
PATRICK SUPPES 

REPLIES 

As should be evident, there is much that I agree with in the comments 
and criticisms of my work included in this volume. In this sense, it is per­
haps incorrect to entitle my own further remarks as replies. What I have 
tried to do in several cases is to amplify my own views even where there is 
no real disagreement between the comments made and my own philo­
sophical posItion. On the other hand, I do not want to overemphasize a 
tone of sweetness and light. I enjoy a good argument too much not to 
take this occasion to state points of disagreement. 

To Moulines and Sneed 

Sel1'zantics of Physical Theories 

Moulines and Sneed's discussion of the semantics of physical theories 
raises problems for my own way of looking at these matters that I have 
not adequately dealt with. I have not used the term semantics in the dis­
cussion of the relation between physical theories and fundamental mea­
surement but I am not unhappy to adopt their use for present purposes. 

I certainly agree with Moulines and Sneed that it is not appropriate to 
look for fundamental measurement of all physical quantities. In Founda­
tions of Measurement (1971a, pp. 539-544) we give a table of more than 
five pages, listing the dimensions and units of standard physical quantities. 
The list ranges from electrical charge through tensile strength, flux linkage 
to capacitance, and I do not think for a moment that a fundamental 
theory of measurement of this enormously long list would be appropriate. 
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Many of the physical quantities would certainly be treated in terms of 
derived measurement, and I also agree that many others are to be regarded 
as theoretical physical quantities not subject to direct measurement. The 
question of interest, it seems to me, is their query as to whether my sort 
of program can "be carried through for the remaining nontheoretical 
concepts. " 

In my younger and more formalistic days) I probably advocated a kind 
of minor Carnapian Aufbau in which we would proceed first with funda­
mental measurement, then move to definition of appropriate derived quan­
tities and on to theoretical formulations in one massive structure. I now 
have a more open and schematic view of how even the most advanced 
parts of physics are done. I do not think it is important to construct in 
complete detail all of the steps required or to have as an explicit program 
such reconstruction. What seems important is to identify the key issues 
and to focus on their analysis. A good example would be to provide a 
thorough analysis of fundamental measurement for key concepts like mass 
and length. We should be able to give some account of these matters that 
corresponds rather closely to what is done at certain beginning stages in 
actual laboratory work, but I am less convinced than I used to be that it is 
fruitful to include all the details that would take us from elementary pro­
cedures of measurement to actual laboratory procedures in contempo­
rary work. The unbelievably complex experimental lore that accumulates 
in any advanced branch of science does not lend itself to a totally explicit 
analysis. I suppose I believe that in some sense such an analysis can be 
given, but I am now skeptical of its fruitfulness as a central endeavor for 
the philosophy of science. 

There are a great variety of subsidiary questions that can be asked 
and that tell us a lot about the 'semantics' of physical theories. For ex­
ample, what kind of statistical methods are used in the analysis of data 
and how are these statistical methods related to testing theories? It does 
not take much delving into Physical Review to find that a vast assortment 
of statistical methods is used, some naive and some not so naive, and it 
seems to me of some interest to investigate this kind of synoptic question. 
Again, it is of interest to determine in different parts of science to what 
extent formal methods of experimental design are used and where they 
are, according to the best current lore, not considered necessary. 

Perhaps what is most important to emphasize is the very large gap be­
tween the theoretical literature in any developed branch of science and 
the untraversable thicket of technical language used in the corresponding 
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experimental work. I have recently tried reading some of the experimental 
work in quantum mechanics and I find a complete difference in the charac­
ter of the vocabulary, the use of language, and especjaUy in the difficulty 
of tracing the variety of technical assumptions about the performance of 
experimental apparatus. It would be useful philosophical work for some 
of the key experiments to be related in a closer and better way to im­
portant physical theories like quantum mechanics, but I am skeptical of 
anyone's providing a semantics in the sense discussed by Moulines and 
Sneed for any theories that are not dead and buried, or not of such an 
artificial character that they were never born. 

Classical Particle Mechanics 

Moulines and Sneed focus much of their detailed discussion on the axioma­
tization of classical particle mechanics, and so I tUfn to some specific 
comments on these matters. They list three difficulties in successfully 
exhibiting the internal structure of classical particle mechanics. One is 
claimed to be in not separating sharply enough the role of the kinematical 
and dynamical primitive concepts. To some extent I think this claim is 
correct in the original work. In later versions kinematical and dynamical 
concepts have been separated, but there is an additional mvariance theorem 
that has not been brought to the surface explicitly and that helps clarify 
more sharply the difference between kinematical and dynamical notions. 
This is to prove that the clearly kinematical concepts and axioms char­
actenze the invariance of models in a much looser way. Essentially any 
continuous one-one transformation will preserve the kinematical concepts, 
whereas the dynamical concepts and axioms are only invariant under the 
much more restricted Galilean group of transformations. 

The second criticism concerns the fact that the axioms only characterize 
the structure of single models and not the relation between models. Con­
sequently the historically Important relations between different special 
laws of force, for example, have no natural place. It seems to me that the 
proper response is that much of the detail that one would like to have in­
cluded has not been worked out. But this is not a criticism of the basic 
axiomatization. For this purpose I would like to draw an analogy to group 
theory. There is quite wide agreement on the appropriate axioms for 
groups in the ordinary mathematical sense, but it is not a responsibility of 
these axioms to characterize the great variety of special groups that are of 
interest and that have been studied so intensively by mathematicians 
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over the past hundred years. Secondly, an enormous mathematical effort 
has been put into studying the relations between different groups, that is, 
between different models of the same general theory, but again the 
statement of this relation is not a matter for the fundamental axiomatiza­
don of groups but a matter for additional and further mathematical study. 
This seems to me to be the situation in the case of mechanics. By adding 
further axioms or hypotheses we can narrow the class of models and focus 
on particular force laws. We can also study the relation between various 
models satisfying various laws by standard mathematical methods but 
such studies do not change the basic framework of the original axiomatiza­
tion they just constitute elaborate and, in many cases, much more 
ingenious extensions of the original work. There is a variety of such 
questions that can be asked about mechanics and there is a certain 
body of work that has been done over a long period of time. It is not clear, 
however, how much the details of this work are of general philosophical 
interest. 

