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1. The End of Imperialism 

In the period that runs from Frege to the Vienna Circle and Carnap, 
a strongly reductionist view of the philosophy of science held sway. 
The significant problems should be reducible to problems that could be 
formalized within logic. Those that could not be treated in this 
fashion should be dismissed as being too vague to be of interest. This 
description is something of a caricature but I shall not convert it into 
a genuine historical account. It is too familiar to all of us to be 
recounted here. My point is, rather, to emphasize that such a reduc­
tionist view of the place of formal methods in the philosophy of science 
is now faded. If anything, we face currently new imperialism of his­
torical methods, but I am doubtful that we will move to anything like a 
reductionist Hegelian position that all questions are ultimately 
historical in nature. 

The present pluralistic and schematic view of the philosophy of 
science does have the danger of a lack of intellectual discipline. It 
can too easily be said that any sort of method is appropriate, but in 
most areas of science, as well as in the philosophy of science, no 
broad fundamental theory seems achievable. We shall be faced for the 
foreseeable future with a plurality of problems and methods. Yet I am 
stating the thesis in a weaker form than I am prepared to affirm it. 
The absence of fundamental theory dominating a given area of science or 
the philosophy of science is a healthy and normal state of affairs. It 
is only during certain periods of aberration that we seem to have a 
fundamental theory that is at all close to being satisfactory in rela­
tion to the problems and data confronting us. Ptolemy had such a 
theory when he was flourishing in Alexandria and it was the case when 
Kepler rewrote the fundamental assumptions of astronomy and later when 
Newton rewrote them once again. Other examples of the hegemony of 
single fundamental theories can be drawn, given certain periods of 
chemistry, perhaps recently from certain parts of molecular biology, 
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and even probably for a while in economics. It is my view, however, 
that since World War II the engines of empiricism have vastly outrun 

17 

the horse-drawn carriages of theory. The facts that have been accumu­
lated have simply overwhelmed theory in almost every area. The range 
of problems that have been posed has exceeded the capacity of theory to 
handle, and we are now in most scientific domains in a happy state of 
schematic and pluralistic approaches to most problems. High-energy 
physicists still like to announce that with just another order of magni­
tude of increase in the energies available we shall finally get to the 
ultimate simples of the universe. Most outsiders who have followed such 
repeated claims over the past two decades can scarcely be anything but 
skeptical, and marvel at this latest expression of philosophical 
naivete. 

It is also worth mentioning that at the very time historical methods 
are becoming increasingly important in the philosophy of science, 
formal methods are assuming a comparable importance in history. Some 
accessible examples of elementary quantitative research in history are 
to be found in the volume edited by Aydelotte, Bogue, and Fogel {ll. 
Technically more sophisticated instances are abundant in the restricted 
area of economic history. 

Perhaps one of the best examples of the decline of theoretical 
hegemony is in psychology. During the 1940s and much of the 1950s, 
behaviorism was the dominant theoretical viewpoint and the organizing 
force, from a methodological standpoint, throughout the parts of psy­
chology considered fundamental or basic by a large number of American 
psychologists. (The situation was rather different in Europe, but 
experimental psychology is the most American of all of the fundamental 
scientific disciplines, and so I shall not try to comment on the 
European scene.) The symbolic end of this hegemony was Chomsky's 
famous review [3] of Skinner's book on verbal behavior [9], but the 
thrust of behaviorism continued into the middle 1960s, and it is only 
in the present decade that the deep-lying nature of the theoretical 
disarray in psychology has become so apparent. It is my conjecture, 
along the lines of what I have already said in general, that the many 
separate theoretical enterprises now flourishing in psychology will not 
be replaced in the future by a single unifying discipline. In retro­
spect it is apparent that the claims of theoretical psychology, as 
exemplified for instance in Clark Hull's work of the 1930s and 1940s, 
~eas intellectually absurd as the claims of Kant to establish an a 
priori foundation of natural science--indeed, most philosophers would 
probably find Kant more sensible, but then I think that is because they 
do not often look at his detailed arguments as, for example, in the 
Metaphysical Foundations of Natural Science but at the more general and 
therefore less absurd views to be found in the Critique of Pure Reason. 

