not falsifiable on the basis of any empirical observations. 
« 

Williams concludes, as would Peirce: (1) to rely on a model 

which has its origin in divine revelation and therefore must 

be believed, and (2) to propose a priori hypotheses which 

cannot be rejected is not scientific in any traditional 

sense. 

It is well to remember that the threat posed by such 

restrictions on the freedom of scientific inquiry extend to 

all areas of intellectual creativity. It is not limited to 

the theories taught in school laboratories, but can spread to 

restrict books which can be read, music that can be performed 

in concert halls, and paintings that can be exhibited. 

Clarence Darrow understood the danger when he made this 

impassioned plea to the judge in Dayton sixty years ago, in a 

time not unlike our own: 

If today you can take a thing like 
evolution and make it a crime to teach it 
in the public schools, tomorrow you can 
make it a crime to teach it to the 
hustings or in the church. At the next 
session you may ban books and the 
newspapers . . . . Ignorance and 
fanaticism are ever busy and need feeding 
. . . . After a while Your Honor, it is 
the setting of man against man and creed 
against creed until with flying banners 
and beating drums we are marching 
backward to the glorious ages of the 
sixteenth century when bigots lighted 
fagots to burn the men who dared to bring 
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any intelligence and enlightenment and 
culture to the human mind. 

Peirce's words bear repeating, "To set up a philosophy which 

barricades the road of further advance toward the truth is 

the one unpardonable offense in reasoning" (1.136). 

Classification of the Sciences 

Now that we have some understanding of the broad sense 

in which Peirce used the term "science," we can proceed to 

his classification of the sciences. The two abbreviated 

systems of classification charted on the next page will give 

a frame of reference for these preliminary remarks. A more 

comprehensive chart is located at the end of the chapter. 

Peirce's classificatory system is perhaps the single most 

important key for approaching the overall pattern of his 

thoughts. This is a point which he often repeated. In the 

Peirce/Curtis correspondence he wrote, "In order to 

understand his [Peirce's] doctrine, which has little in 

common with those of modern schools, it is necessary to know, 

5 first of all, how he classifies the sciences" (L107:15). 

Peirce's classification of the sciences is a model that 

represents the analogous relationships one would find in a 

thorough examination of his System of Science. The 
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Two Versions of Peirce's Classification of the Sciences 

c. 1890's: 

A. THEORETICAL SCIENCE 

1. MATHEMATICS 

2. PHILOSOPHY 

a. Logic 

b. Metaphysics 

3. THE SPECIAL SCIENCES 

a. Psychical 
b. Physical 

B. PRACTICAL SCIENCE 

1900's: 

A. THEORETICAL SCIENCE 

1. SCIENCE OF DISCOVERY (or RESEARCH) 

a. Mathematics 

b. Cenoscopy (or Philosophy) 

D-
2). 

3). 

Phenomenology 
Normative Science 
a). 
b). 
c). 

Esthetics 
Ethics 
Logic (or Semiotic) 
(1). Speculative Grammar 
(2). Critic 
(3). Methodeutic or Objective 

Logic 
Metaphysics 

Idioscopy (or Special Science) 

1). Physics 
2). Psychics 

2. SCIENCE OF REVIEW 

B. PRACTICAL SCIENCE 
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classification is an outline or diagram which displays in 

skeletonized form the problem which was his primary concern. 

It also sketches his proposed resolution of that problem. 

Since Peirce conceived his purpose to be the study of 

reasonable methods, his classification of the sciences is a 

classification based on method. It presents a schema for 

indicating the derivation and potential application of a 

method of science. Like any scientific model, its 

organization is a simplified visual approximation of his 

conception of that problem. As such, it provides a map 

(which is another form of diagram or model) for following the 

pattern of Peirce's thought. 

First, since the sciences are positioned in a 

hierarchial arrangement of dependency, we may conclude that 

we should have a better chance of understanding his ideas on 

any subject if we first read his major writings on these 

sciences in the order in which they appear in the 

classification system. Second, the way he described the 

basic concerns of each of the sciences not only delineates 

what he perceived to be the parameters of that science, but 

also gives us a good indication of his particular perspective 

in general. The classification of the sciences should, 

therefore, be the starting place for evaluating the internal 

consistency of his positions within the System of Science. 

Third, the classification model affords us the best 
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opportunity for comprehending how philosophy is related to 

the other sciences of Discovery, and what effect this had on 

his perception of the role of philosophy. Fourth, when we 

compare the classificatory scheme of the 1890's with that of 

the 1900's, in the latter we observe several significant 

additions within the sub-branch of philosophy. In the 

earlier version, logic and metaphysics are the only two 

divisions of philosophy. In the later version, the first 

division of philosophy is phenomenology; the second is 

normative science, where logic (now conceived as identical to 

general semiotic) is the third subdivision after esthetics 

and ethics. The final division is still metaphysics. It is 

obvious from a letter to William James (8.254-57) that Peirce 

believed these additions were a considerable refinement of 

his philosophical thinking and representative of his attempt 

to develop philosophy architectonically. 

By way of introducing the basis for his classification 

of the sciences, Peirce acknowledged that his purpose was 

nearly the same as that of Comte's classification, namely to 

arrange a catalogue of the sciences which visually exhibited 

the most important relations of logical dependence among 

them. In fact, he noted that his classification was "simply 

an attempt to improve upon that of Comte; first, by simply 

looking less at what has been the course of scientific 

history, and more at what it would have been if the 
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theoretically best methods had been pursued; secondly, by 

supplying the shocking omissions which Comte's rage against 

nonsense led him to commit; and thirdly, by carrying down the 

subdivisions as far as my knowledge enables me to do" 

(L75:Ch. 1). The scheme, like Comte's, is based upon the 

idea that one science depends upon another for fundamental 

principles, but does not furnish such principles to that 

other (1.180). It arranges what were called by Comte the 

"abstract sciences" in a ladder, with the idea that each 

"derives its principles from the discoveries of the more 

abstract science that occupies the rung above, while all are 

at the same time pressing upwards in the endeavor to become 

more 'abstract' (MS 1334:10). The classification was 

restricted to sciences as they actually existed in their 

present condition and made little effort to conjecture about 

sciences of the future. Because Peirce did not define 

science in terms of systematized knowledge, his 

classification considered sciences as living organizations of 

research (L75:Ch. 1). 

The classification is according to form rather than 

matter because, as Peirce reminded us, "In classifications 

generally, it may be fairly said to be established, if it 

ever was doubted, that Form, in the sense ̂ of structure is of 

far higher significance than Material. Valency is the basis 

of all external structure" (MS 292:34). For example, "Who 
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would now throw Iron, with its valency, perhaps, of eight, as 

used to be done, into the same class with Manganese, of 

valency seven" (MS 293: NEM 4:321). As Ketner's 

investigations are beginning to show, this notion of valency 

is very significant for an understanding of Peirce's System 

of Science. In the present context, valency is used to 

emphasize that classification is based on structure rather 

than matter. Although Peirce is here taking an example from 

chemistry, a sub-order of the Special Sciences (Idioscopy), 

the source of the analysis by valency is topology in 

mathematics. Since, for Peirce, mathematics is the basis for 

examining the structure of all scientific intellectual 

activity, we would expect to find the rationale for his 

classifactory system there. I believe that the evidence in 

Peirce's writings supports Ketner's position that the notion 

of valency is highly significant to Peirce's theory of the 

categories (Phaneroscopy) and, as applied to logical analysis 

in Peirce's construction of the existential graphs, it is 

also very revealing about the nature of semiotic (ibid). 

Since the precedence of form over matter is not 

restricted to physical objects, but is found in the 

classification of psychical products as well, it is the basis 

for classifying products of human creativity. Peirce used a 

familiar painting to illustrate this point. "Some of 

Rafael's greatest pictures, -- the Christ bearing the cross, 

for example — are suffused with a brick red tinge, intended. 
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I doubt not, to correct for the violent blueness of the deep 

shade of the chapels in which they were meant to be hung. 

But who would classify Rafael's paintings according to their 

predominant tinges instead of according to the nature of the 

composition, or the stages of Rafael's development?" (MS 293: 

NEM 4:321). This example is followed by the remark that 

"Form is something the mind can 'take in,' assimilate, and 

comprehend." The importance of this claim will be examined 

in chapter four where form will be discussed in terms of 

diagrams and models used by scientists, mathematicians, and 

other semioticians (scientific intelligence). By 

representing the form (structure) of conceptual relations 

analogously in concrete form (diagrams or models), these 

relations can be experimented on and observed so that the 

mind can take them in." That which is conceptual can be 

directly conceived through perceptual models. 

Although I have not found references in the manuscripts 

to classification systems earlier than the 1890's, Peirce 

mentioned that he worked out a theory of natural 

classification in 1867 which he never published, because 

naturalists rejected it (L75:Ch.31). For six months in 1861 

he was a student under Louis Agassiz, the great Harvard 

professor of zoology, with a view of studying his method of 

classification. In Peirce's estimation Agassiz's "Essay on 

Classification," which was based on an extension of 

Aristotle's ideas, was a profound work containing hints at 
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the key of all true classifications, although it was limited 

to the animal kingdom. This key was Agassiz's conception of 

natural classification, namely, that "every classification 

whatsoever, be it merely arranging words in alphabetical 

order, has reference to some purpose, or some tendency to an 

end" (L75: ibid.). When Peirce referred to a "true and 

natural class" he made it clear that he was not using the 

term in the metaphysical sense of real class. "I 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 

experimental sense" (1.205). By this Peirce was saying that 

a natural classification is not concerned with the 

ontological status of the objects; "a class . . . is the 

total of whatever objects there may be in the universe which 

are of a certain description" (ibid.) A natural class is 

one which embodies information, in the sense that something 

is true of all its members beyond what is involved in the 

definition of the class. All the members owe their existence 

as a member of the class to a common tendency to an end, this 

tendency being that which determined the class characters of 

the objects. 

To explain what is meant by "tendency to an end" or 

"final causation," as Peirce conceived of these terms which 

he used interchangeably, it may be helpful to think first in 



52 

terms of sorting out the objects of human production into 

natural classes. In this instance we might equate final 

causation with purpose. According to Peirce's instructions, 

we would do this according to the unique and common purpose 

shared by all members of that class. For example, we can 

take as a main purpose the desire for illumination, and can 

see that all lamps form a natural class because every lamp 

has been made as a result of an aim common and peculiar to 

all lamps. But a purpose is merely that form of a final 

cause that is most familiar to our experiences. A final 

cause may be conceived to operate without having been the 

purpose of any mind, so it would be a mistake to conceive of 

final causation as limited to purpose (1.205). To make this 

point Peirce turned to two of Aristotle's notions of 

causation: efficient or forceful, and final or ideal. Final 

causation is the mode of bringing about a result that will 

have a certain general character. It does not determine the 

particular way in which it is brought about; in fact, it may 

be brought about in different ways at different times 

(1.211). Efficient causation, on the other hand, is not 

concerned with the general character of the result. It is 

the machinery determined by the particular condition of 

things, which acts to bring about the purpose or end. 

Following Peirce's example, let me place you in a hunting 

situation to make the distinction between final and efficient 

causation clearer. As a duck rises off the pond, you shoot 
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at it. Your purpose, of course, is to hit the bird, so you 

aim a little ahead of it to allow for the distance the duck 

will fly during the time it takes for the bullet to reach its 

mark. So far, this describes final causation. At the time 

you pull the trigger, efficient causation takes over. If the 

duck veers, the bullet makes no adjustment because efficient 

causation simply proceeds mechanically or blindly without 

regard for results. When we say that the force of the bullet 

conforms to a law, we are not claiming that the law is a 

force. Being something general, the law is not a force. 

Final causality cannot be imagined without efficient 

casualty. Taking the law as one form of final causation, 

Peirce demonstrated the relationship between the two with a 

metaphor of a court without a sheriff. The law would exist, 

but there would be no force to carry it out. 

Through a careful study of the history of science, 

Peirce concluded that its course was something like this: In 

response to the first scientific problems, there were some 

successes in arithmetic followed by a beginning development 

of geometry. In Pythagoras, Peirce found the first 

beginnings of a true science of the categories. "His numbers 

were categories; that is, elements of the phenomenon; and 

they bear a certain general resemblance to my categories 

[Peirce's phaneroscopy]" (L75:Ch. 29). Next the Greeks 

developed a remarkable understanding of esthetic truths and 

Socrates developed an ethical science. Logic followed with 
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Plato and Aristotle who also made important contributions to 

metaphysics. Peirce noted that Aristotle also experienced 

success in psychology. These advances were followed by 

successes in astronomy. The pattern is clearly the same as 

his own classification of the sciences: there the order is 

mathematics followed by phenomenology (phaneroscopy); 

esthetics by ethics; logic (semiotic) by metaphysics; and 

then the physical and psychical special sciences. But he 

made another important observation. He concluded that there 

is a general law of progress from the more abstract to the 

more concrete. This holds true for the history of any of the 

well-developed sciences as well. He suspected that there was 

a close relationship between natural classification, a 

general formula of evolution, a general formula in the 

history of intellectual development, and the general formula 

of the course of research. He decided that the key to the 

connection between the four problems was the progression from 

the more abstract to the more concrete, from indeterminate in 

some aspects to more determinate -- the gradual elimination 

of possible alternatives or options. 

Peirce claimed that all knowledge whatever comes from 

observation (1.238). The basis for this assertion will be 

discussed later; but it is pertinent to his classification of 

the sciences because he recognized that different sciences 

are observational in radically different ways. From his 

studies of the history of science Peirce concluded that 
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sciences could be classified according to the peculiar means 

of observation they employ (1.99). The kind of thing that 

immediately comes to mind is the telescope and astronomy, but 

one of the most interesting aspects of Peirce's System of 

Science is the way this observational element is found in all 

of the sciences, beginning with mathematics and including 

semiotic. However, observations in the special sciences 

depend upon special instruments which are not needed for the 

observations made in either mathematics or philosophy. 

Peirce thought that the best classification of sciences 

was a ladder-like scheme where the sciences are related to 

one another like rungs of a ladder. As indicated in the 

general law mentioned above (progress is from the more 

abstract to the more concrete), the general rule here is that 

"the broader science furnishes the narrower science with 

principles by which to interpret its observations, while the 

narrower sciences furnishes the broader science with 

instances and suggestions" (MS 328; NEM 4:227). Each rung is 

itself a ladder of rungs so that all science is divided into 

these three rungs: 

A. Science that discovers truth, merely 
for the sake of knowing what is so 
discovered [Science of Research or 
Discovery], 

B. Science that sets forth and arranges 
discovered truth; for the sake of 
comprehending it as a whole, 
supplementing it where needful for 
this purpose [Science of Review], 



56 

C. Science that applies well-understood 
truth, supplementing it where 
needful, for the sake of other 
interests than that of the truth 
itself [Practical Science] (ibid: 
228). 

Peirce recognized two main branches of science: the 

Theoretical, the purpose is simply and solely knowledge of 

truth; and the Practical, the application of knowledge for 

the uses of life. In the first branch are found two 

sub-branches; first, the Science of Discovery; and second, 

the Science of Review. The second branch is Practical 

Science. Although Peirce outlined an elaborate scheme 

indicating the position of each known science within these 

branches, the only sub-branch that needs to be considered 

here in any detail is the Science of Discovery. This survey 

will be limited to that division except now to note the 

location of the history of art and art criticism. By 

referring to the chart at the end of the Chapter, you can see 

that both are located within a sub-class of Psychical 

Sciences. The history of art is under the sub-order of 

History proper; and art criticism is one of the families in 

the sub-order of Criticism. There are indications, however, 

that in other variations of this classification Peirce placed 

them in the branch of Practical Science to distinguish them 

from the normative science of Esthetics in the Theoretical 

branch (cf. 1.281; 1.264; and 7.385). 
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Returning to the Science of Discovery, we are told that 

this rung itself consists of three rungs. The science 

occupying the top rung is mathematics. This is highly 

significant when we remember first, that Peirce's 

classification is a methodological one and secondly, that the 

sciences are classified in a descending order of 

methodological dependency. Therefore, all sciences beneath 

mathematics in the classification presuppose the methods of 

mathematics, while it is not thusly dependent upon them. 

This means that the methods of scientific inquiry used by all 

of these other sciences are derived in part from the method 

of mathematics, and are adapted for the purposes of their 

particular investigations; successful inquiry in these later 

sciences rests on a thorough understanding of mathematical 

reasoning. Peirce was particularly critical of philosophers 

because their knowledge was too superficial. 

Philosophy has always aped mathematics; 
and its want of success has been in large 
part due to philosophers having been too 
sluggish of mind to do more than ape the 
externals of mathematics, and that so 
crudely that they had better have left 
alone (MS 328: NEM 4:227). 

Peirce's analysis of scientific intelligence began in 

mathematics for several reasons. Pure mathematics is the 

most abstract of the sciences, yet there one finds the sense 

of reality required for objective inquiry. Even though 

mathematicians deal exclusively with hypothetical states of 
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things without concern for whether these are analogous to 

anything in nature (4.232) and the objects they study are 

creations of their own imaginations (MS 459; NEM 3 1:343), 

these objects have a reality. This point is not only 

significant to the viability of mathematical inquiry, it is 

crucial for objectivity in art interpretation. 

Peirce's conception of reality was based upon the 

distinction between realities and illusions, not between 

realities and fictions. Both illusions and realities are 

relative to the mind; that is, they are known only as they 

are represented in thought. (Why this is the case will be 

explained in the next chapter.) However, illusions are 

dependent upon thought; they exist only as some person or 

people imagine them (8.12). They can be affected by those 

thoughts and have no independence of thought. On the other 

hand, the real may also be the creation of thought, such as 

mathematical relations, novels, and paintings; but they are 

additionally independent of thought and are unaffected by 

whatever one happens to think of them. The real is that 

which can be publicly or intersubjectively experienced. "The 

real, then is that which, sooner or later, information and 

reasoning would finally result in, and which is therefore 

independent of the vagaries of me and you" (5.311). The 

distinction between the real and the unreal is that the 

future community of inquirers will always continue to 

re-affirm that which is real. Illusions may prevail for a 



59 

long time and, as we have all experienced, these may be 

public illusions, but in the long run they will be ultimately 

denied (5.311). 

The sense of reality found in mathematicians' imagined 

objects was not the only reason Peirce placed mathematics at 

the top of the ladder, although it is relevant to his other 

reasons. Peirce found in mathematics the first scientific 

use of imagination. The process of creative imagination is 

indispensable to the procedure whereby mathematicians reason 

through diagrams to the nature of the relations they 

investigate. This diagrammatic characteristic of 

mathematical reasoning provides for the observational and 

experimental components required by all scientific (that is, 

objective) methods. It also insures that the objects of 

reason are publicly accessible and that the procedure can be 

replicated. According to Peirce, mathematics is the first 

place that scientific methods make an appearance. 

Mathematics merited its position in the classification of the 

sciences because it provided the key to structure and method. 

The mathematical system of valency became Peirce's basic 

technique for analyzing structure throughout his System of 

Science and the mathematical method of diagrammatic reasoning 

became his model for objective reasoning. 

The second division in the Science of Discovery is 
7 

philosophy. There are scholars who, like Paul Weiss, argue 

that Peirce did have a system, and they proceed to show ways 
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of molding Peirce's ideas to create a philosophical system. 

Such a position might be made somewhat plausible within 

Peirce's later writings by references stating his intention 

to develop philosophy architectonically (cf. 6.7-13; 

8.254-57). Within the first reference, however, Peirce 

clearly stated that scientific methodology should precede and 

be applied to the development of a philosophical theory. 

What I would recommend is that every 
person who wishes to form an opinion 
concerning fundamental problems should 
first of all make a complete survey of 
human knowledge, should take note of all 
the valuable ideas in each branch of 
science, should observe in just what 
respect each has been successful and 
where it has failed, in order that, in 
the light of the thorough acquaintance so 
attained of the available materials for a 
philosophical theory and of the nature 
and strength of each, he may proceed to 
the study of what the problem of 
philosophy consists in, and of the proper 
way of solving it (6.9). 

The second reference is a letter to William James, dated 

November 25, 1902. Although this letter mentions a 

"completely developed system" and describes how he had 

reorganized the various sciences within his conception of 

philosophy, it should be noted that by this time he had 

already constructed his classification of the sciences 

wherein philosophy was positioned as the second science in 

the Sciences of Discovery. Science, not philosophy, is the 

orientation for his system. Preceded by mathematics, the 
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divisions of philosophy-as-a-science had their basic 

foundation in mathematics. He saw it as his "special 

business to bring mathematical exactitude, I mean modern 

mathematical exactitude into philosophy, and to apply the 

ideas of mathematics into philosophy" (SSMP:227, 1894). 

Within Peirce's System of Science, philosophy is only one of 

the sciences and, like the entire Scientific system, it is 

concerned with the development of a unified theory of the 

objective method. Its branches of phaneroscopy, esthetics, 

ethics, logic, and metaphysics are sciences which study the 

goals and skills requisite for intellectual objectivity. 

There is a sense in which Peirce's usage of the words 

"science" and "philosophy" acknowledged a common central 

concept. This concept is obscured as these terms are 

commonly used today, and such was the case at the time that 

Peirce was writing. The role of philosophy in Peirce's 

System of Science recognized this commonality and was an 

effort to reunite philosophy with its etymological 

derivation. As they were historically used, the Latin word 

"scientia" denoted the same concept as "philosophia." One is 

reminded that for ancient Greek philosophers, "philosophia" 

meant the search for wisdom, the desire to know. It admitted 

the fallibility of human knowledge and was perceived to be 

the ideal form of life regardless of one's particular 

occupation. Peirce's studies led him to conclude. 
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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 (1.44). 

The kind of philosophy which interested Peirce was that 

which might be called "laboratory philosophy" to distinguish 

it from the kind he associated with theological seminaries 

where "the ruling impulse is to teach what they hold to be 

infallibly true" (1.4). He described his philosophy as "the 

attempt of a physicist to make such conjecture as to the 

constitution of the universe as the methods of science may 

permit" (1.7). Like all sciences, its investigations should 

be based on observation. Philosophy should use "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" (1.126). The primary function 

of philosophy was to "grind off the arbitrary and 

individualistic character of thought" (1.178). Toward this 

goal, Peirce's task was to devise a means for reasoning about 

philosophical concepts which adapted the characteristics of 

diagrammatic reasoning found in mathematics. 

Because the observations of philosophy are of things 

which come within the range of every man's normal experience, 

Peirce adopted Jeremy Bentham's term, "cenoscopy." The word 
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"cenoscopic" is derived from two Greek words, one which 

signifies "common," "belonging to others in common," and the 

other meaning "looking to" (1.241 nl). Therefore, 

philosophy, or cenoscopy is limited to whatever truth can be 

inferred from observations of common experience. This 

distinguishes its form of observation from "idioscopy," (also 

Bentham's term) which Peirce used in reference to the Special 

Sciences. "Idioscopic" is derived from two Greek words also, 

the first signifying "peculiar" (1.242). The Special 

Sciences then are those which seek truth that can only be 

discovered from uncommon experiences which are sought out for 

a particular purpose (MS 328: NEM 4:227). They depend upon 

special observations such as travel, or exploration, or some 

assistance to the senses (either in the form of instruments 

or special training) (1.242). This class divides itself into 

two subclasses, the physical and the psychical sciences (or 

as Peirce sometimes referred to them, "physiognosy" and 

"psychognosy"). Under the former he included physics, 

chemistry, biology, geognosy, and other similar sciences. 

Under the latter he placed psychology, linguistics, 

ethnology, sociology, history, etc. (ibid.). 

Within philosophy the first subclass is phenomenology or 

"phaneroscopy," the term Peirce preferred so as to avoid 

preconceived ideas. Phaneroscopy ascertains and studies the 

kinds of elements universally present in the phaneron, 

meaning by "phaneron," whatever is experienced in any way 
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regardless of whether it be fact or figment (8.213). Through 

repeatable experiments and direct observation of the phaneron 

and generalization of these observations, phaneroscopy 

distinguishes several very general elements of phenomena, 

renders them distinct, and studies their possible modes (MS 

693; NEM 4:196). Through valency analysis Peirce sorted 

these elements into their different kinds according to their 

real characters and made a classification of their 

indecomposable elements (1.286-87). It was, as noted in the 

discussion of valency, a formal classification of external 

structure. Once Peirce had a clear conception of the 

categories, he concluded that they were foundational to an 

understanding of all other areas of philosophy. Although 

phaneroscopy might have meant other things to Peirce, the 

categories were his primary concern. 

The second subclass in philosophy is normative science. 

This considers the phenomenon only so far as it can be 

controlled and compares purpose with performance (L 107:19). 

The three normative sciences corresponded to his three 

categories (8.256): quality or feeling; volition; and 

thought. Peircean esthetics was the science of ideals, or 

that which is objectively admirable without any ulterior 

motive. Therefore, the determination of the summum bonum is 

a problem for esthetics (L 107:20). Ethics is the science of 

right and wrong, the theory of self-controlled, or 
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deliberate, conduct. In turn, logic is the theory of 

self-controlled, or deliberate, thought (1.191) 

Peirce used the term "logic" in two distinct senses. 

In its narrower sense, it is the science 
of the necessary conditions of the 
attainment of truth. In its broader 
sense, it is the science of the necessary 
laws of thought, or, still better 
(thought always taking place by means of 
signs), it is general semiotic (1.44). 

Because, according Peirce, all thought is perfonned by means 

of signs, logic in its general sense is equivalent to 

semiotic. As a science, semiotic must also rely on 

observation and experimentation. Its purpose is to give an 

account of scientific modes of thought, or of scientific 

intelligence. Therefore, semioticians observe and experiment 

on signs used by scientific intelligence in an effort to 

discover the common character of those signs (2.227). 

Semiotic consists of three branches: (1) speculative 

grammar, or the general theory of the nature and meaning of 

signs (1.191); (2) critic (logic in the narrow sense) which 

classifies arguments, considering first, necessary reasoning 

and second, probable reasoning to determine what "conditions 

an assertion must conform [to] in order that it may 

correspond to the 'reality,' that is in order that the belief 

it expresses may be stable" (3.430); methodeutic (Peirce 

sometimes referred to this as speculative rhetoric or 

objective logic (3.430) which is the logical doctrine of how 
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discovery must take place (2.108) or the analysis of the 

origins and nature of scientific methods. While each of 

these divisions is related to and dependent upon the sciences 

which precede it (including ethics, esthetics, phaneroscopy, 

and mathematics), Peirce's work was primarily in methodeutic. 

He was centrally concerned with the derivation of scientific 

methods and how they might be applied. This analysis of 

scientific intelligence began in mathematics. Based on that 

study, he adapted the diagrammatic method of mathematical 

reasoning for the semiotic analysis of scientific thought. 

Once Peirce had developed his theory of semiotic, he 

turned it on metaphysics, the last division of philosophy. 

Although Peirce had been interested in metaphysics early in 

his career, it was only during this later period that he 

returned to metaphysical questions. Although I will not 

argue the point, I will suggest two reasons for this late 

interest in metaphysics: (1) from his analysis of reasoning, 

he had concluded that the quality of metaphysical reasoning 

was historically inferior to mathematical reasoning, and (2) 

once he had developed his theory of semiotic, he applied it 

to metaphysical questions. First, since he was concerned 

with methodology, once Peirce identified deficiencies in 

metaphysical reasoning he concentrated on those sciences 

which had a better record of producing true results. Second, 

when he developed his theory of semiotic from his analysis of 

mathematical reasoning, he was led to the metaphysical 
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question of the relationship between the nature of human 

reasoning and the nature of the universe. Thus, science of 

metaphysics became a place to test the applicability of his 

theory of semiotic. 

According to Peirce's definition, science is 

characterized as the activity of human beings dedicated to 

finding out the truth. We know by induction that some of our 

theories about nature are correct in that they produce 

predictions which are fulfilled. We can reject chance as an 

explanation of that. The odds are overwhelmingly against the 

one true theory out of a vast number of possibilities 

entering our heads by chance (5.592). The only hope for 

knowledge is that there is something in nature to which human 

reason is analogous, 

[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 be ultimately found out (1.120). 

The justification for entertaining a hypothesis about a 

phenomena is that it affords an explanation. To suppose that 

something is inexplicable not only fails to explain the 

phenomena, it precludes any further investigation (6.171). 

Since it was possible to reason mathematically about such 

things as continuity and Peirce's semiotic was derived from 
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his analysis of mathematical reasoning, continuity 

(synechism) became a regulative logical principle and was 

then hypothesized as a principle of metaphysics (6.173). 

Through an analysis of human reason, hypotheses about the 

nature of reason in the universe were entertained and 

examined. The System of Science proposes a theory about how 

an objective method should be developed and inquiry 

conducted. As one can observe from Pierce's diagram of that 

System in the classification of the sciences, metaphysics is 

but one of the sciences where semiotic might be applied with 

productive results. Such application would also provide 

other opportunities for further testing of the method itself. 
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CHAPTER THREE 

FOUR MATHEMATICAL CONCEPTIONS IN PEIRCE'S SYSTEM 

In this chapter we will be considering how Peirce 

incorporated four important mathematical theories into his 

System of Science. The discussion of these theories is 

limited to the context of this system and is intended to be a 

summary of Peirce's ideas only as they were directed towari 

that purpose. Therefore, I will not attempt to give 

definitive mathematical explanations, nor will I try to 

present the significance of these ideas from the 

mathematician's perspective. When a mathematical explanation 

is required to provide a frame of reference for Peirce's 

adaptation of these theories to his System of Science, I will 

note the mathematical works I have consulted. Because the 

conceptions of the absolute, continuity, and chance are 

interrelated, especially as they are incorporated into 

Peirce's system, it is difficult to talk about one without 

referring to the other two. However, I will begin with the 

term "absolute" and bridge from it to the terms "chance" and 

"continuity." 

The Absolute 

When Cayley's theory of the Absolute as the fixed limits 

of measurement was coupled with Laguerre's discovery that the 

distances and angles of ordinary Euclidean geometry could be 

71 
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expressed in terms of cross ratios, Cayley and Klein 

recognized that Euclidean metric geometry was actually a 

specialization of projective geometry. "̂̂  It was later 

demonstrated that Euclidean, hyperbolic, and elliptic 

geometries were all branches of projective geometry. From 

this Cayley erroneously concluded that projective geometry 

was all of geometry. Once topological studies began, Peirce 

and other mathematicians realized that there was a more 

general geometry in which projective geometry was a 

sub-group. 

