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A Philosopher as Psychologist

PATRICK SUPPES

I have divided this scientific autobiography into three main parts. The first deals with
my education, the second with my research, and the third with my personal reflections
on research and the psychologists I have known.

EDUCATION

I was born on March 17, 1922, in Tulsa, Oklahoma. I attended the public schools in
Tulsa and was graduated from Tulsa Central High School in 1939. My public school
education was more influential on my development than is often the case, perhaps
mainly because I was a participant in what is known as the Tyler eight-year study of the
Progressive Education Association. On the basis of examinations given in the sixth
grade, able students were collected together to participate in a six-year experiment of
accelerated education. In many respects the most competitive and ablest classes I ever
attended were those in high school. One of the important aspects of this special
educational venture was the extended attempt to get us as young students to talk about a
wide range of current events and everything else that interested us. As is often the case,
this led into some unusual lines of effort. I can remember very well in high school being
chagrined if I were not able to name the two senators from every state in the union. What
came out of this was a lasting sense of guilt if at least two newspapers had not been read
each day; to have a reasonable knowledge of major political issues became a categorical
imperative. The high school courses in mathematics and history were excellent, but
chemistry, physics, and English were relatively mediocre. Most of the better students in
the physics class thought they knew more than the teacher at the end of the year, and the
English course was so dominated by the idiosyncracies of the teacher we had for two
years that we became experts in her life and tribulations rather than in the more essen-
tial matters of grammar and composition.

I began college at the University of Oklahoma in 1939 but, after the first year, found
the intellectual life too pedestrian compared to the much more exciting high school
years. In the second year I transferred to the University of Chicago, but under the
laissez-faire approach of Chicago neglected my academic work so completely that my
family insisted on my attending the University of Tulsa my third year, where I majored
in physics. At the beginning of my fourth year I was called up in the Army Reserves (this
was 1942) and returned to the University of Chicago as a senior in uniform. I undertook
there an intensive course in meteorology and received a B.S. degree in 1943. Knowledge
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of meteorology has stood me in good stead throughout the years in refuting arguments
that attempt to draw some sharp distinction between the precision and perfection of the
physical sciences and the vagueness and imprecision of the social sciences. Meteorology
is in theory a physical science, but in practice more like a social science. From Chicago I
was sent to the South Pacific for two years of duty in 1944 and 1945, and then discharged
from the Army Air Force in 1946.

After some months of deciding what to do and changing my mind any number of
times, I entered Columbia University as a graduate student in philosophy in January of
1947 and received a Ph.D. in 1950.

As an undergraduate I moved around among too many institutions to be strongly in-
fluenced by any one teacher. I do remember certain impressive individuals, including
Richard McKeon at Chicago, who lectured on Aristotle, Norman Steenrod, who taught
my first course in calculus, and Professor Tanner at the University of Tulsa, from whom
I learned Greek.

The situation was different in graduate school. I was influenced by Ernest Nagel more
than anyone else and 1 still relish the memory of the first lectures of his that I attended as
an entering graduate student in 1947. I came to philosophy without much background in
the subject, since my undergraduate training was primarily in mathematics and physics.
But Nagel’s skeptical, patient, and detailed analysis of F. H. Bradley and John Dewey,
in the first course I took from him, won my attention and interest from the start. In those
days, interdisciplinary work was very much favored in the Department of Philosophy,
and consequently I continued to learn a good deal more mathematics and physics. I still
remember with great pleasure the beautiful and penetrating lectures of Samuel
Eilenberg in topology and group theory, and I remember well the course in relativity
theory I took from L. H. Thomas. Thomas was a terrible lecturer, completely in contrast
to the brilliance of Nagel or Eilenberg, but he knew so much about the subject and was
in such total control of the theory and relevant data that it was impossible not to learn a
great deal and to be enormously impressed at the same time.

In those years Columbia was swarming with returning veterans, and in certain ways
we had our own ideas about what should be given in graduate school. I remember very
well our organizing in 1947 or 1948 an informal seminar on von Neumann and
Morgenstern'’s theory of games, just because we did not seem to be able to find a course
on the subject. Probably the real reason for having such informal seminars was that
Columbia’s graduate school after the war was vastly overcrowded, in terms of interac-
tion between students and faculty. There were so many students that the kind of in-
dividual attention graduate students now receive at Stanford, for example, was simply
unheard of in almost all departments at Columbia. I felt myself extremely lucky to have
as much personal contact as I did with Ernest Nagel. Friends of mine in the History
Department saw their adviser only a few hours during their entire graduate school
careers, including completion of the dissertation.

As is apparent, there was no psychology in my undergraduate or graduate education,
but there was a feature about it that made it easier for me to pick up psychology later. As
an undergraduate, I wandered about in several different fields, and because of the
easygoing policy of the Department of Philosophy in those days at Columbia I spent a
good deal of time in courses outside the Department of Philosophy. I thus developed
carly the habits of picking up a wide variety of information and feeling at home in the
problem of learning a subject in which I had not had much prior training or guidance. I
still find myself exhilarated by the rapid change in my understanding during the early
phase of learning — nearly independent of content.

I received a Ph.D. from Columbia in June of 1950, but my education scarcely stopped
there. Upon arrival at Stanford in the fall of 1950, where I have been ever since, I began
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teaching. But almost as soon as I could, I also began to think about research in the
philosophy of science. My dissertation had been on the philosophy of physics and I had
developed a strong interest for the wide variety of topics in the philosophy of science that
interested Ernest Nagel. The only problem was that I did not really know much about
how to do any serious research and writing. I have mentioned already the kind of
graduate education I received. It did not involve the general supervision of research of
the kind so familiar to young psychologists today. I was neither forced nor encouraged to
produce early in my graduate career a publishable paper nor to become acquainted with
the ‘“‘how-to-do-it” aspects of research.

I was, however, full of energy and brimming over with ideas. I thrashed around for a
few months, but fortunately I soon became acquainted with J. C. C. McKinsey, a logi-
cian who came to join the Department of Philosophy at Stanford. McKinsey served as
my postdoctoral tutor. I remember well his careful red-penciling of the initial draft I
gave him of my first article on the theory of measurement (1951). McKinsey was just
completing a book on the theory of games, and consequently also had some of the in-
terests that were of importance to me as my own interests in psychology began to
blossom.

But there were other people at Stanford and Berkeley who continued my education in
those early years at Stanford. With McKinsey’s encouragement I attended Alfred
Tarski’s seminar in Berkeley. McKinsey always claimed that he had learned everything
he knew from Tarski. This was not true, but after attending Tarski’s seminar I un-
derstood why he liked to say this. Tarski was a ruthless taskmaster. I think he probably
got more out of his students than anyone I have had the pleasure of observing. His
seminar provided perhaps the best example I know of vicarious learning. A student who
made a poorly prepared seminar presentation was so ruthlessly and mercilessly
questioned that the other students did not need to be given one single further word about
the state of preparation they should achieve before making their own presentations.
Tarski, as one of the great examples of the Polish school of logic, was unwilling to go
forward on a single point unless everything covered thus far was completely clear, and
the kind of clarity I have in mind is the kind that can be given a very sharp definition.
Unless it were apparent to him that the set-theoretical framework within which the dis-
course was operating could be made totally explicit, not one move was made forward un-
til clarification was completed. It was from McKinsey and Tarski that I learned about
the axiomatic method and what it means to give a set-theoretical analysis of a subject.

I do not mean to suggest that my education stopped with what I learned from
McKinsey and Tarski in the early fifties. McKinsey died in 1953, and our collaborative
work on the axiomatic foundations of empirical sciences was brought to a sudden stop.
In later years I have learned a great deal of what I know about psychology from three
people: William K. Estes, R. Duncan Luce, and Richard C. Atkinson. My joint work
with each of them is discussed in more detail at subsequent appropriate points.

RESEARCH

I have grouped a discussion of my research that falls within psychology under several
headings: measurement, decision theory, learning theory, mathematical concept forma-
tion in childran, psycholinguistics, computer-assisted instruction, psychoanalysis, and
methodology. This is a large number of topics and I would certainly not claim that I
have contributed in a fundamental way to all of them, but each has to a differing degree
been the focus of my interests at some period over the past two decades. Also, as would
be expected, there is some overlap and arbitrariness in the division of effort among these
topics, and consequently I shall mention some of my research from more than one view-
point.
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Measurement

As I indicated already, my first published article (1951) dealt with the theory of
measurement. I gave a set of independent axioms for extensive quantities in the tradi-
tion of earlier work by Holder and Nagel. My contribution was primarily to weaken the
assumptions of Holder’s axioms and to prove that both the axioms and the concepts used
were independent. This interest in the theory of measurement was generated during my
graduate student years by listening to lectures of Ernest Nagel in the philosophy of
science.

Looking around for other topics in measurement, and returning to the earlier interest
in the theory of games and utility theory, it soon became apparent to me that there were
a good many more outstanding problems of measurement in psychology than in physics.
One of my first efforts in this direction was a joint article with my student Muriel Winet
(1955), giving an axiomatization of utility based on the notion of utility difference. The
idea of considering such utility differences is a very old one in the literature, but an ex-
plicit and adequate set of axioms had not been previously given. In 1956 I published two
other articles that fell between decision theory and measurement theory. One was on the
role of subjective probability and utility in decision making. In this article I used the
results of the joint work with Winet to provide an axiomatization alternative to that
given by Savage in his book, Foundations of Statistics (1954). And in the second article, my
colleague Donald Davidson and I gave a finitistic axiomatization of subjective
probability and utility (1956).

Shortly after this, I began to think more generally about the foundational aspects of
theories of measurement and was fortunate to have as a collaborator the logician and
mathematician Dana Scott, who was at that time a graduate student in mathematics.
(Scott is also one of the Berkeley-Stanford persons from whom I learned a great deal,
beginning when he was an undergraduate in a course on the philosophy of science I
taught at Berkeley in 1952.) Scott and I tried to give a general framework for theories of
measurement and to obtain some specific results about axiomatization. This article was
published a year or so after it was written, in 1958. The framework that Scott and I set
up has, I think, been of use in the literature, and probably the article with him has been
the most important article in the theory of measurement that I have written, although
the survey chapter in the Handbook of Mathematical Psychology, written with Jerry Zinnes
and published in 1963, has perhaps been more influential, especially in psychology.