As a third criticism, Moulines and Sneed emphasize the complex way in 
which the meaning of mechanical concepts is built up by additional ap­
plications of the theory and by the development of related theories. I do not 
really disagree with what they say but I think it is appropriate to separate a 
general concept of meaning of physical concepts from the more restricted 
concept relevant to a particular theoretical formulation. Thus, it seems 
appropriate to talk about the theoretical meaning of mass as the concept is 
characterized in the axioms of particle mechanics and to distinguish this 
restricted theoretical meaning from the bewildering variety of ways in 
which masses are measured and dealt with in empirical applications. If 
we want to enhance the meaning every time a new application is 
developed, then it is appropriate that we think of this wider sense of 
mass as open and continually changing. I see no harm in this, but 
I also see a virtue in continuing to insist on a narrower, more fixed 
meaning that does not change with changing applications. 

Quantum Mechanics 

In several different ways, Moulines and Sneed point out how I have shifted 
from a concentration on the nonstandard probability theory characteristic 
of orthodox quantum mechanics to a focus on the possibility of analyzing 
quantum mechanical phenomena from the viewpoint of standard stochastic 
processes. Relative to the history of quantum mechanics over the past 
fifty years, it is a radical thesis to maintain that orthodox probability theory 
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will win out over orthodox quantum mechanics in providing a satisfactory 
theoretical framework. To a large extent, a philosophical viewpoint that 
derives from classical realism motivates my own increasing acceptance of 
the orthodox probabilistic viewpoint. I find it very much easier to think 
about particles as having continuous trajectories. The Copenhagen inter­
pretation is lacking intuitive persuasiveness and is too closely allied to 
narrow positivistic views that no longer seem plausible. 

If what I am saying is at all correct, then the current interest among 
philosophers in quantum logic will wane and will not have the fundamental 
importance that has been attached to it in many discussions. I realize 
that a many philosophers will disagree with this view, and it is this 
very fact of controversy on almost all major questions that makes the foun­
dations of quantum mechanics currently one of the most active areas in the 
philosophy of science. 

I agree with the final remarks of Moulines and Sneed that whether the 
stochastic viewpoint I have been urging will turn out to be adequate for 
the foundations of quantum mechanics must certainly be treated as an 
open problem. My intuitions on the matter are increasingly strong, but I 
am trying hard to resist adopting a dogmatic position. 

I shall finish by making two observations about wave functions that 
illustrate what I conSIder to be the enlIghtening results of adopting a 
throughly probabilistic viewpoint toward quantum mechanics. It is a 
standard remark that the interpretatIOn of wave functions as waves does 
not make any sense at all once we talk about several particles and the 
dimension of the space is at least six for the spatial coordinates. The vivid 
original picture of waves disappears entirely as the dimension of the space 
mcrea;ses. but if we think about the wave function as being a simple and 
convenient way to express the joint distribution of random variables, 
which are m general dependent, then we have a natural and familiar con­
ceptual framework for development. 

The second and more interesting point concerns the interpretation of 
the meaning of the linear law of superposition for wave functions. How 
are we to interpret the deeper meaning of this linear superposition? Again, 
a probabilistic vIewpoint provides a useful conceptual answer. The linear 
superposltion of wave functions is an elegant way of determining a new 
probability distributIOn of a random variable from two other random 
variables in such a way that the arduous task of finding the joint distribu­
tion of the two mitial random variables is bypassed. The superposition of 
wave functions permits a relatively easy and direct computation of the 
new distribution. What these last remarks suggest is a thorough probabilis-
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tic analysis of the essential quantum mechanical phenomenon of inter~ 
ference. In many ways a proper theory of the classical two-slit experiment 
and the interference patterns that result is one of the best testing grounds 
for the viability of the stochastic approach to quantum mechanics. In the 
past two years I have done a lot of work on this problem and I am opti­
mistic about the solution, but I am not ready to offer an analysis satis­
factory in all details. 

To Luce 

My basic agreement with Luce's view of what is important in theories of 
measurement and what the central problems are is so nearly complete 
that it is hard to find issues to comment upon that divide us. This degree 
of accord is not surprising in view of the extensive character of our 
collaboration over a period of almost two decades. There are some things 
I would like to say, however, about the major topics he mentions. 

Invariance and Meaningfulness 

As Luce mentions, we have not yet been able to agree about how concepts 
of invariance are to be brought into the interpretation of proper uses of 
statistics. The controversy is not only between us but has involved almost 
everybody who works in the theory of measurement, and no definitive 
resolution seems in sight. Let me illustrate some of the difficulties. On the 
one hand, nobody would argue for an absolute center of the universe and 
thus a natural origin for spatial measurements. A spatial probability dis­
tribution, for example, that depended in an essential way on such a natural 
zero would scarcely be taken seriously. On the other hand, it is common 
practice to apply a wide variety of quantitative statistical analyses to data 
that are ordinal in character, for example, rank orderings of objects or 
phenomena according to some particular property qualification as a 
candidate for election, rank-order judgments of configurations as in dog 
shows, or any other of a great number of rank-order judgments of merit 
or relative conformity to a standard. 