Perhaps the easiest way to visualize what Peirce meant 

by the conception of the absolute is to imagine the absolute 

to be a pair of fixed and unmoved points on an infinitely 

long line. They are the points which are an infinite 

distance in opposite directions from each other and, 

therefore, are unattainable in measurement. They are the 

absolute first and the absolute last or second, while every 

measurable point on the line is of the nature of a third 

(1.362). The two points of the absolute are either really 

distinct, coincident, or imaginary according to the relation 

of the mode of measurement to the nature of the line being 

measured. In the figures given below, the bottom set are 

taken from Peirce's abstract for lectures on the topological 

basis for a philosophy of continuity and represent a 

unidimensional continuum (MS 942; NEM 4:127). I have chosen 

to use them for the non-mathematician reader with the hope 
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that they will serve as a clearer illustration of the ideas 

being presented here. The drawings above them represent the 

three different kinds of conic sections in the Euclidean 

plane. Taken as a unit, the first figure is intended to 

denote the hyperbola as the open curve with two branches; the 

second figure, the parabola as an open curve with only one 

branch; and the third figure, the ellipse as a closed curve. "̂  

)( A o 
H)rp«/be(a Poraboia Euipt* 

If we think of points A and B as the absolute first and last 

and the arrow as indicating the direction of progress from 

one to the other, we observe in the first figure that points 

A and B are distinct; in the second figure they are 

coincident; and in the third figure they vanish or are 

imaginary. 

Like his peers in mathematics and physics, Peirce 

conjectured whether the parabola, the hyperbola, or the 

ellipse truly described the properties of space. There are 

indications that he first favored the hyperbolic space 
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hypothesis (Unidentified correspondence, L484; NEM 4:xvii), 

but according to Eisele he later abandoned that idea (NEM 

2:ix). Nevertheless, it continued to figure prominently in 

his philosophical ideas."* 

Although there are not many references where Peirce 

explicitly linked the notion of the absolute with his 

conception of the categories in his science of phaneroscopy, 

it is implicitly presupposed in his application of the 

categories to semiotic and metaphysics. At this point only 

the relationship between the absolute and the categories will 

be examined since the categories will be discussed later in 

this chapter. But it may be helpful to define again the key 

terms noted in chapter two. The purpose of the science of 

phaneroscopy was to study and describe the kinds of formal 

elements universally present in the phaneron (1.186). By the 

"phaneron" Peirce meant the "totality of all that is before 

or in your mind, or mine, or any man's, in any sense in which 

that expression is ever used" (MS 292:72), "quite regardless 

of whether it corresponds to any real thing or not" (MS 

1334:37). The categories are supposed to be the three kinds 

of formal "elements that attentive perception can make out" 

(8.265) in the phaneron. 

The reference noted above (1.362) where Peirce referred 

to the absolute as the two points being the absolute first 

and the absolute second, while every measurable point on the 

line is of the nature of a third is followed by this remark. 
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. . . the third is of its own nature 
relative, and this is what we are always 
thinking, even when we aim at the first 
or second. . . . I believe that if my 
suggestions are followed out, the reader 
will grant that one, two, three, are more 
than mere count-words like 'eeny, meeny, 
miny, mo.' but carry vast, though vague 
ideas (1.362). 

In Peirce's first presentation of the categories in "On 

a New List of Categories" (P 32, 1867), the categories were 

"whatever universal elementary conceptions there may be 

intermediate between the manifold of substance and the unity 

of being" (1.550). Substance and being are the absolute 

first and absolute second and the categories are conceived to 

be intermediate between the two. 

In my understanding of Peirce's use of "being" and 

"substance" in this reference neither are incognizable or 

unintelligible. The relationship of the categories in 

"passing from being to substance" (1.551) is the very process 

of cognition which arises in a continuous inferential 

process. Unlike Kant's associative explanation, which 

assumed that ideas are presented separately as simple 

impressions and are subsequently brought together by the 

mind, Peirce held. 

What really happens is that something is 
presented which in itself has no parts, 
but which nevertheless is analyzed by the 
mind, that is to say, its having parts 
consists in this, that the mind afterward 
recognizes those parts in it. It is a 
case of destructive distillation [as in 
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chemical analysis which Peirce, the 
chemist, would have understood well]. 
When having thus separated them we think 
over them, we are carried in spite of 
ourselves from one thought to another, 
and therein lies the first real synthesis 
(1.384). 

I interpret this to mean that substance is the knowable 

phaneron (or in metaphysical terms "reality" itself) and 

being is its appearance or representation. As used by most 

other philosophers, the terms "being" and "substance" are 

ontological notions in metaphysics; however, in Peirce's 

System of Science phaneroscopy preceded and was presupposed 

by metaphysics. This would explain why these terms do not 

appear in connection with the categories after his 
5 

development of a science of phaneroscopy. 

In later manuscripts the notion of the absolute is 

encompassed by the categories themselves without reference to 

their intermediate position between substance and being. The 

idea of the absolutely first becomes his conception of the 

category which he called Firstness or the Quality of Feeling. 

Peirce thought it was that which must be entirely separated 

from all conception of, or reference to, anything else. The 

absolute last is his category of Secondness which is always 

relative to the first, but is the limitation or unalterable 

fixity which makes up the teaching of experience. The third, 

which was described above as "every measurable point on the 

line," is his category of Thirdness. It is the "medium or 
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connecting bond between the absolute first and last" (1.337) 

and, therefore, is best understood in Peirce's conception of 

representation embodied by the triadic relationship of the 

object, sign, and interpretant. Thirdness conceived as the 

process mediating between the two (6.32) is Peirce's notion 

of the continuum or continuity which he thought represented 

"Thirdness almost to perfection" (1.337). 

In the process of logical reasoning or inquiry we can 

trace the role played by the absolute and the continuum, the 

absolute as the ideals (the ideal starting point and ideal 

goal) and the continuum as that which is in between. In a 

limited investigation the continuum represents the passage 

from doubt to belief, or more accurately, from belief to a 

state of doubt and then to a new belief. 

Philosophy tries to understand. In so 
doing, it is committed to the assumption 
that things are intelligible, that the 
process of nature and the process of 
reason are one. Its explanation must be 
derivation. Explanation, derivation, 
involve suggestion of a starting-point— 
starting-point in its own nature not 
requiring explanation nor admitting of 
derivation. Also, there is suggestion of 
goal or stopping-point, where the process 
of reason and nature is perfected. A 
principle of movement must be assumed to 
be universal. It cannot be supposed that 
things ever actually reached the 
stopping-point, for there movement would 
stop and the principle of movement would 
not be universal; and similarly with the 
starting-point. Starting-point and 
stopping-point can only be ideal, like 
the two points where the hyperbola leaves 
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one asymptote and where it joins the 
other (6.581). 

While the course of scientific inquiry proceeds from the 

question to the answer (6.191), both the absolutely first 

antecedent of inquiry and the absolutely last consequent of 

inquiry are unattainable limits. "The last consequent is the 

very reality itself. That is our very conception of reality, 

the essence of the word, namely, what we should believe if 

investigation was carried to its furthest limit where no 

change of belief further was possible" (MS 942; (NEM 4:134). 

The absolutely first antecedent of inquiry would then be 

"simply the blank ignorance, the zero of knowledge" (ibid.). 

However, since these are the limits of a continuum, any given 

state of mind differs indefinitely little from other states 

near it. The "zero of knowledge" should not be equated with 

the nothing of negation. It is the "nothing of not having 

been born. . . . It is the germinal nothing which . . . is 

absolutely undefined and unlimited possibility" (MS 

940:9-10). The relationship of this to the process of 

inquiry will become clearer with the discussion of Peirce's 

conception of observation and experience, but we can 

provisionally conclude that for him inquiry assumed the 

hyperbolic characteristics of two distinct and unattainable 

limits: first, the indefinite in the infinite past; and 

second, the totally defined in the infinite future. The 

first conclusion asserts that there can be no first 
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impressions of sense (5.291) or absolutely first cognitions, 

every cognition being determined logically by previous 

cognitions (5.266). Peirce's insistence that perception and 

cognition are inferential processes attacked the basic 

premises of both Cartesian rationalism and British 

empiricism. 

The second conclusion, which projects the end of inquiry 

into the infinite future, denies the possibility of absolute 

certainty. An example of this is found in the double 

absolute of probability "which ranges from absolute certainty 

for a proposition to absolute certainty against it. Both 

these degrees of probability are absolutely unattainable and 

therefore truly constitute an absolute" (From unidentified 

fragments, NEM 4:xvii). For the practical purposes of 

inquiry there are naturally finite limits which mark its 

inception and end, but the infinite limits of the continuum 

of inquiry point to the questionable certainty of the 

conclusions. 

The role of the absolute in geometry and Peirce's theory 

that there is a relationship between the process of nature 

and the process of reason led him to conclude that there are 

three kinds of philosophy "according as we suppose the 

infinitely distant beginning and end of the universe are 

distinct, identical, or nonexistent" (MS 928; NEM 4:337). 

The creed of hyperbolic or evolutionary philosophy holds the 

absolute to consist in two distinct points; therefore. 
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"reason marches from premises to conclusion" (6.582); and 

"the whole universe is approaching in the infinitely distant 

future a state having a general character different from that 

toward which we look back in the infinitely past" (1.362). 

Elliptic or Epicurean philosophy considers the pair of points 

that make the absolute to be imaginary; therefore the 

measurable is all there is and nature has no definite 

tendency (6.582). Parabolic or pessimistic philosophy 

assumes the points are coincident; so there is a definite 

drift to the course of nature, but the end toward which its 

development tends is the very same chaos from which it sprang 

(6.28). 

Chance 

Peirce's philosophical position was hyperbolic or 

evolutionary and, as such, acknowledged the tremendous 

intellectual upheaval of the mid-nineteenth century and 

especially the publication of Darwin's The Origin of the 

Species. 

Natural selection, as conceived by 
Darwin, is a mode of evolution in which 
the only positive agent of change in the 
whole passage from moner to man is 
fortuitous variation. To secure advance 
in a definite direction chance has to be 
seconded by some action that shall hinder 
the propagation of some varieties or 
stimulate that of others. . . . The idea 
that chance begets order, which is one of 
the corner-stones of modern physics . . . 
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was at that time put into its clearest 
light (6.296-297). 

Darwin's book was not the only influence on Peirce's 

thinking; he was "forced by a great many different 

indications that an evolutionary philosophy was needed" 

(6.604) and, in fact, he showed a preference for certain 

aspects of other competing theories of evolution (Cf. 6.13f; 

6.296ff; 1.103f; 1.173f). I will not belabor the 

distinctions he made between these different theories, nor 

will I analyse the extent to which he either understood or 

represented them with accuracy. For the purposes of this 

discussion it will be enough to briefly indicate the impact 

of evolutionism as evidenced in his opposition to mechanical 

philosophy as a form of necessitarianism. 

According to Peirce's understanding of mechanical 

philosophy it was the "doctrine that all the phenomena of the 

physical universe are to be explained upon mechanical 

principles" (6.11) and "that every single fact in the 

universe is precisely determined by law" (6.36). "Nothing is 

real in the physical universe except particles of matter with 

their masses, their relative positions in space at different 

instants of time, and the immutable laws of the relations of 

those three elements of space, time, and matter" (6.68) and, 

therefore, all the changes in the universe are the effect of 

merely mechanical forces (Century Dictionary 5:3680). He 

further observed that those who take this position also hold 
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that "every act of the will as well as every idea of the mind 

is under the rigid governance of a necessity coordinated with 

that of the physical world" (6.38) and are "subject to the 

general mechanical law of cause and effect" (Century 

Dictionary 5:3951). He concluded that this committed 

adherents to the proposition that minds are part of the 

physical world (6.38). Although this is one form of 

determinism, it should be noted that in Peirce's definition 

of that term for the Century Dictionary he stated that 

determinism, as a particular doctrine of necessitarian 

philosophers, does not imply materialism, atheism, or a 

denial of moral responsibility, although it is in direct 

opposition to the doctrine of freedom of the will (Century 

Dictionary 2:1573). In the discussion which follows we will 

consider how Peirce rejected mechanical philosophy, but 

retained certain elements of determinism. 

Several basic tenets of Peirce's position need to be 

made clear from the outset. In his opposition to the 
I 

doctrine of necessity Peirce was not denying the existence of 

regularity in the universe or that every event is influenced 

by it (6.54), but he was arguing that the observations used 

to support the theory of mechanical causation indicated only 

that there is an element of regularity in nature and did not 

prove that there is precise and universal conformity of facts 

to law (6.44-48). Not only do immutable mechanical laws fail 

to account for the obvious heterogeneity and irregularity of 
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the universe, but they cannot explain how the uniformity of 

nature could have been brought about (6.60). Peirce inferred 

that there was some agency in nature "by which the complexity 

and diversity of things can be increased; and that 

consequently the rule of mechanical necessity meets in some 

way with interference" (5.58). In hypothesizing the 

existence of chance to explain both the variety and the 

developing regularities of nature, Peirce was not countering 

mechanical laws with the absence of law. He was introducing 

instead a theory of statistical laws. 

. . . the existence of absolute chance, 
as well as many of its characters, are 
not themselves absolute chances, or 
sporadic events, unsubject to general 
law. On the contrary, these things are 
general laws. Everybody is familiar with 
the fact that chance has laws, and that 
statistical results follow therefrom 
(6.606). 

Peirce adopted the term "tychism" (derived from the 

Greek word for "chance" [6.102]) to denote a regulative 

principle in his semiotic epistemology and a significant 

aspect of his cosmological theory. Remembering that 

according to Peirce the principles of metaphysics are drawn 

from the sciences which precedes it, it is my opinion that he 

was generalizing from Darwin's principle of "fortuitous 

variation" to a theorem of probability in both instances, but 

this is not always immediately apparent. At times this 

difficulty may have been attributable to the composition of a 
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particular audience where he encountered a confusion about 

the question of chance in general, but there are also 

indications that he amended his evolutionary cosmology in 

anticipation of specific objections. Because the least 

difficult access to Peirce's presentation of tychism is found 

in his metaphysical writings, I will reverse the prescribed 

order and begin this discussion of his theories with the 

metaphysical question of the role of chance in the evolution 

of the universe. In doing so I will be following the example 

of one of his own lectures (MS 472, 1903). 

Peirce's cosmological tychism was the hypothesis that 

there are three active elements in the world; chance; law; 

and habit-taking. 

. . . in the beginning -- infinitely 
remote — there was a chaos of 
unpersonalized feeling, which being 
without connection or regularity would 
properly be without existence. This 
feeling, sporting here and there in pure 
arbitrariness, would have started the 
germ of a generalizing tendency. Its 
other sportings would be evanescent, but 
this would have a growing virtue. Thus 
the tendency to habit would be started; 
and from this, with the other principles 
of evolution, all the regularities of the 
universe would be evolved. At any time, 
however, an element of pure chance 
survives and will remain until the world 
becomes an absolutely perfect, rational, 
and symmetrical system, in which mind is 
at last crystallized in the infinitely 
distant future (6.33). 
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In the infinitely distant past there was no law, only mere 

indeterminacy. In the infinitely distant future there will 

be no indeterminacy, but a complete reign of law. This means 

that at any point in the past there has been a tendency 

toward uniformity and at any point in the future there will 

be some slight aberrancy from law. Furthermore, all things 

have a tendency to take habits. This is a generalizing 

tendency which tends toward regularity and is continually on 

the increase. It is self-generative in that it causes 

actions in the future to follow some generalizations of past 

actions (1.409). 

While Peirce concluded that the universe must be 

regarded as rational, "it does not follow that it is 

constrained to be as it is by the logic of events; for the 

logic of evolution and of life need not be supposed to be of 

that wooden kind that absolutely constrains a given 

conclusion. The logic may be of inductive or hypothetic 

inference" (6.218; cf. MS 940:10). 

I have not yet succeeded in persuading my 
contemporaries to believe that Nature 
also makes inductions and retroductions. 
. . . I point out that Evolution wherever 
it takes place is one vast succession of 
generalizations, by which matter is 
becoming subjected to ever higher and 
higher laws; and I point to the infinite 
variety of nature as testifying to her 
Originality or power of Retroduction (MS 
439; NEM 4:344). 
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The laws of nature undoubtedly have shown the very high 

degree of exactitude with which nature acts, yet there is no 

reason to think this exactitude is perfect (1.555). In the 

first place, the laws of nature and uniformities must 

themselves be accounted for; and, in the second place, there 

aire at least three other phenomena which cannot be explained 

bymniversal determinism. In his attack on the doctrine of 

necessity (P 439, P 474, and P 525) Peirce presented four 

phenomena as reasons for believing in an element of 

indeterminacy, spontaneity, or absolute chance in nature. 

The first is the phenomenon of growth and developing 

complexity which can be observed by considering "the life of 

an individual animal or plant, or of a mind. Glance at the 

history of states, of institutions, of languages, of ideas" 

(6.57). This phenomenon forms the basic content of such 

sciences as paleontology, geology, and astronomy; but it is 

also an obvious characteristic of the products of human 

creativity, regardless of the purpose for their construction. 

Nowhere is this more evident than in a survey of human 

artistic endeavors. Although the point can be made by 

studying the expanding range of purposes, subject matter, 

mediums, and styles in all forms of artistic expression, one 

need only compare the Venus of Willendorf to a David Smith 

"assemblage" or Claes Oldenburg's Giant Ice Bag to illustrate 

how the context by which objects classified as sculpture has 

been^trans formed. 
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It may , be possible that there is a deterministic 

explanation, but mechanical law does not seem to account for 

the apparently increasing diversification. Under given 

circumstances mechanical law prescribes only one determinate 

result (1.161). 

mechanical law, which the 
scientific infallibilist tells us is the 
only agency of nature . . . can never 
produce diversification. . . . 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 
(1.174). 

Unless the circumstances are unfavorable, the capacity for 

increased growth and diversification, whether it be that of a 

species or an idea, seems to imply an agency which interferes 

with the rule of mechanical necessity. 

The second phenomenon is the variety of the universe, 

which is by far its most obtrusive character (6.64). If 

absolute chance is denied, the only way to account for 

variety is to suppose "that the variety was all put in long 

ago, either in one dose in the beginning, or before a 

hypothetical completion of the Laws of Nature had left no 

more room for Chance" (MS 642:22). It seemed infinitely 

saner to Peirce to hypothesize that the habits associated 

with entities are the results of the process of evolution. 



88 

If it can be maintained that the universe has a definite 

tendency toward becoming something different from that which 

it has been, then there must be that which leaves room for 

this growth and diversification. As Peirce noted, "I make 

use of chance chiefly to make room for a principle of 

generalization, or tendency to form habits, which I hold has 

produced all regularities" (6.63) or to give room for the 

development of law by means of the law of habits" (6.606). 

Chance in the form of spontaneity, or the absence of any 

determinate law, is itself regular to some degree (6.63), the 

statistical regularities noted above (6.606). Although the 

term "tychism" is derived from the Greek word for "chance," 

it must be remembered that Peirce's evolutionary cosmology 

encompassed both law and habit-taking as well. As we shall 

find in his semiotic epistemology, the process of forming new 

habits requires the breaking of old ones. It is this 

capacity which is attributed to chance. 

Although variety is a departure from the law, it is at 

the same time subject to the law of probability. In other 

words, Peirce did not want to concede that any observed 

phenomenon was simply sporadic, spontaneous irregularity 

because that would block inquiry by supposing that something 

is inexplicable. The theorem of probability was the means 

for explaining a general phenomena by the statistical 

regularities that exist among irregularities (1.157). Our 

experiences have shown us that variety has a tendency to form 
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habits and these habits produce statistical uniformities. 

The doctrine of chances then is the science of the laws of 

irregularities. It assumes that there is "no possibility of 

a series of experiences so wanting in uniformity as to be 

beyond the reach of induction, providing there be 

sufficiently numerous instances of them, and provided the 

march of scientific intelligence be unchecked" (2.769). 

Where the number of instances entering into the statistics 

are small compared with the degree of their variation, the 

resultant law must be considered to be no more than a rough 

approximation. In the doctrine of chance probability is a 

ratio of frequency in the long run of experience; or, as we 

have noted in Peirce's conception of the absolute and 

evolution, a succession of events stretching into the endless 

future- It supposes that, if the state of things does not 

undergo any change that makes any material difference in the 

result, that same ratio would hold good in the long run (MS 

472:43). The significance of this is that there can be no 

certainty attached to any individual instance or in any 

finite succession of events. While we can reassure ourselves 

that it is safe for us to take a plane to New York tomorrow 

because only one plane in thousands has an accident where 

passengers are injured, the doctrine of chances affords us no 

direct knowledge that our particular flight will be a safe 

one. 
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The justification for believing that an experiential 

theory (one which has been submitted to a number of 

experimental tests) will continue to be sustained by future 

experiments is simply the supposition that such experiments 

will have results of a certain character in the long run. It 

is also the faith that the steady pursuit by that method will 

ultimately lead to the truth. The evidence for this is that 

the method appears to have yielded such results in the past. 

According to Peirce, justifying a theory by a method is to 

say that at the present time we do not doubt that method. 

Like our other beliefs, we hold the method to be a true one 

unless something unpredicted occurs which leads us to doubt 

it. Questioning the method is a second level doubt. A first 

level doubt occurs when our present observations conflict 

with our expectations. Based on a prior belief, we 

anticipate that should a particular situation occur, we would 

have a specified experience. According to Peirce, a belief 

can be translated into a hypothetical "if -- then" statement 

(If I were to take a sedative, it would induce a relaxed 

state); certain actions would have predictable results. A 

second level doubt occurs when the method we are using seems 

to be producing conflicting results. For example, let us 

suppose that the instruments you have been using in your 

laboratory have led you to believe that your findings are 

accurate; but when you conduct experiments with "improved" 

instruments, you get different results. You question whether 
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one of the instruments is faulty or whether there has been a 

human error based on limited perspective, a mistake in 

judgment or observation. At this point the method is opened 

for questioning. To say that a method is self-corrective 

does not mean it is being corrected constantly, but that it 

always can be critiqued. 

This suggests an important difference between a person 

who is educated and one who is trained. The laboratory 

technician always does "A" in situation "B"; the scientist 

does the same unless something occurs to cause doubt; then if 

he is educated he would be inclined to critique the method. 

Peirce was countering a machine-like conception of science, 

where the use of a mechanical method is assumed to yield 

correct conclusions. His rejection of this concept was based 

on the distinction between genuine self-critical reasoning 

and proceeding by what he referred to as a "rule of thumb" 

(MS 831: 10-12). The technician, in uncritically following a 

fixed method, assumes that the method always insures correct 

results. By opening up the method itself for doubt, the 

scientist introduces a non-mechanical element. The method 

works according to a fixed principle involved in its design. 

If there is a defect in the method, the method cannot improve 

itself. This requires critical examination of it. 

In genuine reasoning we are not wedded to 
our method. We deliberately approve it, 
but we stand ever ready and disposed to 
reexamine it and to improve upon it, and 
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to criticize our criticism of it, without 
cessation. . . . Self-criticism can never 
be perfectly thorough. For the last act 
of criticism is always itself open to 
criticism (MS 831:10-11). 

The assurance of the eventual discovery of truth rests on an 

unending commitment to self-criticism and further inquiry (MS 

831:12). 

The conclusions of science make no pretense to being 

more than probable. The most that probable inference can 

assume is that something is frequently or approximately true, 

but never that anything is precisely true without exception. 

This may be due to errors of observation, but there may also 

be minute discrepancies owing to the imperfect cogency of law 

itself (6.13). Laws which are held to be absolute cannot 

grow. "They either always were, or they sprang instantly 

into being by a sudden fiat . . . This makes the laws of 

nature absolutely blind and inexplicable" (1.175). In 

Peirce's attack on the doctrine of necessity, the requirement 

that laws themselves must be explained, is the third 

phenomenon which leads to the adoption of an evolutionary 

position. The laws of nature are not arbitrary elements, but 

are also the result of evolution. As such they are 

imperfect, but capable of development. "The creation of the 

universe, which did not take place during a certain busy 

week, in the year 4004 B.C., but is going on today and never 

will be done, is the very development of Reason" (1.615). 
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Peirce's opposition to strict determinism prompted Karl 

Popper to say: 

Among the few dissenters [to physical 
determinism — the doctrine that all 
clouds are clocks] was Charles Sanders 
Peirce, the great American mathematician 
and physicist and, I believe, one of the 
greatest philosophers of all time. . . . 
So far as I know Peirce was the first 
post-Newtonian physicist' and philosopher 
who thus dared to adopt the view that to 
some degree all clocks are clouds; or in 
other words, that only clouds exist, 
though clouds of very different degrees 
of cloudiness. . . . I further believe 
that Peirce was right in holding that 
this view was compatible with the 
classical physics of Newton. I believe 
that this view is even more clearly 
compatible with Einstein's (special) 
relativity theory, and it is still more 
clearly compatible with the new quantum 
theory. In other words, I am an 
indeterminist -- like Peirce, Compton, 
and most other contemporary physicists; 
and I believe, with most of them, that 
Einstein was mistaken in trying to hold 
fast to determinism. (I may perhaps say 
that I discussed this matter with hij;n, 
and that I did not find him adamant.) 

The fourth phenomena in Peirce's denial of absolute 

mechanical causation was the role of mental action. 

According to Peirce, the doctrine of necessity made mind an 

aspect of matter which meant that all mental action was also 

controlled by mechanical law (6.274). If this were the case, 

consciousness and purposive action would be reduced to mere 

illusions (6.61). If mechanical causation were absolute, 

there would be nothing for consciousness to do in the world 
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of matter; and, if the whole action of the mind is but a part 

of the physical universe, there is nothing for consciousness 

to do even in the mental realm (6.613). The fact that we can 

foretell how we shall act in the future militated against 

accepting such a hypothesis. Furthermore, no mental action 

seems to be necessary or invariable in its character. 

Although mind is more likely to react to a given sensation as 

it has in past, it is not subject to mechanical law in the 

same rigid sense that matter is. If absolute necessity were 

assumed, "habits would become wooden and ineradicable and, no 

room being left for the formation of new habits, intellectual 

life would come to a speedy close (6.147). By supposing the 

rigid exactitude of mechanical causation to yield, if only an 

infinitesimal amount, there would remain "a certain amount of 

arbitrary spontaneity in its [mental] action, without which 

it is dead" (6.147). 

Peirce's particular way of denying necessitarianism 

presumed that the laws of nature are not absolutely rigid. 

These laws are general signs which influence actual events, 

just as there are "other general signs which, having been 

shaped in human reason, further influence, or determine, 

muscular contractions, and through these, other actual 

events" (in correspondence to F.C.S. Schiller, 8.319). 

For the purposes of this discussion it is inappropriate 

to delve into the complex nature of this position and the 

extensive reasoning he used to support it, but it is 
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important for us to consider several points that bear 

directly on Peirce's conception of pragmaticism and the role 

of self-control. In the first place, he is not denying that 

there is dynamical action or efficient causation. The brute 

element of existence cannot be explained away (8.272). (For 

a summary of Peirce's position on the nature of efficient and 

final causation, you may wish to review the explanation which 

appears in chapter two.) Second, while matter cannot 

immediately act upon mind or vice versa, he became convinced 

by his work with the ideas of multitude and continuity that 

they are able to influence one another nonetheless. For one 

of Peirce's better explanations of how the sufficiently 

complete symbol acts as the final cause of real events, I 

would recommend MS 517 (NEM 4:235-263). For the time being 

simply consider how your knowledge of the fact that stagnate 

air is unhealthy could influence you to open a window in a 

stuffy room or how the ideas of liberty and justice have led 

to wars to secure their protection. If there was not a 

general recognition of the power of words or art to influence 

our ideas, modify our behavior, or incite us to action, the 

question of censorship would never have arisen. 

Central to Peirce's pragmaticism is the theory that the 

ultimate meaning of an intellectual concept lies in its 

conceivable bearing upon deliberate or self-controlled 

conduct. Peirce did not make the error of trying to solve 

the problem of free will by positing the possibility of pure 
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chance. He recognized along with Mill and Hume (and 

subsequently such contemporary philosophers as Moritz Schlick 

and C. D. Broad) that, if free actions are attributed to 

chance there is no more possibility for self-control than 

there would be if these acts were determined by mechanical 

law. Such understanding of the role of chance would have 

been directly counter to his pragmaticism and the ethical 

dimension of purposive responsible conduct. A person can 

never be blamed for what was beyond his or her previous 

self-control (5.149). 

. that the laws of nature are not 
absolute and that important physical 
events are due to human reasoning are far 
from proving that human action is (in any 
important degree) free, except in the 
sense that a man is a machine with 
automatic controls, one over another. I, 
for my part, am very dubious as to man's 
having more freedom than that . . . The 
power of self-control is certainly not a 
power over what one is doing at the very 
instant the operation of self-control is 
commenced. It consists . . . first, in 
comparing one's past deeds with 
standards, second, in rational 
deliberation concerning how one will act 
in the future, . . . third, in the 
formation of a resolve, fourth, in the 
creation, on the basis of the resolve, of 
a strong determination of habit. This 
operation of self-control is a process in 
which logical sequence is converted into 
mechanical sequence or something of the 
sort (8.320). 

In the first of the Lowell Lectures of 1903 Peirce 

explained how this sequence transpires. One tends to make 
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one's conduct conform to a set of ideals that have evolved 

from childhood through societal contact. Reflecting upon 

these ideals, one formulates somewhat vague rules of conduct. 

Further reflection upon both the general ideals and these 

rules modifies what one is inclined to do. If a specific 

occasion is anticipated, such as a job interview, one begins 

to consider what the best course of action would be and is 

led to formulate a resolution as to what one will say and do 

during that interview. This mental image is analogous to a 

diagrammed plan or strategy (the importance of the diagram in 

the self-control of thought will become more apparent in the 

discussion of mathematical reasoning). This resolution would 

not necessarily influence one's conduct unless it is 

converted into a determination. This determination acts as 

an efficient agency to influence what one does when the 

actual interview takes place (1.592-94). 

Self-control, then, affects future actions exclusively. 