One of the points that I want to make in these remarks about the 
pluralism of theories is that, just as physicists have in the past been 
dominated by the search for ultimate simples and ultimate theory, so 
philosophers of science have sought certainty and completeness of 
theoretical foundations for science. This search runs all the way from 
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Aristotleis views on demonstration in the to Carnap 
on the logical structure of the world. search 
for bedrock does not mean the end of the relevance of formal methods in 
the philosophy of science but rather the beginning of a new era of 
realism about their limitations as well as their potenLial. 

The rest of this paper is concerned to expand on this last point. In 
the next section I discuss the variety of formal methods that seem 
appropriate in the philosophy of science. The following section is con~ 
cerned with a survey of some of the open problems in the philosophy of 
science~ in the analysis of which formal methods seem appropriate. 

2. Variety of Formal Methods 

The theme of my remarks is. as before, pluralistic in nature, I 
begin with the point that there is no agreed upon formal methodology to 
be used in the philosophy of science; a variety of methods are available 
and appropriate, It is no longer a philosophically interesting question 
to seek a single methodology. 

At least four methods have a certain saliency; two of them have been 
prominent in the last half century. The four I have in mind are: 
formalization in first-order or second-order logic (extensional or 
intensional), formalization within set theory~ the procedural approach 
characteristic of computer science, and the approach of informal rigor, 
vividly supported by Georg Kreisel on various occasions. Broadly speak­
ing. all of these methods are chaTacterized by some form of mathematical 
approach to problems in the philosophy of science. It is not my thesis 
to argue that all problems can be brought within the framework of one of 
these formal approaches, but I would strongly resist the view that most 
problems of interest lie outside of such methods. There are~ of course, 
some philosophers who now have such a strongly historical orientation 
toward problems in the foundations of science that there is skepticism 
about the use of formal methods on any problems of significance. In my 
view, this is a momentary fashion that is mistaken. A properly balanced 
philosophy of science will encompass both formal and historical methods, 
and, indeed, some of the more sophisticated problems in the history of 
science can well be approached from a formal standpoint, Some of the 
claims about scientific revolutions, for example, would seem to require 
quantitative and statistical analyses of data if they are to be taken as 
serious claims having the same status as other scientific claims about 
natural or social phenomena. 

Of the four methods of formalization I mention, logical formalization 
is certainly the one that has received the most attention from philoso­
phers. and those who are not very conversant with science often tend to 
think of this as the only kind of formalization. Many interesting 
results have been achieved by such methods. Perhaps even more impor­
tant, the widespread and almost universal familiarity among philosophers 
of science with the concepts of elementary formal logic have provided a 
useful common framework for discussion of a great variety of problems. 
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On the other hand, I have emphasized in numerous publications for 
many years the limitations of such formalization because of the richness 
of structure characteristic of most developed scientific theories. I 
have baptized this attitude of mine "to axiomatize a scientific theory 
is to define a set-theoretical predicate." I continue to think that 
such set-theoretical methods are appropriate for a wide variety of 
problems in the philosophy of science, and I have tried in various 
papers to make this view a concrete one by providing a number of exam­
ples. Such set-theoretical methods are not as widely used in the 
philosophy of science as methods of formal logic but they are certainly 
better known and more widely accepted than the last two methods I 
mentioned. 

The procedural approach characteristic of computer science is just 
gaining currency in the philosophy of science. It is almost certainly 
the case that the pursuit of procedural or computational methods will 
be of considerably more importance than the further extension of set­
theoretical methods in the development of fundamental psychological 
theories of cognition, learning, and perception. More generally, pro­
cedural approaches will probably come to be of greater importance 
theoretically in the philosophy of the social sciences than they now 
are. Because of the extensive use of computational methods by most 
empirically oriented social scientists, it seems likely that many future 
theoretical developments will depend upon the use of computational 
ideas, rather than set-theoretical concepts, for their formalization. 
Of course, such formalizations outside of set theory are already 
familiar in constructive parts of the foundations of mathematics but 
their use in science, as opposed to mathematics, will have a different 
flavor because of the extensive computer orientation of the methods. 