One of the cases of considerable philosophical interest is: What are the 
restrictions in the analytical theory and analysis of ordinal data on pref­
erences among different individuals? In the past I have pretty much 
adopted a hard line: If the underlying measurements are invariant only up 
to a certain group of transformations, then only those statistics that have 
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the same invariance properties make sense. Thus, for example, talking 
about the mean of a sample of data that are measured only on an ordinal 
scale is, on this criterion, a meaningless statement. From the standpoint 
of the axiomatIc theory of measurement, I still see good grounds for hold­
ing to this position, but in the actual practice of measurement there are 
many situations in which procedures are engaged in that do not have a 
good axiomatic foundation. 

There are background intuitive reasons for thinking that the measure­
ment is a tighter one from the standpoint of its uniqueness of numerical 
representation than a strict analysis might suggest. Suppose, for example, 
that we ask two expert judges of apples to place each of 400 apples in one 
of four graded categories. The first judge ends up with 100 apples in each 
category; the second judge puts 150 in the lowest category, 50 in the 
second, 50 in the third, and 150 in the highest category. If we express the 
distribution of classification first by the mean, then the two judges have 
the same mean, but if we apply an arbitrary transformation to make the 
fourth category be assIgned not the number four for the highest category 
but some arbitrarily large number, then we can make the mean of the 
second judge be significantly higher than the mean of the classifications of 
the first judge. But surely there is something quite unnatural about this 
transformation. It does not make intuitive sense to assign the numbers 1 
to the first category, 2 to the second, 3 to the thIrd, and then 517 to the 
fourth category, even though such a transformation is permitted III the 
general theory of ordinal scales. 

Back of the judgment procedure and back of our intuitive evaluation of 
it there is a strong natural tendency to treat the ordered categories as 
being equally spaced, even though an explicit theory of this equal spacing 
is not part of the account ordinarily given of the ordering of the categones. 
This kind of example seems to me not to invalidate the axiomatic view­
point toward meaningfulness but rather to bring out the fact that it IS often 
the case in measurement that we do not have an explicit axiomatic theory 
and yet we proceed on the assumption that the measurements we are making 
are richer than the surface analysis would suggest. I am not at all certain 
how Luce feels about this example. I know it does not catch all of the aspects 
of the argument that concern me, but It perhaps will illustrate some of the 
muddle we find ourselves in about the question of meaningful statistics. 

Finiteness 

Luce properly emphasIzes the concern that I have had with finite measure-
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ment structures and, as he also states, he has himself been more concerned 
with characterizing axiomatically a variety of infinite structures. There is 
a subtle point about my recent work on approximating finite structures 
that I want to bring out to show how the issue of which view is more re­
stricted is not a simple matter. The kind ofaxiomatizations that Luce 
has been concerned with require that the structures have an Archimedean 
property and that a representation preserving the operations and rela­
tions be homomorphically mapped into an appropriate numerical struc­
ture. In the kind of approximate finite structures I have been concerned 
with, such a homomorphic mapping into the reals is not required for the 
objects that are being measured but only for the basic scales or standard 
sequence, as it is sometimes called, that is finite. Thus, for example, in the 
simple case of the equal-arm balance, the basic scale is a finite set of stan­
dard weights, but the axioms are set up for structures that can be either finite 
or infinite. Any new object is measured in accordance with how it compares 
to the standard weights. The full structure with a potential infinity of new 
objects does not have an Archimedean property and, in fact, can violate 
infinite cardinality restrictions required for isomorphic representation into 
the real numbers. A philosophically interesting fact about this setup is 
that it is highly constructive in spirit and yet leaves room for a potential 
infinity of objects to be measured with quite simple restrictions on their 
relations to each other. In ordinary measurement procedures, approxima­
tions are the order of the day. In the context of theories, we represent 
measurements as being exact, but this is only for purposes of theoretical 
and especially computational convenience. 

On the other hand; I do not want to give the view that I think all of the 
arguments are in favor of this new use of finiteness by means of approximat­
ing structures. When we go to more complex structures, as for example 
those of Euclidean geometry, the approximating finite structures are much 
harder to characterize and it is not clear that the viewpoint I have advocated 
for measurement structures extends in a natural way to the foundations 
of geometry. This difficulty of extension suggests that I may be oversold 
on the simplicity of the finite approximating structures and that the 
viewpoint will not be so successful as more complicated cases are studied. 

Testing Decision Theories 

Luce remarks on the approach I and my collaborators have used in the past 
toward testing decision theories. There is a point about this kind of test 
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that I want to remark on. It is not a point that is especially favorable but 
is, I think, of some conceptual interest. In many cases, what has been done 
is to nnd a convex polyhedron of solutions that fit a finite set of data, or in 
more refractory cases to minimize a threshold parameter and then to find 
a convex polyhedron of solutions, each of which satisfies the minimum 
threshold value of the parameter. Such solutions arise naturally when a 
set of inequalities is solved. In many tests of decision theories the experi­
mental data are naturally cast in the form of a set of inequalities. For ex­
ample, judgments of preference and preference differences give rise in a 
very natural way to such sets of inequalities. One of the interesting and un­
satisfactory features about such sets of solutions is their contextual charac­
ter. The classical theory of measurement has insisted upon conceiving of 
the measurement of a given property of an object or of a relation between 
objects, etc., to be a number that is independent of the numbers assigned 
to other objects once the appropriate standards are fixed. Thus, for 
example, once the standard of mass is fixed, the weight of the desk in my 
study is not affected by consideration of the weights of desks in other 
people's studies. On the other hand, when we obtain data on preferences 
from individuals that consist of ordering of possible outcomes and order­
ing of differences of preferences among pairs of outcomes, the numerical 
solutions we obtain are affected by introducing a new outcome and asking 
for its ordering and difference orderings. In other words, the numbers 
we obtain are not independent of the numbers assigned to other objects; 
a direct contextual effect is immediately noticed. In the particular case 
mentioned it is evident at once because the convex polyhedron of solu­
tions will, in general, always become a smaller set of solutions, once an 
additional outcome is included. 