Whereas tychism shuts the door on rigid mechanism, it does 

not eliminate determinism. When Peirce introduced chance to 

make room for purpose and self-control he did not mistakenly 

presume that chance could account for self-controlled 

behavior in the present. One's previously determined habits 

do, in fact, determine what one does in the present. But 

chance makes it possible for a person to break a habit, to 

choose a different goal, and to conceptualize how he or she 

would act in the future if conceived circumstances arise. 
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Such conduct is analogous to laboratory or scientific 

procedure where predictions regarding future events are 

deduced from explanatory hypotheses. This procedure is the 

central thesis of his conception of pragmaticism which 

consists in: 

studying out what effect that hypothesis, 
if embraced, must have in modifying our 
expectations in regard to future 
experience. Thereupon we make 
experiments . . . in order to find out 
how far these new conditional 
expectations are going to be fulfilled. 
In so far as they greatly modify our 
former expectations of experience and in 
so far as we find them . . . to be 
fulfilled, we accord to the hypothesis 
due weight in determining all our future 
conduct and thought . . . we have only to 
persist in this same method of research 
and we shall gradually be brought around 
to the truth (7.115). 

The role of chance in regards to human thought is analogous 

to its role in the physical universe. It accounts for the 

possibility of evolutionary mental growth and diversity 

through the breaking of old habits. 

Since Peirce arrived at his particular brand of 

metaphysical indeterminism through an examination of human 

reasoning, the relevance of this discussion for us is that 

the process of reason displays the triad of chance, law, and 

habit-taking. Belief is a habit of mind which, like other 

habits, is perfectly self-satisfied until it meets with some 

surprise that brings its dissolution. We are thrust into a 
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state of doubt which is the privation of habit. This state 

must then be superseded by the taking on of another habit. 

If all habits became fixed, there would be no room for the 

formation of new habits. "Consciousness subsides as habit 

becomes established, and is excited again at the breaking up 

of habit. But the highest quality of mind involves a great 

readiness to take habits, and great readiness to lose them" 

(6.613). 

For most people beliefs endure over a long period of 

time; there is a strong resistance to giving them up. When 

confronted with an experience which appears to contradict a 

belief, the first reaction is to assume that there is 

something wrong with the object of experience. Nowhere is 

this more prevalent than in the appreciation of art. Here 

the observer brings ingrained habits and prejudices to the 

experience of a new work of art. Too frequently a work is 

condemned because a familiar subject is presented in an 

untraditional way. Unfortunately, there are numerous 

instances of this, but perhaps it is most commonly 

encountered where the subject of the painting is a religious 

one. How many commissioned works have been rejected because 

the story represented is "inaccurate" or some saint has not 

been painted with "respect"? Gombrich relates such an 
g 

episode in Caravaggio's painting of St. Matthew, but the 

problem abounds for secular subjects as well and is found 

whenever established conventional ideas are challenged. 
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One of the relationships between Peirce's evolutionary 

metaphysics and his evolutionary epistemology is that belief 

gradually tends to fix itself under the influence of inquiry. 

The hope for knowledge is that habits (or leading principles) 

that are unproductive will be broken in the course of 

experience. Just as supposing that determinate natural laws 

existed from the beginning fails to explain variety and 

growth in the physical universe, so absolute fixity in habits 

of reasoning cannot allow for doubts, the uncertainty of 

conclusions, or the correction of error. In a 1937 article 

for The New Republic John Dewey wrote of the contribution of 

the doctrine of probabilities to the spirit of fallibilism: 

The import of the doctrine of 
probabilities, in accord with the general 
pragmatic position, lies in the general 
attitudes and ways of acting that follow 
from its acceptance . . . These attitudes 
rule out all dogmatism, all cocksureness, 
all appeal to authority and ultimate 
first truths; they keep alive the spirit 
of doubt as the spring of continually 
renewed inquiry . . . which never claims 
or permits finality but leads to ever 
renewed effort to learn" (Quoted in NEM 
3:xxix). 

Evolutionary considerations were increasingly 

influential on Peirce's conception of the method of science. 

While it is in evidence in all three forms of reasoning, it 

is naturally most prominent in induction and retroduction. 

"Retroduction" is the term Peirce used in his later writings 

to designate that form of reasoning which consists in 
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studying facts and forming a provisional hypothesis or theory 

to explain them. In his later writings he singled out 

retroduction as that form of inference which alone is 

productive of new ideas. For that reason it became 

particularly relevant to his conception of pragmaticism. 

Retroduction offers hopeful suggestions as explanations of 

phenomena and "this is all the maxim of pragmatism really 

pretends to do" (5.196). He compared the function of 

retroduction to the role of fortuitous variation in Darwin's 

theory of reproduction. Just as the development of the 

"moner into the man was first taken in that arbitrary and 

lawless mode . . . [so] every step in the development of 

primitive notions into modern science was in the first 

instance mere guess-work" (2.755). 

The assumption of fallibility and opposition to 

necessitarianism inherent in the doctrine of probability 

underscored Peirce's belief that science was a community 

enterprise, and it was central to his social theory of 

reality. "The real is the idea in which the community 

ultimately settles down" (6.610), but it is independent of 

any particular collection of minds and there is no assurance 

that the community will ever settle down to an unalterable 

conclusion. ". . . t o assert that general truths are 

objectively real, but to deny that they are strictly 

universal is to embrace the doctrine of absolute chance" 

(ibid.). Peirce's evolutionary cosmology assumed that Reason 
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in the universe was developing, but was imperfectly manifest. 

Human beings can make some contribution toward that 

development. His evolutionary epistemology precluded the 

possibility of perfect knowledge, although this is the fixed 

state of belief toward which reason is directed. 

Furthermore, there is a crucial distinction between what we 

do not doubt and absolute truth. There may be beliefs that 

we hold to be true today which we will thoroughly disbelieve 

tomorrow, but we cannot help believing them today. 

Concerning Peirce's position of pragmaticism, it is 

important to remember two things: First, "a person is not 

absolutely an individual. His thoughts are what he is saying 

. . . to that other self that is just coming into life in the 

flow of time. When one reasons, it is that critical self 

that one is trying to persuade" (5.421). It is this process 

which subjects our thinking to self-control. Where there is 

self-criticism or self-reproach, there is the possibility for 

self-control over future thought and conduct. In Encounter 

with Art Reid Hastie described how self-criticism operates to 

produce self-control in the process of creating a work of 

art: 

The process moves by stages through a 
series of evaluations and decisions. 
There are reevaluations and decisions 
based on weighing what has been done 
against what might have been done. Each 
addition that is made changes the set of 
alternatives for decision making. 
Whenever a new stroke, color, or chunk of 
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metal is added, or when some of the 
original mass is deleted, the artist is 
provided with a whole set of 
circumstances in which he must make 
decisions. He must decide what is not 
satisfying, or satisfactory, and what 
does not fit in with the rest of his 
composition at ^each stage of the 
unfinished work. 

Peirce suggested that for the artist this process of 

self-control through self-criticism is frequently initiated 

before work begins on the actual object. 

Another example of the use of a likeness 
is the design an artist draws of a 
statue, pictorial composition, 
architectural elevation, or piece of 
decoration, by the contemplation of which 
he can ascertain whether what he proposes 
will be beautiful and satisfactory. The 
question asked is thus answered almost 
with certainty because it relates to how 
the artist will himself be affected 
(2.281). 

The second thing to remember is the role of the 

community of rational thinkers which is "in some respects of 

higher rank than the person of an individual organism. It is 

these two things which render it possible for you . . . to 

distinguish between absolute truth and what you do not doubt" 

(ibid.). Knowledge is reasonableness and the ideal of reason 

is to follow such methods as will develop knowledge in the 

most rapid way. The ideal of conduct is "to execute our 

little function in the operation of the creation by giving a 

hand toward rendering the world more reasonable" (1.615). 
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Peirce's theory of tychism is not only applicable to 

scientific inquiry about natural phenomena. Its conclusions 

are relevant to any investigation that purports to be 

objective. Although in interpreting works of art we may not 

be dealing with an object which will significantly change 

over time, there can be little doubt that the signs by which 

it becomes manifest to us have the potentiality for growth. 

Not only is our reasoning, which proceeds through signs, 

always indeterminate to some degree, but the signs which we 

use and those which we interpret are also indeterminate. The 

meaning of these signs is neither established by the artist's 

intentions nor with finality by a given historical context. 

Although my facts may be faulty, let me give you a 

simple illustration to explain what I mean in describing a 

sign as being indeterminate. In the middle of the eighteenth 

century Benjamin Franklin stepped outside during a storm to 

fly a kite. Although his neighbors surely thought he was 

crazy, he was conducting an experiment to test a certain 

hypothesis. He had tied a key to the kite string and wanted 

to see if there would be a relationship between that small 

piece of metal and the frequent bolts of lightening. He 

attributed the observed attraction to "electricity." We can 

assume that "electricity" meant something different to him 

than what it might have meant to his predecessors in the 

sixth century B.C. who were the first to be aware of 

"electric" attraction, but we can be certain that it has 
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grown in its meaning to contemporary physicists. This does 

not mean that the sign itself has changed (although there is 

that possibility), but our capacity to interpret it has. A 

lesson we can learn from this example is that the actual 

meaning of a sign is not subjective and that, therefore, its 

meaning is not an arbitrary matter; it is not something which 

can be conferred upon the sign. If we take a work of art as 

an example of a sign, we readily recognize that it is usually 

a very complex sign which has a number of subsigns associated 

with it. Furthermore, this complex of signs may be 

representing more than one object. For example, we might 

interpret Picasso's Guernica in terms of its mythological 

references, or its reference to a particular event in Spain, 

or as a sign of violent inhumanity, and so on. While the 

meanings which can appropriately be attributed to the work 

are limited by the work itself, the discovery of these 

meanings is limited by the experiences of the observers. In 

addition to the possibility of error in any given 

observation, no one interpretation or collection of opinions 

can be claimed to exhaust the meaning of the work. Alexander 

Nahamas has expressed this beautifully in an article 

discussing the interpretation of literary texts: 

Each text is to our many interpretations 
what nature is to our many theories, and 
each is inexhaustible. Understanding a 
text is, in two ways, a historical 
enterprise; not only does it employ 
history but it also unfolds in time and 
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depends on everything we now ̂ dp and will 
come to know about the world. 

The point to be underscored here is that, according to 

Peirce's stance against necessitarianism, there is no 

mechanical agency that impells things to happen in only one 

way. Chance is a sort of freedom or looseness that allows 

options for interpretations. His cosmology was an endeavor 

to show the ideas which ought to enter into a view which 

encompassed semiotic in the universe. His anti-necessitarian 

position is directly connected with the role of the 

interpretant. In a universe which operated on mechanical 

principles or laws there would be no alternatives and, 

therefore, no interpretants. 

A well-known event in the history of modern art can 

serve to illustrate this. The declared purpose of Marcel 

Duchamp's "ready-mades" (for example, the urinal exhibited 

under the title "Fountain") was to publicly reject 

established aesthetic and ethical values. He and other 

Dadaists were waging an anti-art movement, or at least a 

battle against the so-called "essentials" of art. Yet their 

work was taken seriously by other groups of artists who were 

influenced to launch new art movements, such as Pop Art. By 

violating traditional art values, Dadaism did not lead to the 

demise of art, which could have been one of the options, but 

instead to new ways of perceiving art. It is especially 

significant to focus on the Dadaists in a discussion of 
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tychism since the only law they recognized was the law of 

chance. 

Tychism suggests an additional problem for the observer. 

Although I will not be considering the artist's creative 

process, there are clearly those artists who have broken with 

the artistic traditions of their times. While this can be 

illustrated by nearly every period in the visual arts, we 

need look no further than this century with such examples as 

abstract expressionism, pop art, and "found" art. Although 

such works have become more familiar to us now, their initial 

introduction presented questions for casual observers and 

critics alike. In what sense were they to be appreciated or 

found meaningful? And for many the question was, "Are they 

art?" In searching for links which connected these works 

with our understanding of art derived from its heritage in 

previous periods, our efforts were not unlike the scientists' 

attempt to identify the regularity or law-like character in 

the irregularities of natural phenomena. In many cases we 

found that the regularity or understanding that we sought in 

order to appreciate and evaluate these works came only after 

extensive experiences with works of the same type. The way a 

frame of reference is established calls for more than 

tychism. Peirce never claimed that it was sufficient. In 

fact, he objected to having his system as a whole called 

Tychism because he considered tychism to be no more than a 

corollary of his Synechism, or theory of universal continuity 
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(8.522). When tychism and synechism are related to the role 

of the absolute and the categories, tychism or chance is 

Firstness, brute reaction is Secondness, and synechism or 

continuity is the Thirdness which brings these other two 

elements into relation. In a humorous vein he once suggested 

his theory could be called "Tritism" (6.203), but he chiefly 

insisted that his theory be called Synechism because it 

rested on the study of continuity. 

Tychism proposes a theory to explain how laws, although 

real, are the results of evolution. Synechism is needed to 

account for the laws themselves and the process by which the 

indefinite becomes increasingly more definite or regular, 

although never absolutely so. Both elements are essential to 

understanding how artistic production in a given period or 

locale becomes increasingly subject to rules or principles 

and how a corresponding set of principles evolves to evaluate 

them. Chance allows for deviation from such principles and, 

therefore, for the variety of art and the production of 

fruitful ideas; but it cannot explain how these ideas are 

welded together. In an evaluative sense, it is obvious that 

an artist cannot simply follow a set of art principles and be 

assured of producing a good work of art, just as deviating 

from those principles does not necessarily diminish the value 

of the piece; but some standard or criterion is required for 

evaluating the measure of success. Chance can provide for a 

new movement in art, or for the differences in artistic 
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expression, but it does not explain what constitutes the 

newness, in what ways it breaks with tradition, what elements 

are being redefined, or what influences from the past shape 

future perceptions of reality. Some kind of associational 

cohesiveness is required to make claims for tendencies in 

art, to say that there are identifiable relationships between 

one period of art and another, and that one artist or group 

of artists is either the precursor or successor of another. 

Continuity of ideas is an essential ingredient for the 

appreciation of art and critical reasoning about art. There 

must be some frame of reference, however adaptive or 

flexible, for a work of art to be found meaningful. Although 

tychism accounts for change and new ideas, it cannot provide 

for the relationship between these ideas or their ultimate 

tendency toward the revelation of truth. Without continuity 

there is no point to the "long run" of experience because 

there could be no generalizations or laws, not even the law 

of probability. 

Synechism: The Principle of Continuity 

To begin this discussion of Peirce's conception of 

synechism, I would like to remind you of his letter to 

William James which was quoted in the second chapter. In 

this letter he referred to his development of the system 

which I have elected to call his "system of science," a 

system "which all hangs together and cannot receive any 
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proper presentation in fragments." As it appears in the 

Collected Papers, the passage closes with the following 

remark: 

. . . one must not take a nominalistic 
view of Thought as if it were something 
that a man had in his consciousness. 
Consciousness may mean any one of the 
three categories. But if it is to mean 
Thought it is more without us than 
within. It is we that are in it, rather 
than it in any of us This then 
leads to synechism, which is the keystone 
of the arch (8.256-257). 

For Peirce the mathematical conception of continuity had its 

philosophical analogue and was pivotal in all three divisions 

of Peirce's philosophy. But it was not only the keystone of 

his philosophical ideas; it was central to the unity of his 

entire System of Science. 

While the problem of continuity was one of great 

interest to that exceptional circle of mathematicians in the 

latter half of the nineteenth century, including Dedekind, 

Cantor, and Peirce, I have concluded that Peirce's primary 

concern was with its significance for his study of scientific 

method. Although he was undoubtedly intrigued by the 

theoretical aspects of the problem, it had serious practical 

, implications for a consistent explanation of rational 

inquiry. For his purposes it was important to distinguish 

between a "pseudo-continuum," one which admitted the 

possibility of gaps, and a "true" continuum. He made 
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numerous attempts to achieve the latter, holding that 

Cantor's solution was only a pseudo-continuum. 

For Peirce, considering the evidence for the reality of 

continuity was an epistemological problem rather than a 

metaphysical one. Such questions as "What is reality?," "Are 

the laws of nature real?," "Can they be assumed to be 

immutable or are they presumably the results of continuous 

evolution?" were problems which could be solved by a logical 

maxim. This was proof to Peirce that the problems belonged 

first to epistemology (5.496). Since we can reason 

mathematically and logically about infinity and, therefore, 

about continuity, synechism became a regulative principle 

first of logic and then of metaphysics (6.173). If a 

particular presumption about the nature of the universe 

obstructs the course of reason by leading to an explanation 

that absolute inexplicabilities can be encountered or that 

any given law is absolutely accurate, then such a hypothesis 

precludes further inquiry. To this extent it can be said 

that Peirce's semiotic and all sciences, including 

mathematics, presupposes as a common sense belief that there 

is a correspondence, albiet an imperfect one, between human 

reason and regularity in the universe. This common sense 

belief is not only presupposed by investigations of natural 

phenomena, but also the products of human creativity. 

Evolving regularity is nothing more than a manifestation 

of continuity. To say that anything is continuous is to 
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leave open a range of possible hypotheses which would be 

foreclosed by asserting it to be discontinuous. "Synechism 

is not an ultimate and absolute metaphysical doctrine; it is 

a regulative principle of logic, prescribing what sort of 

hypothesis is fit to be entertained and examined" (6.173). 

As a regulative principle, continuity has to be presumed 

until something proves itself to be discontinuous, but past 

experience gives us no reason to believe in absolute 

discontinuity. There would be no purpose to inquiry if 

either inexplicabilities or ultimates were supposed. As 

noted in the discussion of tychism, whatever is presumed to 

be ultimate must also be accepted as inexplicable. 

Peirce found continuity to be the leading idea of all 

useful branches of mathematics and, therefore, "a very great 

part in all scientific thought, the more so the more exact 

that thought is, and . . . is the master-key which in the 

opinion of adepts must unlock the arcanes of philosophy" 

(Unidentified fragment, NEM 4:xi). We should remember here 

Peirce's broad conception of science and the relationship 

between the terms "science" and "philosophy." In Peirce's 

semiotic, or theory of objective inquiry, continuity is not 

only the principle which admits the possibility of ultimately 

discovexing truth, but it is also the basis for fallibility. 

How these two apparently disparate aspects of continuity are 

reconciled will be the primary focus of this discussion of 

continuity. For this reason I will be considering only those 
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aspects of Peirce's mathematical definitions of continuity 

which seem to me to be reflected in his phaneroscopy and 

semiotic. In drawing these analogies I will be following, 

for the most part, explicit or implicit correlations made by 

Peirce. Where he has merely "hinted" at its applicability I 

will be making connections which I hold to be consistent with 

his general thought. Whenever I am tempted to take some 

measure of delight in originality, I am reminded of Peirce's 

warning that originality is an almost certain indicator of 

error: 

Pragmatism is not a system of philosophy. 
It is only a method of thinking; and your 
correspondent, Juliano il Sofista, is 
quite right in saying that it is not a 
new way of thinking. If it were so, 
that, to my mind would be almost 
sufficient to condemn it (L67:2-3). 

Therefore, I hope further exafhination of the manuscripts will 

either justify or disconfirm my hypotheses. 

Although Peirce's work on mathematical continuity 

spanned over thirty years, I will confine my discussion to a 

theory he proposed late in his career as resolution of the 

question of true continuity. I will refer to this as the 

"supermultitudinous collection." Even though there was a 

later theory which superseded this one, it did not appear, 

except by intimation, until the years between 1908 and 1911. 

Therefore, it is not as directly reflected in his writings on 

semiotic and will not appear in my account. 
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Vincent Potter and Paul Shields have provided a valuable 

chronological outline of Peirce's thinking on mathematical 

continuity which traces the various influences and changes in 

12 his definitions. According to their research Peirce 

formulated the supermultitudinous collection theory in what 

they refer to as the "Kantistic Period," covering 

approximately the years between 1895 and 1908. They place 

the final theory in the "Post-Cantorian Period" from 1908 to 

1911. While some writers present the supermultitudinous 

collection theory as Peirce's final solution to the problem, 

I agree with Potter and Shields that Peirce became aware of 

certain inadequacies to this approach and sought another way 

of explaining how parts of a continuum come together to form 

a whole. In addition to this article, I am indebted to one 

13 by Joseph Dauben, and numerous references by Carolyn 

14 Eisele. Yielding to a present need for conciseness, I will 

avoid using mathematical terminology that requires extended 

explanations and will simply try to convey the essential 

ideas. 

By the mid-1890's Peirce recognized that a more 

satisfactory logical account of continuity was needed. This 

would involve defining a certain kind of infinity which, in 

truth, required developing the logical doctrine of infinite 

multitude (3.526). He used the word "multitude" to denote 

the power of a collection, or that character "by which it is 

greater than some collections and less than others, provided 
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the collection is discrete" (4.175). The problem was to 

discover what maximum multitude was needed to produce a 

continuum. If the continuum did not contain all possible 

points, there would be gaps or discontinuities. For example, 

between any pair of rational numbers it is possible to insert 

a sequence of irrational numbers; and between any pair of 

irrational numbers, another sequence can be inserted. If we 

think of this in terms of points on a line continuum there is 

room between any two points for "any multitude of points 

whatsoever, and therefore of an endless series of multitudes 

all infinitely greater than the total multitude of points of 

which the linear Pseudo-continuum consists" (MS 293; NEM 

4:325). No matter how close together two points are on a 

continuum, it is always possible to insert another series of 

points. 

By analyzing Cantor's definition of continuity and 

developing his own theory of multitudes, Peirce was led to 

describe continuity in terms of a supermultitudinous 

collection. This collection was of a multitude as great as 

that of all possible collections of its members. In this 

period Peirce concluded that the individuals of the 

collection become bonded together: 

We, therefore, find that we have now 
reached a multitude so vast that the 
individuals of such a collection melt 
into one another and lose their distinct 
identities . . . in the whole universe of 
possibility there is not room for them to 
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retain their distinct identities; but 
they become welded into one another. 
Thus the continuum is all that is 
possible, in whatever dimension it be 
continuous (MS 439; NEM 4:342-343). 

Peirce concluded that ideas become associated in the 

same way. Chance may bring ideas into proximity, but only 

continuity can be presumed to explain mental associations. 

Ideas tend to spread continuously and affect other related 

ideas. In this process of spreading the ideas lose their 

distinctness and intensity, but "they gain generality and 

become welded with other ideas" (5.104). Peirce's primary 

purpose for constructing his system of existential graphs was 

to solve the problem of how concepts are combined (MS 

292:78). We will not examine how these graphs display the 

way the bonding or combining of concepts takes place except 

to note Peirce's conclusion that concepts "are combined by 

each being indefinite or indeterminate in some respect in 

which another element renders it determinate" (N3:259). When 

indefinite or indeterminate ideas come together they tend to 

"weld" into general ideas (5.143). 

Let us now take this particular theory of continuity and 

observe how it was carried over into Peirce's conception of 

semiotic. While we will be aiming toward a more precise 

understanding of semiotic in chapter four, I will begin with 

a basic definition of what Peirce meant by semiosis: 
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It is important to understand what I mean 
by Semiosis. All dynamical action, or 
action of brute force, physical or 
psychical, either takes place between two 
subjects (whether they react equally upon 
each other, or one is agent and the other 
patient, entirely or partially) or at any 
rate is a resultant or such actions 
between pairs. But by "semiosis" I mean, 
on the contrary, an action, or influence, 
which is, or involves, a cooperation of 
three subjects, such as a sign, its 
object, and its interpretant, this 
tri-relative influence not being in any 
way resolvable into actions between pairs 
(5.484). 

The primary distinction Peirce was making was between 

semiosis or triadic relations and dyadic relations. 

Therefore, he was not distinguishing between signs and other 

entities; a sign may be anything which serves to mediate 

between an object and interpretants in any way. It could do 

so acoustically, optically, or otherwise. For example, it 

could be words, gestures, fossils, diagrams, paintings, or a 

performance of Bach's Brandenburg Concerto. It is simply 

that which stands in such relation to its object that it can 

potentially bring an interpretant into the same relation. 

A visual image may help you to conceive of semiosis as 

Peirce is describing it. Imagine a length of chain that 

stretches an infinite distance in either direction, then 

(remembering the notion of the absolute) posit the object at 

one end of this chain and at the opposite end posit the final 

interpretant (that interpretant which would completely reveal 

the object in all its aspects). As ideal limits of your 



118 

chain, the two are infinitely remote from each other, but 

they are brought into relation through the mediating links of 

the chain between them. These intermediate links are the 

signs, or more accurately a sign-interpretant sequence. 

While this analogy is useful, it would be misleading to carry 

it too far. In the first place, the sequence is not simply a 

linear one, but one which is multi-layered or has multiple 

logical levels; so transform your length of chain into a 

chain-link fence to envision the potential layers of these 

relations. In the second place, the idea of a chain link is 

too passive. As Peirce conceived of it, a sign is not an 

inert entity. The representation relation should be thought 

of as a process in which a sign has the active capacity fcr 

generating meaning as it refers to, or stands for, its 

object; and it determines an interpretant to refer to the 

object in the same way. The interpretant is not ring but 

another representation, or sign, which then must have its 

interpretant, and so the sequence continues in an infinite 

series. 

This transferral of meaning might be thought of as 

something akin to the passing on of the Olympic torch as it 

was carried from Greece to Los Angeles. Moreover, this 1984 

event can be seen as a continuation of the ritual performed 

in ancient Greece where its practice undoubtedly evolved from 

prior traditions. We can assume that it will continue to 

play a role in future Olympiads but, should these 
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competitions come to an end, there is no reason to believe it 

will not still exert some influence, if only on writings such 

as this. 

In semiotic terms this represents a sign-interpretant 

continuum which stretches in an infinite regression to an 

absolute object in one direction and an infinite progression 

to a final interpretant in the opposite direction. However, 

the torch-bearers did, in fact, run through a particular 

rural community in Texas; and in a similar way, any actual 

semiotic analysis may begin and end within this infinite 

object-sign-interpretant sequence as dictated by the concrete 

purposes of a given inquiry. Just as those Texas farmers 

recognized that they were observers to only one part of the 

ceremony, we acknowledge that we are figuratively "stepping 

into the middle" of a semiotic sequence (1.339). In which 

case a given sign may be treated as though it were the first 

sign of the object and an interpretant may be accepted as 

final in the particular analysis. What is meant by referring 

to the object as being unattainable or infinitely remote is 

that the object is accessible only through the mediation of 

the sign-interpretant process. The object is directly 

present in an experiential sense. 

. . . we have direct experience of things 
in themselves. Nothing can be more 
completely false than that we can 
experience only our own ideas . . . Our 
knowledge of things in themselves is 
entirely relative, it is true; but all 
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experience and all knowledge is knowledge 
of that which is independently of being 
represented (MS 472:27). 

While our knowledge or experience of the object is relative 

to its signs, that is, it cannot be experienced immediately 

or without the representation of its signs, the actuality of 

the object is not lost in a confusion between its "being" and 

"being represented." What Peirce meant by this distinction 

is "that what really is, ultimately consists in what shall be 

forced upon us in experience, that there is a brute 

compulsion in fact and that fact is not a mere question of 

reasonableness" (5.97). The real fact does not depend upon 

what a particular opinion represents it to be, but upon what 

the experiential reactions will be. The real is that which 

is accessible to public experience and thought. 

To say that "knowledge of things in themselves is 

entirely relative" means that experience of the object is 

only through the medium of signs. There is no way to 

perceive "behind" the signs or "get back to" the absolute 

object, since what is encountered is always further signs of 

that object. "That is, there is no thing which is in-itself 

in the sense of not being relative to the mind, [because this 

would mean that it was incognizable] though things which are 

relative to the mind doubtless are, apart from that relation" 

(5.311). The object has a reality independent of particular 

and arbitrary thoughts about it, but it is not independent of 
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thought in general. The signs through which the object 

becomes manifest are also the signs of thought. It can be 

experienced and ultimately known only through representation; 

"the object of representation can be nothing but a 

representation of which the first representation is the 

interpretant" (1.339). There is an infinite regression in 

this endless series of representations, but there is also an 

infinite progression of interpretants. The "interpretant is 

nothing but another representation to which the torch of 

truth is handed along; and as representation, it has its 

interpretant again" (1.339). In terms of cognition all three 

terms of semiosis are representations; the distinction 

between object, sign, and interpretant is a matter of 

position in the series. 

Nevertheless, the essential integrity of Peirce's 

semiotic rests on its continual reference to the object; any 

interpretant of a sign is a partial revelation of that 

object, the meaning of which becomes increasingly more 

definite in its various aspects through the potentially 

infinite sign-interpretant series. The real object is that 

which would be represented in the ultimate opinion or final 

interpretant which is the ideal limit of inquiry. "This 

implies that a series of opinions succeed one another, and 

that it is hoped that they may ultimately tend more and more 

towards some limiting opinion, even if they [the ideal and 

extended community of inquirers] do not reach and rest in a 
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last opinion" (5.509). The end of inquiry is the object 

itself, reality being that to which the reasoning of an 

unlimited community would lead. Inquiry is the infinite 

progression of representations directed toward knowledge of 

the object. 

In this sense, the object or the real is the purpose of 

inquiry, or the goal which acts as a final cause. By this 

Peirce meant that, although different minds may set out with 

antagonistic views, the progress of investigation will carry 

them by a force outside of themselves to one and the same 

conclusion. He sometimes referred to this force or 

foreordained goal in terms of "fate" or "destiny." 

Investigators may at first obtain different results but, as 

they perfect their "methods and processes, the results are 

found to move steadily toward a destined center. . . . This 

activity of thought by which we are carried, not where we 

wish, but to a fore-ordained goal, is like the operation of 

destiny" (5.407). Truth is the opinion "which is fated to be 

ultimately agreed upon by all who investigate, . . . and the 

object represented in this opinion is the real (Ibid.). 

Thought controlled by a rational experimental logic may 

accelerate the process, but the nature of the destined 

opinion will be the same in the end, even though perversity 

of thought may postpone the ultimate fixation of opinion for 

generations (5.430). 
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Theoretically, Peirce's conception of a true continuum 

based on the supermultitudinous collection theory insures 

that there is no discontinuity between the object and the 

sign-interpretant sequence, but this coalescence also means 

that an infinite multitude of such sequences may be inserted 

between any given sequence. For this reason it is useless to 

speak of the "first" sign of the object, because every sign 

is an interpretant sign of a prior sign of the object. 