I also want to mention the conjecture that procedural methods will 
turn out to be especially important in developing an appropriate theory 
of meaning and of comprehension for natural language. An example that 
would not be accepted by many people is the proposal that the meaning 
of a proper name may be taken to be the set of internal procedures by 
which the individual that uses or recognizes the proper name attaches 
properties or relations to the object denoted by the proper name. 
These procedures or programs internal to a particular language user are 
private and in detailed respects idiosyncratic. The appropriate notion 
for a public theory of meaning is a notion of equivalence or congruence 
of programs or procedures that is considerably weaker than this very 
strong sense of idiosyncratic individual program. If this viewpoint is 
at all correct, the search for any hard and fast sense of identity of 
meaning is mistaken--it is hidden away in the internal programming of 
each individual and is a notion of limited scientific interest. What 
we are after are congruences of procedures that can collapse these 
private features across language users to provide a public and stable 
notion of meaning. 

Put still another way, procedural approaches are a natural method for 
incorporating intensional and constructive ideas within the same con­
ceptual framework. For this reason especially they would seem to have 
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Kreisel's lively defense of informal (see especially his 1967 
[6] article) has been directed at overly formalistic and positivistic 
conceptions of the foundations of and rather little at the 
philosophy of science. His views propaedeutic to those who 
have been too enthusiastic about sufficiently atten-
tive to the need for informal and of a defini-t.e nature 
about a subject in order to have about it. In my own 
view, some of the analyses offered causality in the 
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have divided this discussion of open problems to which formal 
methods are relevant into thTee parts~ one dealing with theories~ one 

methodology 9 and one with problems of experimental evidence. 

historical development physics is being investi-
ways by historians and by philosophers 

science using an historical approach. us will learn a great 
deal from this work, whether we concentrate s history of 
ancient astronomy [7]~ current work concerned the history of 
quantum mechanics, or any period in between. Although I am a strong 
advocate of formal methods, I am also an inveterate reader who has 
learned much from a variety of historically oriented works. My own 
generally skeptical views about having certain knowledge of a clear and 
definite sort about any complex phenomena been much reenforced by 
Neugebauerts skepticism concerning the possibility of ever tracing 
causal influences in the history of science, 

But historical study of fundamental scientific disciplines is, I 
want to insist once again, not the whole story for the philosophy of 
science. There are many questions of great philosophical interest that 
are no more historical than the corresponding development of new science. 
All such work, of course, should be properly historical in paying atten­
tion in technical detail to prior work that is relevant. But this is 
not what is meant by historically oriented studies and I only mention it 
because there has been a tendency in the philosophy of science to ~~ite 
about subjects without prior attention to the serious previous work. 
One of favorite examples of the view that ignorance is best is 

s work on the theoTY of measurement~ which reflects no 
with the deeper and more sophisticated earlier work 

and Holder. 
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In those domains of physics that are properly regarded as of funda­
mental philosophical interest, the number of formal problems of founda­
tional interest is too large to enumerate here. It is easy to give a 
long list of open formal problems in quantum mechanics alone, the most 
important empirical scientific theory of this century. We are as yet 
far from understanding the role of probability in quantum mechanics. At 
an even more general level, there is still dispute about whether the 
final formulation of quantum mechanics should depend upon a nonstandard 
special quantum logic. The role of the theory of measurement and the 
explicit theory of the observer is also still a subject of controversy 
and one whose clarification bears on a number of significant problems 
of theory construction. 

It is sometimes thought that the use of formal or axiomatic methods 
in the study of such problems is quite foreign to the work of physicists 
themselves and should be regarded as a new kind of scholasticism intro­
duced by philosophers seeking to impale new angels on new needles. 