All of this is straightforward and not surprising to anyone familiar with 
these matters. My point is that the axiomatic analysis of such contextual 
effects has scarcely developed at all. The presence of such effects is strik­
ing, not only in phenomena of reference but also in a variety of psy­
chological phenomena of perception. Judgments of symmetry, judgments 
of relative length, etc., are affected by the introduction of new perceptual 
objects into a given scene, but the theory of such contextual effects has, 
from an axiomatic or a geometrical standpoint, scarcely been touched. 

There is a great deal of informal evidence that a person's beliefs are often 
subject to such contextual effects. Ask a question and the answer may 
depend not so much on the person's beliefs as on the way the question 
was asked. From this standpoint, subjective probabilities as the expression 
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of partial beliefs must be looked upon as highly contextual in character. 
Recent systematic research of Amos Tversky and Daniel Kahneman (1971, 
1973, 1974) shows that this is very much the case. Their work strongly 
suggests that a deep rethinking of psychological theories of measure­
ment to include contextual effects could have interesting theoretical con­
sequences. 

To Rosenkrantz 

Measurement of Subjective Probability and Utility 

Rosenkrantz gives a rather detailed presentation of the methods for 
measuring subjective probability and utility developed many years ago 
by Davidson and me, and he also suggests some improvements in the 
methods that would be practical to adopt in future experiments of the 
same sort. His detailed analysis stimulated me to think again, after more 
than twenty years, about the conceptual framework of the methods David­
son and I used. Because of some of my current interests I especially thought 
about the not necessarily additive probability measure that is implied by 
the axioms. What is interesting is that this unique measure is not in gen­
eral either an upper or lower measure. That it is neither an upper nor a 
lower measure can be seen from the following considerations. It is an 
accepted property for upper and lower probability measures that for every 
event E 

But then if the measure that follows from the axioms were a lower 
measure we would have 

because (2) follows from our axioms. Thus the upper measure and the 
lower measure would be identical, whence we would have a genuine prob­
ability measure. A similar argument applies if the measure is an upper 
measure. 

It is evident in the work that Rosenkrantz describes that we did not 
do nearly as much with subjective probability as with utility. I regret 
not seeing the opportunity in the foreseeable future to return to these 
matters and investigate more extensively the measurement of subjective 
probability. 
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Comparative Probability and Expectation 

Rosenkrantz comments on the recent work by Mario Zanotti and me 
(1 976n) on necessary and sufficient conditions for the existence of a 
measure strictly agreeing with a qualitative comparative probability 
ordering of events. As he notes, and as I discussed earlier in my own 
reflections on the foundations of probability, we found a simple solution 
by considering extended indicator functions. 

There are two remarks of Rosenkrantz about these matters that I want 
to follow up on. He mentions the well-known historical precedent 
in the early work of Huyghens. It is also to be found in the later but 
still quite early work of Bayes, who defines probability in terms of expecta­
tion. Rosenkrantz also comments on the naturalness of expectations when 
dealing with certain problems and I want to expand upon that point. 

In many ordinary situations it is natural to talk about expectations 
rather than probabilities. I think I understand the reason for this usage. 
Let us first consider some examples. [t is natural for someone to say, "I 
expect to lose about five pounds in the next two weeks," or "I expect to 
get about eighteen miles per gallon in my new car," or again "I expect to 
spend more than 1 can really afford on the house that I am buying." The 
reason that expectation rather than probability is the right concept is that 
these kinds of examples are naturally quantitative in character. 

The logic of events works quite satisfactorily for cases that are purely 
yes-no decisions. For example, there is 'no difference between saying "1 
expect to go to France next year" and saying "I shall probably go to 
France next year," because the expectation of the indicator function and 
the probability of the event are identical. This is not at all the case for 
quantitative variables. In the case of weight, for example, the full probabil­
ity statement about what is going to happen would be made, if at all, only 
by a medical specialist, that is, by attempting to give the full probability 
distribution of the random variable representing the number of pounds 
that will be lost in the period indicated. This is a continuous random 
variable in theory, and even in practice it has a large number of discrete 
values. The most that we ordinarily think about is in terms of expectations 
of such random variables. Only the statistically sophisticated would even 
ask for the variance. The full diStribution is out of the question. 

In the recent flurry of interest in probability matters in philosophy this 
importance of expectations as opposed to probabilities or, put another 
way, this importance of random variables as opposed to events has not 
been sufficiently noticed. To emphasize the point I am making, let me 
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underscore the fact that it is not the move from events to random variables 
that is at issue. The issue is giving only the expectations of the random 
variables and not their full distributions. If the full distribution of the 
random variables is given, then of course we can move back to formulating 
everything in terms of the probability of events, although this is not even 
then the most natural way to think about such matters. The significant 
thing is that we never do think about the full distribution in these quanti­
tative cases. We are usually only interested in the expectations, and or­
dinary talk reflects this matter extremely well. 

Learning and Conceptual Change 

What Rosenkrantz has to say under this heading is of considerable in­
terest, not least because he has himself contributed considerably to the 
analysis of this fundamental problem (I refer to his recent book). 

Rather than attempt to defend the viewpoint of stimulus sampling 
theory and to criticize his own proposals, I would like to concentrate on 
the broad features that I think have not yet received sufficient attention 
in a detailed and technical way by any of us concerned with learning and 
conceptual change. 