However, as noted before, in a particular analysis a given 

sign may be treated as if it were the first sign. It also 

means that, just as the object of the sign may be a 

collection of objects as in the case of an event or an 

occurrence, the sign representing the object may itself be a 

collection of signs, or it may relate ro its object in more 

than one way, or it may be simultaneously functioning as a 

sign of other objects as well. The relationship of these 

ideas to Peirce's conception of the continuum involves the 

notion of semiotic causality, as well as other distinctions 

which are beyond the scope of this discussion. Scholars can 

look forward to a thorough explanation of semiotic in a major 

work on this subject by Joseph Ransdell (forthcoming in 

Semiotica, 1985). This chapter will continue with relevant 

concepts from Peirce's science of phaneroscopy. 
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Peirce's Phaneroscopy: The Categories 

The role of philosophy in Peirce's sciences of discovery 

was to analyze the experience common to all human beings. As 

the first division of philosophy, phaneroscopy was the 

science which ascertained and studied the kinds of elements 

universally present in the phenomenon, or what he referred to 

as the "phaneron." By this term he meant "the collective 

total of all that is in any way or in any sense present to 

the mind quite regardless of whether it corresponds to any 

real thing or not" (MS 1334:37). Conceived in this way the 

phenomenon or phaneron is not to be thought of as it relates 

to any particular category of awareness. Although we 

commonly associate apprehension of an object with 

sense-perception, this is only one of the ways a phenomenal 

entity might be experienced; it might just as easily be that 

which is dreamed, conceived, imagined, or hallucinated. It 

is simply "whatever is experienced or might conceivable be 

experienced or become an object of study in any way direct or 

indirect" (5.37) without any metaphysical presuppositions or 

distinctions between fact and figment. 

As noted in an earlier chapter, the three categories of 

Peirce's phaneroscopy historically emerged through his study 

of logic where he observed the recurrence of triads in all 

its principal parts. All of these seemed to embody the same 

three fundamental conceptions. Although he followed 



125 

Aristotle and Kant in calling them "categories," his 

conception differed from theirs in important ways which will 

not be considered here; nor will comparisons be made with 

Husserl's phenomenology with which there are certain 

similarities even though the two men developed their theories 

independently. 

One of the most interesting questions regarding Peirce's 

categories is how he arrived at his particular classification 

of the elements of the phaneron. While the derivation of the 

categories can be traced to Peirce's early work in logic and 

they remained forms of predication in essential ways, I 

suggest that, like his conception of logic as semiotic, there 

is a more basic link with the science of mathematics. 

"Phenomenology . . . must, if it is to be properly grounded, 

be made to depend upon the Conditional or Hypothetical 

Science of Pure Mathematics (5.40). As I acknowledged in 

chapter two, my proposal is not an original one and relies 

substantially on the studies conducted by Kenneth Ketner 

who has worked extensively with the influence of topology and 

the diagrammatic method of mathematical reasoning on Peirce's 

approach to logical analysis. 

The relationship between the absolute and the categories 

was discussed earlier in this chapter, but now it should be 

pointed out that through Peirce's continued studies of 

mathematics and chemistry, he increasingly identified his 

classification of the categories with the notion of valency. 
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Once one is aware of this connection, the references appear 

with amazing frequency and one is led to agree with Ketner's 

hypothesis that, for Peirce, "Valency Analysis" (Ketner's 

term), or the Doctrine of Cenopythagoreanism, became Peirce's 

tool for analysis and classification throughout the System of 

Science. Although in later writings Peirce frequently used 

the* term "cenopythagorean" to designate a phenomenology which 

recognized the categories of Firstness, Secondness, and 

Thirdness (Century Dictionary 12:981), it was not limited to 

this context. Originating in mathematics, valency was also 

the basis for Peirce's classification of the sciences and was 

applied to semiotic to resolve the problem mentioned earlier 

of how concepts are combined. Ketner concludes: 

[Peirce] interpreted this abstract 
mathematical system onto the structures 
of other subject matters, fundamentally a 
movement of diagrammatic reasoning 
(mathematical reasoning). . . . Indeed, 
application of the technique of 
classifying and analyzing in terms of 
Valency Analysis, named the doctrine of 
Cenopythagoreanism, created a number of 
other results within Peirce's whole 
system, for example: the Existential 
Graph method of logical diagrammatization 
. . . the doctrine of the categories 
which is a central part of Phaneroscopy; 
and the classification of signs (Ibid., 
pp. 12-13). 

As indicated in chapter two, Peirce's classification of 

the sciences was based on form (used in the sense of external 

structure) rather than matter and he claimed that valency was 
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the basis of all external structure (cf. MS 292:34 and MS 

293; NEM 4:320-22). In his analysis of the indecomposable 

elements of the phaneron ("those that are logically 

indecomposable, or indecomposable to direct inspection" [MS 

292:71-74)] he recognized that, as in the classification of 

the sciences, classifications could be made according to 

matter or formal structure. He made several attempts at 

constructing classifications based on matter, but never 

successfully arrived at such a list and abandoned the effort 

in favor of one based on the elements of thought and 

experience according to their formal structure (cf. MS 292:73 

and L57:17). Based on valency analysis, Peirce concluded 

-that there were only three indecomposable elements of the 

phaneron. Although Peirce used various designations for 

these elements, I will refer to them by the terms he adopted 

in his later writings — "Firstness," "Secondness," and 

"Thirdness." 

Firstness is described as being the intrinsic property 

of the entity as it is in itself without any reference to 

something else. This means that the entity is considered in 

only one of its aspects in isolation from any other 

properties it might have. 

Imagine if you will a consciousness in 
which there is no comparison, no 
relation, no recognized multiplicity . . 

no change, no imagination of any 
modification of what is positively there, 
no relaxation — nothing but a simple 
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positive character. Such a consciousness 
might be the smell of attar; or it might 
be an infinite dead ache; or it might be 
the hearing of a piercing eternal 
whistle. In short, any simple and 
positive quality of feeling (5.44). 

It is that which is present and immediate without reflection 

or consideration for determining causes. Perhaps the 

simplest way to think of Firstness is in the form of a 

monadic predicate of color, such as vermillion. It is the 

quality of vermillion in its luminosity, saturation, and hue 

without reference to any other color or as being attached to 

something. For example, if we think of it in terms of its 

similarity to other shades of red, or in its opposition to 

its complement, or as its registered wave length on a meter, 

we have the second (and essentially, the third) mode of 

awareness. If the qualities are compared and their 

similarities are felt, the resemblance does not reside in the 

separate qualities, but are the qualities of the comparison 

(MS 545:24). For example, "although hardness consists in 

resistance to being scratched by a second thing, . . . our 

ordinary common-sense conception is that a hard body 

possesses in itself a quality [regardless of anything else] . 

. . which it retains although it never comes in contact with 

another" (Century Dictionary 11:475). It is this quality 

which is the cause of the difficulty of scratching it. Such 

a property can only be a possibility. Until things act upon 

each other, it is meaningless to say things have any being. 
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Nevertheless, they have the potential to relate to other 

things. 

While the examples Peirce used were often sensible 

qualities such as colors, tastes, sounds, visual forms or 

shapes, Firstness is a ubiquitous element presumed in all 

that is experienced in any way. It is the most prominent 

element in the ideas of quality, originality, variety, 

chance, essence, form, and feeling. Therefore its range may 

include a painting, a book, a -symphony, a season, or a 

lifetime as long as this is experienced in the impression of 

a quality* which is absolutely simple and without ingredients 

(MS 545:15). 

The significance of form for Peirce was noted in chapter 

two in connection with his classification of the sciences. 

There form was identified with external structure and the 

notion of valency. The importance of form will become 

clearer in chapter four where it will be discussed in terms 

of the iconic signs of perceptual models and diagrams. It is 

especially relevant to the relationship between mathematical 

diagrams, works of art, and diagrams used to interpret art. 

It is through form that conceptual relations become visible, 

even if this is limited to the images we observe in our 

imagination. The form or structure of conceptual relations 

become perceptual through their representation in visual 

analogues. Thereby, they become intelligible objects through 

observation, and, if necessary, objects upon which we can 
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perform experiments to better comprehend the form of the 

relations. The property of form in Firstness is the nature 

of the composition of the work, the structure through which 

the artist's abstractions become manifest. It may also be 

the structure of developmental stages of a particular artist, 

a movement of art, the entire history of art and art theory, 

or the diagrams we construct to study those stages. In 

relationship to art, one of the most important 

characteristics of Firstness is that it is the category of 

feeling and emotion. 

The property of Secondness of an object is that which it 

is by virtue of being connected with or related to amther 

ob"iect. It is the property experienced as duplicity or 

oppositionality and is the category which most typically 

describes the fundamental nature of experience itself. In 

every experience of an occurrence or event two things are 

directly given as being in opposition. The actual taking 

place of the event involves two things: what there was 

before and what the occurrence introduces. It is our 

experience of the ego over against the non-ego. The past 

experience, which had just come to an end, appears as the 

ego, while the new experience reacts against the ego as 

non-ego. Pierce explained the difference between feeling and 

experience in one of his best descriptive passages: 

Imagine yourself to be seated alone at 
night in the basket of a balloon, far 
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above the earth, calmly enjoying the 
absolute calm and stillness. Suddenly 
the piercing shriek of a steam-whistle 
breaks upon you, and continues for a good 
while. The impression of stillness was 
an idea of Firstness, a quality of 
feeling. The piercing whistle does not 
allow you to think or do anything but 
suffer. So that too is absolutely 
simple. Another Firstness. But the 
breaking of the,^ilence by the noise was 
an experience. 

It is this which gives us the sense of actuality, present 

fact, "hereness" and "newness," and the distinction between 

our internal world and externality. It is, therefore, the 

basic element in our idea of experience, "existence," or 

"reality." However, although this is the basis for our 

common-sense idea of the "real world," we need to remember 

that from the phenomenological perspective this may be any 

"possible" world. For example, it might be the world created 

by Tolstoy in War and Peace or the one in Escher's Autre 

Monde. The latter is a particularly good example for the 

point I wish to make. Because we tend to immediately regard 

something in terms of metaphysical presuppositions, we say 

that the object or world of Escher's print "looks real," but 

it is an "impossible object." As a phenomenal object it is 

not impossible in itself; it is only impossible as a physical 

object. 

It is from the element of Secondness that we experience 

the duality of effort and resistance. Effort can only be 

experienced if there is also resistance. There would be no 
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effort to opening a window if there were no 

counter-resistance. The same thing is true when we 

experience something new which the course of life forces upon 

us. But this force is without reason or intentionality, 

which is why Peirce characterized it as "brute action." If I 

bump you on purpose or use my elbow to edge you out of line, 

it is a case of Thirdness, but if an apple falls from a tree 

and coincidentally hits you on the head it is Secondness (as 

is your shock). However, if you reflect on that experience 

and propose the law of gravity to explain the occurrence, the 

experience transcends Secondness and incorporates the 

property of Thirdness. 

The sense of confrontation with something other than 

oneself, the feeling of compulsion, the shock of reaction or 

surprise which characterize Secondness is the basis for 

experience and learning. Regardless of what we would like to 

think or are disposed to believe, we are compelled by our 

experience of an object to acknowledge its force against our 

preconceptions. Peirce related an experience which serves 

well to illustrate this point. 

Today, while I was putting my mare into 
her stable, in the dusk of the evening, I 
noticed a black streak upon the floor, 
which I at first took for a shadow. But 
upon closer inspection . . . I saw it was 
a large black snake. I experienced a 
certain shock strong enough to enable me 
to perceive what that shock consisted in, 
namely in a sense that the snake was 
there in spite of me. Now, even if I had 



133 

anticipated seeing the snake, and even 
if, anticipating it, I had wished to see 
it, still, when I did come to see it, I 
should have experienced something of that 
same sense of being compelled to see it 
(2.22). 

While we are here concerned only with properties of the 

phenomenal object and not with whether or not it is real, 

which is a second question, Secondness is an essential 

ingredient of reality. In the phenomenal object Secondness 

asserts the awareness of that object's autonomy. This sense 

of compulsion, of a struggle between something within and 

something without accompanies all experience, and is by no 

means limited to objects of sense-perception. The same thing 

is true of objects of imagination as long as they have 

sufficient fixity and power to stand their ground against our 

ideas of them. It may be an idea shaped by thinking (take 

the last few sentences as an example), but what we mean by 

calling it a "real object" is that thinking about it will not 

modify it. "Now in thinking, the object before the mind is 

under the thinker's control and is always modified by the 

action of his will. It is therefore not the Real thing, 

although the Real thing is undoubtedly the object he is 

thinking about" (MS 534:10-11). 

Our thoughts of visible objects are signs of them, but 

since we cannot take the real things themselves into our 

minds, we must use signs of them. The signs of the reality 

of an object are its insistency, its sameness to all 
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witnesses, and its compelling reactiveness. Its characters 

are what they are regardless of what anyone may think they 

are, and they persist in revealing themselves. The object as 

it is thought about has a nature independent of our 

individual thoughts of it. We need only think of such 

phenomenal objects as Ophelia and Hamlet. Neither of these 

were historical personages; they are fictive in the sense 

that their characters depend upon those properties 

Shakespeare attributed to them. However, although they are 

the mere creations of the bard's thought, it is a real fact 

that he so imagined them and that they have certain 

properties within his works. Once their characters were 

developed, they could not be destroyed or forced to be 

otherwise, either by Shakespeare or ourselves. This is one 

of the points Peirce was making when he compared the work of 

an artist to the creation of the geometer. "The artist 

introduces a fiction; but it is not an arbitrary one" 

(1.383). As with the geometer's diagram there is synthesis 

of relations which can be objectively evaluated. For 

example, in reading a poorly constructed novel we frequently 

feel that the author has a character do or say something 

which contradicts the portrayal of that character established 

earlier in the book, or we sense that the conclusion is false 

to the premises which prescribe the parameters of the 

imaginary world which has been created. 



135 

The importance of Secondness is in distinguishing 

between what is objectively in the phenomenal object and what 

is our subjective response. The object persists and is 

independent of our will. It is not a question of whether it 

is really there in a metaphysical sense; it is what seems to 

be other than ourselves. The properties seem to be those of 

the phenomenal entity rather than something occurring within 

us. One has the sensation of the opposition of the ego and 

the non-ego. 

By attributing the qualities to the object, we are not 

saying that we cannot be mistaken, even for such qualities as 

color or shape. But the confusion is generally greater when 

these qualities are also associated with various human moods 

and emotions such as cheerfulness, sadness, or alienation. 

For this reason I think it is preferable to refer to the 

properties of Firstness as "qualities" rather than"feeling," 

the term which Peirce most frequently used. In the given 

experience we attribute those qualities to the object itself; 

whether or not they can actually be so ascribed can only be 

confirmed by future experience. There is an entity whose 

nature is independent of my opinion (or any particular 

collections of opinions), but it is not something which can 

be known except through experience. The point is that we 

cannot "get around" experience to the object as it is in 

itself in some kind of direct intuitive knowledge of the 

object. This would be the dogma of Cartesian epistemology 
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and assumes the bogus faculty of intuition. This is 

precisely what Peirce was countering in his theory of 

representative perception. Although we will consider that 

theory in the fifth chapter, the main problem is how to avoid 

both a scepticism concerning the real nature of the object as 

it is represented and the Kantian problem of an ultimately 

unknowable object. 

In terms of this consideration of Secondness however, 

one of the keys is the relationship between the words 

"experience" and "experiment," which share a common 

etymological root. We experience the entity whether it be 

internal or external, by experimenting on it (4.85). We 

propose a hypothesis as an explanation of the phenomenon and 

then conduct experiments, which may be ideal as well as 

sensible (3.527), to test our predictions. The inner world 

may be more docile, more amenable to our control, than the 

outer world, but it is only a question of degree (4.87). 

Experimentation evolves the reason within us by revealing 

unexpected relationships that defeat or force us to modify 

our hypothesis. This confrontation through experimentation 

is the very basis for learning and presumes that we have a 

scientific attitude toward any object; we must provide the 

experimental situation which allows it to confront our ideas. 

It should be clear that what we are concerned with here is 

not a single experiment or experience, but with the state of 

cognition that is compelled by the course of experience. 
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directed at what would be the experience of all human beings. 

This must be the case whether the phenomenal objects are 

objects of nature, mathematical constructs, literary texts, 

musical compositions, paintings, or sculpture. In critical 

judgments as to the appropriateness of interpreters' s 

responses we are concerned with both a continuity of 

consciousness and a continuum of experience and ideas. 

Continuity, representation, and signification are all 

properties of Thirdness. 

In a more limited sense, Secondness in the visual arts 

can be related to matter (the materials from which a work of 

visual art is created) and the elements of design (color, 

line, texture, tone, and shape). This assumes that what is 

being experienced is the percussiveness or interactiveness of 

these elements rather than their unique qualities experienced 

in isolation. It would be the gradations or contrast of 

colors, light and shade, and the various textures; the way 

lines, shapes, colors, and brush strokes direct the 

observer's eye around the work or compel them to return to a 

particular center of interest. It is the way these are used 

to create the illusion of volume, shape, and movement in 

two-dimensional art (although this may be literal in the case 

of sculpture). It is the contrast between positive and 

negative space and the recognition of familiar objects used 

in new relationships as in collages, assemblages, or "found" 
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art, or the use of materials in unexpected ways or 

combinations. 

The categories of Firstness and Secondness suggest ways 

of perceiving and thinking about works of art by focusing 

upon particular properties of the object, not as though they 

are conceivable in detachment from the object, but by 

attending to that object in only one aspect. This means that 

the work of art, as it becomes manifest through its signs, 

may be revealed in a number of aspects, each being only a 

partial identity of that object. A given sign may be capable 

of presenting its object in only one aspect. Although there 

may be different presentations of the object and any given 

series of experiences may yield apparently conflicting 

accounts of the object, ultimately these must be compatible. 

This suggests that, although from a practical point of view 

we think of the phenomenal object as always being the "same" 

object, it may be referred to as a "second," "third," or 

"fourth" object from an experiential or analytical 

perspective. For example, if we have a number of experiences 

with an object, we may become aware of additional properties 

of that object. The meaning we attach to the signs of the 

object grows as we generalize from those experiences. On the 

other hand, the purposes of a particular investigation or 

analysis may restrict the focus to only one aspect of the 

object. 
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The category of Thirdness is one of great importance to 

an understanding of Peirce's thought and, although it is very 

difficult to give a brief account of all that it encompasses, 

even a limited discussion will help to tie together some of 

the ideas presented in this chapter. 

Let us begin first with the property that we most 

commonly assume in our experience with any phaneron. Even 

though there may be puzzling aspects to our experiences with 

this phaneron, we are convinced that its properties are 

ultimately knowable. By this we mean that if we had 

sufficient familiarity, we could make predictions about 

future experiences with it. We could not carry out the most 

mundane activities of our daily life if the majority of these 

predictions were not fulfilled (1.25). The reliability of 

our predictions depends upon future experiences being similar 

to those of the past. For there to be this relationship 

between past and future events, there must be an element of 

regularity, of generality, in the phaneron itself (as was 

noted with the property of hardness in the stone) and "future 

events must have a tendency to conform to a general rule" 

(1.25). Our idea of the phaneron is a general idea which 

"involves conditional predictions or requires for its 

fulfillment that events should come to pass" (1.515). 

Regularity, generality, and law are three ways of defining 

the property of Thirdness, the reality of which consists in 
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the fact that predictions based on it would be born out by 

actual events (MS 478:34). 

Although the very being of the general or law consists 

in its governing individual events, according to Peirce's 

account of tychism, it must always "be in a state of 

incipiency, of growth" (1.515). Furthermore, according to 

his theory of continuity, "the idea of a general involves the 

idea of possible variations which no multitude of existent 

things could exhaust" (5.103). For example, take the general 

term "sun". Between "any two possible objects which might be 

called suns and, however much alike they may be, . . . 

intermediate possible suns transcend all multitude" (ibid.). 

That which is truly general refers to the indefinite future 

and can never be fully realized (2.148). Throughout Peirce's 

later writings generality and continuity were identified as 

synonymous with his conception of Thirdness. 

The general is of the nature of what is thought, but it 

is thought as related to the objects which thinking enables 

us to know (1.27). 

The things that any science discovers are 
beyond the reach of direct observation. 
We cannot see energy, nor the attraction 
of gravitation, nor the flying mulecules 
of gases, nor the luminiferous ether, nor 
the forests of the carbonaceous era, nor 
the explosions of nerve-cells. It is 
only the premises of sciences, not its 
conclusions, which are directly observed 
(5.2). 
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Our conception of the nature of the phaneron is a 

collection of all the separate observations which we connect 

in a general idea through retroductive inference (MS 315:9). 

The conclusion of reasoning is a general idea and therefore 

of the nature of thought. Thirdness is the category of 

thought which means it is also the category of 

representation, but perception and experience are also 

inferential processes which depend upon representation. As 

noted in an earlier discussion, representation presupposes 

continuity, and so the properties descriptive of Thirdness 

are all interdependent or are actually different ways of 

identifying the same element. 

To see how the categories are interrelated let us 

consider how we might experience a work of art. Peirce 

supplied us with a good example: 

It is esthetic enjoyment which concerns 
us; and ignorant as I am of art, I have a 
fair share of capacity for esthetic 
enjoyment; and it seems to me that while 
in esthetic enjoyment we attend to the 
totality of Feeling — and especially to 
the total resultant Quality of Feeling 
presented in the work of art we are 
contemplating — yet it is a sort of 
intellectual sympathy, a sense that here 
is a Feeling that one can comprehend, a 
reasonable Feeling (5.113). 

While Firstness or Secondness may be the most pervasive 

element of a particular work, neither can be found in 

isolation from each other and for one to experience them 
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presupposes the category of Thirdness. Thirdness must have 

the other two categories to act upon, but the only way we can 

experience the properties of Firstness and Secondness is to 

perform a mental exercise of prescissive abstraction which is 

a subtracting process whereby we consider the whole and then 

focus on one aspect without paying any attention to the other 

elements (1.549n2). Peirce used his experience with an 

impressionistic marine painting to illustrate this process of 

abstraction. While his perception of the painting 

presupposed representation or Thirdness, he was first 

conscious of its properties of Secondness, the "blotches" of 

paint on the canvas which he judged to be both disagreeable 

and meaningless. Then suddenly he experienced it in its 

Firstness and caught himself "sniffing the salt air and 

holding his cheek to the sea breeze" (MS 444:05). He became 

aware of the quality of feeling presented in the work of art, 

but it was not an unintelligible feeling; it was the sort of 

feeling he could comprehend and therefore it was reasonable. 

As with other objects, we do not assume that a work of 

art is ultimately incognizable. In fact, in most instances 

we decide prematurely that we know all there is to be known 

about the work. 

Our knowledge of any subject never goes 
beyond collecting observations and 
forming some half-conscious expectations, 
until we find ourselves confronted with 
some experience contrary to those 
expectations. That at once rouses us to 
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consciousness; we turn over our 
recollections of observed facts; we 
endeavor so to arrange them, to view them 
in such a new perspective that the 
unexpected experience shall no longer 
appear surprising (7.35). 

When we have had several opportunities to view a work of art 

over a period of time, it is not at all unusual for us to 

find something new in it which we had overlooked before. 

While this may surprise us, it does not compare to the shock 

of discovering that something we believed we saw in the 

painting is now missing. An artist friend once told me of 

experiencing this with his own work. He described it as 

being a case where part of the work "stayed in his head." 

Yet, when he had originally finished the painting, he had 

seen it as complete. It was only when he picked it up some 

months later that he discovered the omissions. 

In the shock of new or contradictory observations we 

become conscious of our fallibility and the independence of 

reality. In trying to explain the surprising facts we 

encounter in our observations, we assume that they must be 

part of a larger system which, although we have not yet 

experienced it, must in its entirety be reasonable. It is 

this element of reasonableness, of Thirdness, to which we try 

to conform our own reason. Conformity requires self-control 

and correction. Where in the process of cognition does the 

possibility of control begin? Peirce concluded that an 
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answer to this question could be found in an analysis of 

mathematical reasoning. 
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CHAPTER FOUR 

MATHEMATICAL REASONING 

Advantages of Mathematical Reasoning 

Sometime in the past perhaps you had to puzzle over 

Zeno's paradox of that famous race between Achilles and the 

tortoise. To refresh your memory, the problem was how 

Achilles could succeed in overtaking the tortoise who had 

been given the advantage of a head start. To win, Achilles 

had to pass over a distance equal to the sum of an infinite 

number of finite distances in a finite time. Peirce often 

used this situation to illustrate his solution to questions 

concerning motion, continuity, the logic of induction, and 

the process of forming perceptual judgments and cognition. 

It was his means of separating the sheep from the goats --

those who reasoned mathematically and those who could not. 

All this time those who are puzzled by 
Achilles and the tortoise, though they 
say some contradiction is involved (for 
that is the argument) have never been 
able to point out precisely where the 
contradiction lies. A mere jingle of 
words deceives them. 

They take the ground that 
mathematicians reason badly; and this bad 
reasoning of the mathematicians has the 
curious property of leading them from 
truth to truth, while the "better" 
reasoning of philosophers leads them from 
truth to falsity and from reason to 
absurdity (L224; NEM 3/2:808). 

148 
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There are those who refer to logic as the "art of reasoning," 

but we would conclude from Peirce's criticism that 

philosophers who are deficient in mathematics reason poorly. 

Because of the extreme familiarity of the experiences upon 

which philosophy is based, the conclusions of philosophy 

ought to be those which no one would ever really doubt. 

Unlike the sciences which rest upon special or recondite 

experiences, the conclusions of philosophy "should have a 

degree of certitude, a sort of necessity . . . and would . . 

. were it only investigated according to a really scientific 

method." In contrast, "when all the possible hypotheses of 

mathematics shall be seen to form a continuum, or cosmos, as 

they are already beginning to do, then mathematics will stand 

out as the queen of the sciences, to which all the others 

even philosophy are but adjuvant" (MS 435:9-10). 

We can be sure that Peirce did not arrive at this 

conclusion hastily. Although he had an early foundation in 

mathematics, we know that his interest in the nature of 

reasoning began with the study of traditional logic, not with 

mathematics. In a letter to J. H. Kehler, we get a good 

indication why he would soon look to mathematics as a means 

for improving philosophical reasoning. He noted that from 

the week that he read Whately's Logic, 

until I had reached my three score years 
and ten the central passion of my being 
was to find out . . . what are the 
fundamentally different ways of 
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reasoning, what kind and degree of 
assurance each could supply, and under 
what conditions, and by what methods to 
proceed in order to gain such knowledge 
as is possible for human beings. The 
more I studied this subject the more and 
more deeply I felt the shocking levity 
^^^ looseness of thought with which these 
basic questions had been treated (L231; 
NEM 3/1:159, June 22, 1911"^ 

In this same letter Peirce outlined the careful research 

which had led him to this assessment. He had begun by 

devoting two years to the study of Kant, primarily the 

Critique of Pure Reason. Next he had reached back into Greek 

antiquity for the foundations of philosophy in general and 

logic in particular by reading all the writings of that 

nature which had been preserved. Then he had read every 

medieval scholastic work he could procure and had completed 

his survey by studying all available work in modern logic. 

He concluded that all "except what originated in mathematical 

thought, is so loosely thought as to tempt contempt" (ibid.: 

151). "Now all reasoning that is not utterly vague, all that 

ought to figure in a philosophical discussion involves, and 

turns upon, precise reasoning. Such reasoning is included in 

the sphere of mathematics" (5.8). The reasoning of 

philosophy "requires exact thought, and all exact thought is 

mathematical thought" (MS 438; NEM 4:x). Peirce turned again 

and again to both the methods of mathematical reasoning and 

the content of contemporary mathematical thought, describing 

it as his special business "to bring mathematical 
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exactitude, — I mean modern mathematical exactitude into 

philosophy, -- and to apply the ideas of mathematics in 

philosophy" (To Judge F. Russell, September 23, 1894, NEM 

4:x). 

To place Peirce's interest in mathematical reasoning 

within the context of his System of Science we need to 

consider also why he would think that the existing state of 

logic was not only deficient for dealing with philosophical 

questions, but why an improvement in the methods of logic 

would subsequently benefit the practice of science. In an 

early article for Popular Science Monthly (P 107), Peirce had 

remarked "every work of science great enough to be well 

remembered for a few generations affords some exemplification 

of the defective state of the art of reasoning of the time 

when it was written;" and as noted earlier, "each chief step 

in science has been a lesson in logic" (5.353). It would 

seem to follow from this that scientists have performed their 

function of discovering truth very well without the aid of 

logic. Peirce conditionally concurred. 

Yes, I reply, they have, because there is 
one thing even more vital to science than 
intelligent methods; and that is, the 
sincere desire to find out the trvth, 
whatever it may be; and that those 
centuries [the past three] have been 
blessed with. But . . . if logic during 
those centuries had been studied with 
half the zeal and genius that has been 
bestowed upon mathematics, the twentieth 
century might have been opened with the 
special sciences generally, — 
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particularly molecular physics, 
chemistry, physiology, linguistics, and 
ancient historical criticism in a 
decidedly more advanced condition than 
there is must promise that they will have 
reached at the end of 1950. I shouldn't 
say that human lives were the most 
precious things in the world; but, after 
all they have their value; and only think 
how many lives might have thus been saved 
(MS 709; NEM 3/1:431-432, 1897-98). 

Now the goal of science is the attainment of true beliefs, 

but the knowledge of this depends upon knowing "what 

justifies that belief, and just WHY and HOW the justification 

is sufficient" (7.49). This is the business of logic; but 

not logic in the sense that most logic books in Peirce's day 

presented it, that is, formal logic. In that sense, "no 

science stands in need of logic" (4.243). Nevertheless, 

Peirce knew that there are logical difficulties (in the sense 

in which he came to use the term "logic") which arise in the 

course of scientific inquiry which impede or delay its 

progress. Therefore, his lifelong concern with logic became 

the search for a method that would most comprehensively 

embody the goals and means of justification required in 

scientific investigation. His classification of the sciences 

represents a schema for indicating the derivation of those 

principles and methods. 