My most important recent effort has been the extensive collaboration with David
Krantz, Duncan Luce, and Amos Tversky in the writing of our two-volume treatise,
Foundations of Measurement, the first volume of which appeared in 1971. At the time of
writing this scientific autobiography, we are hard at work on Volume II. My present
feeling is that when Volume II is published I shall be happy to let the theory of measure-
ment lie fallow for several years. It is an area of peculiar fascination, however, for a
methodologist and a philosopher of science like myself. The solution of any one problem
seems immediately to generate in a natural way several more new problems. The theory
nicely combines a demand for formally correct and explicit results and a continual pur-
suit of analyses that are pertinent to experimental or empirical procedures in a variety of
sciences but especially in psychology, where the controversy about the independent
measurability of psychological concepts has been long and intense. It also seems to me
that the theory of measurement provides an excellent example of an area in which real
progress has been made in the foundations of psychology. In earlier decades, psy-
chologists accepted mistaken beliefs of physicists like Norman Campbell that fundamen-
tal measurement in psychology was impossible. The work of a number of people over the
past several decades has led to a relatively sophisticated view of the foundations of
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measurement in psychology, and it seems unlikely that any substantial retreat from this
solid foundation will take place in the future.

Although important contributions to the theory of measurement have already
appeared since we published Volume I of Foundations of Measurement, 1 do think it will re-
main as a substantial reference work in the subject for several years. What is perhaps
most important is that we were able to do a fairly good job of unifying a variety of past
results and thereby provide a general framework for future development of the theory.

Decision Theory

It is not easy to disentangle measurement theory and decision theory because the
measurement of subjective probability and utility has been such a central part of deci-
sion theory. The separation that I make will therefore be somewhat arbitrary. My really
serious interest in psychology began with experimental research on decision theory in
collaboration with my philosophical colleague Donald Davidson and a graduate student
in psychology at that time, Sidney Siegel. Davidson and I had begun collaborative work
with McKinsey in 1953 on the theory of value and also on utility theory. Davidson and I
continued this work after McKinsey’s death, and it is reflected in Davidson, McKinsey,
and Suppes (1955) and the joint article on the finitistic axiomatization of subjective
probability and utility already mentioned with Davidson (1956). The article on the
measurement of utility based on utility differences, with Muriel Winet, was also part of
this effort.

Sometime during the year 1954, Davidson and I undertook, with the cooperation of
Siegel, an experimental investigation of the measurement of utility and subjective
probability. Our objective was to provide an explicit methodology for separating the
measurement of the two and at the same time to obtain conceptually interesting results
about the character of individual utility and probability functions. This was my first ex-
perimental work and consequently in a genuine sense my first real introduction to psy-
chology. The earlier papers on the foundations of decision theory concerned with formal
problems of measurement were a natural and simple extension of my work in the ax-
iomatic foundations of physics and the foundations of measurement in physics. Under-
taking experimental work was quite another matter. I can still remember our many
quandaries in deciding how to undertake the experiments and seeking the advice of
several people, especially our colleagues in the Department of Psychology at Stanford.

I continued a program of experimentation in decision theory as exemplified in the
joint work with Halsey Royden and Karol Walsh (1959) and the development of a non-
linear model for the experimental measurement of utility with Walsh (1959). This in-
terest continued into the sixties with an article in 1960 on open problems in the foun-
dations of subjective probability. Then in 1961 I put together my interest in learning
theory to try to create a behavioristic foundation for utility theory (1961a), and I also
made an attempt in that same year to explain the relevance of decision theory to
philosophy (1961b).

The most important effort in this period was the writing with Duncan Luce of a long
chapter (1965) for Volume III of the Handbook of Mathematical Psychology. The organiza-
tion of a large amount of material and the extensive interaction with Luce in the writing
of this chapter taught me a great deal that I did not know about the subject, and I think
the chapter itself has been useful as well for other people.

In the latter part of the sixties, I wrote several articles in the foundations of decision
theory, oriented as much toward philosophy as psychology. The one that shows the
strongest imprint of my psychological interests is concerned with concept formation and
Bayesian decisions (1966f). Large parts of the joint effort with Krantz, Luce, and
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Tversky in writing our two-volume treatise on the foundations of measurement have
been concerned with decision theory.

Recently I have also returned to the subject with renewed interest in the foundations
of probability. The ancient Greek view of time is that it is cyclic rather than linear in
character. I am beginning to hold the same view about my own pattern of research. One
of my moare recent published articles in decision theory (1974g) is concerned with ap-
proximations yielding upper and lower probabilities in the measurement of partial
belief. The formal theory of such upper and lower probabilities in qualitative terms is
very similar to the framework for extensive quantities developed in my first paper in
1951. In retrospect, it is hard to understand why I did not see the simple qualitative
analysis given in the 1974 paper at the time I posed a rather similar problem in the 1951
paper. The intuitive idea is completely simple and straightforward: A set of ‘‘perfect”
standard scales is introduced, and then the measurement of any other event or object
(events in the case of probability, objects in the case of mass) is made by using the stan-
dard scales just as we do in the ordinary use of an equal-arm balance. This is not the
only occasion in which I have either not seen an obvious and simple approach to a sub-
ject until years later, or have in fact missed it entirely until it was done by someone else.

On the other hand, what would appear to be the rather straightforward problem of
generalizing this same approach to expectations or expected utility immediately en-
counters difficulties. The source of the difficulty is that in the case of expectations we
move from the relatively simple properties of subadditive and superadditive upper and
lower measures to multiplicative problems as in the characteristic expression for ex-
pected utility in which utilities and probabilities are multiplied and then added. The
multiplicative generalization does not work well. It is easy to give a simple counterexam-
ple to straightforward generalization of the results for upper and lower probabilities, and
this is done in Suppes, 1975a.

In any case, my interest in decision theory especially as concerned with the foun-
dations of probability now seems rekindled for a good many more years, and I expect to
be pursuing more problems in the years immediately ahead. Some of this interest will be
in combining the techniques and methods of subjective probability, especially as it has
originated in decision theory, with problems concerning objective foundations of
probability. Recent work of mine in this direction — to give a qualitative theory of the
propensity interpretation of probability — is to be found in my 1973 article (1973d).

I expect in the future to be much concerned with the qualitative theory of in-
dependence and randomness. On the basis of a number of results that are now in the
literature, it seems apparent that a quite satisfactory qualitative theory of both of these
concepts can be given. It would also be of interest to investigate in a deeper psychological
fashion the meaning of these concepts for decision makers. The recent work of Tversky
and his collaborators shows how subtle and difficult it is to understand exactly how we
actually make subjective probability evaluations (Kahneman & Tversky, 1972; Slovic &
Tversky, 1974; Tversky & Kahneman, 1971a, 1971b).

Learning Theory

Either in my last months as a graduate student at Columbia or shortly after my arrival
at Stanford in the fall of 1950 — I cannot remember which — I developed my first in-
terest in learning theory. As might easily be surmised, it began with trying to understand
the various works of Clark Hull, not only the Principles of Behavior (1943) but also the
relatively unreadable work written earlier in collaboration with the Yale logician
Frederick Fitch and others (Hull, Hovland, Ross, Hall, Perkins, & Fitch, 1940). Part of
my interest was stimulated by some very bright graduate students in psychology who
took courses with me in the philosophy of science. Probably the most influential was
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Frank Restle. I was a member of his dissertation committee, but I am sure I learned
more psychology from him than he learned from me.

My serious interest in learning theory began, however, in 1955 when I was a Fellow at
the Center for Advanced Study in the Behavioral Sciences. Restle was there and I con-
tinued to learn from him, but even more important for my future interests was the
presence of William K. Estes. In his own and very different way, Estes has the kind of in-
tellectual clarity I so much admired in McKinsey and Tarski. We began talking very
seriously about the foundations of stimulus-sampling theory, which really began with
Estes’s classical paper (1950). It became apparent to me quite soon that statistical learn-
ing theory or stimulus-sampling theory was from a conceptual and mathematical stand-
point a very much more viable and robust scientific theory than the Hullian theory of
learning. From a mathematical standpoint, Hull’s theory was rather a toy theory. I
mean by this that no really interesting mathematical derivations of experimentally
testable results could be made. The great virtue of statistical learning theory was that
with variation of experimental conditions new experimental predictions could be derived
in an honest way without the introduction of ad hoc parameters and with the hope of
detailed experimental test.

Perhaps it will be useful to say something more about the contrast between Hull’s
theory and statistical learning theory. The mere use of mathematics and especially of
mathematical symbols in a theory is no guarantee that anything of mathematical or
scientific interest is being done. In Hull’s theory the feeling is too much that each ex-
perimental result or almost each remark about an experiment is being given a direct
translation into mathematical symbols. In contrast, no powerful and simple set of
theoretical postulates from which specific results can be derived, once initial and bound-
ary conditions are described, is even remotely approached. The translation from or-
dinary mathematical statements into the still more formal apparatus of mathematical
logic as exemplified in the 1940 work of Hull and others cited above is still more mis-
taken if the only objective is a translation. One of the great lessons of logic in the twen-
tieth century is that formal systems themselves as deductive instruments are not of as
much conceptual importance as the mathematical study of properties of such systems,
but it is precisely the mathematical analysis of psychological theory that is not even
touched upon in Hull’s work. Hull, on the other hand, is in good company in this mis-
taken move. It has taken some time for the situation to become clarified as a result of the
large body of important work in mathematical logic and mathematics in this century. In
Volume III of Whitehead and Russell’s Principia Mathematica (1913), a detailed theory of
measurement is developed, but from a formal standpoint their results are elementary
and the notation is so forbidding and the welter of symbols so profuse that very little use
has subsequently been made of the extensive efforts of the authors.

In order not to seem too dogmatic about this point, it is also worth noting that the in-
terest in the use of formal systems has returned in the form of programming languages,
but here the orientation is very different from that to be found, for example, in Hull’s

Mathematico-deductive Theory of Rote Learning.

In contrast to Hull’s theory, statistical learning theory works in a way very analogous
to that of physical theories. The initial probabilities of response very much correspond to
initial conditions in a physical problem, and reinforcement schedules correspond closely
to boundary conditions.