Without entering into a dialectical discussion of this matter, I want 
to quote one significant piece of evidence to the contrary, the intro­
ductory paragraph of the well-known book on axiomatic quantum field 
theory by Bogolubov, Logunov, and Todorov [2] on the place of the 
axiomatic approach in physics. 

It is widely believed that axiomatization is a kind of polishing, 
which is applied to an area of science after it has been, for all 
practical purposes, completed. This is not true, even in pure 
mathematics. Admittedly, the modern axiomatization of arithmetic 
and Euclidean geometry marked the completion of these disciplines 
(although at the same time it stimulated a new science--mathemati­
cal logic, or metamathematics). For most areas of contemporary 
mathematics, however, such as functional analysis, axiomatization 
is a fundamental method of exploration, a starting point. (Of 
course, the system of axioms may be modified as the subject 
develops.) In theoretical physics, since the time of Newton, the 
axiomatic method has served not only for the systematization of 
results previously obtained, but also in the discovery of new 
results. ([2], p. 1) 

I mention as examples two other areas of science in which open 
problems exist for which formal methods are appropriate, and both the 
analysis and results would be of philosophical interest. 

One concerns the notion of causality in the work of modern mathemati­
cal economists and econometricians. There is an increasingly technical 
literature on the use of causal notions in economics, especially as 
intertwined with a variety of detailed statistical methods for the 
analysis of economic data. To some extent the methods are mathemati­
cally intricate and relatively sophisticated because of the absence of 
the possibility of experimentation in economics. More powerful analyt­
ical methods are required in order to make a firm identification of 
causal phenomena. As far as I know there has not been any really 
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thorough formal analysis from the of the philosophy of sci-
ence of this large economic literature beginning may be found in 
Suppes [11]). It is my belief that we as philosophers could learn much 
from this literature and at the same time we could bring to it a philo­
sophical perspective that could contribute something as well. A simple 
but elegant technical example of this literature is to be found in 
Hosoya's [5] proof of the general of the Granger [4] condi-
tion for noncausality and the Sims condition. It is my impression 
that economics is almost the only science at present in which one can 
find unabashed technical discussions of causality in general terms and 
with careful theoretical development of concepts. (I exclude in this 
remark the use of causality in physics which refer essen-
tially only to precedence in time. 

As a second example I mention the classical mind-body problen in the 
new guise of software and its independence of hardware. One need not 
go far in current neuroscience to realize that we are probably further 
from understanding how the mind works at a neural level than we ever 
thought we would be. at this point in time, say 30 or 40 years ago. The 
more work that is done. the greater the mystery deepens and it now seems 
an appropriate formal problem for psychology to establish under the 
weakest and most reasonable assumptions possible the impossibility of 
reducing complex phenomena to neurophysiological phenomena. The anal­
ogy here is that from an inspection of computers one can say very little 
about the kind of software that will be written for them, and if the 
problem were approached, once the program is encoded, in a purely 
physical fashion. I do not doubt that we would be unable ever to dis­
cover what the program is. There is even some skepticism that a large 
operating system encoded in binary digits could be fully understood if 
no external cognitive guides were provided, In any case. the relation 
between brain and mind is much worse because we do know so little about 
the detailed physical basis for encoding complex mental events. It 
would be interesting to formulate a variety of theorems about the impos­
sibility of a reduction of mind to brain. Such theorems should play the 
same role in psychology that impossibility theorems about hidden vari­
ables play in quantum mechanics. The rigorous pursuit of the details 
should prove enlightening and should give us new ideas about how to 
formulate the concepts of psychology in a way that is properly indepen­
dent of neurophysiology. (A somewhat more detailed discussion of these 
matters is to be found in Suppes [12].) 