As we have seen, Peirce's classification of the sciences 

underwent several emendations, but one of the constants in 

every version was the priority position of mathematics in the 
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Science of Discovery. However, it was not enough to declare 

by fiat that mathematics reigns supreme. Peirce decided on 

its position by studying what mathematicians actually do, and 

finding in their procedures and the substance of their 

discoveries the means for expanding the capabilities of 

logic. Just as each step in science promoted an advancement 

in logic, so each new insight into the nature of mathematical 

reasoning provided the means for creating logical instruments 

of greater precision and exactitude. On the one hand, his 

aim was to determine whether the existing tools of logic 

accurately displayed the nature of mathematical reasoning; on 

the other hand, it was "to deduce from the mathematician's 

purposes and circumstances those features of his general 

method of procedure which it concerns the student of logic to 

understand. . . . [and to study] those parts of mathematics 

that are indispensable for any true comprehension of the 

nature of the different kinds of reasoning" (MS 593; NEM 

4:210). Both projects are but different sides of the same 

coin. "For, in the first place, in studying the theory of 

reasoning, we are concerned to acquaint ourselves with the 

methods of that prior science of which acts of reasoning form 

the staple. In the second place, logic, like any other 

science, has its mathematical department" (4.244). Peirce's 

logic is a theory of logic. He examined mathematical 

reasoning as part of his study of methods. In turn, he was 

influenced by mathematical reasoning in his development of 
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semiotic and adapted its diagrammatic characteristics in his 

graphs for analyzing logical reasoning. 

Science of Mathematics Defined 

Before looking at the major steps in Peirce's attempts 

to explain mathematical reasoning, it will be helpful to 

examine his various efforts to refine the definition of the 

science of mathematics. During his time, there were still 

those who adhered to an archaic definition of mathematics as 

the science of quantity, but he objected that mathematical 

reasoning could not be so confined. As an example he 

described the construction of a moebius strip. "If you take 

a paper ribbon, give it a half twist, paste the ends together 

to make a ring, and slit it along the middle till you come 

round, the result will be a single ring. That is a 

proposition in mathematics. But it has nothing to do with 

quantity" (MS 458; NEM 3/2:331). "No mathematician competent 

to discuss the fundamentals of their subject any longer 

supposes it to be limited to quantity" (MS 328; NEM 4:229). 

At the same time, Peirce did not minimize the significance of 

quantity as an adjunct to thought; "quantity is nothing but a 

standard linear arrangement by means of which other linear 

arrangements may be compared. Now, inasmuch as the relations 

of cause and effect and of reason and consequent are 

transitive, that is, linear, relations, . . . . all thought 

hinges upon these ideas" (ibid.). 
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Peirce credited his father, Benjamin Peirce, with being 

the first to define mathematics as "the science which draws 

necessary conclusions" (MS 459; NEM 3/1:344). It was an 

important distinction because it countered those who, like 

the philosophical mathematician Dedekind, held that 

mathematics was a branch of logic (MS 459; NEM 3/1:344-45). 

"This would not result from my father's definition, which 

runs, not that mathematics is the science of drawing 

necessary conclusions — which would be deductive 

logic -- but that it is the science which draws necessary 

conclusions" (4.239). In a different context he used an 

analogy about the nature of artistic activity which makes 

this distinction clear. We would not describe painting as 

the art of dabbing paint, but rather as the art which dabs 

paint (5.403n3). It was 1870 when Benjamin Peirce arrived at 

his definition. In the course of their daily discussions 

during that year, the mathematician father and the logician 

son were struck with how contrary their interests were in the 

same proposition: 

The mathematician is intensely interested 
in efficient methods of reasoning, with a 
view to their possible extension to new 
problems . . . . The mathematician asks 
what value this algebra has as a calculus 
. . . . Will it, at one stroke, produce a 
remote consequence? The logician does 
not wish the algebra to have that 
character. On the contrary, the greater 
number of distinct logical steps, into 
which the algebra breaks up aii ii.ference, 
will for him constitute a superiority of 



155 

it over another which moves more swiftly 
to its conclusions (4.239). 

The mathematician wants a calculus that can jump over a 

series of difficult inferential steps with security; he takes 

for granted the correctness of the method and is interested 

in its efficient use to deduce the consequences of the 

hypothesis. His is the science which draws necessary 

conclusions. The logician is interested in that which will 

dissect the operations of inference into the greatest number 

of distinct logical steps so as to analyze the reasoning and 

does not especially care about a particular hypothesis or its 

consequence. His is the science about drawing necessary 

conclusions (4.239), a science which makes a systematic study 

of the reasoning procedure. 

Peirce would further observe that mathematics deals 

exclusively with hypothetical states of things and asserts no 

matter of fact whatever. It is in this alone that the 

necessity of its conclusions is explained. "This is the true 

essence of mathematics; and my father's definition is in so 

far correct that it is impossible to reason necessarily 

concerning anything else than a pure hypothesis" (4.232, 

1902). Peirce didn't mean, of course, that if a pure 

hypothesis happened to be true of an actual state of things, 

the reasoning would cease to be necessary; but only that a 

hypothesis could never be known apodictically to be true of 

an actual state of things (ibid.). It was difficult for 



157 

Peirce to decide between the two definitions of mathematics. 

The one defined the method of mathematics, drawing necessary 

conclusions; the other defined its aim and subject matter, 

studying hypothetical states of things (4.238). 

This latter consideration would lead Peirce to recognize 

that the mathematician did more than deduce the consequences 

of hypotheses. In 1895, in a paper "On the Logic of 

Quantity," (MSS 15 and 18) he amended his father's definition 

to include the framing of hypotheses as well as deductions 

from them. He reasoned that, although these hypotheses are 

suggested by the observation of real objects and these 

observations are not made by mathematicians (they might, for 

instance, be those of a physicist or a construction engineer 

designing a bridge), these hypotheses have to be simplified 

and generalized so as to adapt them to the powers of the 

mathematician. Only mathematicians know what their powers 

are; therefore, they must frame their own hypotheses. Unlike 

the hypotheses of the physicist, which are propositions about 

the real world, the mathematician's hypotheses are always 

conceptions of a system of relations and as such are mental 

creations in an ideal world. "In order that they may be 

reasoned about mathematically, these relations must be 

conceived as embodied in some kind of objects; but the 

character of the objects, apart from the relations, is 

utterly immaterial. They are always made as bare, 

skeleton-like, or diagrammatic as possible" (MS 15:03). We 
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will find that this embodiment of the hypothesis in a 

diagrammatic image is central to Peirce's formulation of the 

nature of mathematical reasoning. I will refer to it again 

in the overview of the steps of Peirce's analysis of 

mathematical reasoning, but its importance will become more 

apparent in the discussion on mathematical inquiry. At this 

point, however, we can already see that Peirce's definition 

of the science of mathematics had expanded to include two 

kinds of reasoning: deduction and the formation of 

hypothesis. It must be iterated, however, that the 

mathematician's hypotheses are of a peculiar nature: 

The mathematician does not in the least 
concern himself about their truth. They 
are often designed to represent 
approximately some state of things which 
he has some reason to believe is 
realized; but he does not regard it as 
his business to find out whether this be 
true or not . . . . The substance of the 
mathematician's hypothesis is therefore a 
creature of his imagination . . . . the 
mathematician is interested in his 
hypothesis solely on account of the ways 
in which necessary inferences can be 
drawn from them (MS 459; NEM 3/1:343). 

The main characteristic of mathematics, according to 

Peirce, is that it is the only science that makes no research 

into facts, but attends solely to ideas. 

. . . it iŝ  the exact study of ideal 
states of things. To say that 
mathematics is the science which deduces 
necessary consequences comes to much the 
same thing: because according to Peirce, 
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necessary consequences can be deduced 
only from an ideal state of things, and 
then only on condition that the state of 
things is generalized" (MS 165; NEM 
2:10). 

The feature of mathematics which separates it from 

philosophy and every special science is that the 

mathematician (qua mathematician) is simply stating what 

would be the case under hypothetical circumstances, what 

relates to any and every universe in which the antecedent of 

his proposition might be true. As such, the mathematician 

does not "rely" upon anything (MS 693; NEM 4:208-209). The 

characteristics of mathematics embodied in Peirce's 

description of its essence explain its preeminent position in 

the classification of the sciences and its value to the other 

sciences. As Eisele has written. 

Mathematics occupied the top rung, since 
its independence of the actualities of 
nature and its concern with the framing 
of hypotheses and the study of their 
consequences made its methodology a model 
for handling the problems of the real 
world and also supplied model transforms 
into which such problems might be case 
and by means of which they might be 
resolved (SSMP:1). 

Peirce's Contributions on Mathematical 
Reasoning 

I will now present a brief overview of the major steps 

Peirce took in his effort to explain the nature of 
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mathematical reasoning. The purpose of this is to provide an 

outline of his contributions towards such an analysis and 

their implications for his System of Science and for logic 

conceived as semiotic. Therefore, I will not be discussing 

them in any detail, but will be indicating only how he 

thought they advanced understanding of mathematical 

reasoning. One who wishes to pursue his work in these areas 

in greater depth (for example, the logic of relatives or the 

existential graphs), will find that a number of excellent 

studies are in publication. For an overview of the steps in 

this inquiry Max H. Fisch's "Peirce's General Theory of 

Signs" is particularly helpful. In fact, just as a traveler 

in a foreign country needs a good guide book, so a person 

hoping to understand Peirce's semiotic will find Fisch's 

article indispensable for tracing the development and 

interrelationships of Peirce's thought. In the following 

account of Peirce's work on mathematical reasoning, I have 

been guided by the outline Fisch presents in those sections 

of his article entitled "Semeiotic and the Logic of 

Mathematics (1865-1911)" and "The Logic of Mathematics Again 

(1903)". 

The nineteenth century was marked by tremendous advances 

in mathematical thought, but Peirce observed that "hitherto 

nobody has succeeded in giving a thoroughly satisfactory 

logical analysis of the reasoning of mathematics" (4.425). 

Although logicians and mathematicians took for granted that 
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"every step of the reasoning is evidently such that the 

collective premises cannot be true and yet the conclusion 

false . . . . and that there was [a] rule covering the 

particular inferential step . . . nobody has drawn up a 

complete list of such rules covering all mathematical 

inferences" (ibid.). But this was only part of the problem. 

While it was true that mathematics had its calculus with 

which problems could be solved by following rules which had 

been fully proved, there were branches of calculus where 

proofs had not been reduced to self-evident rules. More 

importantly, it was obvious that this accomplished only the 

most routine kind of work and the more important steps in 

mathematics seemed to be performed in other ways. Logical 

treatises on necessary reasoning tried to explain it solely 

in terms of the ordinary syllogism. Initially Peirce also 

sought this means of analyzing mathematical reasoning, but he 

quickly found exceptions to this explanation. It was years, 

however, before he arrived at what he considered to be a 

satisfactory resolution. He commented in 1903, "It has taken 

two generations to work out the explanation of mathematical 

reasoning" (MS 450; NEM 3/2: 1119). 

He recalled that in 1855 when he had clearly ascertained 

that the three types of reasoning were induction, deduction, 

and retroduction, he thought he had a well-rounded system of 

formal logic. He suspected that there might be a logic of 
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relations, but he still "thought that his system would enable 

him to take the Kantian step of transferring the conceptions 

of logic to metaphysics" (MS 439; NEM 4:331, 1898). He 

became aware that his formal logic was marked by triads in 

all its principal parts and that all these triads embodied 

the same three conceptions. By 1857 he had fully developed 

these conceptions into the three categories of his 

phaneroscopy. There was new evidence, however, that his 

scheme of formal logic was still incomplete. "For instance, 

I found it quite impossible to represent in syllogisms any 

course of reasoning in geometry or even any reasoning in 

algebra except in Boole's logical algebra" (MS 439; NEM 

4:334). 

Kant and some others had thought that the ordinary 

syllogism in its simplest mood explained the reasoning of 

mathematics. Peirce's criticism was that Kant's analysis 

conflicted with the known facts. In the first place, if Kant 

were correct, any person with a good logical head and some 

training would be able to see instantly whether a given 

conclusion followed from given premises or not. Moreover, 

only a relatively small number of conclusions would be drawn 

from a small number of premises. 

Peirce made further observations. "I had already 

ascertained that Boole's algebra was inadequate to 

representation of ordinary syllogisms of the third figure; 

and although I had invented a slight enlargement of it to 
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remedy this defect, yet it was of a make-shift character" (MS 

439; NEM 4:334). In addition to this, he saw another problem 

simply by observing everyday reasoning. In one sense he 

could agree with those logicians who claimed that the 

mathematician's whole inferential procedure was of the type 

called Barbara where the relation was one of similarity or 

class inclusion, but clearly there was more involved in 

everyday reasoning than that. Consider the relation of 

"being a lover of." A is a lover of B and B is a lover of C. 

It neither follows that A is a lover of C, or that A is not a 

lover of C, although either may be true. This is because the 
. . 2 

relation has the property of nontransitivity. This is an 

invalid argument, but if forced into the mold for Barbara, it 

would seem valid. In 1870, Peirce came upon a way of 

extending Boole's logical algebra so as to give it the power 

to deal with all dyadic relations, the logic of relatives. 

He credited De Morgan with being its original author, 

although it was he who extended the Boolean algebra to 

relatives (MS 439; NEM 4:335). Peirce's first publication 

dealing with the subject appeared in 1870, "Description of a 

Notation for the Logic of Relatives, Resulting from an 

Amplification of the Conceptions of Boole's Calculus of 

Logic" (P 52). 

It was Peirce's contention that deductive logic could 

not be understood fully without the study of the logic of 

relatives and that the logic of relatives also corrected a 
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number of serious errors. One such error was that 

demonstrative reasoning is something altogether unlike 

observation. Before the advent of the logic of relatives it 

had been assumed that consequences of a syllogism were traced 

out by no other apparent machinery than comparison of 

classes; but, like a microscope, the logic of relatives 

revealed that there were more than a dozen distinct steps 

involved in deductive reasoning, even in Barbara (3.541). 

Where the syllogism was a very simple one, reasoners were 

able to jump from the premisses to the conclusion without 

realizing that, in fact, they had resorted to a mental 

diagram to perform the reasoning. To show how necessary 

conclusions are actually drawn, Peirce used more difficult 

syllogisms where the conclusions were not so evident, and 

which clearly required observation of a diagram (MS 593; NEM 

4:211). 

It was in 1901, while attempting to analyze the 

reasoning of a higher kind of mathematics, that Peirce was 

"forced to the recognition in mathematics of a frequent 

recurrence of a peculiar kind of logical step, which when it 

is explained is so very obvious that it seems wonderful that 

it should have escaped recognition so long" (MS 303; NEM 

4:151). What Peirce had discovered was that there is not 

one, but two kinds of reasoning involved in deduction: 

corollarial and theorematic. Contrary to accepted opinion, 

Peirce argued that the latter form of reasoning was far more 
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essential to mathematics than the former. These two kinds of 

reasoning will be described later in the chapter. 

Believing that a thorough understanding of mathematical 

reasoning would enable him to find an improved method of 

reasoning about other subjects as well, Peirce continually 

sought to refine his means for studying the workings of 

necessary inference. Earlier he had designed his logical 

algebras for this purpose, but they were insufficient in his 

estimation. What he wanted was "a method of representing 

diagrammatically any possible set of premisses, this diagram 

to be such that we can observe the transformation of these 

premisses into the conclusion by a series of steps each of 

the utmost simplicity" (4.429). 

Pierce claimed that all necessary reasoning is 

diagrammatic and that a diagrammatic method was needed to 

properly analyze each of the inferential steps in that form 

of reasoning. This led to his development of two graphical 

methods of logical analysis which he called entitative and 

existential graphs. In the 1870's Clifford and Sylvester had 

adapted chemical graphs to mathematical purposes (MS 708; NEM 
3 

3/1:433). As Ketner and Eisele have noted, the 

diagrammatical analysis of argument invented by the 

eighteenth century mathematician Euler was also a significant 

influence on Peirce. In 1895 and 1897, Peirce worked out two 

graphical systems which he believed displayed inferential 
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steps in reasoning better than his algebraic treatments of 

the logic of relatives. While the algebras had analyzed the 

steps in deductive reasoning, the graphs made it clear to him 

that mathematical reasoning involved more than deduction as 

it had been commonly understood. In addition to common 

deduction, mathematical reasoning required the formation of 

hypotheses, experimentation, and observation. In other 

words, the procedure of mathematical inquiry involved all 

three forms of reasoning: deduction, retroduction, and 

something very similar to induction. 

Earlier, in 1885, Peirce published the second of his 

two papers on the algebra of logic ("On the Algebra of 

Logic," 3.359-403). Although he would later recognize that 

it left certain steps in mathematical reasoning unanalyzed 

which led to the developments just described (MS 303; NEM 

4:159), in it he presented the thesis that three kinds of 

signs (icons, indices, and tokens) are used in a perfect 

system of notation for mathematical reasoning. The 

identification of the function of all three signs in the 

process of reasoning deductively reinforced what Peirce had 

learned from the logic of relatives, the distinction between 

theorematic and corollarial reasoning, and his systems of 

graphs -- experimentation and observation are important 

aspects of deductive reasoning and are manifest in the 

procedure of mathematical inquiry. I will return to this in 

the discussion of that process. 
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By 1903, Peirce saw reason to place logic as one of the 

normative sciences in the classification of the sciences, 

where it presupposed the other two normative sciences (ethics 

and esthetics), in addition to phaneroscopy, and mathematics. 

At this time logic was also identified as semiotic; and logic 

in the narrower sense of the word was now referred to as 

"critic" and had become one of the three divisions of 

semiotic. By 1908, the three kinds of arguments, hypotheses 

(or reduction or abduction), deduction, and induction were 

presented as the three successive stages of inquiry. 

According to Fisch, this change marked the transition in 

Peirce's thinking from the logic of mathematics (deductive or 

necessary reasoning) as distinct from the logic of science 

(retroductive or inductive reasoning) to the absorption of 

the logic of mathematics into the logic of science. Fisch 

concludes with two observations: (1) "Peirce's lifelong study 

of the logic of mathematics was conducted throughout within 

the framework of the general theory of signs" and (2) his 

inclusion of the formulation of hypotheses as part of 

mathematical reasoning is brought about through "the change 

4 
in his conception of science." 

While I am indebted to Fisch's analysis, as the 

discussion of semiotic will show, and I substantially 

subscribe to most of his conclusions, I believe there is 

abundant evidence to indicate that Peirce found in the 

practice of mathematics all three forms of inference. In the 
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same letter to Kehler, quoted above, Peirce remarked, 

"Mathematicians may and do employ all kinds of reasonings in 

getting their suggestions; but 'mathematical reasoning,• that 

is to say, all the reasoning with which mathematicians appeal 

to their readers for their assent, is deductive." It may, at 

first, seem to be a minor point, but I believe it is a 

crucial one for Peirce. It was the additional discovery of 

induction in the process of theorematic mathematical 

reasoning that convinced Peirce there was indeed a unifying 

thread throughout the sciences. The classification of the 

sciences heralds this unity. As the above passage implies, 

he distinguished between how mathematicians arrive at their 

conclusions and how they present them to their readers. All 

three forms of inference are employed in the process of 

drawing conclusions, although only deductive reasoning is 

used to present them to others. 

For instance, let us suppose that a mathematician is 

attempting to prove a theorem, one that has never been 

demonstrated before or one for which a better demonstration 

seems possible. One example could be the Four Color Problem 

5 
since it was of continuing interest to Peirce. The 

mathematician considers possible proof strategies and 

proposes a hypothesis which is embodied in a diagram. The 

experiment is set up by deducing from the hypothesis what 

should be the observable consequences. In other words, the 

mathematician is saying, "If you do such and such, you will 
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either solve the problem or make progress toward its 

solution." The inductive step is performing the experiment 

(this may involve no more than looking at the diagram) and 

observing the consequences. The nature of mathematical 

problems is such that they usually require only one test run. 

After the creative work has been completed, it has been 

traditional to use a deductive style of writing to present 

the proof; however, an autobiographical style would show that 

three forms of inference have been used. 

The Procedure of Mathematical Reasoning 

Preliminary to a discussion of the process of 

mathematical reasoning, it is necessary to explain one 

additional distinction which is basic to Peirce's claim that 

mathematics does not appeal to the science of logic, but 

instead it is logic that depends on mathematics (2.191). 

Peirce described reasoning as "a process in which the 

reasoner is conscious that a judgment, the conclusion, is 

determined by another judgment or judgments, the premisses, 

according to a general habit of thought, which he may not be 

able precisely to formulate, but which he approves as 

conducive to true knowledge" (2.773). As noted in the 

previous chapter, the term "genuine reasoning" is reserved 

for that process of thought that is under self-control and is 

self-critical. Indeed, such reasoning exhibits essential 

features of controlled conduct which parallel moral conduct. 
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The person who draws a rational conclusion not only thinks it 

to be true, but thinks that similar reasoning would arrive at 

the same conclusion in an analogous case because the 

reasoning has been subjected to checks and control and has 

been deliberately approved (1.505). Accepting a conclusion 

on the impulse that it seems irresistible is not "reasoning" 

as Peirce used the word (MS 293; NEM 4:314). 

Mathematics proceeds by what the scholastics called the 

reasoner's logica utens (2.185) as distinguished from logica 

docens. We might describe logica utens as our natural, 

elemental, and practical logic, our common sense method of 

reasoning. Logica docens is the scientifically elaborated 

theory of logic or scientific reasoning. 

To reason at all we have to give deliberate approval to 

our reasoning. Therefore, we have some general idea of what 

good reasoning is by comparing ours with how we think it 

ought to be and the kind of reliable results it ought to 

yield based on the habits we have developed. Although we are 

convinced that our reasoning is good, nevertheless we concede 

that some of our opinions have been erroneous. When we are 

not entirely satisfied with our logica utens we make a study 

of logic (logica docens) to improve our reasoning or to make 

it more accurate. But, of course, we have to use our logica 

utens in the process of modifying our system of reasoning. 

One way this occurs is through becoming aware that we are 

caught in a self-contradiction. We do not have to rely on a 
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general principle of logic to realize this: we simply are 

confident that the two particular propositions involved 

cannot both be true. We are unable to believe them both at 

the same time. What we recognize is a mathematical 

necessity, the question of whether one supposition excludes 

another. Usually mathematicians need only a logica utens 

because they are reasoning about their own mental creations. 

For that reason, practical certainty is attainable only in 

the science of mathematics as distinct from other areas of 

human inquiry. This does not mean that mathematical 

reasoning is infallible. All human reason is fallible and 

mistakes are quite possible in mathematics as evidenced by 

those committed by even the finest mathematicians. "But 

there is no more satisfactory way of assuring ourselves than 

the mathematical way of assuring ourselves of mathematical 

theorems" (2.193). 

Since the objects the mathematician studies are the 

creations of his own mind, theoretically no part of their 

nature can ultimately be hidden from him. "The necessary 

character of mathematical reasoning is due simply to the 

circumstance that the subject of this observation and 

experiment is a diagram of our own creation" (3.550). But 

Peirce indicated why there can be difficulties: 

One is that much intellectual strength is 
required at each step of one's progress 
to put the really pertinent, pressing. 
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and readily answered question. Then, 
although we say that the mathematician is 
dealing only with the creatures of his 
own conscious volition, yet, after all, 
who is this self? His whole discourse of 
reason is a dialogue between a past self 
and a future self; and much that was the 
creation of one in his skin is now 
strange to him and expressed in a foreign 
language . . . his own two selves are 
unavoidably talking to each other in two 
different languages, the one a language 
of images, necessary for tracing out 
results, the other a language of 
abstractions, necessary for the 
generalization (MS 593; NEM 4:210). 

Two very important points are being made in this passage and 

it is a good basic introduction to some of the ideas that 

figure prominently in Peirce's conception of semiotic. I 

will discuss this theory further in terms of mathematical 

reasoning but, it should be expected that its principal 

elements would make a foundational appearance in mathematics. 

Just as Peirce discovered that mathematical reasoning 

employed three types of inference, so he found it involved 

the basic divisions of representation. This is still more 

evidence supporting the unity of his System of Science. 

The first point implicit in the passage is that all 

thinking is in signs, and thought itself is a sign. 

Sometimes we mistakenly assume that we have access to our 

thought in an immediate sense; but, because thoughts are 

instantly in the past, they are available to our present 

selves only through further signs which are directed at our 
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future selves. "A man goes through a process of thought. 

Who shall say what the nature of that process was? He 

cannot; for during the process he was occupied with the 

object about which he was thinking, not with himself nor with 

his motions" (2.27). Even the process of our everyday 

thinking is in the form of a dialogue between the past and 

present self, which is likewise instantly in the past; and so 

the signs are always projected towards that future self for 

continuous translation in further signs. In this process of 

reconstructing our thoughts retrospectively, there is always 

the possibility of committing an error; so we have no 

absolute certainty even when the object of thought is our own 

thought. 

There is a difference between "thinking" and "thought." 

All we know of the "thinking" is that we 
afterwards remember that our attention 
was actively on the stretch, and that we 
seemed to be creating Objects or 
transformations of Objects while noting 
their analogy to something supposed to be 
real . . . . If that object is a Sign 
upon which an argument may turn, then it 
is called a "thought." (MS 293; NEM 
4:314). 

When a person tries to state what the process of his thought 

has been, he asks himself to what conclusion he has come. He 

formulates this in an assertion which he assumes has a 

conventionalized resemblance to his thought. He next asks 

himself what justifies his conclusion and proceeds to search 
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for words which seem to express a likeness to a previous 

thought and which also is logically related to his 

conclusion, so that if this premiss-proposition is true, then 

his conclusion would also be true. This argument is a 

representation of his thought, but it should never be assumed 

that this means that thought remained stock-still, even for 

an instant (2.27). 

The second point Peirce made was that the kinds of signs 

used in the course of thought depend upon the purpose of that 

thought. While the "meaning of any speech, writing, or other 

sign, is its translation into a sign more convenient for the 

purposes of thought . . . the meaning of a mathematical term 

or sign is its expression in that kind of sign which 

mathematical reasoning manipulates" (MS 94, quoted in 

SSMP:182). Like everyone else, mathematicians have no 

privileged access to their thoughts; but their difficulties 

are further compounded by the nature of mathematical problems 

which require two languages, one which enables them to 

construct and manipulate images and a second to generalize. 

Even though mathematicians observe and experiment on diagrams 

of their own creation (signs which represent the hypothetical 

state of the relations), the process of translating the 

hypothesis into these signs and subsequently generalizing 

about the relations which they represent, is a potential 

source of error. 
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Since mathematicians are working on pure hypotheses, 

what is true of the relations in this hypothetical state of 

things depends only on the conditions they have created. 

They do not have the contingency found in factual situations. 

The truths of mathematics have thereby practical 

infallibility, although it is possible that inferential 

mistakes may occur. However, when attention is called to 

such supposed blunders, the step is corrected by a review of 

the mathematics without an appeal to the science of logic. 

We need logica docens only when we pass into the realm of 

hard fact. The task of the science of logic is to analyze 

mathematical reasoning so as to construct the kind of 

reasoning that is valid in "whatever universe there is such a 

thing as experience" (2.191). Although mathematics does not 

have the kind of contingency usually associated with the 

course of experience in factual situations, mathematical 

reasoning relies on observation which is essentially what 

Peirce meant by experience. "We then find that certain modes 

of reasoning are sound, because they must, by mathematical 

necessity, be sound, in whatever universe there is such a 

thing as experience" (2.191). Peirce studied the reasoning 

of mathematicians because he judged them to be the best 

reasoners; but theirs is not a theory of reasoning, it is the 

method of logica utens. Logic, the theory of scientific 

method, is not required by mathematicians to achieve the 
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purposes of their science. While it might offer useful 

insights into certain problems or branches of mathematics, 

they may choose to use it or not. It is a different matter, 

however, when mathematical reasoning becomes the object of 

study by a logician. Those who suppose that Peirce was 

involved in a contradiction have a narrower conception of 

logic than he had; and, further, they confuse an appeal to 

logic b^ mathematics with an analysis o^ mathematics by 

semiotic. Peirce's semiotic is an account of reasoning, a 

theory of method. He used the mathematical method to develop 

his semiotic. As a scientist he knew that this theory itself 

must be tested by trying it out on reasoning. For this 

purpose he would frequently return to problems in 

mathematics. Fisch may also be wrong in thinking that 

mathematics presupposes semiotic. Although I cannot argue 

the point further here, for Peirce, the reverse was the case 

(see 2.227) . 
^ I 

Peirce concluded that all necessary reasoning whether it 

is good or bad, is of the nature of mathematical reasoning 

(5.147). The necessary reasoning of mathematics is 

essentially deductive and "although Abductive and Inductive 

reasoning is not reducible to Deductive . . . nor deductive 

reasoning to either of them, yet the rationale of Abduction 

and Induction must itself be Deductive . . . . But if this be 

so, to state wherein the validity of mathematical reasoning 
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consists is to state the ultimate ground on which any 

reasoning must rest" (MS 318:50). We will now examine the 

procedure which Peirce believed assured mathematical 

reasoning its validity and, therefore, should be the ground 

for all reasoning. 

One of the most intriguing aspects of mathematics for 

Peirce was "how it could be that, on the one hand, 

mathematics is purely deductive in its nature, and draws its 

conclusions apodictically, while on the other hand, it 

presents as rich and apparently unending a series of 

surprising discoveries as any observational science" (3.364). 

The answer Peirce offered for the potentially infinite number 

of unexpected discoveries in mathematics involves the role of 

observation in all deductive reasoning. "Logical truth is 

grounded upon a sort of observation of the same kind as that 

upon which mathematics is grounded. For these reasons, it is 

desirable at once to examine the nature of the mathematical 

procedure pretty thoroughly" (2.79). One of the best 

discussions of this is found in his 1905 article for The 

Monist, "Prolegomena to an Apology for Pragmaticism." 

Although this can be found in the Collected Papers 

(4.530-572), there are a number of important variant pages in 

other drafts of this paper which should be read for 

additional insights (cf. MSS 292; 292b; and 293). 
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We agree that observation obviously plays a significant 

role in the special sciences. For example, we know that a 

chemist performs experiments on a particular substance and 

observes the results. But how the observational umbrella can 

be claimed to stretch over all deductive reasoning needs to 

be explained. On the surface it would seem that the 

chemist's experiments are very different from what the 

mathematician or logician does. In the first place, one 

might argue, the chemist is experimenting on something. On 

what does the mathematician experiment? Diagrams, Peirce 

would respond; diagrams "by means of which any course of 

thought can be represented with exactitude" (4.530). The 

next question may be, "But why do that, when the thought 

itself is present to us?" (ibid.). It was brought out in an 

earlier discussion that the thought itself is not present in 

an immediate sense, but only through further signs. But why 

aren't these sufficient, why do we need diagrams to represent 

our own process of reasoning? For the same reason that a 

general needs maps during a campaign even though the country 

they represent is right there. In order to plan out his 

strategies, a general marks on the maps the positions of the 

two armies and anticipates what changes will take place. 