The fruits of extensive collaboration with Estes in 1955-1956 did not appear until
later. In fact, we have published only two articles together (Estes & Suppes, 1959, 1974).
The first article appeared as a technical report in 1957, and the second one first
appeared as a technical report in 1959.
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I think that the collaboration with Estes in writing the two long technical reports, later
condensed into shorter papers, has been one of my most satisfactory research efforts in
psychology. Getting the axiornatic foundations of any subject straight is a great delight
to me, but it is especially true of any significant area in psychology.

While Estes and I were together at the Center, he introduced me to his former
graduate student, Richard C. Atkinson, and we arranged for Atkinson to spend the
following academic year at Stanford as a research associate. Atkinson and I undertook
an extensive series of investigations into the application of statistical learning theory to
two-person interactions. The initial fruit of this collaboration was my first experimental
article in psychology (Suppes & Atkinson, 1958). (Unlike most psychologists, I
published an experimental book — Davidson, Suppes, & Siegel, 1957 — before
publishing an experimental article.) Atkinson and I expanded this first effort into an ex-
tensive series of studies, which were published in our 1960 book, Markov Learning Models
Jor Multiperson Interactions. It was a great pleasure to me to work in this area of application
of learning theory. It combined my fundamental interest in learning theory with my
earlier interest in game theory, and I found that I had a natural taste for elaborate
analysis of experimental data. (The book with Atkinson is much richer in data analysis
and the testing of models than is the earlier book with Davidson and Siegel.) I think I
work best with someone like Atkinson, who is extremely well organized and very good at
designing and running experiments. I like to get into the action when the analysis of the
data and the testing of theory are to be the focus. Working with Atkinson has the ad-
ditional advantage that he is also an able theorist and has plenty of ideas of his own
about how to test models or theories.

This was the period in which my theoretical interests in learning theory were
flourishing. I also worked at this time on mathematical aspects of learning processes,
particularly a study of their asymptotic properties in collaboration with John Lamperti,
who was then a member of the mathematics faculty at Stanford. This work appeared in
two publications (Lamperti & Suppes, 1959, 1960).

I also spent a fair amount of time on the generalization of statistical learning theory to
a continuum of responses. The first step was to generalize the linear model (1959b), and
the second step was to generalize stimulus-sampling theory (1960e). In collaboration
with Raymond Frankmann, Joseph Zinnes, and later Henri Rouanet and Michael
Levine, extensive tests of learning theory for a continuum of responses were made in
publications between 1961 and 1964. With Jean Donio, who like Henri Rouanet was at
that time a young French scientist working with me, I generalized in another direction to
a continuous-time formulation of the theory. This work with Donio was completed about
1965 but not published until 1967.

Other areas of application of learning theory that concerned me in the sixties were to
mathematical concept formation in children and to psycholinguistics.

Mathematical Concept Formation in Children

In 1956 my oldest child, Patricia, entered kindergarten and my interests in
applications were once again stimulated, in this case to thinking about the initial learn-
ing of mathematical concepts by children. In collaboration with Newton Hawley, who
was and still is a member of the mathematics faculty at Stanford, we began the following
year, when our daughters were both in the first grade, the informal introduction of con-
structive geometry. At that time very little geometry was taught in the primary grades. A
brief description of this first effort is to be found in Hawley and Suppes (1959), but more
importantly we went on to write two textbooks for primary-grade students in geometry,
which have since been translated into French and Spanish (Hawley & Suppes, 1960a,
1960b).
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This practical interest in the mathematics curriculum in the schools stimulated me to
want to understand better how children learn mathematical concepts. Once again
because of my continued collaboration with Estes, I was fortunate to get Rose Ginsberg,
who was just completing a Ph.D. at Indiana with Estes and C. J. Burke, to join me at
Stanford as a research associate with the express purpose of studying concept formation
in children. This work resulted in a number of publications with Ginsberg (Suppes &
Ginsberg, 1962a, 1962b, 1963) and also a number of publications of my own, of which I
mention especially my monograph *‘On the Behavioral Foundations of Mathematical
Concepts” which appeared in the Monograph Series of the Society for Research in Child
Development (1965e), and also my article on the same topic in the next year in the
American Psychologist (1966g).

In this work in mathematical concept formation in children, Ginsberg and I were con-
cerned to apply as directly and as naturally as possible stimulus-sampling theory to the
learning of such concepts. We met with more success than 1 initially expected. The
ability of relatively simple models of stimulus-sampling theory to account for the learn-
ing of simple mathematical concepts in great detail is, I think, a surprising fact and an
important one.

In 1960, I was finishing my textbook on axiomatic set theory and the question
naturally arose of the relation between the set-theoretical foundations of mathematics
provided by Zermelo-Fraenkel set theory and the learning of mathematics by children. If
I had not been finishing that textbook at the time, I might well not have embarked upon
a number of the experiments that Ginsberg and I undertook to test the formation of
elementary concepts about sets, for example, identity and equipollence, as well as
elementary geometrical concepts. A practical fruit of these investigations was the under-
taking of a new series of elementary mathematics textbooks entitled Sets and Numbers,
which was published over several years in the sixties.

The interest in mathematical concept formation in children also led me on to the topic
of computer-assisted instruction, which I discuss below.

Psycholinguistics

Another natural area of application of stimulus-sampling theory is language learning.
While engaged in the application of the theory to mathematical concept formation in
children, I began to turn to problems of applying the theory to language learning. Again
I was fortunate to get another former student of Estes and Burke from Indiana, Edward
Crothers, to join me as a research associate at Stanford. We undertook a systematic
series of experiments on second-language learning, which led to several publications but
especially to a book in 1967, Experiments in Second-Language Learning, which reported a
large number of investigations on various elementary aspects of learning Russian.

At the same time, given my philosophical inclinations and training, it was natural for
me to become interested in the broader range of controversies in psycholinguistics. To
some extent, the first chapter of the book with Crothers summarizes the kind of attack on
the problems of language learning to be expected from a behavioral standpoint. I also
attempted in the writing of this chapter to provide a partial answer to the many
criticisms that were being made of behavioral theories by psycholinguists.

Two years later I published a more thoroughly worked out answer in my article,
“Stimulus-Response Theory of Finite Automata’ (1969e). In this article I showed that
from simple principles of conditioning one could obtain the kind of language behavior of
which a finite automation is capable. There was no attempt to relate the theoretical
developments to the detailed and subtle learning that takes place in a child but rather it
was argued that the presumed theoretical limitations of stimulus-response theory were
misunderstood by a number of linguistically oriented critics. I have continued to be in-
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volved in this controversy and some of my most recent articles are concerned with it
(1975e, in press-a).

I have emphasized in my writings on this subject that the challenge to psychological
theory made by linguists to provide an adequate theory of language learning may well be
regarded as the most significant intellectual challenge to theoretical psychology in this
century. At the present time, the almost unbelievably difficult problems of providing a
completely adequate scientific theory of language learning and language performance
are enough to make even the boldest and most optimistic theorist pessimistic. In very
developed areas of science or mathematics, it is familiar to have the statement made that
certain kinds of problems are simply far beyond the resources currently available, but
that certain more restricted problems are amenable to serious attack and likely solution.
For example, in quantum chemistry there is, with present intellectual and computing
resources, no hope of making a direct attack on the behavior of complex molecules by
beginning with the first principles of quantum theory. A problem as easy to formulate as
that of deriving from first principles the boiling point of water under normal atmospheric
pressure is simply beyond solution at the present time and is recognized as such. Within
mathematics there are classical open problems in elementary number theory, group
theory, differential geometry, and in fact almost any developed branch of mathematics
that has a similar character. Psycholinguistics will be a far happier and more productive
subject when the same state of developed theory has been reached. A frontal attack on
the problem of giving a complete analysis of the speech of even a three-year-old child is
certainly outside the range of our conceptual tools at the present time. What seems to me
essential is to recognize this fact and to determine the appropriate range of significant
yet possibly solvable problems that should be studied.

One approach that I think has already been f[ruitful and will be significant in the
future is the attempt to write computer programs that can understand and learn a
natural language. Such enterprises must in practice be restricted to a small fragment of a
natural language, but the thorough investigation of such small fragments seems to me a
promising arena for making progress in the way that is characteristic of other domains of
science. I do not mean to suggest by this that study of natural language should be
restricted to computers — certainly not. There will continue to be a significant and im-
portant accumulation of fact and theory about the language learning of children. Qur
understanding of these matters will deepen each year, but what is not yet clear is the
direction theory will take so as to be adequate to the limited domains of understanding
we master. Certainly I recognize the inadequacies from an empirical standpoint of what
can presently be said about language learning within a stimulus-response framework or
a more sophisticated version of S-R theory in terms of procedures and internal data
structure, but I also believe in emphasizing the theoretical thinness of any of the
proposals about learning that come from the linguistic side of psycholinguistics. In fact,
practically none of the ideas originating from linguistics about language learning has
been sulfficiently developed in a systematic fashion to permit any sort of theorem, asymp-
totic or otherwise, to be proved.

It might be remarked that it is scarcely required of an empirical theory that it be
precise enough to permit the proving of asymptotic theorems, but in the present context
it seems to me an important consideration. The actual empirical phenomena are too
complicated for anyone coming at them from any theoretical viewpoint to provide a
detailed account. One test of a theoretical proposal is whether its structure is rich
enough to permit in principle the learning of language as the amount of exposure or ex-
perience goes to infinity. A good recent effort in this direction that does permit a theorem
to be proved, even if the concept of meaning underlying the theory is not at all realistic, is
to be found in Hamburger and Wexler (1975) — and I am pleased to claim Wexler as a
former doctoral student of mine.
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Perhaps more important in the long run than my theoretical pursuits was that I also
got involved in the detailed empirical study of children’s first language. The initial work
in this area was in the construction of probabilistic grammars (1970), followed by the
construction of model-theoretic semantics for context-free fragments of natural language
(1973). I have been especially skeptical of the semantical concepts used by linguists. The
long and deep tradition of semantical analysis in logic and philosophy provides, in my
Jjudgment, a much sounder basis for the analysis of the semantics of natural language.
This is an issue that is still before us, and it would be too easy for me to enter into the
substantive debate in this essay. In my 1973 APA address as recipient of a distinguished
scientific award in 1972, I tried to lay out the virtues of the model-theoretic approach to
the semantics of children’s speech (1974m).

I cannot refrain, however, from a few remarks.