Methodologies. The two decades running from 1945 to 1965 have been 
marked by a more rapid expansion of work in mathematical statistics than 
in any other period of history. This was the time when decision­
theoretic ideas were made the center of much of the fueoretical litera­
ture in statistics. The spread of applied statistics in the empirical 
sciences has also been more marked in the period since World War II than 
at any other time. At least until rather recently. these developments 
in mathematical statistics at both the theoretical and applied level 
have been largely ignored by philosophers. even those interested in the 
foundations of probability and induction. 
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Part of the reason for this separation between the statistical and 
philosophical literature on the foundations of induction has been the 
development of a separate strand of work by philosophers, generally 
labeled theory. A characteristic feature of confirmation 
theory use of particular formal methods, primarily those of 
elementary logic. As a consequence, it has been difficult to make con­
tact with the more elaborate and mathematically more technical machinery 
of mathematical statistics. Recently this situation has begun to change 
and there are now an increasing number of philosophers becoming knowl­
edgeable about the foundations of statistics. 

I would like briefly to mention some of the problems of statistical 
methodology of great importance in applied work which have not yet 
received definitive solutions. These are problems of obvious philosoph­
ical interest. and they illustrate the important role of formal methods 
in the foundations of probability and induction. First, there has been 
in the last decade and a half a new and extensive body of work on the 
concept of randomness. In the hands of Martin Lof and others, this con­
cept has now begun to have implications for the theory of statistics as 
well as probability. A related question is the Bayesian problem of 
justifying random-sampling procedures. Formal and axiomatic analysis of 
the basis for random sampling continues to be a prominent problem and 
one that deserves philosophical consideration. More generally, the 
theory of finite samples and the admissibility or inadmissibility of the 
concept of an infinite population from which samples are drawn need 
further analysis. Certainly finitistic Bayesians would not be willing 
to admit the appropriateness of the concept of an infinite population, 
but the concept, on the other hand, has a long history of use and 
development in objective statistical theory. 

The theory of experimental design has had intensive technical devel­
opment since World War II, but the foundational principles are still in 
an unsatisfactory state. The recent flurry of interest in Bayesian 
statistics has not yet produced a satisfactory Bayesianetheory of exper­
imental design. The foundational literature that derives from de 
Finetti has as yet scarcely made contact with the technical problems of 
design. Almost certainly the principle of exchangeability, whose impor­
tance de Finetti has emphasized since the late 1920s, should playa 
prominent role in the foundations of the relevant Bayesian concepts, but 
much remains to be done to work out the formal theory. 

This last mention of the role of the principle of exchangeability 
provides an opportunity to make a point that is implicit in what I have 
already said. I see no basis for drawing a sharp separation between the 
work that is to be done by philosophers interested in these problems and 
by statisticians with similar interests. There is a necessary and even 
a desirable overlap. It does not mean that philosophers must become 
professional mathematical statisticians in order to pursue problems of 
the foundations of statistics but it does mean, as in the case of the 
philosophy of science in other areas, as, for example, the philosophy of 
quantum mechanics, that detailed knowledge of relevant scientific work 
is a necessary background of informed philosophical analysis. What I 
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would urge as strongly as possible is that philosophers meld their own 
formal methods with those of statisticians, in order to concentrate on 
the conceptual problems of interest. In this necessarily superficial 
survey of problems. have especially mentioned problems of randomness. 
of sampling, and of experimental design. because it is just these prob­
lems of central importance in the conceptual foundations of statistics 
that have received quite inadequate analysis in the philosophical 
literature on probability and induction. 

Problems £f experimental ~vidence. I have for a long time worried 
about formal models of data [10]. It is still my conviction that the 
philosophy of science has a significant contribution to make to the 
theory of how experimental evidence is used to test or evaluate scien­
tific theories. Obviously a variety of problems that arise in this 
context are primarily statistical in character and would properly be 
treated under the heading of methodologies as discussed above. However. 
a cursory examination of the experimental literature in any developed 
part of science makes clear that there are a plethora of problems about 
the relation of evidence to theory that are not statistical in character 
and that need systematic analysis. 