This is precisely the advantage of diagrams for the 

mathematician. By constructing diagrams mathematicians can 

perform experiments on them and observe how these affect the 
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relations of different significant parts of the diagrams to 

one another. 

Thinking back to the chemist and his experiments in the 

laboratory, one might further object that experiments on 

diagrams are not the same kind of thing because they have no 

physical connection with the things they represent. Peirce 

rejoined that, while the chemist's experiment are on a 

particular sample, it is the molecular structure that he is 

investigating. The chemist assumes that all samples of the 

same molecular structure will react chemically in exactly the 

same way. This is also true of the mathematician's 

experiments on diagrams. The object of investigation is the 

form of a relation. 

Though a synthetic inference cannot by 
any means be reduced to deduction, yet 
that the rule of induction will hold good 
in the long run may be deduced from the 
principle that reality is only the object 
of the final opinion to which sufficient 
investigation would lead. That belief 
gradually tends to fix itself under the 
influence of inquiry is, indeed, one of 
the facts with which logic sets out 
(2.593). 

The line of Peirce's reasoning is the following: first, 

all necessary reasoning is of the nature of mathematical 

reasoning; second, all mathematical reasoning is 

diagrammatic; third, all necessary reasoning is diagrammatic; 

fourth, in mathematics there are two kinds of deduction — 

corollarial and theorematic reasoning; fifth, in the latter 
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is found not only the procedure for mathematical reasoning, 

but the steps for a scientific method and the basis for the 

claim that the assurance furnished by all other reasoning 

must be based on necessary reasoning. 

One of the keys to following these propositions is 

understanding what Peirce meant by a diagram. Peirce used 

the term "diagram" in a "wider sense than is usual" (MS 293; 

NEM 4:315). It was for him analogous to the perceptual 

models used by scientists for the purposes of discovery and 

explanation. Mathematics, as Peirce conceived of that 

science, is a gigantic modeling enterprise whereby conceptual 

relations are understood through the aid of perceptual images 

(3.555). As we shall see in the survey which follows, 

Peirce's analysis of mathematical reasoning led him to 

conclude that all knowledge begins with perception and 

depends upon observation and experimentation. In the 

discussion of Thirdness the point was made that an object is 

uncognizable as a particular and can be understood only as a 

generality, a kind of thing. This means that the object is 

ultimately known as a conception or general idea rather than 

as something given in an immediate perception of a particular 

instance. The function of scientific models and diagrams is 

to present a visual approximation of the form of the 

conceptual relations so that they can be observed, 

experimented upon, and the nature of the relation can be 

conceived. 

/ 
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For example, Euler's diagrams are a spatial analogue or 

model of the conceptual relations of an argument. The 

perceptual relations are constructed to parallel the 

conceptual relations. His diagrams are something you can 

observe and experiment upon in order to understand the 

relations in an argument. The argument itself is conceptual 

and therefore unseen, but through the diagrams which you can 

see, you are enabled to understand relations which can only 

be conceived. We study relations in the world of conceiving 

through relations in the world of perceiving; the abstract is 

regarded-in concrete form (1.383). 

While this defines the reason for constructing models or 

diagrams, it does not explain what enables the diagram to 

perform this function. In chapter three inquiry was 

described as a process which progresses through the mediation 

of representations to the real object, which is the object as 

it would be completely revealed in the final opinion. The 

individual experiences are signs of the object from which we 

generalize to a conception of that general object. Our first 

conceptions are vague and indefinite, but become increasingly 

refined and determinate. A diagram is a concrete object 

constructed as a sign to represent and render intelligible 

the form of relations in the general object. Peirce used the 

terms "token" or "sinsign" to denote the concrete object 

which functions as a sign and "type" or "legisign" to refer 

to the general conception. 
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Peirce arrived at these distinctions by applying the 

categories to representations according to their mode of 

being. A sign considered in terms of its properties of 

Firstness or intrinsic qualities is a qualisign. A sign 

regarded in terms of its properties of Secondness as an 

actually occurring existent thing or event is a token or 

sinsign. A type or legisign embodies the properties of 

Thirdness and is a law or a general (that which is referred 

to by some as a "universal"). As such it is not a single 

thing or event, but it governs things that do exist. 

Although the diagram functions as a sinsign, it is a general 

sign because it denotes a general object. Therefore, its 

purpose presupposes Thirdness, but Thirdness is also 

presupposed in every representation relation. Of course, its 

dyadic properties also presuppose the monadic qualities of 

Firstness. To make this clearer, simply consider the word 

"the." The letters have their particular shape or form which 

is Firstness, but there is only one word "the" in the English 

language. It is a general term which governs particular 

instances of its use and therefore, it is a legisign 

embodying the properties of Thirdness. Like all general 

conceptions, it cannot be seen or heard except as it is made 

concrete in a sinsign or token. The word "the" probably 

appears twenty times on this page. Each occurrence is a 

sinsign, an actualization of the legisign. 
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A diagram in mathematics is constructed to represent a 

purpose or intention which is always general and thereby a 

legisign (cf. 2.243-45; 4.537), but it also represents a 

definite form of relations which is a type of legisign. If 

you pick up a mathematics book, you might find that you are 

instructed to make a diagram according to a description which 

is given in general terms. The words used to describe that 

relation are also signs of that general object, but your 

diagram is a visual image (either one you actually put on 

paper or have in your imagination). The diagram you 

construct and observe is a single instance; but you 

constructed it with the intention of denoting the general 

object, the definite form of the relation. 

One can contemplate the Diagram and 
perceive that it has certain features 
which would always belong to it however 
its insignificant features might be 
changed. What is true of the geometrical 
diagram drawn on paper would be equally 
true of the same Diagram when put on the 
blackboard. The assurance is the same as 
that of any description of what we see 
before our eyes (MS 293; NEM 4:317). 

As a sign the diagram represents the form of an 

intelligible relation by modelling its object in virtue of 

its resemblance to it. It is the kind of sign Peirce called 

an icon. The division of signs according to their relations 

to their objects is again based upon the categories. Signs 

are either icons, which refer to their objects by sharing or 
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modelling the same monadic property; or indices, which 

indicate their objects through dyadic relations; or symbols, 

which represent their objects simply because they will be 

interpreted to refer to their objects. 

An icon functions solely by exhibiting some quality 

which resembles, or is similar to, a property of its object. 

It would have these characteristics even though there were no 

object that it resembled and even though it were never 

interpreted as a sign. It has some quality which renders it 

fit to be a sign of a similar object. Although it was not 

mentioned in the discussion of the representational nature of 

thought, the signs which contribute to the continuity of 

thought are iconic signs. Just as a mathematical continuum 

is not comprised of unattached points, so the continuum of 

thought is not made up of detached ideas. Ideas, which are 

indeterminate to some degree, bond with other iconic ideas. 

Through their resemblance to things which are familiar to us, 

iconic signs bring our past memories to the surface of 

consciousness where they can form new associations. 

I say that the whole law of mind, in the 
department of science, of art, and of 
practical life, -- whether it be what we 
call knowing, or emotion, or reaction 
with the world, consists in this that 
ideas connect themselves with iconical 
ideas, so as to make up sets (MS1008; NEM 
4:xxi). 
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A pure icon is a qualisign and, as such, it can neither 

attest to the existence of its object or relate that object 

to other objects. It can represent its object only as a 

possible object. However, a sign may be iconic if it is a 

sinsign or a legisign which embodies an icon, and in this way 

it can serve to excite familiar images, reminiscences of 

sights, sounds, tastes, smells, or other sensations through 

the similarity of its form or character to that of its 

object. The nature of iconic signs is such that they can be 

"so completely substituted for their objects as to be hardly 

indistinguishable from them" (3.352). 

Peirce referred to substantive iconic signs by the term 

hypoicon. By again applying the categories, he distinguished 

three different ways hypoicons could be experienced: 

Hypoicons may be roughly divided 
according to the mode of Firstness of 
which they partake. Those which partake 
of simply qualities, or First 
Firstnesses, are images; those which 
represent the relations, mainly dyadic, 
or so regarded, of the parts of one thing 
by analogous relations in their own 
parts, are diagrams; those which 
represent the representative character of 
a representamen by representing a 
parallelism in something else, are 
metaphors (2.277). 

An idea originates either from "an image of the idea 

signified, or a reminiscence of some individual occurrence, 

person, or thing, connected with its meaning, or is a 

metaphor" (2.222). In this discussion we will be concerned 
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primarily with those hypoicons which Peirce categorized as 

diagrams. However, "diagrams" should be conceived as 

including any material image which represents the relations 

of the parts of one thing by analogous relations in its own 

parts. For example, hypoicons include maps which represent 

the relations of a certain territory, perceptual models used 

by scientists, or diagrams which represent the form of 

mathematical relations. The analogy between mathematical 

diagrams and those we might construct to represent and study 

the form of the relations in works of art will be discussed 

in chapter five; but, in agreement with Peirce (2.276), I 

would suggest as a hypothesis for future investigation that 

hypoicons are also the form of the relations in a work of 

art. My hypothesis would be that an analogy could be drawn 

between mathematicians' diagrams, scientists' models; and 

artists' creations. Works of art are space and color 

analogues (models of relations or perceptual diagrams) 

constructed by artists to explore conceptual or unseen 

relations, abstractions of their experiences. Artists help 

us to conceive of those relations by giving us something 

concrete to perceive. The merit of pursuing this line of 

thought seems to gain support from Rudolf Arnhiem in the 

chapter entitled "Models for Theory" in his book Visual 

Thinking. "The scientist, like the artist, interprets the 

world around him by making images." It also seems to be 

implicit in Reid Hastie's definition of the artistic process 
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The artist looks at his world deeply and 
sensitively, and he abstracts, or takes 
out, from this seeing of his world that 
which he feels is important (the essence, 
meaning, and significance it has for 
him). Then, through the tools of his 
craft, he gives concrete physical form to 
his perceptive vision so that others can 
take out — see, feel, and understand --
that which he has formed . 

It appears plausible that, as with scientific models and 

logical or mathematical diagrams, the form of the relations 

in a work of art are also hypoicons and it is through their 

mediation that the qualities of the conceptual object they 

represent can be experienced. 

. So in contemplating a painting, 
there is a moment when we lose 
consciousness that it is not the thing, 
the distinction of the real and the copy 
disappears, and it is for the moment a 
pure dream — not any particular 
existence, and yet not general. At that 
moment we are contemplating an icon 
(3.353). 

The resemblance does not have to be a "naturalistic" 

one, it need only be an analogy between the relations of the 

parts of each. This seems to be the case in works of art 

such as Mondrian's Broadway Boogie Woogie where only the grid 

and bright colors suggest a likeness to the city, or the 

hypoicons which enable us to experience the mythic dimension 

of Picasso's Guernica. However intriguing these conjectures 

may be, it is from the observer's perspective rather than the 

artist's that we will consider works of art. For the 
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foundation of an interpretational theory we must return to 

the diagrammatic aspect of mathematical reasoning. 

I have mentioned only visual diagrams, but, as is the 

case with other iconic signs, it is possible for diagrams to 

be tactile, olfactory, or acoustic. However, Peirce 

preferred to work with optical diagrams (L224; NEM 3/2:859) 

because "the visual sort of thinking is by far the most 

perspicuous, and powerful. That is to say it gives us facile 

mastery of far more complicated forms of connection" (MS 

1008; NEM 4:xxi). It is the iconic aspect of diagrams which 

makes modeling of these connections possible. Their utility 

is evidenced in geometrical figures and algebraic formulae, 

but they are essential to all thinking (MS 142; NEM 4:xxi). 

While iconic signs represent their object through 

resemblance, they are incomplete because they can neither 

denote a particular object or force themselves upon the 

attention of the observer. For this they must rely on 

indices and symbols. As with other qualities of Firstness, 

they cannot be experienced in isolation. Unlike the icon, it 

does not refer to its object because of any significant 

resemblance. It refers to its object because it is in 

"dynamical connection both with the individual object, on the 

one hand, and with the senses or memory of the person for 

whom it serves as a sign, on the other hand" (CSP in 

Baldwin's Dictionary 1:531). For instance, if I shout at 

you, "there is a fire!" And you ask, "Where?" I must resort 



189 

to an index to give you the information you need. If I point 

my finger at the fire, my finger is dynamically connected 

with the fire and it has the effect of directing your 

attention to it in such a way that you recognize that I have 

answered your question. Smoke is also an index of a fire, 

just as a weather vane points to the direction the wind is 

blowing. Indices are not limited to objects of experience, 

however. They are indispensable in mathematical diagrams. 

Although mathematicians' diagrams are ideal creations, they 

have a certain degree of fixity and quasi-reality and so can 

be observed (ibid., 1:532). Indices perform the function 

here of catching our eyes and insistently directing them to a 

particular object by means of the letters on a geometrical 

diagram or the subscript numbers in an algebraic formula 

(3.351). 

An indexical sign directs us to particular features of 

the object, but it conveys information about that object only 

to the extent that it incorporates an icon or is embedded in 

a symbol. Let us use a photograph of my house in 

Philadelphia to illustrate this point. I grew up in a row 

house which, to a stranger, would look very much like every 

other house in the neighborhood. What would make a 

photograph of my house an actual representation of it? It 

could not be only through similarity of appearance since 

there are hundreds of houses in the vicinity which resemble 

it. The photograph is an indexical sign because the film 
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would be forced to receive an image of this particular house; 

there was a reaction or dyadic causal relationship between 

the house and the film. Nevertheless, without an icon to 

recall the past images I associate with the house, the 

photograph could not serve to convey that it is a sign of my 

house. 

Christo's Running Fence and Smithson"s Spiral Jetty were 

also indexical signs in that there was a real connection 

between them and the landforms. If they had been merely 

indexical signs, they would have been like a weather vane 

which can draw our attention to the direction of the wind but 

cannot tell us about the nature of wind itself. They were 

indexical signs which drew observers' attention to the events 

and the acts of creating art, but they incorporated icons so 

that ideational associations could be made. 

The third kind of sign found in diagrammatic reasoning 

is the symbol. It is related to its object in consequence of 

a mental association and depends upon a habit or effective 

general rule that it will be interpreted as representing its 

object. As such symbols are, for the most part, conventional 

or arbitrary, like the words on this page. For example, 

consider the word "man." Unlike an iconic sign, the three 

letters do not resemble a man. Unlike an index, there is no 

existential connection with any man. The nature of the 

symbol consists in the working general rule that three such 

marks of ink will influence the thought of a person who knows 
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English (4.447). The representative function of a sign lies 

neither in its material quality nor in its physical 

connection with its object, but in that which it is to a 

thought (5.287). The value of a symbol is that it serves to 

make thought and conduct rational by providing the generality 

essential to reason. Through them we are able to form 

abstractions, generalize, and make predictions about the 

future (4.448). 

Just as the photograph of my house was an index that 

incorporated an icon in it, so a symbol may have an icon or 

index embedded in it. Its interpretation may require an 

index to refer it to some actual occurrence, person, or thing 

connected with its meaning or an icon to call up an image of 

past experiences or associations with the idea signified 

(2.222). Symbols mediate or bring together indices and icons 

(the matter and form of their object). By establishing the 

"correctedness," symbols have the potential to represent 

their object in its wholeness to thought. Its power as a 

sign to represent its object is that it will be interpreted 

and, as such, it is always conditionally directed toward the 

future. 

The important role of iconic signs for reasoning bears 

repeating. According to Peirce, any proposition can be 

expressed using only indices and symbols, "but it cannot be 

reasoned upon, for reasoning consists in the observation that 

where certain relations subsist certain others are found, and 
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it accordingly requires the exhibition of the relations 

reasoned with an icon" (3.353). 

The roles of indices and especially icons are 

particularly important to the dynamical property of the 

diagram. Peirce held that, because mathematical reasoning 

deals with hypothetical states of things, it does not involve 

the contingencies of factual situations. Nevertheless, it 

should be remembered that, for Peirce, experience is 

essentially observation. What he described as the "action of 

the diagram" has the same percussive action on the observer 

that any other experience has. It does not stimulate any 

immediate counter-action or expectation, but it does "excite 

curiosity as to the effect of a transformation of it" (MS 

293; NEM 4:317). 

It has been necessary to abbreviate this introduction to 

Peirce's conception of a diagram and the kinds of signs 

involved, but hopefully it will provide sufficient background 

to understand their role in the procedure of mathematical 

reasoning. For Peirce, the analysis of diagrammatic 

reasoning led to two important conclusions. First, he 

thought this supported his notion that even mathematical 

knowledge comes from observation and experiment. Secondly, he 

thought it would help him to find an explanation for the 

"apparently unending series of surprising discoveries" in 

mathematics. To see how he arrived at this we must examine 
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how diagrammatic reasoning fits within his conception of 

mathematical demonstration. 

In defining "demonstration" Peirce typically returned to 

the Latin roots of the word. It is a compound of de meaning 

"thoroughly," and monstrare which retains the two ideas of 

"causing to look" and "causing to reflect" (MS 155; NEM 

2:30). Here, as in the description of icons and indices, it 

is the element of observation that is continually stressed. 

In a letter to his brother James Mills regarding the 

manuscripts for a mathematics textbook Peirce wrote, 

I don't teach that geometrical 
"demonstrations" prove anything. Having 
made an initial hypothesis they serve to 
keep the hypothesis consistent. But 
whether it is true or not would have to 
be ascertained by special observation 
(NEM 2:xv). 

Peirce complained elsewhere that many teachers did not 

understand the real nature of mathematical demonstration 

either and, therefore, could not instruct their pupils (MS 

748; NEM 4:xiv-xv). 

In the third chapter of "Minute Logic," entitled "The 

Simplest Mathematics" (4.227ff), Peirce distinguished between 

"direct" demonstrations or a "demonstration v;hy" and indirect 

demonstrations or "demonstrations that" (4.233). This 

distinction marks his discovery that there are two kinds of 

necessary reasoning -- corollarial and theorematic. These 

are sometimes called explicatory and ampliative reasoning. 
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although Peirce usually used the former designation to avoid 

some misunderstandings associated with "ampliative" and to 

indicate that one kind of reasoning produced the corollaries 

affixed to the propositions of Euclid, while another was 

required in all the major theorems. Peirce frequently 

mentioned Friedrick Albert Lange as being one of the few 

logicians who saw this distinction, but Lange had restricted 

the means of tracing the consequences too narrowly (cf. 

4.531; 2.75; and MS 593; NEM 4:211). It was Peirce who 

recognized their implications for mathematics and expanded 

theorematic reasoning into a procedure for mathematical and 

logical inquiry. He considered this development of 

theorematic reasoning to be one of his most important 

contributions to logic (L224; NEM 3/2:859, 873). 

Corollarial reasoning employs only general concepts and 

concludes nothing but what would be an item of a definition 

if all its terms were themselves distinctly defined. 

Inferences can be drawn about the relations between the parts 

without making any changes in the image, but all the 

consequences not readily seen can only be discovered or 

proved after making changes in the image. This requires the 

move to theorematic reasoning (MS 593; NEM 4:214-215). 

Theorematic reasoning depends upon experimentation on a 

specially constructed schema. When a schema is drawn to 

conform to the hypothetical description in the thesis, the 

assertion of the theorem is not evidently true and cannot be 
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rendered evident by corollarial reasoning. Thinking in 

general terms is not enough; it is necessary to conduct 

experiments on the image and call on the faculty of 

observation (4.233). In each case the procedure consists of 

the following steps: 

State the hypothesis in general 
terms. 

Construct a diagram. A diagram or 
visual image is constructed so as to 
embody in iconic form the hypothesis 
set forth in the thesis of the 
theorem. In geometry this is a 
figure composed of lines with 
letters attached; in algebra, this 
is an array of letters of which some 
are repeated; in a graph there is a 
mixture of both. 

Perform experiment(s). Observation 
of the relations between some of the 
parts of the diagram suggests that 
the sort of information sought may 
be discovered by modifying the 
diagram in a certain way. This is 
tested by performing various 
experiments upon the diagram. In 
geometry, subsidiary lines are 
drawn. In algebra, permissible 
transformations are made. 

Observe results of experiment(s). 
This is genuine experiential 
observation, even though the diagram 
exists only in the imagination; for 
after it has been created it cannot 
be other than what it is. It is, 
therefore, just as real an object as 
if drawn on paper. The new 
relations between the parts of the 
diagram not mentioned in the precept 
are observed and represented in 
general language. 
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5. Repeat experiment(s) or compare to 
many others which have been repeated 
with unvarying results to infer 
inductively, with a degree of 
probability amounting to certainty, 
that every diagram constructed 
according to the same precept would 
present the same relation of parts 
which has been observed in the 
diagram experimented upon. 

5. State the matter in general terms. 
(cf. MS 15; NEM 4:275-275; MS 1147; 
NEM 3/1:749-50; 4.233). 

Although observation is an essential element of 

theorematic reasoning, it is found in corollarial reasoning 

as well. As noted before, with very simple syllogisms 

reasoners may draw the conclusion without realizing they have 

resorted to an observational step in their inferential 

process. By extending the observational element to all acts 

of inference, Peirce was rejecting a machine-like conception 

of mathematical reasoning. Before the logic of relatives, he 

and other logicians had perceived deductive inference to be 

simply the following out of a rigid rule, so that presumably 

machines could be constructed to draw the necessary 

conclusions. Peirce's work with relative logic and 

diagrammatic reasoning made it clear to him that such a 

deterministic position was untenable. The logic of relatives 

had shown that not one, but an endless series of conclusions 

can be deduced from given premises, even when the number of 

times that each is to be used is fixed (MS 831:8). In the 

first place, "all deductive reasoning, except that kind which 
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is so childishly simple that acute minds have doubted whether 

there was any reasoning there — I mean non-relative 

syllogism — requires an act of choice; because from a given 

premiss, several conclusions -- in some cases an infinite 

number — can be drawn" (5.595). Furthermore, a machine 

cannot perform even the simplest inference until the premises 

have been prepared for it by the exercise of observation (MS 

591; NEM 4:10). Although a "reasoning machine" may be a 

useful aid in reasoning, its most serious defect has been 

mentioned before. If a machine works according to a fixed 

principle involved in its design, it may correctly work out 

every possible conclusion from the premises, but the machine 

itself affords no assurance that the conclusions are correct. 

This assurance can come only from critical examination and 

the machine cannot improve its own defects or correct itself 

unless it is possible to construct a machine which is both 

self-critical and self-corrective (MS 831:11-12). 

It is in the process of theorematic reasoning that the 

notion of reasoning as machine-like is soundly defeated. 

While deduction is a distinct form of reasoning, in that it 

does not deal with the contingencies of factual experience 

but with whether or not a hypothetical state of things can be 

imagined, its procedure involves abduction and something very 

similar to induction (2.778). The formulation of hypotheses, 

performance of systematic experiments, and careful 

observation of results are analogous to the reasoning process 
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in any observational science. "Whatever is 'evident,' or 

'plain, ' or 'manifest, ' is so only to observation of it" (MS 

593; NEM 4:214). 

Peirce did not confound mathematics with inductive 

sciences, but he found in its procedure the pattern for the 

scientific reasoning process. Involving the experimental 

testing of a theory, mathematics is performed with inductive 

certainty (MS 303; NEM 4:158). Of course, the conclusions 

reached are very definitely general and, except for 

inferential mistakes, infallible which is more than can be 

said for inductive reasoning. "By experimentation upon some 

diagram an experimental proof can be obtained of every 

necessary conclusion from any given Copulate of Premisses, 

but, what is more, no 'necessary' conclusion is any more 

apodictic than inductive reasoning becomes from the moment 

when experimentation can be multiplied ad libitum at no more 

cost than a summons before the imagination" (4.531). Which 

is to say that the economy of research and the ratio of 

probability could be improved if those who reason inductively 

made greater use of diagrammatic analysis. "The validity of 

induction consists in the fact that it proceeds according to 

a method which though it may give provisional results that 

are incorrect will yet, if steadily pursued correct any such 

error" (MS 293; NEM 4:319). The degree of certainty which 

can be attached to the conclusions from inductive reasoning 

consists merely in knowing that the procedure followed has 
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the potential for leading to true conclusions. Although 

induction cannot be reduced to deduction, the rule that 

induction will hold good in the long run may be deduced from 

the principle that reality is only the object of the final 

opinion to which sufficient self-correcting investigation 

would lead (2.593). 

The dependency of all reasoning on mathematical or 

necessary reasoning turns on seeing how necessary reasoning 

entrains its consequences, how it makes its conclusions 

evident. To see this, every step of such an argumentation 

must be represented. This is the value of the diagrams and 

more specifically Peirce's system of existential graphs. The 

process of such reasoning is not a passive or static one; it 

is active or dynamical by nature. The initial diagram 

impacts on the interpreter, it creates a state of activity 

infused with curiosity that leads to experimentation. The 

modes of transformation are recognized as permissible from 

prior inductions, previous experimentations. The choice of 

actual transformations performed are determined by the 

purpose which first prompted the construction of the diagram. 

In the new diagram, or more usually in passing from the 

original diagram to the one which has been transformed, the 

evidence is attained to support the conclusions. This 

evidence is a part of every conclusion. It is something 

which can be seen; it is a perceptual judgment (MS 303; NEM 

4:317-19). This leads Peirce to conclude that a perceptual 
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fact involves generality and continuity. It is this which 

supplies further basis for the dependency of all reasoning on 

necessary or mathematical reasoning (5.148-50) and the claim 

that all knowledge comes from observation. This combination 

of experimentation and observation within theorematic 

reasoning is essential for the method of science within his 

conception of semiotic. This process accounts for 

"surprising discoveries" in mathematics, while his notion of 

the continuum insures their generality and infinite number. 

Critics of Peirce object that the priority of 

mathematics over logic committed him to an appeal to an 
9 

intuitive criterion of demonstration . I must admit that 

when I first read passages where Peirce used the expression 

"mathematical intuition" I too reacted negatively on general 

philosophical grounds, but it also seemed to be inconsistent 

with his earlier rejection of any faculty of intuition (P 25, 

P 27). More careful investigation has assured me, however, 

that Peirce is not using the term in the same epistemic sense 

as did Descartes and other philosophers who assumed an 

infallible faculty of intuition. In his discussion of the 

word for The Century Dictionary (4:3155-3167) he noted that 

the term has been used ambiguously, but its original and 

proper meaning denotes visual perception from the Latin 

Intueri, "to look at." This is confirmed further in a 

contribution to The Nation where he quoted first from the 

definition he had written for The Century Dictionary: 
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"The act of inference consists 
psychologically in constructing in the 
imagination a sort of diagram or skeleton 
image of the essentials of the state of 
things represented in the premises, in 
which, by mental manipulation and 
contemplation, relations which had not 
been noticed in constructing it are 
discovered." This recognizes an 
intuitive or perceptive element as an 
important part of reasoning itself — a 
doctrine which results from the study of 
the logic of relatives, where the 
perceptive element comes into great 
prominence . . . . The mathematician 
usually sees a thing dimly before he sees 
it clearly. But between the processes of 
coming to see a mathematical truth as 
probable, and coming to see it as 
evident, there is no radical difference. 
It is all reasoning, and, as such, it is 
an act of perception — or, rather, of 
experiment, followed by observation (N 
1:149). 

It is clear from this reference and numerous others (compare, 

for instance, 2.77 where he discussed Lange's description of 

intuition as referring to Euler's diagrams, whereas Peirce 

thought other diagrams, presumably his system of graphs, were 

preferable) that what Peirce meant by mathematical intuition 

as the source of mathematical truth was the very procedure of 

diagrammatic experimentation and observation delineated in 

the process of theorematic reasoning. In fact, in his paper 

"On the Logic of Quantity" Peirce rejected Leibniz's 

conclusion that deductive reasoning is performed 

symbolically, without any aid from "intuition," that is, from 

icons. 
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But the truth of the matter is that in 
such reasoning the icon is the most vital 
element. For such reasoning always 
consists in stating a complex relation 
and then observing that that relation 
involves another relation, which is said 
to be inferred, concluded, or deduced (MS 
15:18). 

The point is made even more directly in a review of a book by 

Felix Klein. Peirce observed approvingly that Klein "again 

dwells, as he had already done, upon the importance of 

attentive intuition -- in other words, of the observation of 

diagrams and the like -- as an essential element of 

mathematical reasoning" (N 2:105). 

By intuition Peirce seemed to have meant the process or 

movement of fallible scientific thought seen at its best in 

mathematics. It is not a faculty, nor is it infallible. It 

is, indeed, the scientific method (that is, retroduction, 

deduction, and induction) which proceeds in a certain 

sequence through diagrams. As Stephen Levy's research 

indicates, the sense in which Peirce referred to mathematical 

intuition should not be confused with the mathematical 

intuitionism associated with Brouwer. For Peirce, it was 

the process by which we are enabled tQ directly conceive the 

relations through the perception of models or diagrams. 

Theorematic reasoning included another important 

element. He found that "the most effective kind of 

theorematic demonstration always involved the long despised 

operation of abstraction" (L75; NEM 4:55). "Theorematic 
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reasoning . . . works by abstraction; and derives its power 

from abstraction" (MS 591; NEM 4:11). In MS 798, portions of 

which may be found at 2.227-29 and 2.444nl, Peirce described 

the process of abstraction as a "sort of observation" and 

referred to the technique as "abstractive observation." From 

the description of abstractive observation Peirce presented 

in 2.227, it becomes clear that abstraction is another form 

of "learning by experience," or we could substitute "learning 

by observation and experimentation" because the two 

expressions would have meant essentially the same thing to 

Peirce. The process is again one wherein a conception is 

directly conceived through the observation of perceptual 

diagrams. In this case one makes an outline sketch or 

"skeletal diagram" in the imagination (but, of course, this 

could also be drawn on paper), and considers what 

modifications of the diagram are required by the hypothetical 

state of things. One then examines or observes the diagram 

(even though it may be only in one's imagination). Through 

this procedure that which is conceived is made observable so 

that the relations can be examined and a new conception of 

these relations can be formed. For Peirce it was clear that 

the process of abstraction "is at the bottom very much like 

mathematical reasoning" (2.227). Abstraction is like an 

experiment and hence closely connected to Peirce's pragmatic 

maxim — if you do "x", you will observe "y" (the 

consequence) regularly following. 
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Peirce discerned that abstraction has two distinct 

forms -- "prescissive" and "hypostatic." Prescissive 

abstraction or "prescission" is the operation by which we pay 

attention to one feature of a percept without regard for 

whatever other elements the percept may have. He concluded 

that it is involved in the most ordinary facts of perception 

as in our judgment that "it is light" or "honey is sweet" 

(4.235). This form of abstraction enables us to observe 

particular relations in a diagram by first considering the 

diagram as a whole and then focusing on one part. By making 

the other parts of the diagram fade from one's perception in 

this subtractive process, one exerts the requisite element of 

self-control. In prescissive abstraction one is predicting 

that if one does "x" (focuses attention on one part of the 

diagram), one would regularly see "y" (a particular relation 

would stand out). For Peirce, the predictions of prescissive 

and hypostatic abstraction required intersubjectivity; that 

is, scientific or objective thinkers would not be satisfied 

with their findings until they had been tested by others. 