The concept of meaning has a much longer history in philosophy and logic than it
does in psychology or in linguistics. It is possible to begin the philosophical story with
Aristotle, but the classical reference for the beginning of the modern logical and
philosophical discussions of meaning is Frege’s famous article, “Uber Sinn und
Bedeutung” (1892/1952). The second great classical work is Alfred Tarski’s (1935)
monograph on truth. The subsequent literature on the subject is too large to reference
here. The important thrust of this work has been to describe how the meaning of a
sentence is to be built up from the meaning of its parts. In Tarski’s case, this takes the
form of giving an explicit recursive definition of truth. One of the reasons for the large
disparity between this developed logical literature and what goes under the heading of
meaning in psycholinguistics is, I believe, the concern in psycholinguistics primarily for
the meaning of individual words. In Roger Brown’s recent book (1973), he talks a good
deal about the meanings of individual words and even about the meaning of imperatives,
but what he does not really face at any point is the Fregean task of trying to understand
how for children the meaning of a complex utterance is built up from the meaning of its
parts. Without this there can be no serious theory of meaning, and until this is
thoroughly recognized by psycholinguists I am skeptical that a satisfactory psy-
chological theory of meaning for use in studying the first language of children can be
developed.

Additional large-scaie empirical work on children’s language has been undertaken in
collaboration with my former students, Dr. Robert Smith and Dr. Elizabeth Raugh, as
well as with Madeleine Léveillé of the Laboratory of Experimental Psychology in Paris.
The first fruits of this collaboration are to be found in the reports by Léveill¢, Smith and
me (Suppes, Smith, & Léveillé, 1973; Suppes, Léveillé, & Smith, 1974). We are plan-
ning to complete a monograph in the next twelve months that reports on the range of
work we have been doing, including the massive results of Smith’s 1972 dissertation.

Of all my work in psychology, that concerning the syntax and semantics of children’s
first language has had the closest relation to broad issues that are current in philosophy,
and for this reason alone I expect my interest to continue unabated.

Computer-Assisted Instruction

In the fall of 1962, on the basis of conversations with Lloyd Morrisett, Richard Atkin-
son and I submitted a proposal to the Carnegie Corporation of New York for the con-
struction of a computer-based laboratory dedicated to the investigation of learning and
teaching. The proposal was funded in January, 1963, and the laboratory began opera-
tion in the latter part of that year as computing equipment that was ordered earlier in
the year arrived and was installed. The laboratory was initially under the direction of an
executive committee consisting of Atkinson, Estes, and myself. In addition, John
McCarthy of the Department of Computer Science at Stanford played an important role

271



in the design and activation of the laboratory. In fact, the first computer facilities were
jointly shared with McCarthy and his group.

From a research standpoint, one of my own strong motivations for becoming involved
in computer-assisted instruction was the opportunity it presented of studying subject-
matter learning in the schools under conditions approximating those that we ordinarily
expect in a psychological laboratory.

The history of the first five years of this effort, through 1968, has been described in
great detail — probably toa much detail for most readers — in two books (Suppes, Jer-
man, & Brian, 1968; Suppes & Morningstar, 1972) and in a large number of articles. [
shall restrict myself here to a few general comments.

To some extent those initial hopes have been realized of obtaining school-learning
data of the sort one expects to get in the laboratory. Massive analyses of data on
elementary-school mathematics have been presented in my own publications, including
the two books listed above; and a comparable body of publications has issued from the
work of Atkinson and his colleagues on initial reading. My own experience has been that
even a subject as relatively simple as elementary-schoal mathematics is of unbounded
complexity in terms of understanding the underlying psychological theory of learning
and performance. Over the past several years, I have found myself moving away from the
kind of framework that is provided by stimulus-sampling theory, which has been so at-
tractive to me for so many years. The new ideas are more cognitive in character and
organized around the concept of procedures or programs as exemplified, for instance, in
a simple register machine, that is, a simple idealized computer with a certain number of
registers and a small, fixed number of instructions (1973c). I think that the ideas of
stimulus-sampling theory still have importance in terms of learning, even in the context
of such procedures or programs, but certainly there is a shift in conceptual interest
characteristic not only of my own work but also of that of a great many other psy-
chologists originally devoted to learning.

One of my initial interests in computer-assisted instruction was the teaching of logic at
the elementary-school level and subsequently at the college level. Once complexity of
this level is reached, psychological theory is in a more difficult spot in terms of providing
appropriate conceptual tools for the analysis of student behavior. Currently my work in
computer-assisted instruction is almost entirely devoted to university-level courses
(Suppes, Smith, & Beard, 1977). We are struggling to understand how to analyze data
from the sorts of proofs or logical derivations students give in the first logic course or in
the course in axiomatic set theory that follows it (Goldberg & Suppes, 1976; Larsen,
Markosian, & Suppes, in press).

Although there are many questions about the psychology of learning and performance
in elementary-school mathematics that I do not understand, still I feel that I have a
relatively deep conceptual grasp of what is going on and how to think about what
students do in acquiring elementary mathematical skills. This is not at all the case for
skills of logical inference or mathematical inference, as exemplified in the two college-
level courses I have mentioned. We are still floundering about for the right psychological
framework in which to investigate the complex behavior of students in these computer-
based courses. It continues to be a challenge for me, and I hope in the next decade to
have something more interesting to say about the psychological foundations of
mathematical proofs than is now the case.

There is some reason to hope that the very substantial logical literature on the struc-
ture of mathematical proofs, especially the recent literature on the complexity of proofs,
will be of use in the psychological study of the proof-performing behavior of students. At
the very least, I currently feel that the use of such ideas to measure the variability and
complexity of students’ proofs of the same theorem, and of the mean differences between
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theorems, will provide an empirical step of some interest. (A lead into the relatively
specialized literature of proof theory may be found in the two long survey articles of
Kreisel (1968, 1973) and in his more informal article (1971).

There are other psychological and educational aspects of my work in computer-
assisted instruction that have attracted a good deal of my attention which I think are
worth mentioning. Perhaps the most important is the extent to which I have been drawn
into the problems of evaluation of student performance. I have ended up, in association
with my colleagues, in trying to conceive and test a number of different models of evalua-
tion, especially for the evaluation of performance in the basic skills of mathematics and
reading in the elementary school. Again, I will not try to survey the various papers we
have published except to mention the work that I think is probably intellectually the
most interesting and which is at the present time best reported in Suppes, Fletcher, and
Zanotti (1976), in which we introduce the concept of a student trajectory. The first point
of the model is to derive from qualitative assumptions a differential equation for the mo-
tion of students through the course, initially the drill-and-practice supplementary work
in elementary mathematics given at computer terminals. The constants of integration of
the differential equation are individual constants of integration, varying for individual
students. On the basis of the estimation of the constants of integration we have been able
to get remarkably good fits to individual trajectories through the curriculum. (A trajec-
tory is a function of time, and the value of the function is grade placement in the course
at a given time.) The development of these ideas has taken me back to ways of thinking
about evaluation that are close to my earlier work in the foundations of physics. It is
work that I hope to be able to continue in the future.

The work on computer-assisted instruction has also been the framework within which
the large-scale empirical work on first-language learning in children has taken place.
Without the sophisticated computer facilities available to me at Stanford it would not
have been possible to pursue these matters in such detail and on such a scale. Even more
essentially, the presence of a sophisticated computer system in the Institute for
Mathematical Studies in the Social Sciences has led to the computer-based approach to
the problems of language learning and performance mentioned earlier. One of our objec-
tives for the future is to have a much more natural interaction between student and com-
puter program in the computer-based courses we are concerned with. Out of these ef-
forts, I believe, we shall also come to a deeper understanding of not only how computer
programs can best handle language, but also how we do, in fact, handle it.

Psychoanalysis

To the surprise of a great many of my colleagues and friends in the academic world, I
have in the last few years developed a serious scientific interest in psychoanalysis. This
work has been conducted in close collaboration with Hermine Warren, an able young
psychologist with long-standing interests in psychodynamic theory. We have published
an article (Suppes & Warren, 1975) in the International journal of Psycho-Analysis on
defense mechanisms, and we are also currently writing a long article on psychoanalysis
and education. Meeting the challenge to understand in some detailed and literal way the
theoretical concepts of psychoanalysis and to formulate the theory in explicit axiomatic
form is one of the most difficult and intriguing intellectual ventures I have as yet
attempted. It is too early to predict the success of our work. I do think that there is
reason for hope. We have also done a considerable amount of work on Freud’s theory of
humor and we hope to be able to make some contributions to the systematic theoretical
development of that theory. In fact, the three topics of dreams, parapraxes (e.g., slips of
the tongue), and jokes constitute, it seems to me, the right arena for the theoretical
development of psychoanalysis as part of general psychology. The neglect of the theory
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of humor by most psychologists and by almost all psychology textbooks is surprising,
given the universal existence of humor in all cultures and at all levels of age and educa-
tion. Freud’s ideas about humor and especially about the theory of jokes are especially
tantalizing and elusive.

Methodology

As a philosopher, but especially as one who has been primarily interested in the
philosophy of science, a concern for methodology has run through all my work in psy-
chology, from my first papers on axioms for measurement to the work on axiomatic foun-
dations of stimulus-sampling theory and my more recent efforts to understand the syn-
tactical and semantical structure of children’s language. In addition, outside of psy-
chology proper, I have written a number of philosophical articles on methodology, and I
have found that my research in psychology has been a constant stimulus to bring the
proper note of realism about scientific practice and the complexity of testing real scien-
tific theories to bear on my ideas about methodology. A good example of this influence is
to be seen in my monograph on causality (1970a). The main empirical data presented in
that monograph are taken from some of my earlier experiments on learning. Introduc-
tion of data of this kind permitted me to get away from some of the too simplified ac-
counts of causality offered by philosophers of science. So though I have to some extent
led a double life as a philosopher and as a psychologist, with my publications split about
evenly between the two, the interaction has been of benefit to me and I believe it has
benefited both directions of my work. Because of my concern for methodological
questions I think I have had an impact in psychology beyond what I would have had
without this concern, and certainly the practical experience of scientific work in psy-
chology has been of enormous benefit in deepening my thinking about the methodology
and philosophy of science in general.