One task of formal analysis that I have tried to encourage several 
of my students to undertake. but as yet without any major success, is 
the detailed analysis of the relation between the major experimental 
evidence supporting quantum mechanics and the theory itself. There is, 
as far as I know, no place that systematically presents the evidence 
supporting the classical theory in a methodologically meticulous fash­
ion. Indeed, it is the practice in textbooks and treatises on classical 
quantum mechanics not to present supporting experimental evidence in any 
serious form at all. A couple of years ago I wanted to determine how 
well the experimental evidence supported the claim that radioactive 
decay obeys an exponential probability law. I was surprised to find 
how difficult it was to locate in the literature a detailed statistical 
analysis of this problem and how much it was neglected even in its most 
superficial aspects in the standard discussions of radioactive decay. 
This, however, is a simple case. The much more complicated cases of the 
main experimental data supporting quantum mechanics are in a very unsat­
isfactory status from a systematic viewpoint, and much remains to be 
done. 

To some extent. one of the best traditions in this respect is in 
psychology. but even here the formal theory of how experimental evidence 
is related to theory is not as explicit as it should be. I do want to 
emphasize the formidable character of the problems of organizing in a 
formal way the relationship between experimental evidence and theory. 
In recent years I have attempted to read some of the recent experimental 
literature in physics. It is almost as if I had decided to learn a 
foreign language. Although I have a reasonable familiarity with certain 
areas of theoretical discussion in physics, I found the experimental 
literature to be an entirely different matter. The abbreviated technical 
descriptions of equipment. its functional characteristics, and the 
description of the data obtained, requiIe a major effort of analysis to 
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become conceptually independent of the large preceding literature on the 
same topic. I can now understand why my friends in physics tell me that 
the experimental literature in one area is almost unreadable even by 
someone working in a nearby area. I am not proposing that philosophers 
attempt to rework a large part of this literature--the task is clearly 
an impossible one. It would be of interest to have a detailed formal 
analysis of some particular areas of philosophical significance, for 
example, recent experiments on hidden-variable theories, if only for the 
purpose of bringing out how complicated the relation is between theory 
and experiment in the developed domains of science. The stories we get 
from formal accounts in philosophy unrelated to these details, or the 
equally simplified stories we get from historical accounts of past work 
in science when matters were technically much less complicated, are mis­
leading. We need a corrective both to too much emphasis on purely 
formal methods on the one hand and purely historical methods on the 
other, by a proper and detailed look at current experiments in developed 
parts of science. 

4. Final Remark on Historical and Formal Methods 

There has been throughout this conference an obvious intellectual 
tension between those who advocate historical methods as the primary 
approach in the philosophy of science and those who advocate formal 
methods. This tension in itself is a good thing. It generates both a 
proper spirit of criticism and a proper sense of perspective. Each 
group can tell the other about their weaknesses and the pursuit of 
philosophical matters can be undertaken at a deeper level. There is no 
worse fate for a developing theory or method than not to be confronted 
with opposing views that require a sharpening of concepts and a detailed 
development of arguments. On the other hand, there seems no reason not 
to find room in the philosophy of science for a vigorous pursuit of both 
historical and formal approaches. 

I share with my more historically oriented colleagues a kind of 
horror at the thought of a formal philosophy of science that develops on 
its own, independent of the rich material offered by the sciences them­
selves. I have already mentioned some examples of this tendency and I 
join them in encouraging the pursuit of problems and of methods that 
have a complexity adequate to the actual work in developed sciences. 
But I also want to remind those concerned with historical methods in the 
philosophy of science that about ninety percent of all scientists who 
have ever lived are now alive, and the development of science since 
World War II is the most smashing success story in the history of 
thought. To be concerned only with the long historical perspective and 
not to understand the systematic details of modern science is as mis­
taken as the pursuit of empty formal methods that make no contact with 
developed scientific theories and their supporting experiments. 



26 

My intent is to end on the pluralistic note that there is more than 
enough interesting and important work for all of us. The tyranny of any 
single approach or any single method. whether formal or historical, 
should be vanquished by a democracy of methods that will coalesce and 
separate in a continually changing pattern as old problems fade away 
and new ones arise. 
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