Therefore, they would make their results known which assumes 

that the entire process must be both public and repeatable. 

This is the case for all observational sciences including 

mathematics. 

Hypostatic abstraction is the logical step which takes 

over after the operation of prescission has been performed. 

It is the procedure which transforms "honey is sweet" into 
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"honey possesses sweetness" by introducing an abstract noun 

(or more properly, a noun substantive) in the place of the 

concrete predicate. To show this was not a mere 

transformation of language that had no explanatory power, 

Peirce frequently chose precisely the example which had been 

used to illustrate the vacuousness of abstraction (cf. 4.234; 

MS 591; NEM 4:11; MS 303; NEM 4:150-152). In Moliere's 

satire Malade Imaginaire the question is asked, "Why does 

opium put people to sleep?" The response is, "Opium has a 

dormitive virtue." The story was invented to show how little 

there might be in an abstraction; nevertheless, the answer 

does assert that there really is something about opium which 

explains it putting people to sleep under certain conditions. 

The statement that opium puts people to sleep can be 

understood to be an induction from a number of experiments 

where it is observed that administration of a specified 

dosage of opium is followed by a state of drowsiness or 

sleep. However, this is nothing more than a generalization 

made possible by prescissive abstraction and does not make 

the connection that something in opium must explain the facts 

observed. The transformation of the predicate, "puts people 

to sleep," into a subject, "dormitive virtue," makes the form 

of the relation of the different events something to be 

operated on later. 

In hypostatic abstraction that which is observed is 

actually a process that has a result. When the result is 
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observed, the process itself becomes the object of further 

experijnentation and observation. In an analysis the process 

or operations become themselves the subject of further 

operations (5.152). For example, if you perform an 

experiment on a diagram, the characters of the 

transformations of that diagram are made the subject of 

experimentation in another diagram. You are predicting that 

if one performs an experiment on a diagram, one will see a 

certain result regularly follow. This is followed by the 

second stage of the prediction wherein you predict that if 

one makes the first stage or process the subject of another 

diagram, one can perform experiments on it with regular 

results. It is the operation by which somthing we have 

regularly seen exhibited becomes the subject of thought 

through a perceptual model. 

I have concluded that the reason hypostatic abstraction 

has such great value and is crucially relevant to Peirce's 

pragmaticistic theory of reasoning is that it makes possible 

the essential elements of self-criticism and self-control 

over one's thoughts. It does this by making a 

process — that which takes place in time and therefore can 

only be conceived — something concrete and perceivable and 

thereby subject to experimentation and observation. "The 

intellectual control of thinking takes place by thinking 

about thought" (5.534). In order to control our thinking we 

must have the means to transform the signs through which 
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thinking takes place into the subject of thought. Through 

hypostatic abstraction the predicates, or signs through which 

thinking progresses, are turned into the subject of 

subsequent thought. Since, according to Peirce, all 

knowledge depends upon observation and experimentation, 

hypostatic abstraction provides the necessary perceptual 

model of thought. Through successive repetitions it becomes 

possible to exercise control over one's habits of control. 

In this way habits which fail to produce desirable results 

can be broken. It is the key to self-control over future 

conduct which includes the how and what we think. 

Hypostatic abstraction is an essential part of almost 

every really helpful step in mathematical reasoning. Without 

hypostatic abstraction "the mathematician would be shut off 

from operations upon lines, surfaces, differentials, 

functions, operations, -- and even from the consideration of 

cardinal numbers" (L75; NEM 4:55). 

A particle is somewhere quite definitely. 
It is by abstraction that the 
mathematician conceives that particle as 
occupying a point. The mere place is now 
made a subject of thought. The particle 
moves; and it is by abstraction that the 
geometer conceives it as describing a 
line. This line which, like the 
soporific virtue of opium, is merely a 
fact turned into a substantive, is 
regarded as so substantial that we talk 
of the line as moving, and as generating 
a surface, which is a new abstraction; 
and even the surface is made to move (MS 
591; NEM 4:11). 
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The essential methodological tools of mathematical 

reasoning (not to be confused with the procedural sequence) 

are identified as being: 

1. The construction of a diagram as a 
token or sinsign of its type or 
legisign. 

2. Icons, indices, and symbols 
functioning to represent the form of 
the relation in a diagram. 

3. Corollarial deduction (or 
demonstration) where the conclusion 
can be drawn by simply observing the 
relations in a diagram without 
introducing changes. 

4. Theorematic deduction where 
experiments must be conducted and 
the results observed before 
conclusions can be drawn. 

5. Prescissive and hypostatic 
abstraction. 

5. Intuition. 

The key word which all of these elements have in common is 

"observation." Therefore, we should expect to find that this 

procedure (which progresses by the means of corollarial or 

theorematic demonstration which, in turn, involves the 

operation of abstraction, and concludes with intuition) is an 

inferential process by which observation of a token leads to 

observation of a type. That is, through observation and 

experimentation on a particular diagram (or token), there is 

in the process the potential for gaining knowledge of a type 

(a general, or universal), for revealing the general nature 
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of the relations of which the concrete diagram is a 

representation or instance. 

To see if this is the case, let us now see how 

hypostatic abstraction connects with theorematic reasoning 

and intuition. I think this can best be done by combining 

the insights from two references which you may wish to study 

for yourself within their full context. The first appears in 

"A Guess at the Riddle" (1.333) and the second in a 

contribution to The Nation (N 1:73). The geometer draws a 

diagram; in order to do so the hypothesis (which has been 

stated in general terms) must be transformed into an icon of 

the relations expressed by those terms. This operation is 

performed through abstraction. The mathematical study of the 

construction proceeds by theorematic reasoning; that is, the 

geometer performs certain experiments and observes the 

results. By such observations he is able to synthesize and 

show relations between elements which before seemed to have 

no necessary connection. After a number of such experiments, 

their regular results become unified in a single rule. The 

connecting of these relations has been accomplished through 

abstractive observation; the rule which unites the results of 

the experiments is a hypostatic abstraction. The 

"consciousness of this rule is our discernment of the 

relation. It is a strong secondary sensation, like the sense 

of beauty" (N 1:73). The rule is simply the new relation 

which the geometer discovers. It might be an axiom, a 
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theorem, or a whole new axiom system. This "perception" of 

the hypostatic abstraction, the form of the relations, is 

what Peirce means by mathematical intuition. "Intuition is 

the regarding of the abstract in a concrete form, by the 

realistic hypostatization of relations" (1.383). That which 

has been worked on is a token, the concrete form; but through 

that sign the nature of its type, a hypostatic abstraction 

(ens rationis), is revealed. 

In the construction of the diagram and the subsequent 

transformations it is supposed that the diagram represents 

that which would be observable and repeatable by any 

scientific intelligence. In other words, there is something 

which can be known through observation. However, the 

particular account given is fallible and requires continued 

testing and correction. That which can be known has a 

reality independent of any individual or collective opinion 

of its nature. There is always the danger of mistaking 

special or egocentric observations for those which would be 

open to every scientific intelligence. Hence, "scientific 

intelligence" denotes a community of inquirers (including 

those of the future) and learning is defined "as the gradual 

approximation of representations toward a limiting definite 

agreement" (Unidentified fragment; NEM 4:x). 

Peirce described reality as "that mode of being by which 

the real thing is as it is, irrespectively of what any mind 

or any definite collection of minds may represent it to be 
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(5.565). From the discussion of the categories in chapter 

three, we can conclude that for Peirce this reality included 

the qualities of Firstness. Just as hardness is a real 

property of the stone, so Peirce obviously believed that 

aesthetic qualities are real and therefore intelligible — 

"the total resultant Quality of Feeling presented in the work 

of art . . . is a Feeling that we can comprehend, a 

reasonable feeling" (5.113). For the nature of reality to be 

disclosed, it must be something thought can comprehend; it 

must be intelligible and conceivable. Therefore, the purpose 

of thought is to ultimately reveal the nature of those 

objects as they are the objects of thought. Since all 

thought is in signs, the purpose of signs is likewise to 

bring truth to expression. The signs stand for, or 

represent, their objects and thought is the meaning of those 

signs. The relation is an inferential one; therefore, the 

illative relation is the primary relation of semiotic 

(2.444nl). As such, it is concerned with the relation 

between knowing and that which is known. 

Semiotic is not a pseudo-science that pronounces by the 

method of authority what the nature of signs must be. It is 

a science engaged in experimentation and observation bent on 

the discovery of what the character of signs used by 

scientific intelligences must be so as to lend themselves to 

inference, and the laws of inference under which a sign must 

be true (ibid.). Mathematics is a vast example and model of 
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this. In describing semiotic as the quasi-necessary or 

formal doctrine of signs, Peirce meant that 

. . .we observe the characters of such 
signs as we know, and from such 
observation . . . we are led to 
statements, eminently fallible, and 
therefore in one sense by no means 
necessary, as to what must be the 
character of all signs used by 
"scientific intelligence." (2.227) 

The process used for this investigation is abstractive 

observation, something very much like mathematical reasoning 

(ibid.). In his investigation of mathematical reasoning, 

Peirce, the scientific semiotician, was observing the 

character of the signs used by mathematical scientific 

intelligence and the inferential method by which mathematical 

conclusions are drawn. He was endeavoring to discover what 

the common character of signs must be as used by all 

scientific intelligence. He was also searching for that 

method of science which would ultimately lead to truth 

through the required transformation of these signs: 

Now thought is of the nature of a sign. 
In that case, then, if we can find out 
the method of thinking and can follow it 
out — the right method of transforming 
signs — then truth can be nothing more 
nor less than the last result to which 
the following out of this method would 
ultimately carry us (5.553). 

There is explicitly something more involved in 

describing logic as formal semiotic which is an additional 
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reason for its reliance on mathematical reasoning. As used 

by Peirce, the term "formal" referred to the role of iconic 

signs and, therefore, diagrams in reasoning. He was directly 

calling attention to the intimate connection between 

mathematics and semiotic. Peirce was countering a 

psychologically based logic which he held to be disastrous to 

scientific inquiry. As far as Peirce was concerned the 

psychological logician and the pure logician "inhabit 

different universes" (N 3:289). To blur the distinction 

between the two confounds the fundamental logical question 

with a psychological one. The psychological question is what 

psychical processes bring about each form of thinking; how 

the human mind normally and regularly does proceed. "They 

analyze the process of development of thinking; how, 

precisely, from sensation we come to perception to memory, 

from memory to imagination, from imagination to fancy and 

playing, and so on to thought" (N 3:288). 

But the logical question is whether the 
conclusion that will be reached by 
applying this or that maxim will or will 
not accord with the fact. It may be that 
the mind is so constituted that that 
which our intellectual instinct approves, 
will be true to the extent that instinct 
approves of it. If so, that is an 
interesting fact about the human mind; 
but it has no relevancy for logic 
whatsoever (MS 307; NEM 3/1:433). 

The difference between the two approaches can be 

illustrated by how they would interpret the word 

"reminiscence." The psychological logician would understand 
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it to mean the "beating of brains in the effort to recall 

experiences, while the other should all the time mean the 

events remembered" (N 3:289). This confuses how humans think 

with the object as it is thought about and assumes that the 

two are synonymous. This evidences the arbitrariness of 

nominalism that Peirce sought to combat. He did not deny 

that human reason is capable of eventually revealing the 

nature of the object of that reasoning. This is based on the 

supposition or hope that the objects of study are themselves 

subject to a logic more or less identical with the one we 

use. This does not mean that reasoning is equivalent to 

reason in the universe and, therefore, infallible; but 

instead that "the logic of the universe is one to which our 

own aspires, rather than attains" (5.189). There is an 

evolving conformity between reasoning subjected to the 

correction of logical control and its object, an independent 

reality. The key phrase is "its object." "Truth is the 

conformity of a representamen [sign] to its object, its 

object, ITS object" (5.554). 

Peirce defined a sign "as something. A, which brings 

something, B, its interpretant sign determined or created by 

it, into some sort of correspondence with something, C, its 

object, as that in which [it] itself stands to C. It is from 

this definition, together with a definition of "formal" 

[diagram], that I deduce mathematically the principles of 

logic [semiotic]" (L75:Ch.l2). Here again Peirce was stating 
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the important connection between mathematics and semiotic. 

Such a definition has no reference to a human mind or 

psychical processes. It is stating that "whatever bearing 

the truth of one thought may have upon the truth of another 

will depend exclusively upon what the state of things are 

which the two thoughts represent to be real" (N 3:298). A 

sign, by virtue of Peirce's definition, has some sort of 

meaning. Peirce insisted upon the distinction between 

"thought" and "thinking." In the logical sense "thought" or 

"mind" is no more than the meaning of a sign. You may object 

that the only signs we can study are" signs interpreted in 

human thought, but Peirce responded, "By the definition 

thoughts are themselves signs, and . . . if it happens to be 

a fact that all other signs are ultimately interpreted in 

thought signs then that fact is irrelevant to logic" (L75: 

^Ch.l2). 

It should not be concluded that Peirce was antagonistic 

to the science of psychology. He has been recognized as one 

of America's first psychologists. But in the classification 

of the sciences psychology is preceded by semiotic and is 

therefore methodologically dependent upon it. Furthermore, 

he was denying the Cartesian conception of mind which he 

believed continued to infect contemporary philosophy. This 

was an idea of "mind" as "something within this person or 

that, belonging to him and correlative to the real world" 

(5.128)^. The only time that Peirce referred to the "mind of 
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an interpreter" was when he despaired of making anyone 

comprehend his idea of a sign (NEM 3:886). He was fully 

aware that such expressions reintroduced precisely the 

subjective element and, therefore, the doubtful kind of 

reasoning which a science of logic is supposed to remove. 

Therefore, Peirce's semiotic had to be formulated in such a 

way that all reference to mind was "stripped away" from the 

notion of signs. This restricted him to mathematical 

reasoning which "requires a diagrammatic or pure construction 

of the thing reasoned about" (L75: Ch.l2). Peirce's task was 

to devise a means for reasoning about philosophical concepts 

which incorporated the characteristics of diagrammatic 

reasoning in mathematics. 

For this purpose Peirce experimented with various forms 

of diagrammatic approaches to logical analysis until his work 

in topology suggested the construction of Existential Graphs. 

In his estimation they vied with his development of the 

categories as his greatest contribution to philosophy. One 

of the chief advantages of this system of graphs is "that it 

holds up thought to our contemplation with the wrong side 

out, as it were, showing its construction in the barest and 

plainest manner (4.7). We must remember that the particular 

signs are not themselves the thought; thought is the meaning 

of the signs. "One selfsame thought may be carried upon the 

vehicles of English, German, Greek, or Gaelic; in diagrams, 

or in equations, or in Graphs; all these are but so many 
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skins of the onion, its inessential accidents. Yet that 

thought should have some possible expression to some possible 

interpreter is the very being of its being" (MS 298:7-8). 

This means that the Graphs must display the process of 

reasoning or sign action. This is what Peirce meant when he 

claimed that the Existential Graphs afford a "moving picture 

of thought in all its essential details" (MS 298:5); that is, 

they "reveal whatever common nature is necessarily shared by 

the signification of all thoughts" (ibid., 3). Its link with 

Peirce's pragmaticism as a theory in regard to the common 

nature of the meanings of all concepts is that "sufficient 

study of the Graphs should show what nature is truly common 

to all significations of concepts" (ibid.). It accomplishes 

this by separating reasoning into its smallest steps to 

facilitate studying the operation of reasoning represented as 

analytically and analogically as possible with "something of 

the distinctness of geometrical diagrams and with much of the 

convincingness of working models" (ibid., 5). The similarity 

between Peirce's conception of diagrams and scientific models 

was discussed earlier in this chapter. 

As with their counterparts in mathematics, working with 

Existential Graphs involves experimentation and observation 

to deduce the consequences of the hypotheses. Like 

mathematical conclusions, the results are fallible, but the 

steps by which these conclusions are reached are publicly 

accessible and repeatable and thereby insure the objectivity 
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essential to any scientific method. In addition to providing 

for the observation of unexpected or unnoticed relations, 

they afford the generality found in the observation of 

mathematical diagrams. After the completion of the 

experiments and observation of the results, the logician 

(semiotician) can look back over the procedure and generalize 

to a rule which unites the results of the experiment, that 

which would be the case for any diagram exhibiting the same 

relations. In other words, the logician is able to 

generalize from a token to a type. 

The procedure, seen in its entirety, exemplifies 

microcosmically the same general methodology utilized in any 

scientific investigation. I believe this is why, in his 

later years, Peirce claimed that his system of Existential 

Graphs contributes toward a proof of the pragmatic maxim 

(4.535nl). The Existential Graphs provide a way to see the 

mind at work which makes a contribution toward this proof. 

In conjunction with this they were offered as evidence to 

support his claim that there was one method unifying the 

activities of all the sciences. This is grounds for 

hypothesizing that Peirce achieved the unity required by a 

System of Science. I have been drawn to agree with Ketner 

that Peirce's conception of semiotic cannot be fully 

understood without a familiarity with his system of 

Existential Graphs. The limitations of this study precludes 

such a presentation, but I strongly urge readers to avail 



219 

themselves of the writings by Ketner and Roberts on this 

subject-'--'-. 
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CHAPTER FIVE 

DIAGRAMMATIC REASONING IN THE VISUAL ARTS 

The artist introduces a fiction; but it 
is not an arbitrary one; it exhibits 
affinities to which the mind accords a 
certain approval in pronouncing them 
beautiful, which if it is not exactly the 
same as saying that the synthesis is 
true, is something of the same general 
kind. The geometer draws a diagram, 
which if not exactly a fiction, is at 
least a creation, and by means of 
observation of that diagram he is able to 
synthesize and show relations between 
elements which before seemed to have no 
necessary connection (1.383). 

Diagrams and Art Forms: Conceiving Through 
Perceiving 

In the last chapter the method of diagrammatic reasoning 

was described as the method used by mathematicians for 

objectively reasoning about mathematical relations. Although 

the above passage could be interpreted as meaning that there 

is a similarity between the way geometers and artists 

approach their respective problems, this chapter will not 

examine the process from the artist's perspective. It is 

possible to interpret works of art without considering 

artists' intentions. When we observe completed works of art 

we are figuratively and analogically arriving on the scene at 

the same point in time that scientists have completed their 

models, geometers their diagrams, and artists have finished 

221 



222 

their works of art. We are observing the results of their 

efforts. 

The hypotheses of mathematicians are always conceptions 

of a system of relations which they neither assert nor 

interrogatively suggest to be true or false of the real 

world. In order that these relations may be reasoned about, 

they must be embodied in some kind of object which is always 

as diagrammatic as possible (N 1:73). To the observer the 

diagram represents both the problem and its possible 

resolution. Likewise, we assume that the work of art is 

proposed as a resolution of a problem, both of which are 

ultimately identifiable within the context of the work 

itself. There are two analogies suggested here. 

The first is that both mathematicians' diagrams and 

works of art are mental creations which perceptually 

represent conceptual relations. As the passage quoted above 

indicates, Peirce was aware that such an analogy could be 

drawn. In previous discussions of Peirce's conception of 

reality, it was noted that the distinction he made was not 

between reality and fiction. Artists' creations may be 

fictions, but like scientists' models and geometers' 

diagrams, they present visual approximations of conceptual 

relations which can thereby be observed and cognized. In all 

three cases that which is being discerned is a generalized 

system of relations. In the visual arts the structure of the 

formal patterns, or the basic composition, is likewise the 
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means for conveying conceptual relations. These relations 

are general, but like the laws scientists reason to through 

models or the theorems conceived by mathematicians through 

diagrams, the generalities presented in a work of art are 

real. That is to say, unlike illusions which are contrary to 

realities, they have certain properties within the work which 

can be publicly experienced and affirmed or rejected. As 

noted earlier, Peirce claimed that aesthetic qualities are 

real and therefore, like all realities, they have the 

potential for objective intelligibility. This point is 

relative to the second analogy implied by the passage above. 

On the basis of what is exhibited by either diagrams or 

works of art, observers are trying to reason to the nature of 

the relations which are being represented. The diagrams, and 

works of art are signs, hypoicons, of those relations and as 

signs, they generate interpretants of those same relations. 

The real object is a type, a general conception of the 

relations, which generates further signs of that relation. 

These particular instances are tokens. In the situations we 

are considering here, these tokens are diagrams and works of 

visual art. The real object is that which would be truly 

revealed in a complete or final interpretant of those signs. 

Scientific or objective investigations directed at that goal 

must rely on experimentation and observation. The similarity 

between diagrams and works of art from the observer's 

perspective suggests the hypothesis that diagrammatic 
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reasoning could provide the means to satisfy the requirements 

of scientific inquiry and promote an enhanced and objective 

interpretation of artistic signs. In the interpretation of 

works of art, as in the mathematical study of a construction, 

the goal of inquiry is the discernment of the relation. The 

form of the relations is represented through hypoicons, and 

it is also by hypoicons that we construct diagrams to 

represent and study those relations. It is through the 

manipulation of signs that we achieve a new comprehension of 

these relations. 

The mathematical study of a construction 
consists in experimenting with it; after 
a number of such experiments, their 
separate results suddenly become united 
in one rule, and our immediate 
consciousness of this rule is our 
discernment of the relation. It is a 
strong secondary sensation, like the 
sense of beauty (N 1:73). 

In both passages quoted, Peirce's comparison of this 

consciousness of the relation to a sense of beauty is 

striking and worthy of comment. In the first passage, it 

should be noted that judging a synthesis to be beautiful (as 

in the judgment of artistic creations) is the "same general 

kind" of thing as saying that it is true. In the first 

place, I have concluded that he was not using the word 

"beauty" in the same sense in which it was traditionally used 

during his time. It was his opinion that the science of 

esthetics had "been handicapped by the definition of it as a 
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theory of beauty" (2.199) because he recognized that it might 

be essential for something to have the quality of being 

"unbeautiful" (ibid.). Although he could not find a 

satisfactory word in English to describe the esthetic quality 

he had in mind, he sometimes substituted "admirable" (1.512). 

A work of art could be "admirable" without displaying the 

quality of "beauty" in the traditional sense of that word. 

However, in an aesthetic sense, both terms might be used to 

describe the excellence of the way an iconic sign visually 

makes conceptual relations intelligible, "the isomorphic 

correspondence between what is said and how it is said." 

I realize, of course, that as a normative science, 

Peircean esthetics encompassed much more than a theory of art 

and I am not conjecturing how he would have applied 

conceptions of esthetics to works of art. The point to be 

made here is that when he used the word "beauty," he was 

referring to the immediate consciousness, or intuitive 

perception, of new relations that is brought about by the 

process of diagrammatic reasoning which he had just outlined. 

The passage continues. 

To call it [that strong secondary 
sensation, like the sense of beauty] a 
perception may perhaps be understood as 
implying that to discern each special 
relation requires a special faculty, or 
determination of our nature. But it 
should not be overlooked that we come to 
it by a process analogous to induction (N 
1:73). 
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Peirce's distinction between "true" and "beautiful" 

acknowledged one important difference between mathematical 

diagrams and works of art. As the discussion of Peirce's 

categories indicated, all phenomenal objects manifest 

properties of the three categories. Therefore, the complete 

mathematical form of a state of things has its qualities of 

Firstness. It seems non-controversial, however, that 

mathematical forms do not propose to encompass the kinds of 

qualities that include feelings. On the other hand, the 

dominant property of particular works of art may be the 

qualities of feeling embodied in them. The feelings 

represented in the art form can be experienced, but they are 

not judged as being either true or false. 

Perception and Observation 

Based upon his analysis of mathematical reasoning, 

Peirce concluded that all knowledge depends upon observation 

and experimentation. 

The elements of every concept enter into 
logical thought at the gate of perception 
and make their exit at the gate of 
purposive action; and whatever cannot 
show its passports at both those two 
gates is to be arrested as unauthorized 
to reason (5.212). 

This section of the chapter will deal with two related 

problems. The first concerns the inferential process of 

perception, the second the intelligibility of the object. 
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Peirce's representative theory of perception was proposed to 

explain the bridge between the perceivable and the 

intelligible — the unity and continuity of knowledge. 

Although both are interrelated aspects of Pierce's theory, I 

will first present an overview of the sequential process of 

perception and will then analyze these steps in terms of 

representational relations. 

Peirce's theory of perception was countering a 

misconception sometimes referred to as "naive realism." This 

is one of the forms of direct realism which is the view that 

perception is a direct awareness of an external object. 

Naive realism claims that our suppositions about the sensible 

qualities we experience are correct and that these qualities 
2 are always the intrinsic properties of material objects. 

One does not refute this position by supposing "perceptions 

to be false, but only that, taken in their isolation from one 

another, they do not make up the sum of reality" (MS 938:5). 

Perceptual images are not completely determinate, instead 

they are highly indeterminate. If this were not the case, 

there would be no distinction between realities and 

illusions. There would not be the possibility of errors such 

as the ones given earlier where the object perceived as a 

shadow turned out to be a snake and a non-existent part of a 

painting was inferred to be there. The notion of a 

completely determinate image would not account for such 

inconsistencies, nor for further discoveries about the 
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object, nor for the possibility that two people could have 

the same visual data yet have different visual experiences. 

A theory must explain how perceptions are related. One 

theory proposed to account for the differences mentioned 

above is that interpretation is subsequent to the visual 

experience. To understand why Peirce rejected this theory we 

need to know how he defined the terms "percept" and 

"perceptual judgment." He was confronted with two problems 

which he hoped to avoid with his differentiation between 

percepts and perceptual judgments. In his later writings he 

added a third element, the "percipuum," but it will not be 

3 considered m this discussion. 

Peirce claimed that the first problem was one for those 

empiricists who did not distinguish between percepts and 

perceptual judgments and who thereby failed to recognize that 

a triadic relationship was involved in perceptual knowledge. 

According to Pierce, perception is not simply a dyadic 

relation between perceiver and that which is perceived; there 

is a third term which mediates or connects the two. The 

second problem was the Kantian "thing-in-itself" which 

presupposed believing in the existence of something which was 

incognizable. Peirce wanted to show that perception involves 

all three categories and that the percept was neither a first 

impression of sense or something ultimately unknowable. 

The percept is the starting point for all reasoning 

(8.144); unlike an image it does not represent anything, but 
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it forces itself insistently upon our awareness through the 

process of an unconscious inference (7.513-21). It is 

therefore composed of the properties of Firstness, the 

qualities of feeling or sensation, and Secondness, the 

conjunction of the monadic properties and their vividness. 

Percepts are not first impressions of sense of which we can 

have no knowledge, they are the "immediate data." 

I see an inkstand on the table; this is a 
percept. I move my head and get a 
different percept; but it is always the 
inkstand. The inkstand is a generalized 
percept, that is, an inference from 
percepts. I cannot will the inkstand not 
to appear. It is there in spite of me. 
If I turn my eyes another person will 
tell me it remains. . . . I thus reach 
the further generalization, or inference, 
that its characters do not depend on what 
you, I, or any number of men may think 
about it and that conclusion I express by 
saying it is a real inkstand (8.144). 

In this deceptively simple episode Peirce has actually 

alluded to major components of his theory of knowledge. You 

are already familiar with his definition of reality and the 

requirement of public accessibility. We will consider now 

the relation between percepts and perceptual judgments and 

how perceptual judgments lead to the stages of inquiry. 

The perceptual judgment is the first judgment of what is 

before our senses. It is, however, a judgment which forces 

our acceptance through a process over which we have no 

control. While it is a mental operation that is roughly 
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analogous to an abductive inference, it is performed at an 

unconscious level. This is why it is uncontrollable and 

therefore not subject to criticism (5.109). "If I judge that 

it appears red when it did not appear red, it must, at least, 

be acknowledged that it appeared to appear red" (7.537 n 12). 

This renders the perceptual judgment indubitable, but at the 

same time fallible. We cannot doubt what we see, but a 

particular perceptual judgment may subsequently be found 

unacceptable because it does not cohere with further 

judgments in some way. This means that a perceptual judgment 

can only be criticized by performing it again and comparing 

the perceptual judgments. This is one of the things Peirce 

meant by referring to the inkstand as a "generalized 

percept." The object as we perceive it through a series of 

perceptual judgments is the product of our abstractions and 

generalizations. The perceptual judgment is the result of a 

continuous process of interpretation and, as a representation 

or thought-sign, it forms a continuous system with other 

thought-signs. Another way of saying this is that, in its 

analogous form to an abductive inference, it rests on a 

regression of similar abductive inferences which provide the 

basis for our expectations and guesses as to the nature of 

the percept. These, in turn, suggest new hypotheses for 

further observation. This does not mean that one observes a 

patch of lines or colors and then imposes a meaning on them. 

Our acquired habits of interpretation are contained in the 



231 

perceptual judgment. "We perceive what we are adjusted for 

interpreting" (5.185). 

For extended discussions of this idea I recommend N. R. 

Hanson's Patterns of Discovery , which includes an excellent 

discussion of Pierce's ideas, Rudolph Arnheim's Visual 

Thinking , and E. H. Gombrich's Art and Illusion.^ Following 

Peirce's example, Hanson examines the reasons for concluding 

that, although Tycho and Kepler had the same elements of 

experience in observing the sun, there is a sense in which 

they did not observe the same thing because their conceptual 

organization was vastly different. "There is a sense, then, 

in which seeing is a 'theory-laden' undertaking. Observation 
7 

of X IS shaped by prior knowledge of x." Peirce, Hanson, 

and Gombrich all used visual illusions or ambiguous figures 

to illustrate this principle. I will refer to some of these 

better known examples, but let us consider the question by 

observing the perspex cube in the following figure: 

Perspex Cube 
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Some of you will see it as though viewed from below, while 

others will see it from above. As Hanson observes, "To 

insist that different reactions to [the figure] . . . must 

lie in the interpretations put on a common visual experience 

is just to reiterate (without reasons) that the seeing of x 
Q 

must be the same for all observers looking at x." But 

seeing the figure as a box, or seeing it as a box from one 

perspective rather than another, means that we have a 

particular visual experience when we identify it as a box. 