PERSONAL REFLECTIONS

My natural instinct would be to entitle this section “‘Persons and Places,” but because
my entire academic career has been spent at Stanford it did not seem appropriate to talk
about places. What I have done is to divide this section into three periods, the first five
years at Stanford, the next ten, and the last ten plus two. What [ intend is to make some
more general and more personal remarks in this part of the essay and especially to com-
ment, beyond the remarks made earlier, on some of the psychologists who have had an
influence on me.

I came to Stanford in 1950 immediately upon receiving my Ph.D. from Columbia and
I have remained here without interruption. I have had the usual sabbaticals and an ad-
ditional year off as Fellow at the Center for Advanced Studies in Behavioral Sciences
that I mentioned earlier. I have traveled a great deal, perhaps more than most of my
academic colleagues, but still I have remained relatively fixed at Stanford and un-
doubtedly will do so throughout the remainder of my career.

1950-1955

I have already commented on the influence that McKinsey and Tarski had on me dur-
ing my first years at Stanford. I have also mentioned the impact of several graduate
students in psychology, especially that of Frank Restle. In addition, I benefited from in-
teraction with two members of the faculty of psychology, E. R. Hilgard and Douglas H.
Lawrence.

From another direction, I was strongly influenced by working with David Blackwell
and M. A. Girshick on their book, Theory of Games and Statistical Decisions (1954). Working
with them, I learned a lot about both mathematical statistics and decision theory that
was very useful to me later. | also began at this time working with Herman Rubin in the
Department of Statistics, and I learned a great deal from Rubin, who has perhaps the
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quickest mathematical mind I have ever had the pleasure to interact with in any ex-
tended way. His error rate is reasonably high by ordinary standards, but the speed and
depth of his reactions to a problem posed are incomparably good. During this period I
also learned a great deal from my colleague in philosophy, Donald Davidson, and began
with him the joint work in decision theory I mentioned earlier.

I remember these early years at Stanford with great pleasure. I was working hard and
intensely, and learning a great deal about a great many different things.

On the other hand, it is useful to say something about how slow one can be in absorb-
ing ideas. I learned much from Blackwell and Girshick and also from Rubin about the
foundations of statistics, but as I look back on the splendid opportunity that was
available to me in working with the three of them it does not seem to me that I got the
kind of grip on the subject that I feel I have acquired later. I cannot help but feel that an
opportunity was wasted and that a delay of years was imposed by my failure to reach a
deeper understanding at that time. I think one of the difficulties with my earlier work is
that I did not sufficiently appreciate the necessity of getting a strong intuitive or concep-
tual feeling for a subject. I probably tended to operate in too formal a manner, at least it
seems to me now in retrospect. All the same, some of my best papers were written in this
period, and I do not want to sound overly negative about all that I had the opportunity
to learn and do in those early years.

1956-1965

I have already mentioned the important influence of Estes during the year 1955-1956
at the Center for Advanced Study in the Behavioral Sciences. The continuation of the
work in learning with applications to multiperson interactions and to mathematical con-
cept formation in children was intellectually a major part of my life during the ten years
ending in 1965. The work with Estes continued; we spent many summers together. We
planned a monograph as the outgrowth of our work, but for various reasons we did not
complete it. We did write the two long technical reports that were eventually published
in shortened form as papers. But the extent of Estes’s influence on my thinking during
this period is underestimated by referring simply to the publication of two papers.

In the summer of 1957, there was a Social Science Research Council workshop, or
rather collection of workshops, at Stanford. An outgrowth of the workshop on learning
was the volume, Studies in Mathematical Learning Theory (1959), edited by R. R. Bush and
W. K. Estes, in which I published several papers, including the first paper with Estes.
Perhaps the most important intellectual event for me that summer was the encounter
with Duncan Luce and the famous “red cover” report that later was published by Luce
as his classical book, Individual Choice Behavior (1959). He and I had great arguments
about the exact interpretation of his axioms. I initially thought he was clearly wrong in
the way he-had matters formulated, but he succeeded in persuading me that I was
wrong, and out of those first encounters has grown a strong personal friendship and a
large amount of collaborative work.

Although during this time I published two logic textbooks, Introduction to Logic in 1957
and Axiomatic Set Theory in 1960, in this ten-year period more than any other time in my
career most of my effort was devoted to psychological research rather than to work in
philosophy. I have already mentioned a good many of the individual psychologists 1 had
the pleasure of working with in these years. In addition, I should mention Merrill
Carlsmith and Frank Krasne, with whom I wrote papers during the time when both of
them were undergraduates at Stanford. I also had as a research assistant, Madeline
Schlag-Rey from Belgium, who is a very able and dedicated experimental psychologist.

In the last several years of this period one of the strongest influences on my own work
was the succession of able graduate students who wrote doctoral dissertations under my
guidance and with whom I often collaborated. I mention (in chronological order) es-
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pecially Helena Kraemer, jean 1. Donio, Barry Arnold, M. Frank Norman, and Paul
Holland, all of whom took degrees with me in the Department of Statistics at Stanford
and all of whom were concerned with mathematical or statistical problems in the foun-
dations of learning theory. (Since 1960 I have had a joint appointment in the
Departments of Philosophy and Statistics.) During the same period Michael Levine
worked on a dissertation in psychology, which he completed in a formal sense a year or
two later. Both Michael Levine and Frank Norman were as graduate students great
sticklers for mathematical precision and correctness of formulation of theorems and
proofs. I remember well the pleasure they took in correcting any mistakes I made in my
graduate course on mathematical learning theory.

By the end of this period my attention was moving to the kinds of psychological
questions, many of them applied, that arose in connection with computer-assisted in-
struction, and I also began to return to a more intense consideration of purely
methodological problems in the philosophy of science. This does not mean that my in-
terest in psychological research ended, but rather that the intense “learning theory”
period running from 1955 to 1963 was reaching a natural end.

At the end of this period Duncan Luce and I undertook to write a long chapter on
preference, utility, and subjective probability for Volume III of the Handbook of
Mathematical Psychology. Writing this long article introduced me to Luce’s awesome
habits of work. Very few people I know are able to meet deadlines for completing a piece
of work on time; practically no one is able to complete an agreed assignment in advance
of the deadline set. Luce is one of the few that can, but it is not only the meeting of the
deadline that is impressive, it is his clear and relentless pursuit of the details of a par-
ticular theory or argument. I learned a great deal from him in writing this long survey
article and have continued to do so. As the impact of his book, Individual Choice Behavior,
has shown, he has a superb gift for simple formulation of quite general concepts and laws
of behavior.

One important event for my own work and life that took place during this period was
the founding, together with Kenneth Arrow, of the Institute for Mathematical Studies in
the Social Sciences at Stanford. Stanford was then administered in a sufficiently informal
way that it is not easy to peg the exact date on which the Institute was formed. It was a
natural outgrowth of the Applied Mathematics and Statistics Laboratory, which had
been put together in the late forties by Albert H. Bowker, now Chancellor at the Univer-
sity of California at Berkeley, to provide an organizational framework and an intellectual
home for a wide range of work in applied mathematics and statistics. My own research
began there in the summers, starting with the apprenticeship to Blackwell and Girshick
mentioned earlier. The forming of the Institute followed in the late fifties. I have con-
tinued to direct the Institute since 1959 and it has been a very pleasant and constructive
home for most of my research efforts since that date.

It was also during this period that I had my one serious flirtation with university ad-
ministration. I was a half-time Associate Dean with the School of Humanities and
Sciences at Stanford for three years and during the last term, the fall of 1961, Acting
Dean. During this period I had several opportunities to assume full-time administrative
positions at Stanford and some offers to do so elsewhere. I enjoyed the administrative
work during this period and think that I have some flair for it, but certainly one of the
wisest decisions I have personally ever made was the decision to move away from ad-
ministration and back into a regular position of teaching and research.

1966-1977

To continue this theme of administration as I move into the final period of these per-
sonal reflections, I have found that the large-scale computer activities on which we em-
barked in 1963 have turned out to be a sizeable administrative problem in their own
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right. At the peak of our activities in 1967-1968 we had almost 200 persons, including
staff, research associates, and graduate students, involved in the Institute. The activity is
much smaller now and I am thankful for that, but it continues to be a relatively complex
affair and demands, as it has demanded since 1963, a fair share of my time. I do not
regret the time spent, for my temperament is such that I would be restless in a purely
sedentary life of paper-and-pencil research. The complex problems of running a com-
puter operation on the frontiers of the technology currently available have provided just
the right kind of stimulation to keep me contented and not inclined to seek ad-
ministrative outlets of a more extensive nature.

The efforts in computer-assisted instruction during this last ten years have been in
association with a very large number of people, too many to mention here. My numerous
joint publications in this area provide partial evidence as to the extent of this collabora-
tion, but I should also mention the many extremely able young programmers and
engineers with whom I have been involved and who have contributed so much to our ef-
forts. Unuil I got into computer activities, I did not rightly appreciate the important role
that able technical people can play and indeed must play in any successful research ef-
fort involving complex hardware. I had in the past heard such stories from my physics
friends, but this was my first opportunity to learn the lesson firsthand. It is humbling to
direct a complex activity in which you know that you yourself are not competent in most
of the aspects of the operation. Large-scale research and development work has this
character; I am not entirely happy with it. Increasingly in parts of my own research I
have enjoyed working alone, but this is certainly not true of the work in computer-
assisted instruction as it is not true of my experimental work in psychology.

Also, there are certain kinds of extended efforts that I would simply not be capable of
carrying through on my own. I have in mind especially the effort I have engaged in
jointly with David Krantz, Duncan Luce, and Amos Tversky in the writing of our two-
volume treatise, Foundations of Measurement. The first volume appeared in 1971, and at the
time of writing this essay we hope to complete the draft of Volume II by the middle of
next year. This has been my longest collaborative effort. I am pleased to say that we are
still all speaking to each other and, in fact, my relation to Duncan Luce has grown to one
of close friendship, as I mentioned earlier.

Friendships that extend over many years have not been a topic I have emphasized in
this essay, but a number of them have been important to me. One sad fact is that after
staying at Stanford so many years I find that all of the persons with whom I formed
relatively close personal ties have now departed. This includes Albert Bowker, who is
now Chancellor at the University of California at Berkeley, Donald Davidson, who is
now a Professor of Philosophy at the University of Chicago, William Estes, who is now at
Rockefeller University, and Richard Atkinson, who is Director of the National Science
Foundation. There are, of course, a number of individuals on the campus, and especially
in the structure of the Institute for Mathematical Studies in the Social Sciences, whom I
work with and with whom I enjoy interacting, but most of them are a good deal younger
and are not friends of many years’ standing.