The essential idea of what I want to say is to be found in work on 
memory that goes back all the way to Bartlett. It is a mistake to think of 
memory in analogy with a passive data bank waiting for computer-like 
retrieval. The evidence from many investigations is strongly in support of 
the idea that memories of past events are constructed in complicated 
ways by operations that we yet understand very poorly. What is stored in 
memory is something much more abstract and remote from the concrete 
experience than the memory we bring into consciousness after some con­
siderable effort at reconstruction. The same aspect of construction ap­
plies when we look forward to the finding of new concepts. Bayesian 
analysis, or any generalization formulated by Rosenkrantz or me in dif­
ferent directions, would give a very poor account of the most elementary 
learning of geometry by students just being introduced to the subject. 
What students need to learn is how to actively make constructions - the 
process of using concepts they have to construct new concepts, a sequence 
that in rational development is well exemplified in Book I of Euclid's 
Elements. It is this sort of thing we have not yet been successful in captur­
ing. If we want to put it in different terms to follow out the computer 
analogies popular in current cognitive psychology, the problem is not to 
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look for a set of natural kinds but to construct a program appropriately 
using subroutines that are already familiar. 

I took some first steps in this direction with my 1969 article on stimulus­
responce theory of finite automata and in a number of recent publications 
have tried to go further, but I am under no illusion that I have yet pre­
sented anything like a satisfactory theory. I do think that the more con­
structive approach implicit in the procedural or programming way of 
looking at matters will prove fruitful. On the other hand, I want to em­
phasize that it seems to me we are sti1llacking some major concepts that 
are needed for a really successful theory in this area. I am not hopeful 
that either an extension of Bayesian ideas or any simple extension of the 
stimulus-response theory of learning will be adequate. The failure of 
current theory is well marked by our almost total inability to construct 
computer programs that themselves have the capacity to learn. Once we 
understand the theory in some deeper way we should be able to write 
very much more powerful programs than we now can. 

Causality 

Rosenkrantz queries at the end of his article how I would handle the case 
of two theories, one of which fits more possibilities than the other. His 
query, with particular reference to Copernicus and Ptolemy, brings out a 
general lacuna in my monograph on causality. I really do not discuss ade­
quately the causal comparison of theories as such. The systematic devel­
opments I give are much more related to the study of causal questions 
within a theory or in straight empirical applications, as, for example, the 
statistical study of whether smoking is a cause of lung cancer. I think there 
are ways of bringing in the kinds of examples Rosenkrantz mentions, but 
it is also a fair criticism that I have not dealt with such matters in any ex­
plicit detail. 

Concluding Remarks 

I have not commented on many issues raised by Rosenkrantz. For ex­
ample, I have not responded to his remarks about justice because I said 
about all I have to say at the moment in my own earlier statement in this 
volume. It should be clear that Rosenkrantz's many comments and 
analyses of my work touch issues that are central to my interests and that 
I hope to continue to contribute to in the future. 
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To Grandy 

Logic of Measurement 

Grandy's proposed Boolean-valued semantics to replace the three-valued 
logic I proposed in (l965d) has the merit, as he points out, of giving a 
standard truth-functional semantics for conjunction, disjunction and 
negation. The point at issue that he discusses is my assignment of the 
truth value of meaningless to instances of the law of excluded middle. 

I suppose I am unreconstructed on this point but I continue to see 
virtue in assigning to classical instances of the law of excluded middle 
some value other than true when the two components are themselves 
meaningless. He gives examples taken from my discussion of theories of 
measurement, but the same remarks apply in a general way to such ex­
amples as This mountain is in love or this mountain is not in love. My 
objective was to thoroughly fence off all meaningless expressions, and not 
to let a complex sentence have the value of true when it is built up from 
meaningless sentential components. 

The issue between us is not a formal one but a philosophical one about 
intuitions concerning meaningfulness. In my view, ordinary usage and 
scientific practice are on my side in this particular debate, but I will not 
try to push the argument further in the present context. 

Syntax 

I have no quarrel with Grandy's basic description of my use of probabi­
listic grammars. There are one or two points I want to comment on. The 
first concerns the comparison of two different grammars, neither of which 
fits the data exactly. Grandy seems to think that in such a situation a con­
clusion about the relative merits of the two grammars is not really pos­
sible, but this is in fact a very common situation in applied statistics. It is 
not at all uncommon to have no model that fits the data very well but to be 
able to discriminate in a very strong sense between two proposed models. 
From the standpoint of classical statistics, for example, if each model's 
fit can be expressed by a chi-square and we can use independent samples 
of data, then the ratio of the two chi-squares is distributed as an F-statis­
tic and we can draw standard conclusions about the level of significance 
at which we can reject the null hypothesis that the two models fit equally 
well. 

A quite detailed comparison of the probabilistic fit of two different 
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grammars for the same corpus, in this case for the French syntax of a 
child's noun phrases, is to be found in my article with Smith and Leveille 
(1973g). In comparison with the detailed work referred to in this article, it 
seems to me that Grandy's remarks are on too general a level when he 
says, "The second possibility is simply that the grammar is not an ade­
quate one for the language." It may well be that the completely detailed 
account of a young child's (or an adult's) language will not be provided 
by any grammar, but this does not mean that we cannot get better and 
better approximations to the actual language spoken. 

In the present instance we are fishing in deep waters and we do not 
really have a very clear idea of what kinds of theories' to expect. It may be 
that our initial idealized ambitions will not be realized but at the same 
time very- considerable progress in a variety of directions can be made. 
There are many other areas of science that have this character. A classical 
one of great importance is aerodynamics. The models are in general rather 
poor approximations to the detailed phenomena but much that is useful 
can be gained from study and further development of them. I feel the 
same way about grammars of children's language. 