"But the very decided preference of our perception for one 

mode of classing the percept shows that this classification 

is contained in the perceptual judgment . . . a certain 

theory of interpretation of the figure has all the appearance 

of being given in perception" (5.183). Seeing the 

configuration as a box or cube presumes prior knowledge of 

what kinds of things can make up such an entity. "If seeing 

were just an optical-chemical process, then nothing we saw 

would ever be relevant to what we know, and nothing known 
9 

could have significance for what we see." Perceptual 

judgments contain general elements from the outset (5.181). 

Perceptual judgments presuppose an abstraction, the object is 

perceived as a kind of thing, a generality. To have the 

perceptual judgment that the object perceived is a box 

presupposes the prior perception of abstract shape or 
.,10 "boxness." 
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We are convinced that there is only one way of 

interpreting the visual pattern in front of us because we 

cannot imagine other objects which have not been a part of 

our experience. As Gombrich notes, the perceptions 

themselves are not disclosures, "What we can see . . . does 

not directly and immediately reveal to us 'what is there'; in 

fact, we cannot possibly tell 'what is there'; we can only 

guess [abductive inference], and our guess will be influenced 

by our expectations." 

The illusions of art depend upon the combination of our 

expectations and our capacity for guessing as they appeal to 

our imagination to overcome the limitations of the medium. 

Oriental art illustrates the suggestiveness of a few simple 

brush strokes, but this reliance on the observer's prior 

experience is essential to interpreting and completing that 

which is not expressly given in all two-dimensional art. 

However, there is an important difference between the need 

for preconceived ideas in interpreting art and the 

obstructive effect of tenacity. If we simply stand in front 

of a painting without any preconceived ideas, we will be 

unable to make any guesses as to its meaning. Just as a 

hypothesis is a question put to nature, so it is also a 

definite question put to the work of art. But if we are 

wedded to our preconceived ideas, we have replaced the 

question with an affirmation and we no longer test those 

ideas against the facts (MS. 1519; NEM:xii-xiii). Sometimes 
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artists play upon this tendency by presenting clues which 

trick our minds into racing to false conclusions. According 

to Gombrich, the most famous example of this kind is the 

Eraser spiral, which is not a spiral at all but really a 

series of concentric circles."'-̂  

The Eraser Spiral 

In addition to showing the role of prior experience, 

visual illusions are very instructive in pointing out how the 

perceptual judgment shades into abductive inference. If you 

have been staring at the figure of the perspex cube above, 

you have perhaps observed it shift back and forth between the 
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two perspectives. The same reversible perspective may be 

experienced in the familiar old-young woman"'-"̂  or duck-rabbit 
14 

figures. 

Old-Young Woman Duck-Rabbit 

The first time they are shown to us we are not aware of the 

ambiguity and are convinced that there is only one way to 

interpret the visual pattern in front of us. It is only when 

we experience their "shifting" from one general aspect to 

another and back again that we discover that the same outline 

has two appearances. These puzzles are exercises in 

hypothetic inference. The more we contemplate them, the more 

we try to reduce the phenomena to order (MS 1101:14). This 

is actually the case with any phenomenal object, but it is 

most insistently brought to our attention by the surprising 

switching of the representations of the ambiguous figures. 

There seems to me to be a much more significant hypothesis 

suggested by our continued experimentation with these 

phenomena. 
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Although at first the representations seem to be 

shifting completely beyond our control, after many 

repetitions of the experiment the phenomenon of shifting 

ceases. While initially we could not control which reading 

we adopted, the process of education converts an 

uncontrollable representation of the percept into a 

controllable one. There are many quasi-inferential illusions 

of sense which disappear after training, although some of 

them may subsequently return if the training is not 

continuous. Peirce observed that even though shadows 

outdoors have a marked bluish cast and the sunshine is 

yellow, the majority of people will perceive an object that 

is partly in the sun and partly in the shade to be one color. 

"The reason is that they sub-consciously make allowance for 

it. That is to say, they are prepossessed with the idea that 

an object . . . is really of one color" (MS 831: 22-3). 

While Peirce accepted this theory as being a correct one, it 

is counter to the direct testimony of the eye. He remarked 

that, unlike most people, "painters generally see the naked 

truth in this particular" (Ibid.) and represent the object as 

it actually appears to perception. 

Through a quasi-inferential process we classify 

conflicting perceptual judgments within one category of 

experience. Our capacity to make such transformations is 

what enables us to interpret and enjoy the drawings by Saul 

Steinberg. Here we can imagine a sheet of ruled drawing 
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paper to be a cage for cats or a skyscraper. The point made 

by the ambiguous or indefinite figures and Steinberg's 

drawings is applicable to all our experiences with art; there 

is a connecting link between abductions and perceptions. 

Perception, being interpretive and representational, is a 

process evolving out of a continuous series of thought-signs. 

The abductive-like inferences of perception shade into the 

logically controlled inferences of abduction. 

Self-control is the characteristic which distinguishes 

reasoning from the processes by which perceptual judgments 

are formed. Self-control inhibits, but it cannot originate 

anything. Therefore, the quasi-inferences of perception, 

which are not subject to self-control, provide the basis for 

the formation of logically-controlled hypotheses which are 

proposed to explain phenomena. 

Therefore it cannot be in the act of 
adoption of an inference, in the 
pronouncing it to be reasonable, that the 
formal conceptions . . . can first 
emerge. It must be in the first 
perceiving that so one might conceivably 
reason . . . What can our first 
acquaintance with an inference, when it 
is not yet adopted, be but a perception 
of the world of ideas (5.194). 

Peirce concluded that this preserved the continuum of thought 

and filled in an important element missing in other theories 

of rational inquiry. All the forms of logic are combinations 

of the conception of inference (Thirdness), the conception of 
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otherness (Secondness), and the conception of quality 

(Firstness). "The last two are unquestionably given in 

perception" (Ibid.). It is in this way that perception is 

the gate to logical thought. 

Interpreting Works of Art Through Diagrammatic 
Reasoning 

In the previous section we considered how every inquiry 

has its beginning in the observation of a phenomenon which 

calls for an explanation. This usually happens because it 

surprises us in some way; it breaks in upon or disappoints 

some habit of expectation. The inquiry begins in a careful 

examination of this phenomenon in all its aspects of which we 

are aware as we search for some point of view which will 

resolve our questions. We finally arrive at a conjecture 

which furnishes a possible explanation. This inferential 

process of studying the facts and devising a theory to 

explain them is what Peirce referred to as abduction or 

retroduction. By applying the categories to the three stages 

of inquiry Peirce concluded that deduction manifests the 

property of Thirdness, it provides that something must be; 

induction has the property of Secondness, it shows that 

something actually i£ operative; and Firstness applies to 

abduction which merely suggests that something may b^ 

(5.171). We have therefore the three modes of being: 

necessity, actuality, and possibility. 
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Although abduction affords the least security, it is the 

most productive of the forms of inquiry in that it is the 

only source of new ideas. "Neither Deduction nor Induction 

contribute the smallest positive item to the final conclusion 

of the inquiry. They render the indefinite definite; 

Deduction Explicates; Induction evaluates: that is all" 

(5.475). Although the bridge which spans the chasm between 

the goal of science and primeval ideas of the environment has 

been built of induction, "yet every plank of its advance is 

first laid by Retroduction alone, that is to say, by the 

spontaneous conjectures of instinctive reason" (Ibid.). As a 

regulative principle of logic, synechism prescribes what sort 

of hypothesis is fit to be entertained and examined (5.173). 

Therefore it cannot be a theory that proposes something to be 

ultimate or inexplicable because this would make inquiry 

discontinuous. The only justification for abduction is that 

it proposes a hypothesis that can be tested; from its 

suggestion deduction can draw a prediction which can be 

tested by induction. "If we are ever to learn anything or to 

understand phenomena at all, it must be by abduction that 

this is to be brought about" (5.172). 

A hypothesis is something which looks as though it might 

be true and is capable of verification or refutation by 

comparison with facts. This might lead us to think that the 

hypothesis which appears to be the most likely should be our 

first choice, but this is one which falls in with our 
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preconceived ideas and may be wrong. These errors are 

precisely what the objective inquirer is trying to correct, 

in contrast to the unscientific investigator who tries to 

find support for his or her own theory. While the hypothesis 

synthesizes the known facts, it should be one which can most 

conveniently be tested by comparisons with observations. The 

best hypothesis is therefore the one that can most readily be 

refuted if it is false. It is merely provisional, little 

more than a question: 

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 be 
ultimately found out (1.121). 

Through the study of mathematical reasoning we found 

that this maxim is as applicable to mental creations as it is 

to natural phenomenon. Our situation in both cases is 

analogous to being in a laboratory where we are confronted 

with a problem. We are trying to understand the nature of 

the relations exhibited. We propose a hypothesis which must 

be found to be consistent with external evidence. In trying 

to objectively analyze the work of artists we are not trying 

to ascertain whether or not they followed a scientific method 

in the production of the work, this is irrelevant, except to 

say that we are never able to literally "get inside the head" 
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of either the mathematician or the artist even if they kept 

journals which outlined their procedure. What we are trying 

to do is propose a conditional hypothesis which explains the 

system of relations exhibited within the work itself; we are 

reasoning from consequent to antecedent. Whether or not the 

mental creation of the artist represents something external 

to it, something in the "real" world, is not the primary 

question. We are retroductively reasoning from observations 

of the phenomenal object, the work of art, toward a 

conception of the relations. The work of art is a hypoicon 

through which these relations can be observed and conceived. 

The relations thereby conceived may be qualities of feeling, 

but as they are represented in the perceptual image they are 

intelligible. 

This raises the most frequent objection to a critical 

analysis of aesthetic objects -- that such analyses will 

destroy the emotive value of the work or spoil our pleasure 

or emotional enjoyment. It is curious that we do not assume 

this in our personal relations where we consider that people 

worth knowing should be known well so that we can relate to 

them better and thereby enhance our pleasure in their 

company. I particularly like Monroe Beardsley's response to 

this objection: 

To analyze is not to enjoy; you can't 
always do both at the same time. But to 
analyze at one time does not preclude 
enjoyment at another time; how could it? 
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A dietician or a chemist has to study 
food. To study it is not to eat it, but 
why should the study spoil one's 
appetite? This analogy must not be 
pushed too far; aesthetic analysis is not 
the same as chemical analysis. To 
analyze an aesthetic object is precisely 
to get acquainted with its finer details 
and subtler qualities, to discover in 
short, what is there to be enjoyed — to 
be responded to emotionally. The 
alternative to analysis is a half-cocked, 
crude emotional reaction to thft. gross, 
obvious features of the object. 

More than fifty years before Peirce said much the same thing, 

"It is esthetic enjoyment which concerns us . . . while in 

esthetic enjoyment we attend to the totality of Feeling . . . 

presented in the work of art we are contemplating -- yet it 

is a sort of intellectual sympathy, a sense that here is a 

Feeling that one can comprehend" (5.113). You will recall 

that it was this comprehension of the relation (in this case, 

the totality of Feeling) which Peirce described as the sense 

of beauty (N 1:73). 

Casual observers of art usually rely on their 

instinctive logical capacity in responding to a work of art 

or selecting one for their homes. But their affirmation or 

interpretation is as subjective as the method they have used 

to arrive at their conclusions. The means for justifying 

that belief and the knowledge of how and why that 

justification is sufficient are absent. We really have only 

two general kinds of methods to choose from when we want to 
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settle a doubt — an egocentric method or an objective one. 

The choice reminds me of the nursery rhyme: 

I do not like thee. Doctor Fell, 
The reason why I cannot tell; 
But this I know, and know full well, 
I do not like thee. Doctor Fell. 

The most important point is one made by Beardsley, " . . . to 

analyze in the critical sense is only to see or hear or read 

better; the analysis does not hurt the object . . . To 

analyze, then, is to distinguish, to discriminate, to 
17 describe m detail." 

Once we have arrived at a hypothesis to explain the work 

of art, we come to deduction, the second stage of inquiry. 

You will recall from the chapter on mathematical reasoning 

that deduction, like abduction and induction, is really a 

matter of observation and experimentation. It begins with 

the construction of a diagram in which the general terms of 

the hypothesis are transformed into a hypoicon of the 

relations expressed by those terms and proceeds by conducting 

experiments on this diagram or subsequent ones. It may 

require both corollarial and theorematic deduction and 

involves prescissive and hypostatic abstraction. 

Let us begin first with corollarial deduction and take a 

simple relation like the comparison of the letters "p" and 

"b." For some to see this relation it may only be necessary 

to place the two letter side by side on a line: 
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Jl f 
For others it may require theorematic deduction, a process of 

experimenting on a series of diagrams such as the ones 

described by Peirce (1.553 )-'-̂  where one can observe the 

antecedents and the consequent and the inferential process 

from one to the other. 

Although you may have mentally quickly determined the 

relation, Peirce would have maintained that you arrived at 

the conclusion through some sort of diagrammatic thinking, 

even though it proceeded so easily you were unaware of it. 

As we seek for the relationships between one artist's work 

and his or her predecessors or between the works of a single 

artist, we frequently reason in just the same way that we 

observed the relation between the two letters. In some cases 

we need only to place the works (or copies) side by side as 

with the heads of Grunewald's Christ in the Isenheim 

altarpiece and Picasso's horse in Guernica. 
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However, it would certainly take more to draw precise 

relations between Picasso's painting and Rubens' Horrors of 

War. The more complex the relations or the less familiar we 

are with them, the more frequently we must resort to 

theorematic reasoning. Perhaps you have become aware of this 

with indefinite figures or visual illusions. For instance, 

the first time one sees the Eraser spiral it might be 

necessary literally to take a pencil and trace the lines to 

see that it was actually made up of concentric circles. In 

other indefinite figures you might need to draw a series of 

diagrams to see the relation. In other words, the solution 

to a problem may first require theorematic reasoning, but in 

subsequent experiences the relations will be apparent through 

corollarial deduction. 
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I recently watched an exceptionally gifted art historian 

use this procedure with remarkable results in his class. He 

projected a slide of a Greek bas relief on the screen and 

called on students to verbally diagram the relations between 

the three figures. When they were unable to do so, he called 

up two students from the audience and the three of them began 

to emulate the structure of the relations in the relief. 

After several corrections prompted by the other students, 

there was general agreement that their reconstruction of the 

relations was analogous to those in the sculpture. At this 

point he repeated his question and was greeted with a mass of 

waving hands. Not only could they now see the relations in 

this particular work, but they were able to transfer what 

they had learned through theorematic reasoning to other works 

bearing similar relations. 

Many works of art demand no more than corollarial 

deduction. Let us, therefore, concentrate on certain 

paintings where the relations are more complicated and 

indicate the role of abstraction in theorematic deduction. 

First it should be noted that Peirce rejected Kant's doctrine 

that a mental synthesis precedes every analysis which meant 

that ideas are presented separately and then thought together 

by the mind. 

What really happens is that something is 
presented which in itself has no parts, 
but which nevertheless is analyzed by the 
mind, that is to say, its having parts 
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consists in this, that the mind 
afterwards recognizes those parts in it. 
Those partial ideas are really not in the 
first idea, in itself, though they are 
separated from it. It is a case of 
destructive distillation. When, having 
separated them, we think over them, we 
are carried in spite of ourselves from 
one thought to another, and therein lies 
the first real synthesis (1.384). 

As noted in the discussion of the categories, we first 

experience the phaneron as a whole. It is only through 

prescissive abstraction (destructive distillation or a 

process of subtraction) that we single out, or isolate, the 

properties of Firstness or Secondness. It is also this form 

of abstraction that enables the mathematician to observe 

particular relations in a diagram by first considering the 

diagram as a whole and then focusing on one part. By making 

other parts of the diagram fade away from one's perception, 

it is one means of exercising self-control. One of the most 

important aspects of prescissive abstraction is that it 

provides a means for "distilling" the essential 

characteristics from the form of the object as a whole. The 

abstract concept produced by prescissive abstraction serves 

as the criterion for further selection of parts of the object 

or, as in the opium example given earlier, the 

characteristics which individuals must have in common to be 

included in the investigation. This abstraction is the basis 

for deciding which properties (generalities) are essential. 
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In analyzing a work of art prescissive abstraction first 

comes into play when we focus on the work itself as distinct 

from everything else that might be in the room or on the 

wall. We then employ it to discern what part of the object 

we should be concerned with as an aesthetic object as 

distinct from extraneous properties (although what is 

"extraneous" is certainly a debatable question). We next use 

it to distinguish the most obvious features of the object — 

its dominant patterns or qualities, those things we are 

likely to notice first about a work of art. Remembering that 

experience is first forced upon us as a flow of images which 

in itself has no parts, prescissive abstraction picks the 

image to pieces and detects in it certain characters 

(L299:141). It thereby creates predicates or thought-signs. 

With this form of abstraction we might, through a series of 

observations, predicate of the painting that it has a certain 

quality. We are saying that if people would focus their 

attention on certain relations in the painting, they would 

also regularly and intersubjectively observe this particular 

quality. In this operation we are prescinding the properties 

of Firstness or Secondness from Thirdness and focusing on one 

aspect of the painting to the exclusion of the rest. In 

broad terms this could mean the entire form, or the colors, 

the subject, material qualities, technique, etc. Or it could 

be a focus on a set of relations in only one portion of the 

work. In a complex work we might begin with a broad 
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category, but then find that we must successively prescind to 

a narrower focus in order to see the relations stand out 

clearly in that part of the work. In a simpler work it might 

then be possible to use corollarial reasoning to observe and 

explain the relations. 

To illustrate the role of prescissive abstraction, let 

us consider Rembrandt's Christ at Emmaus, an example supplied 

20 by Arnheim. By a process of prescissive abstraction, 

Arnheim isolated two interracting triangular arrangements in 

the formal structure of the painting. 

In the first triangle Christ is centered between two 

disciples. Arnheim observes that this arrangement is 

repeated in the architectural symmetry which frames the 

grouping. Unlike this right-angled triangle, the second 

triangle is an isosceles triangle and at its apex is the head 

of a servant. Based on the isolation and observation of 

these triangles and their interaction, he next focuses on 
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additional characteristics of the individual figures involved 

and generalizes to the meaning conveyed by the compositional 

structure. His particular interpretation is not important to 

this discussion, particularly since he considers the analysis 

to be no more than a beginning. It is relevant, however, to 

notice the observational aspect of this form of abstraction 

and that his use of the diagram to perform the prescissive 

abstraction also insures that the process is both public and 

repeatable. 

Through prescissive abstraction we see that certain 

things are related; with hypostatic abstraction we propose a 

basis to explain that relationship. In the case of opium, 

hypostatic abstraction proposed that there was something in 

the drug which explained its putting people to sleep. This 

then became the subject for further experimentation. As 

Peirce was well aware, abstraction itself is like an 

experiment; it makes predictions as to the nature of future, 

publicly accessible experiences which can thereby be repeated 

and verified or disconfirmed, either by ourselves or others. 

Hypostatic abstraction is particularly important in the 

analysis of works of art because it permits us to commit our 

thoughts to self-control by making them the subject of 

further experimentation. As a way of gaining self-criticism 

and self-control, we make the process of thought, or the 

process of the operations we have performed, into the subject 

of further thought. We do this by constructing a diagram, a 
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visual analogue or hypoicon, of the process so that the 

relations become an object for observation and 

experimentation. It is through this diagrammatic procedure, 

which transforms a process into something which can be 

perceived and thereby conceived, that self-criticism and 

self-control are possible. 

Frank D. Russell's Picasso's Guernica affords an 

excellent format to illustrate this procedure in analyzing a 

work of art because it can be seen how the characters of one 

diagram become the subject of another diagram. Although 

there are numerous examples to choose from, let us consider 

the section concerned with the significance Russell 

attributes to the structure of the work. While he 

acknowledges and discusses the emotional predicates of the 

painting in other parts of the book, in this section he 

suggests that the work exhibits the structural composition of 

a medieval triptych. His analysis of this possibility 

proceeds through a series of diagrams. He first presents a 

print of the actual painting in which the two "wings" are 

highlighted to isolate them. 

Diagram 1 
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Next Russell constructs seven diagrams in which he 

experiments with the placement of the various figures in 

these two panels. 

Diagram 2 

w 
^̂ »» 

.yn^ 

) 

Diagram 5 

' ^ i J 

Diagram 3 Diagram 5 

ri. 

Diagram 4 Diagram 7 

^J 

/A-' 

Diagram 8 
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In the second diagram two blocks are formed by the bull and 

the burning house. In the third diagram, the mother enclosed 

by the bull is countered by the falling woman framed by the 

house. The fourth diagram again focuses on the two women, 

but in this instance we observe that their faces are being 

pushed down by the bull's head on the left and the square of 

window on the right. In diagram five, Russell isolates the 

symmetry created by the heads and arms of the two women, 

while in the sixth diagram he compares the dismembered head 

of the fallen soldier to the pinched neck of the light-

bearer. In the seventh diagram, he identifies the kneeling 

woman as the figure which pulls the three panels together; 

and the eighth diagram displays how the structure is anchored 

by the similar contours of the soldier's head and the woman's 

knee. Thus, we have a series of prescissive abstractions 

based on a concept derived from the initial abstraction. 

In the ninth diagram we can see how the operations 

performed in the preceding diagrams are analogically 

represented to become the subject of further experimentation 

and observation. 

Diagram 9 
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By adding a number of vertical and horizontal lines, he 

observes the predominance of verticals. This leads him to a 

new conception of the relations. Through his experiments on 

the diagrams, Russell concludes that the structure of the 

painting resembles medieval and Renaissance panels which are 

divided by internal columns. 

Diagram 10 

As was the case with Arnheim's analysis of the Rembrandt 

painting, Russell is aware that he has only begun the process 

of discovering the meaning of the relations represented by 

the painting. The results of his previous experiments are 

next tested against the possibility that the compositional 

scheme might also be related to the facade of a cathedral . 
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i fl V ft.#i^ 

Diagram 11 

Russell's final conclusion drawn from this particular 

series of experiments is that the formal pattern of the 

painting embodies a pediment, a pyramid, a triptych, and a 

facade. The experimental observational process by which 

Russell has arrived at this conception of the relations is 

analogous to induction where, after a number of experiments, 

the separate results suddenly become united through 

generalization in the discernment of a new, or more 

comprehensive conception of the relation (N 1:73). 

The conditional prediction implicit in these diagrams is 

that if we conducted the same experiments certain 

consequences would regularly follow. The procedure has the 

intersubjectivity required for objective inquiry. This is 

the relationship between the procedure and Peirce's pragmatic 

maxim. 
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In order to ascertain the meaning of an 
intellectual conception one should 
consider what practical consequences 
might conceivable result by necessity 
from the truth of that conception; and 
the sum of these consequences will 
constitute the entire meaning of that 
conception (5.9). 

It is instructive to end this discussion of diagrammatic 

reasoning and the visual arts with Peirce's pragmatic maxim 

because it encapsulates the essential relationship between 

conception and experience (observation and experimentation) 

we have been considering. Notice first how many times 

derivatives of "concipere" appear in the statement. The 

pragmatic maxim was a statement of his method for 

ascertaining the meanings of abstract concepts in terms of 

their intellectual purports. This does not mean that it is 

inapplicable to action or experience. The maxim ultimately 

makes thought apply exclusively to action, but it is 

conceived or purposive action — conditional general 

resolutions to act. This means that by applying the 

objective or experimental method (5.455), habits of 

self-control are modified, which in turn modify action and 

experience (5.403n3). 

The maxim states the fundamental idea underlying all 

reasoning. This is the conditional hypothesis that if one 

were deliberately to exert certain kinds of volition, one 

would undergo certain kinds of inevitable experiences (5.9). 

These "inevitable experiences" are the "practical 
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consequences." It is interesting to note that this 

definition of the pragmatic maxim has been preceded by an 

explanation of how mathematical reasoning is comparable to 

the experimental method of any successful science. As was 

indicated in the analysis of that process, "the sum of these 

consequences" is the crucial intersubjective aspect of 

Peirce's pragmaticistic conception of objective inquiry. The 

pragmatic maxim does not refer to single experiments or 

experiences; the consequences are what would happen to 

everybody in the future who conducted the same experiments. 

The rational meaning lies in the future because self-control 

can only be exerted over future conduct. The "sum" is not a 

mere collection. It means that all of these experiments form 

a continuum of thought directed toward the "entire meaning of 

the conception" which would therefore be a general kind of 

thing. Our knowledge is of intellectual concepts, but all 

knowledge begins with perception and is corrected by further 

experimentation and observation. 

When we analyze and interpret a work of art, we are 

trying to understand the meaning of that work, what it is 

about. The meanings of the relations represented in works of 

art are intellectual conceptions. As such they are 

invisible. The artistic creation represents them in a visual 

form so that we can then conceive them. 
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Perception is the first gate through which we must pass 

in order to conceive the meaning of these conceptual 

relations (5.212), but perception cannot remain passive. One 

cannot stand before a painting waiting to be assaulted by 

sensory data and expect these to be instantly converted into 

the intellectual concepts. The work must be deciphered and 

interpreted. "The visitor to the gallery or exhibition is 

22 not given a scorecard." Jacob Bronowski, a scientist who 

saw profound relationships between science and art, 

beautifully described the role which must be performed by 

observers in order to find a work of art meaningful and 

beautiful. 

No work of art has been created with such 
finality that you need contribute nothing 
to it. You must recreate the work for 
yourself — it cannot be presented to you 
ready-made. You cannot look at a picture 
and find it beautiful by merely a passive 
act of seeing. The internal relations 
that make it beautiful to you have to be 
discovered. . . . The artist provides a 
skeleton; he provides guidelines; he 
provides enough to engage your interest 
and to touch you emotionally. But there 
is no picture and no po^^ unless you 
enter it and fill it out. 

Perception is the gate to conceiving the meaning of the 

relations represented in the work of art, but for that 

meaning to be objective, a second gate must be passed through 

— the gate of purposive action (5.212). Perception must 

become attentive observation, but this alone does not insure 
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that the conceptual relations will be grasped nor that the 

interpretation will be objective. The observations must be 

channeled and challenged. In one sense we cannot control 

what we see. It appears as it appears (7.637 n 12) . But as 

we found with the quasi-inferential process of working with 

visual puzzles, our senses can be trained. Which is to say 

that we do have some control over how we see what we see. 

This is one way we have self-control over what and how we 

think. In our everyday situations we can perhaps wait for 

surprises to jar us into doubting what we believe and what we 

believe we see; but if this is the way we conduct our entire 

lives, our interaction with the world will be impoverished. 

Art is one of the principal means by which we can 

explore the external world and our own internal world and 

imagine alternatives. It can contribute to a better 

understanding of ourselves and therefore other human beings; 

it can also expand and enhance the way we perceive and 

conceive the world in which we live. Works of art represent 

a perceivable means for conceiving of some of these 

relations, perhaps the most important ones if we are 

concerned with more than physical survival. However, the 

message of art must be decoded to be meaningful. Peirce's 

diagrammatic method of reasoning would seem to offer a 

productive instrument for objectively observing and 

conceiving this very important form of reality. 
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NOTES 

1. Rudolf Arnheim, Visual Thinking (London: Faber and 
Faber Limitied, 1959), p. 255. 

2. The Encyclopedia of Philosophy, 1972 ed. , 
"Realism," by R. J. Hirst. 

3. Although in 1903 Peirce added the notion of the 
percipuum, I must confess I have yet to arrive at a 
satisfactory understanding of how it can be said to 
bind percepts and perceptual judgments together. 
In some passages it seems to function to complete 
the usual sign-object-interpretant sequence. Here 
the percept is identified as the dynamical object 
and the perceptual judgment is the dynamical 
interpretant. However, in other descriptions the 
percipuum is tentatively compared to the immediate 
object. Richard Bernstein presents the best 
explanation I have found on the subject, but I 
still question the coherency of the notion. 
Richard Bernstein, "Peirce's Theory of Perception," 
Studies in the Philosophy of Charles Sanders 
Peirce, Second Series (Amherst: University of 
Massachusets Press, 1954), eds. Edward C. Moore and 
Richard Robin, pp. 155-89. 

4. Norwood Russell Hanson, Patterns of Discovery 
(Cambridge: Cambridge University Press, 1958), pp. 
4-30; 70-92; 179 195 200-1. 

5. E. H. Gombrich, Art and Illusion (Princeton, 
N.J.: Princeton University Press, 1951). 

6. Arnheim, Visual Thinking, pp. 153-207. 

7. Hanson, Patterns of Discovery, pp. 18-19. 

8 Hanson, Ibid,, p. 10. 

9. Hanson, Ibid., p. 25. 

10. Arnheim, Ibid., p. 151. 

11. Gombrich, Ibid., p. 249. 

12. Ibid., p. 220. 

13. Hanson, Ibid., p. 11. 
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14. Gombrich, Ibid., p. 5. 

15. Monroe C. Beardsley, Aesthetics: Problems in the 
Philosophy of Criticism (New York: Harcourt, Brace 
and World, Inc., 1958), p. 75. 

15. The Annotated Mother Goose (New York: Bramhall 
House, 1952), p. 137. 

17. Beardsley, Ibid., pp. 75-77. 

18. These diagrams appear in William L. Rosensohn, 
The Phenomenology of Charles S. Peirce: From the 
Doctrine of Categories to Phaneroscopy (Amsterdam: 
Gruner, 1974), p. 48. 

19. Frank D. Russell, Picasso's Guernica: The 
Labyrinth of Narrative and Vision (Montclair, N.J.: 
Allanheld and Schram, 1980), p. 17. 

20. Arnheim, Visual Thinking, pp. 258-59. 

21. Russell, Picasso's Guernica, pp. 81-97. 

22. Reid Hastie, Encounter with Art (New York: 
McGraw-Hill Book Company, n.d.), p. 50. 

23. Jacob Bronowski, Thje Visionary Eye (Cambridge, 
Mass.: The MIT Press, 1978), p. 14. 
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