I close with some brief remarks about my personal life. During most of the period
covered by these reflections I was married to my first wife and together we had three
children, who in 1977 are 17, 20, and 26 years of age. I was divorced from my first wife in
1969, remarried in 1970, and divorced again in 1973. I am at the time of writing this es-
say still unmarried.

Since 1956 I have lived on the Stanford campus, and since 1961 in the house that I
now occupy. It is a large, comfortable house, built in 1924, and is located on the old part
of the campus on a relatively spacious lot. I feel completely anchored to Stanford and the
Bay Area. It is very doubtful to me that I will ever permanently move anywhere else for
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the rest of my life. I am more than content to spend my time in research and teaching,
together with occasional forays into applied problems of computer-assisted instruc-
tion. Occasionally I think that it is time to slow down the pace of work, but it is also
clear that for many years I have enjoyed working hard and intensely. As long as my
health remains good my work habits will probably not change much. All in all, I feel
very fortunate to have had the kind of life I have had for the past twenty-seven years at
Stanford. Another twenty-seven of the same sort is more than is reasonable to ask for,
but I plan to enjoy as many as I can.
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Behanoral Science, 4, 11-18.

With K. Walsh. A non-linear model for the experimental measurement of utility. Behavtoral Science, 4,
204-211.

Aviomatic Set Theory. Princeton: Van Nostrand. (Tean(a axwomdtica de conjuntos. (Trans. by H. A. Castillo)
Cali, Colombia: Editoriol Norma, 1968.) (a)

With R. C. Atkinson. Markov Learning Models for Multiperson Interactions. Stanford, Calif.: Stanford
University Press.

With N. Hawley. Geometry for Primary Grades. Book 1 San Francisco: Holden-Day. (Translations:
Géométria para los grados primanos. Libra 1 San Juan, Puerto Rico: Editorial Departamento de
Instruccion Publica, 1964; Gf%métne pour Classes Elementaires. Livre 1. Montreal, Canada: Gontran
Trottier, 1965.) (a)

With N. Hawley. Geometry for Primary Grades. Book 2. San Francisco: Holden-Day. (Gfométria para los
Grados Primanos. Libra 2. San Juan, Puerto Rico: Editorial Departamento de Instruccion Publica,
1966.) (b)

A comparison of the meaning and uses of models in mathematics and the emprical sciences. Synthese,
12, 287-301. (Srovndnil viznamu a pouZiti modelu v matematice a v empirickych v€dach. In K. Berka
& L. Tondl (Eds.), Teorie Modelu a Modelovdnt. Dordrecht: Reidel, 1967. Pp. 208-222.) (b)

Problem analysis and ordinary language. Proceedings of the Twelfth International Congress of Philosophy, 4,
331-337. (c)

Some open problems in the foundations of subjective probability. In R. E. Machol (Ed.), Information and
Dectsion Processes. New York: McGraw-Hill. Pp. 162-169. (d)

Stimulus sampling theory for a continuum of responses. In K. J. Arrow, S. Karlin, & P. Suppes
(Eds.), Mathematical Methods in the Soctal Sciences, 1959. Stanford, Calif.: Stanford University Press.
Pp. 348-365. (e)

With J. Lamperti. Some asymptotic properties of Luce’s beta learning model. Psychometrika, 25, 233-241.
Behavioristic foundations of utility. Econometrica, 29, 186-202. (a)

The philosophical relevance of decision theory. Journal of Philosophy, 58, 605-614. (b)

Probability concepts in quantum mechanics. Philosophy of Science, 28, 378-389. (c)

With R. W. Frankmann. Test of stimulus sampling theory for a continuum of responses with unimodal
noncontingent determinate reinforcement Journal of Experimental Psychology, 61, 122-132.

With F. Krasne Applications of stimulus sampling theory to situations involving social pressure.
Psychological Review, 68, 46-59.

With B. McKnight. Sets and numbers in grade one, 1959-1960. The Anithmetic Teacher, 8, 287-290.

With J Zinnes. Stochastic learning theories for a response continuum with non-determinate reinforce-
ment. Psychometrika, 26, 373-390
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1962

1963

1964

Models of data. In E. Nagel, P. Suppes, & A. Tarski (Eds.), Logic, Methodology and Philosaphy of Science:
Proceedings of the 1960 International Congress. Stanford, Calif.: Stanford University Press. Pp. 252-261.

(Modely dat. in K. Berka & L. Tondl (Eds.), Teorre Modelu a Modelovéni. Dordrecht: Reidel, 1967.
Pp. 223.235.) (a)

Recent developments in utility theory. Recent advances in game theory, Princeton University Conference.
61.72. (b)

With J. M. Carlsmith. Experimental analysis of a duopoly situation from the standpoint
of mathematical learning theory. International Economic Review, 3, 60-78.

With R. Ginsberg. Application of a stimulus sampling model to children’s concept formation with and
without overt correction responses. Journal of Expenmental Psychology, 63, 330-336. (a)

With R. Ginsberg. Experimental studies of mathematical concept formation in young children
Science Education, 46, 230-240. (b)

With S. Hill. The concept of set. The Grade Teacher, 79, 51; 86-90. (a)
With S. Hill. Mathematical logic for the schools. The Arithmetic Teacher, 9, 369-399. (b)

With M. Schlag-Rey. Analysis of social conformity in terms of generalized conditioning models. In
J. H. Criswell, H. Solomon, & P. Suppes (Eds.), Mathematical Methods in Small Group Processes. Stanford,
Calif.: Stanford University Press. Pp. 334-361. (a)

With M. Schlag-Rey. Test of some learning models for double contingent reinforcement. Psychological
Reports, 10, 259-268. (b)

The role of probability in quantum mechanics. In B. Baumrin (Ed.), Philosophy of Science, The Delaware
Seminar. New York: Wiley. Pp. 319-337. (a)

Set theory in the primary grades. New York State Mathematics Teacher’s Journal, 13, 46-53. (b)

With R. Ginsberg. A fundamental property of all-or-none models, binomial distribution of responses
prior to conditioning, with application to concept formation in children. Psychological Review, 70,
139-161.

With J. Zinnes. Basic measurement theory. In R. D. Luce, R. R. Bush, & E. H. Galanter (Eds.),
Handbook of Mathematical Psychology (Vol. 1). New York: Wiley. Pp. 3-76. (Psychologicheski izmerenia
In L. D. Meshalki (Ed.), .Matematica. Moscow: Mir, 1967. Pp. 9-107.)

With 8. Hill. First Course in Mathematical Logic. New York: Blaisdell. (Introduccién a la lfgica mate-
mética. (Trans. by E. L. Escardo) Barcelona: Editorial, S. A., 1968.)

The ability of elementary-school children to learn the new mathematics. Theory into Practice, 3, 57-61. (a)

The formation of mathematical concepts in primary-grade children. In A. H. Passow & R. R. Leeper
(Eds.), Pager: Jfrom the ASCD Eighth Curriculum Research Institute. Pp. 99-119. (b)

Modern learning theory and the elementary-school curriculum. American Educational Research Journal, 1,
79-93. (c)

On an example of unpredictability in human behavior. Philosophy of Science, 31, 143-148. (d)

Problems of optimization in learning a list of simple items. In M. W. Shelly, II, & G L. Bryan (Eds.),
Human jJudgments and Optimality. New York: Wiley. Pp. 116-126. (e)

Some current developments in models of learning for a continuum of responses. (Discrete Adaptive
Processes Symposium, American Institute of Electrical Engineers, June 1962.) The Institute of Electrical
and Electronics Engineers Transactions on Applications and Industry, 83, 297-305. (f)

With E. Crothers & R. Weir. Latency phenomena in prolonged learning of visual representations of
Russian sounds. International Review of Applied Linguistcs, 2, 205-217,

With E. Karsh. Probability learning of rats in continuous-time experiments. Psychonomic Science, 1.
361-362.

With H. Rouanet. A simple discrimination experiment with a continuum of responses. In R. C.

Atkinson (Ed.), Studies in Mathematical Psychology. Stanford, Calif.: Stanford University Press
Pp. 317-357.
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1965

1966

With H. Rouanet, M. Levine, & R. W. Frankmann. Empirical comparison of models for a continuum
of responses with noncontingent bimodal reinforcement. In R. C. Atkinson (Ed.). Studies in Mathematical
Psychology. Stanford, Calif.: Stanford University Press Pp. 358-359.

Computer-based mathematics instruction. Bulletin of the International Study Group for Mathematics Learning,
3, 7-22. (a)

The kinematics and dynamics of concept formation. In Y. Bar-Hillel (Ed.), Proceedings for the 1964
International Congress for Logic, Methodology and Philosophy of Science. Amsterdam: North-Holland. Pp.
405-414 (b)

Learning the new mathematics. In New directions 1n Mathematics. Membership Service Bulletin 16-A,
Association for Childhood Education International, pp. 57-64. (c)

Logics appropriate to empirical theories. In J. W Addison, L. Henkin, & A Tarski (Eds.), Theory of
Models (Proceedings of the 1963 International Symposium at Berkeley.) Amsterdam: North-Holland.
Pp. 364-375. (d)

On the behavioral foundations of mathematical concepts. Monographs of the Society for Research in Child
Development, 30, 60-96. (e)

Towards a behavioral foundation of mathematical proofs. In K. Ajdukiewicz (Ed.), The Foundations of
Statements and Decisions. (Proceedings of the International Colloquium on Methodology of Science,
September 18-23, 1961) Warsaw: PWN-Polish Scientific Publishers. Pp. 327-341. (f)

With F. Binford. Experimental teaching of mathematical logic in the elementary school. The Anthmetic
Teacher, 12, 187-195.

With D. Hansen. Accelerated program in elementary-school mathematics — The first year. Psychology
tn the Schools, 2, 195-203.

With R. D. Luce. Preference, utility and subjective probability. In R. D. Luce, R. R. Bush, & E. H.
Galanter (Eds.), Handbaok of Mathematical Psychology (Vol. 3). New York: Wiley. Pp. 249-410.