Semantics 

Grandy's focus on my development of a theory of congruence of 
meaning to replace a single notion of synonymity represents an emphasis 
that I agree with, and his summary of my ideas is sufficiently accurate 
and detailed that I can make my own remarks supplementary in 
character. 

There are three main points in his analysis that I want to take up. First, 
Grandy emphasizes the desirability of finding a basic set of congruence 
relations "such that all others of interest can be generated by various 
operations on the basic set." Within the framework of permutations, for 
example, this seems natural and fairly easily achievable. It does not seem 
out of reach to obtain results corresponding to classical results in the 
theory of permutation groups. For example, in the theory of such groups 
it can be shown that every permutation can be written as a product of 
cycles of length two, that is, transpositions of adjacent elements. On the 
other hand, I am skeptical that any reasonable bas~c set of congruence 
relations that deal with matters of this kind can be found to also deal with 
such a general notion as that of paraphrase. It is rather like looking for 
operations that are common to both affine and topological spaces in 
geometry. Within a general concept, as for example that of affine spaces, 
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a basic set of operations can be found, but to expect to find a set that runs 
across quite different notions of congruence seems unrealistic and unlikely 
of successful realization. 

It is perhaps worth noting that the idea of using a basic set of simple 
transformations to generate more complex ones is exactly the device used 
by Warren and me (1975h) in giving a theory for generating and classifying 
defense mechanisms. The transformations introduced are transformations 
that apply to the main parts of sentences, for example, subject, verb, and 
object. An extension of this view to get actor-congruence, action-congru­
ence, etc., seems to have some promise. 

Grandy comments next on the desirability of looking at more details of 
the grammar and introduces his notion of nonterminal phrasal congru­
ence. I am in firm agreement with this concept and in fact introduced a 
very similar notion in my 1973 lectures on mathematical linguistics at 
Stanford. In those lectures I moved up from the bottom of the tree rather 
than worked down from the top of the tree as Grandy suggests, but in 
whichever direction we go, it seems to me there are difficulties in getting 
an elegant mathematical theory. For example, unless we restrict Grandy's 
notion of "portions of phrasal terminal subtrees below the top node," any 
two paraphrases of each other would be congruent in his nonterminal 
phrasal sense because we could simply include under "portions" every­
thing below the top node of the tree. In my 1973 lectures I used a counting 
device and thus talked about, for example, n-strong congruence if we 
looked for a congruence having moved up everywhere n nodes from the 
terminal nodes. However, this notion is unsatisfactory because we really 
do not want to move up the same distance from each terminal node. The 
same thing applies to Grandy's approach. We do not want to move down 
from the top node the same distance along each branch, but on the other 
hand we do not want to introduce some ordered sequence of integers cor­
responding to the branches read from left to right with the ith integer 
indicating how far down we go from the top node along the ith branch in 
asking for identity in order to have nonterminal phrasal congruence. A 
simple device would be to count the number of nodes, starting from the 
top node, that are identical when one tree is superimposed on the other. 
But such a simple counting device seems to do violence to our intuitions 
about similarity of shape. We want somehow to have the isomorphism 
about equally distributed from the top and not lie along certain special 
branches to the exclusion of all others. 

This takes me to Grandy's third point that I want to discuss: his query 
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as to whether it is not a mistake to look for sameness of meaning because, 
in fact, sameness does not seem to be a transitive relation. Again, this is 
a point I made in my 1973 lectures by introducing the notion of e-con­
gruence. Such notions of similarity that are not transitive are familiar in 
psychology, especially in the theory of perception. It does not mean that 
there is not a reasonable theory of congruence for such matters - it is just 
that it is a good deal more complicated. It is a mistake to think that be­
cause we do not have a transitive relation we cannot have a concept of 
sameness or similarity of meaning. 

This is a subject on which I have written a great deal in the past, not 
necessarily directed toward sameness of meaning but directed in general 
toward problems of similarity, because these matters have been extensively 
treated in the theory of measurement. The modern literature on the subject 
goes back to Luce (1956) on semi orders, the theory of which was simpli­
fied by Scott and me (1958b). A characteristic feature of semi orders is that 
a strong ordering relation is introduced that carries with it a symmetric 
similarity relation that is not transitive. I am in complete agreement with 
Grandy's examples and believe that such a modification of the theory is 
conceptually natural. It is just that we already know from the correspond­
ing problem in geometry how complicated it is to develop a thoroughly 
satisfactory approximate theory of congruence. Some of the remarks I 
made earlier in my reply to Luce about contextual geometries are also ap­
plicable here. 

Contrary to Grandy's final paragraph, I do not think it is necessary to 
introduce a metric of meaning differences but rather to use the ideas that 
have already been extensively developed in the theory of measurement 
for dealing with approximations. The ideas introduced in my article on 
the measurement of belief (1974g) provide another way of thinking about 
such approximations. 

Grandy's final remarks suggest specific empirical investigations that 
would relate intuitive judgments of similarity of meaning to specific 
transformations. It is my own guess that we could obtain quite reasonable 
results by such an attack and probably would learn a good deal more than 
we now know about the way in which such judgments are made. 

To Batchelder and Wexler 

Batchelder and Wexler touch on many issues dear to my heart. In re-
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sponding to their many insightful criticisms and evaluations of my work, 
it would be easy to get carried away and to go deeper into details than is 
appropriate. Some of the issues they deal with are closely related to my 
current research interests; I will indicate at appropriate points where I 
plan a more detailed treatment in the future. My comments follow the 
main divisions of their article. 

Mathematical learning theory 

I agree with their assessment that mathematical learning theory is in a 
relatively dormant stage within psychology and has been so through most 
of the 1970s. In a recent survey article on contemporary learning theories 
(1977f), I identified seven different approaches to learning currently recei v­
ing attention. Six of the seven can properly be said to have their main 
centers of activity outside of psychology. These six are: perceptrons and 
pattern recognition, currently primarily studied by engineers; learnable 
functions, currently of interest primarily to computer scientists; biologi­
cally adaptive systems, currently being studied most intensely by com­
puter scientists; artificial intelligence approaches; language acquisition 
devices, a subject to which Wexler has contributed extensively (but I think 
of his work in many ways as being more linguistic than psychological 
in spirit); and, finally, rational changes of belief, a problem mostly con­
tributed to by statisticians and philosophers. The earlier work on linear 
learning models, especially, has received widespread application in the 
literature of engineering mentioned above. This wide range of interest in 
learning, much of it of a mathematical sort and many parts of it having 
connection to the earlier work in mathematical learning theory, is evidence 
that the subject in itself has simply become of interest in other disciplines. 

Moreover, some of the recent work in cognitive psychology, especially 
work centering around Allen Newell's use of production systems, is in­
creasingly concerned with problems of learning. I do not mean to suggest 
that production systems or the main concepts of all of the various areas 
mentioned above are in any sense primarily derivative from the earlier 
work in mathematical learning theory, but I do emphasize the point that 
mathematically oriented work in learning theory is continuing at a vigor­
ous pace, even if under different intellectual sponsorship. 

Automata 

Batchelder and Wexler give a detailed presentation of my results on a 
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representation theorem for finite automata in terms of stimulus-response 
models (l969g). In connection with the representation theorem itself, I 
want to remark here only that the objections of Kieras and Nelson that 
they mention will be responded to in more detail in the future. The basis 
of the more detailed response is that too severe a restriction is placed on 
the form of the representation, especially by Kieras, who gives the most 
detailed discussion. As they point out, Kieras defines an S machine as one 
in which the current response and input determine the next response, but 
what is mistaken in Kieras's analysis is the assumption that the responses 
of the S machine are the same as the responses of the S-R model. This is 
typically never the case in mathematical representation theorems, and 
once this very strong assumption, which was not part of my original as­
sumptions, is dropped, then it is easy to show that any finite automaton 
can be represented by a stimulus-response model. It is true that this point 
was not adequately dealt with in my 1969 paper because the formal models 
I considered did not have outputs as a formal part of the definition. I shall 
not go into technical details here but just mention two well-known ex­
amples that illustrate my point about representation theorems. When the 
real numbers are built up from set-theoretical entities defined in terms of 
the natural numbers, no one-one correspondence is intended between the 
natural numbers and the real numbers. When the mechanics of rigid 
bodies is represented by a finite set of particles whose mutual distances 
are fixed, there is no natural correspondence whatsoever between the 
number of particles and the number of rigid bodies. 

Where I do want to differ with Batchelder and Wexler's own account 
of these matters is in their claim that it is difficult to think of many in­
teresting abilities in which responses can be interpreted as the internal 
states. It seems to me that they have not thought very deeply about many 
aspects of school learning, in which it is a familiar first step to require the 
students to verbalize the appropriate responses vocally, and only later to 
let those responses remain silent or internal. Indeed, the widespread con­
temporary practice of silent reading is a modern habit and not. something 
that was at all widespread even a few hundred years ago. It is worth noting 
that one of the earliest treatises on memory, that of Simonides from about 
400 B.C., exhorted those who wanted an excellent memory to "repeat 
again what you hear; for by often hearing and saying the same things, 
what you have learned becomes complete into your memory" (cited in 
Yates, 1966, p. 29). This emphasis on the oral tradition in learning with 
its explicit use of oral responses was not confined to Simonides but is 
powerfully reaffirmed in a variety of ways in many of Plato's writings. The 
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early Greeks were suspicious of written records because of skepticism 
about their efficacy for conveying the proper tone and feeling. I cite the 
strongly held views of Plato and others as evidence of the importance of 
the oral tradition and, therefore, oral responses in ancient literature and 
philosophy, 

On the issue of weak and strong forms of reinforcement, I agree with 
Batchelder and Wexler that there are certainly weaker forms of reinforce­
ment than nondeterminate yes-no correction schemes. But their dis­
missal of the kinds of reinforcement that pass between mother and child 
is far too hasty and general for my taste. I am not prepared to say exactly 
how reinforcement works in these situations but the kind of symbiotic 
relationship that is established in most cases the enormous ability of the 
child to detect subtle changes in mood, intonation, etc., on the part of the 

- is evidence for me of ability to detect unobvious kinds of rein­
forcement. Furthermore, the parent's language that is important to the 
child is directed to the child and not to some general audience. I certainly 
agree that we have not been successful in characterizing the exact nature 
of this relationship, but I am unconvinced by their arguments and those of 
others with a linguistic persuasion that there is no reinforcement that can 
be identified. 

On their following point, that "people's grammars are the same in es­
sential respects," it seems to me that at the level of complete detail this is 
certainly wrong. To me this is the same as saying that because students 
will write programs to correctly compute a certain mathematical function, 
for example, a polynomial in two variables and of the fourth degree, that 
the programs they write are the same. In fact, the programs will be different 
and the differences in this case can be easily identified. It would be my own 
view that the kind of software of subroutines and procedures each of us 
has for processing language, either as speakers or as listeners, has indi­
vidual idiosyncratic features. Moreover, these idiosyncratic features, from 
the production standpoint, are easily detected in terms of differences in 
pronunciation, stress, prosodic features, stylistic variations, etc. What im­
poses constraints and forces an appropriate degree of congruence between 
different people's grammars is the strong desire to communicate. I accept 
without question also the presence of certain physical structures, for ex­
ample, the structure of the ear and of the vocal tract, but these common 
features do not persuade me at all that individuals do not have grammars 
that have essential differences as well as essential common features. 