With M. Schlag-Rey. Observable changes of hypotheses under positive reinforcement. Science, 148,
661-662.

With M. Schlag-Rey & G. Groen. Latencies on last error in paired-associate learning. Psychonomic
Science, 2, 15-16.

Sets and Numbers. (Elementary school mathematics series, Grades K-6) New York: Random House. (a)

Accelerated program in elementary-school mathematics — The second year. Psychology in the Schools, 3,
294.307. (b)

Applications of mathematical models of learning in education. In H. O. A. Wold (Scientific
Organizer), Model Building in the Human Sciences. (Entretiens de Monaco en Sciences Humaines,
Session 1964) Monaco: Union Europienne D’Editions. Pp. 39-49. (c)

The axiomatic method in high scheol mathematics. In The Role of Axiomatics and Problem Solring in
Mathematics. (The Conference Board of the Mathematical Sciences) Washington, D C.: Ginn.
Pp. 69-76. (d)

A Bayesian approach to the paradoxes of confirmation. In J. Hintikka & P. Suppes (Eds.), Aspects of
Inductive Logic. Amsterdam: North-Holland. Pp. 198-207. (e)

Concept formation and Bayesian decisions In J. Hintikka & P. Suppes (Eds.), Aspects of Inductive Logtc.
Amsterdam: North-Holland. Pp 21-48. (f)

Mathematical concept formation in children. American Psychologist, 21, 139-150. (g)
Plug-1n instruction. Saturday Review, 49(30), 25; 29-30. (h)

The probabilistic argument for a non-classical logic quantum mechanics. Philosophy of Science, 33,

14-21. (L’argument probabiliste pour une logique non classique de la mecanique quantique. Synthese,
16, 74-85.) (1)

Probabilistic inference and the concept of total evidence. In J. Hintikka & P. Suppes (Eds.), dspects
of Inductive Logic Amsterdam. North-Holland Pp. 49-65 (j)
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1967

The psychology of arithmetic. In J. Bruner (Ed.), Learning About Learming. (A conference report)
Washington, D. C.: United States Government Printing Office. Pp. 235-242. (k)

Some formal models of grading principles. Synthese, 16, 284-306. (1)
Tomorrow's education. Education Age, 2, 4-11. (m)

Towards a behavioral psychology of mathematical thinking. In J. Bruner (Ed.), Learning About Learning.
(A conference report) Washington, D. C.: United States Government Printing Office. Pp. 226-234. (n)

The uses of computers in education. Scientific Amencan, 215, 206-220. (Translations: Anwendungen
elektronischer Rechenanlagen in Unterricht. In Information Computer und Kiinstliche intelligenz. Frankfurt
am Main: Umschau, 1967. Pp. 157-172. In Informatsia. Moscow: Mir, 1968. Pp. 165-182. Zastosowania
maszyn cyfrowych w nauczaniu — #um. Tadeusz Wiewidrowski. In, Dzif i jutre maszyn cyfrowych.
Warsaw: 1969. Pp. 231-256.) (o)

With G. Groen & M. Schlag-Rey. A model for response latency in paired-associate learning. journal
of Mathematical Psychology, 3, 99-128.

With M. Jerman & G. Groen. Arithmetic drills and review on a computer-based teletype. The Arithmetic
Teacher, 13, 303-309.

With J. L. Zinnes. A continuous-response task with non-determinate, contingent reinforcement.
Journal of Mathematical Psychology, 3, 197-216.

With E. Crothers. Experiments in Second-Language Learmng. New York: Academic Press.

The case for information-oriented (basic) research in mathematics education. In J. M. Scandura (Ed.),
Research in Mathematics Education. Washington, D. C.: National Council of Teachers of Mathematics.

- -Pp-1-5. (a)

The computer and excellence. Saturday Review, 50(2), 46-50. (b)
Computer-based instruction. Electromec Age, 26, 2-6. (c)

Decision theory. In Encyclopedia of Philosophy (Vol. 2). New York: Macmillan & Free Press. Pp. 310-314.
(d)

On using computers to individualize instruction. In D. D. Bushnell & D. W. Allen (Eds.), The
Computer in Amenican Education. New York: Wiley. Pp. 11-24. (e)

The psychological foundations of mathematics. In Les Modéles et la Formalisation du Comportement.
(Colloques Internationaux du Centre National de la Recherche Scientifique) Paris: Editions du
Centre National de la Recherche Scientifique. Pp. 213-242. (f)

Some extensions of Randall’s interpretation of Kant’s philosophy of science. In J. P. Anton (Ed.),
Naturalism and Historical Understanding: Essays on the Philosophy of john Herman Randall, Jr. New York:
State University of New York Press. Pp. 108-120. (g)

Some theoretical models for mathematics learning. Journal of Research and Development in Education, 1,

5-22. (h)
The teacher and computer-assisted instruction. Natwonal Education Association Journal, 56(2), 15-32. (i)
The teaching machine Christian Science Monutor, August 10, p. 11. (j)

What is a scientific theory? In S. Morgenbesser (Ed.), Philosophy of Science Today. New York: Basic
Books. Pp. 55-67. (k)

With J Donio. Foundations of stimulus-sampling theory for continuous-time processes. journal of
Mathematical Psychology, 4, 202-225.

With G. Groen. Some counting models for first-grade performance data on simple addition facts.

In J. M. Scandura (Ed.), Research in Mathematics Education. Washington, D. C.: National Council of
Teachers of Mathematics. Pp. 35-43.

With L. Hyman & M. Jerman. Linear structural models for response and latency performance in
arithmetic on computer-controlled terminals. In J. P. Hill (Ed.), Minnesota Symposta on Child Psychology.
Minneapolis: University of Minnesota Press. Pp. 160-200.
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1968

1969

With C lhrke Accelerated program in elementary-school mathematics — The third year. Psychology
n the Schools, 4, 293-309.

With F. S Roberts Some problems in the geometry of visual perception. Synthese, 17, 173-201.

With M. Jerman & D. Brian. Computer-Assisted Instruction: Stanford’s 1965-66 Arithmetic Program New
York: Academic Press.

Can there be a normative philosophy of education? In G. L. Newsome, Jr. (Ed.), Philosophy of Education
Santa Monica, April 7-10, 1968) Edwardsville: Studies in Philosophy and Education, Southern
Illinois University, 1968. Pp. 1-12. (a)

Computer technology and the future of education. Pht Delta Kappan, 44, 420-423. (b)
The desirability of formalization in science. Jfournal of Philosophy, 65, 651-664. (c)

Information processing and choice behavior. In I. Lakatos & A. Musgrave (Eds.), Problems in the
Philosophy of Science. Amsterdam: North-Holland. Pp. 278-299. (d)

With R. R. Bush & R. D. Luce. Models, mathematical. In International Encyclopedia of the Soctal Sciences
(Vol 10). New York: Macmillan & Free Press Pp. 378-386.

With R. D Luce. Mathematics. In International Encyclopedia of the Social Sciences (Vol. 10). New York:
Macmillan & Free Press. Pp. 65-76.

With N Moler. Quantifier-free axioms for constructive plane geometry. Compositio Mathematica, 20,
143-152.

With I. Rosenthal-Hill. Concept formation by kindergarten children in a card-sorting task. Journal of
Experimental Child Psychology, 6, 212-230.

With M. Schlag-Rey. Higher-order dimensions in concept identification. Psychonomic Science, 11,
141-142.

Studies in the Methodology and Foundations of Science: Selected Papers from 1951 to 1969. Dordrecht: Reidel.
(a)

With B. Meserve & P. Sears. Sets, Numbers, and Systems. Books 1 and 2. New York: Random House.
With others. Research for Tomorrow’s Schools: Disciplined Inquiry for Education. New York: Macmillan.

Computer-assisted instruction: An overview of operations and problems. In A. J. H. Morrell (Ed.),
Information Processing 68 (Vol. 2). (Proceedings of IFIP Congress 1968, Edinburgh) Amsterdam:
North-Holland. Pp. 1103-1113. (b)

Nagel's lectures on Dewey’s logic. In 8. Morgenbesser, P. Suppes, & M. White (Eds.), Philosophy,
Science and Method: Essays in Honor of Ernest Nagel. New York: St. Martin’s Press. Pp. 2-25. (c)

Stimulus-response theory of automata and tote hierarchies: A reply to Arbib. Psychological Review, 76,
511-514. (d)

Stimulus-response theory of finite automata. journal of Mathematical Psychology, 6, 327-355. (e)
With M. Jerman. Computer-assisted instruction at Stanford Educational Technology, 9(1), 22-24. (a)

With M. Jerman. Computer-assisted instruction at Stanford. Educational Telemsion International, 3(3),
176-179. (b)

With M. Jerman Some perspectives on computer-assisted instruction. Educational Media, 1(4), 4-7. (c)

With M Jerman. A workshop on computer-assisted instruction in elementary mathematics. The
Arithmetic Teacher, 16, 193-197. (d)

With E Loftus & M. Jerman. Problem-solving on a computer-based teletype. Educational Studies in
Mathematics, 2, 1-15. (Rezolvarea problemelor la un telescriptor conectat cu un calculator electronic.

In E Fischbein & E. Rusu (Eds.), frwb"ﬁmmtul matematic in lumea conlempammY Bucharest: Editura
Didactic si PedagogicX, 1971. Pp. 276-296.)

With M. Morningstar. Computer-assisted instruction. Science, 166, 343-350.
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1970 A Probabilistic Theory of Causality. (Acta Philosophica Fennica, 24) Amsterdam: North-Holland (a)
Probabilistic grammars for natural languages. Synthese, 22, 95-116. (b)

Systems analysis of computer-assisted instruction. In G. J. Kelieher (Ed.), The Challenge to Systems
Analysis. New York: Wiley. Pp. 98-110. (c)

With C. Thrke. Accelerated program in elementary-school mathematics — The fourth year. Psychology
in the Schools, 7, 111-126.

With D. Jamison & C. Butler. Estimated costs of computer-assisted instruction for compensatory
education in urbdn areas. Educational Technology, 10, 49-57.

With D. Jamison & D. Lhamon. Learning and the structure of information. In J. Hintikka & P.
Suppes (Eds.), Information and Inference. Dordrecht: Reidel. Pp. 197-259.

With M. Jerman. Computer-assisted instruction. The Bulletin of the National Assocation of Secondary School
Principals, 54(343), 27-40.

With M. Morningstar. Four programs in computer-assisted instruction. In W. H. Holtzman (Ed.),
Computer-Assisted Instruction, Testing, and Guidance. New York: Harper & Row. Pp. 233-265. (a)

With M. Morningstar. Technological innovations: Computer-assisted instruction and compensatory
education. In F. Korten, S. Cook, & J. Lacey (Eds.), Psychology and the Problems of Society. Washington,
D. C.: Arerican Psychological Association. Pp. 221-236. (b)

1971 With D. H. Krantz, R. D. Luce, & A. Tversky. Foundations of Measurement (Vol. 1). New York:
Academic Press.

Alternatives through computers. In B. Rusk (Ed.), Alternatwes in Education. Toronto: General.

Pp. 57-70. (a)
Computer-assisted instruction for deaf students. American Annals of the Deaf, 116, 500-508. (b)

Technology in education. In 8. M. Brownell (Ed.), Issues in Urban Education. New Haven, Conn.:
Yale University Press. Pp. 119-146. (c)

Archimedes’s anticipation of conjoint measurement. In Role and Importance of Logic and Methodology of
Science 1n the Study of the History of Science. Colloquium presented at the XIII International Congress of
the History of Science, Moscow, 1971. Moscow: Nauka. (d)

With S. Feldman. Young children’s comprehension of logical connectives. journal of Experimental Child
Psychology, 12, 304-317.

With B. Searle. The computer teaches arithmetic. School Review, 79(2), 213-225.

1972 With M. Morningstar. Computer-Assisted Instruction at Stanford, 1966-68: Data, Models, and Evaluation of the
Anthmetic Programs. New York: Academic Press.

Computer-assisted instruction. In W. Handler & J. Weizenbaum (Eds.), Display Use for Man-Alachine
Dralog. Munich: Hanser. Pp. 155-185. (a)

Computer-assisted instruction at Stanford: In Man and Computer. (Proceedings of international con-
ference, Bordeaux 1970) Basel: Karger. Pp. 298-330. (b)

Finite equal-interval measurement structures. Theonia, 38, 43-63. (c)

Measurement: Problems of theory and application. In AMathematics in the Social Sciences in Australia.
Canberra: Australian Government Publishing Service. Pp. 613-622. (d)

On the problems of using mathematics in the development of the social sciences. In Mathematics in the
Social Sciences in Australia. Canberra: Australian Government Publishing Service. Pp. 3-15. (e}

Some open problems in the philosophy of space and time. Synthese, 24, 298-316 (f)

Stochastic models in mathematical learning theory. In Mathematics 1n the Social Sciences tn Australia.
Canberra. Australian Government Publishing Service Pp 2065-273. (g)

Veroyatnostnaya teoria prichinosti. Voprosi Filosoft, 4, 90-102. (h)

With J. D. Fletcher. Computer-assisted instruction in reading: Grades 4-6. Educational Technology,
12(8), 45-49
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1973

1974

With A Goldberg. A computer-assisted instruction program for exercises on finding axioms. Educa-
tional Studies in AMathemalics, 4, 429-449

With E F. Loftus. Structural variables that determine problem-solving difficulty in computer-
assisted instruction. Journal of Educational Psychology, 63, 531-542. (a)

With E. F. Loftus. Structural variables that determine the speed of retrieving words from long-term
memory. Journal of Verbal Learning and Verbal Behavior, 11, 770-777. (b)

The concept of obligation in the context of decision theory. In J. Leach, R. Buuts, & G. Pearce
(Eds.), Science, Decision and Value. (Proceedings of the Fifth University of Western Ontario Philosophy
Colloquium, 1969) Dordrecht: Reidel. Pp. 1-14. (a)

Congruence of meaning. Proceedings and Addresses of the American Phuilosophical Association, 46, 21-38. (b)
Facts and fantasies of education. P Delta Kappa Monograph (c)

New foundations of objective probability: Axioms for propensities. In P Suppes, L. Henkin, Gr
C. Mosil, & A. Joja (Eds.), Logic, Methodology, and Philosophy of Science IV: Proceedings of the Fourth
International Congress for Logic, Methodology and Philosophy of Science, Bucharest, 1971. Amsterdam: North-
Holland. Pp. 515-529. (d)

Semantics of context-free fragments of natural languages. In K. J. J. Hintikka, J. M. E. Moravcsik, &
P. Suppes (Eds.), Approaches to Natural Language. Dordrecht: Reidel. Pp. 370-394. (e)

Theory of automata and its application to psychology. In G. J. Dalenocort (Ed.), Process Models for
Psychology. (Lecture notes of the NUFFIC International Summer Course, 1972) Rotterdam: Ratterdam
University Press. Pp. 78-123. (f)

With R. Smith and M. Léveillé. The French syntax of a child’s noun phrases. Archives de Psychologie, 42,
207-269

Probabilistic Metaphysics (Vols. 1-2). Uppsala, Sweden: Philosophical Society and the Department of
Philosophy, University of Uppsala. (a)

Aristotle’s concept of matter and its relation to modern concepts of matter. Synthese, 25, 27-50. (b)

The axiomatic method in the empirical sciences. In L. Henkin et al. (Eds.), Proceedings of the Tarski
Symposium, Proceedings of Symposia in Pure Mathematics, 25. Providence, R. I.: American Mathematical
Society. Pp. 465-479. (c)

Cognition: A survey. In J. A. Swets & L. L. Elliott (Eds.), Psychology and the Handicapped Child.
Washington, D. C.: United States Government Printing Office. Pp. 109-126. (d)

The essential but implicit role of modal concepts in science. In R. S. Cohen & M. W. Wartofsky
(Eds ), Boston Studies in the Philosophy of Science (Vol. 20); K. F. Schaffner & R. S. Cohen (Eds.),
PSA 1972, Proceedings of the 1972 Biennial Meeting of the Philosophy of Science Association, Synthese Library
(Vol. 64). Dordrecht: Reidel. Pp. 305-314, (e)

Mathematical models of learning and performance in a CAl setting. In K. L. Zinn, M. Refice, &
A. Romano (Eds.), Computers in the Instructional Process: Report of an International School. Ann Arbar,
Mich.. Extend Publications. Pp. 339-353. (f)

The measurement of belief. 7ournal of the Royal Statistical Society (Series B), 36, 160-175. (g)

Model-theoretic semantics for natural language. In C. H. Heidrich (Ed.), Semantics and Communication.
Amsterdam: North-Holland. Pp. 285-344. (h)

On the grammar and model-theoretic semantics of children’s noun phrases. Colloques Internationaux
du C.N.R.S. Problémes Actuels en Psycholinguistique, 206, 49-60. (i)

The place of theory in educational research. Educational Reseacker, 3(6), 3-10. (j)

Popper’s analysis of probability in quantum mechanics. In P. A. Schilpp (Ed.), The Philosophy of Karl
Popper (Vol. 2) LaSalle, Ill.: Open Court. Pp. 760-774. (k)

The promise of universal higher education. In 5. Hook, P. Kurtz, & M. Todorovich (Eds.), The Idea
of @ Modern University Buffalo, N. Y.: Prometheus Books. Pp. 21-32. (1)
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1975

1976

The semantics of children’s language. American Psychologist, 29, 103-114. (m)

The structure of theories and the analysis of data. In F. Suppe (Ed.), The Structure of Scientific Theortes.
Urbana, 1ll.: University of Illinois Press. Pp. 267-283. (n)

A survey of cognition in handicapped children. Review of Educational Research, 44, 143-176. (a)

With J. B. Carroll. The Committee on Basic Research in Education: A four year tryout of basic
science funding procedures. Educational Researcher, 3(2}, 7-10.

With W. K. Estes. Foundations of stimulus sampling theory. In D. H. Krantz, R. C. Atkinson, R. D.
Luce, & P. Suppes (Eds.), Contemporary Developments in Mathematical Psychology (Vol. 1). Learming, Memory,
and Thinking. San Francisco: Freeman. Pp. 163-183.

With ] D. Fletcher. Computer-assisted instruction in mathematics and language arts for deaf
students. In AFIPS conference proceedings (Vol. 43). 1974 National Computer Conference. Mantvale, N. J.:
AFIPS Press. Pp. 127-131.

With D. Jamison and S. Wells. The effectiveness of alternative instructional media: A survey.
Reviews of Educational Research. 44, 1-67.

With M. Léveillé and R. L. Smith. Developmental Models of a Child’s French Syntax (Tech Rep. 243).
Stanford, Calil.: Stanford University, Institute for Mathematical Studies in the Social Sciences.

With R. D. Luce. Measurement, Theory of. In Encyclopaedia Britanmea (Vol. 11, 15th ed.) Pp. 739-745.

With W. Rottmayer. Automata. In E. C. Carterette & M. P. Friedman (Eds.), Handbook of Percepiion
(Vol. 1). Historical and Philosophical Roots of Perception. New York: Academic Press. Pp. 335-362.

With B. Searle and P. Lorton, Jr. Structural variables affecting CAI performance on arithmetic word
problems of disadvantaged and deafl students. Educational Studies in Mathematics, 5, 371-384.

With M. Zanotti. Stochastic incompleteness of quantum mechanics. Synthese, 29, 311-330.
Approximate probability and expectation of gambles. Erkenntms, 9, 153-161. (a)

Impact of computers on curriculum in the schools and universities. In O. Lecarme & R. Lewis
(Eds.), Computers in Education, Part 1, IFIP. Amsterdam: North-Holland. Pp. 173-179. (b)

A probabilistic analysis of causality. In H. M. Blaleck, A. Aganbegian, F. M. Borodkin, R. Boudon,
& V. Capecchi (Eds.), Quantitatie Sociology. New York: Academic Press. Pp. 49-77. (c)

The school of the future: Technological possibilities. In L. Rubin (Ed.), The Future of Education:
Perspectives on Tomorrow's Schooling. Boston: Allyn & Bacon. Pp. 143-157. (d)

From behaviorism to neobehaviorism. Theory and Decision, 6, 269-285. (e)
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With M. Léveill€. La comprehension des marques d’ appartenance par les enfants. Enfance, No. 3, 309-
318.

Wiuith E. Macken, R. van den Heuvel, and P. Suppes. Home-Based Education: Needs and Technological
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