In this connection, Batchelder and Wexler cite the long article of Wexler, 
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Culicover, and Hamburger (1975), which starts by assuming that some­
thing like a context~free grammar is known as a linguistic universal, and 
proceeds to a theory of language learning. What is remarkable, however, 
about this work, in spite of its formal interest, is its sketchy character 
from any serious empirical standpoint. I like the work and think it rep­
resents progress, but I find it far too removed from any empirical details 
of a systematic nature to yet be taken seriously as a substantive theory of 
learning. 

Probabilistic grammars 

What Batchelder and Wexler have to say about probabilistic grammars is 
in rather definite disagreement with my own views on several counts. 
Their objective description of such grammars, however, is accurate and 
requires no supplementary comments from me. What is apparent about 
Batchelder and Wexler's discussion of these matters is their strong adher­
ence to what I would call an orthodox linguistic viewpoint. This is notice­
able first in their discussion of whether relative frequencies are relevant to 
grammars, and more particularly their concession that perhaps after all 
they are relevant to performance if not to competence. I want to mention 
here that I do not consider the notion of competence well defined and 
consequently do not use the distinction in any systematic way myself. 

When Batchelder and Wexler discuss the problem of statistical fit of 
probabilistic grammars to a child's corpus, for example, they admit that 
the problem of deciding how many parameters to introduce or, in the 
terms they use, how many context-sensitive probabilities to permit, is the 
standard one in fitting statistical theories. They seem to want to draw a 
contrast to what would ideally be an open-and-shut case when they say 
"in cases where the data or theory is available, the linguistic evidence will 
determine what the category is, B or B'," but this seems to me a wholly 
unrealistic view of linguistic evidence. I am fairly familiar with linguists' 
discussion of child or adult language. It does not appear that we yet have 
the kind of methodology that makes these matters at all certain or definite, 
and I am not impressed by their claims here or elsewhere about the 
strength of "powerful linguistic methods." I am also unimpressed with 
linguists' use of introspection among adults to make judgments of gram­
maticality. The methodology here is undeveloped and certainly scarcely 
agreed upon. There is not at all the kind of close agreement to psycho­
physics that they mention but rather, as they also indicate, agreement with 
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the broader field of perception. I could cite a large number of papers in 
perception that have a precision of methodology in their analysis of data 
quite unmatched by anything within the linguistic framework they are 
upholding. On this point, let us linger a moment on the so-called '"linguis­
tic evidence" for determining whether to introduce one or two categories. 
The standard linguistic argument is in terms of distribution, but of course 
such distribution arguments are at heart probabilistic. It is just that lin­
guists ordinarily do not develop such arguments with much systematic or 
quantitative care. 

Perhaps the best argument for probabilistic grammars in psycholm­
guistics is to be found in our work on developmental models (1974t). In 
this long technical report, only parts of which are now being published, we 
use probabilistic methods to show that we get a better fit to a child's use of 
new grammatical rules if we consider how the probabilities of use change 
over time. Such incremental developmental models are compared expli­
citly with stage models that are often talked about in rather unsystematic 
fashion by some psycholinguists and Piagetians. Interestingly enough, 
this use of probabilistic models corresponds closely to the use of extensive 
data from single subjects in psychophysics. It is closer to psychophysics 
than the example mentioned from linguistics by Batchelder and Wexler 
because there is an attempt to analyze the entire body of data from a 
quantitative standpoint. There have not been many other systematic pro­
posals for looking at the changes in a child's grammar as he matures from, 
say, 24 months to 40 months. The tradition has been to look at individual 
changes and only to speCUlate about systematic aspects. I do not believe 
that what we do with probabilistic models is the end of the story or even 
the best that can be done, but it does represent a systematic approach to 
constructive developmental models. I find the changes in relative frequency 
of use a good index to changes in the child's underlying grammar and I 
find it hard to believe that such data are not directly pertinent to a sys­
tematic linguistic view of changes in his performance with maturation. 

Concerning the remarks about the application of model-theoretic se­
mantics to children's utterances, I certainly agree that the methods are 
not entirely satisfactory, but this seems to be a remark I would be prepared 
to make about all other semantical approaches as well. This does not 
mean that semantics should somehow be neglected and sacrificed to a 
total interest in syntax, phonology, and prosody. In some recent work 
(l978f) we have been able to get what I believe is a more systematic 
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grip on the semantics of children's talk. It seems to me important to con­
tinue such efforts; I find it hard to believe that anyone would propose that 
it is out of the question in principle to develop a systematic semantics for 
children's language. Batchelder and Wexler do not go so far as to say this, 
but lurking back of their discussion is such an idea and I want to disavow 
it explicitly myself. 

Finally, let me comment on Batchelder and Wexler's remarks about 
simplicity. As they note, I have stated in prior publications that simplicity 
is not a serious notion in physics and I have queried why it should be taken 
as such in linguistics. They then respond with Chomsky's notion of an 
"evaluation metric." I find it surprising that two psychologists take this 
notion seriously as a procedure for how a child can go about selecting his 
first grammar. The simplest and most powerful objection is that the child 
certainly will not have in front of him, or in the interior of his mind or 
wherever, entire grammars to select from. It certainly seems completely 
implausible that he goes about the choice of a grammar in this way at all. 
Surely the procedure is one of constructing the grammar rule by rule or by 
small clusters of rules. It seems to me inconceivable that "we can conceive 
of the child as selecting the first grammar in this order which is compatible 
with the data that he receives about his language." My surprise at their 
making this claim is a reflection of the wide difference that separates us on 
the deeper issue of what is a feasible psychological approach to a child 
learning a language. Even if it is claimed that the metric is not meant to 
be a psychological notion but can indirectly make predictions about the 
grammar the child ends up with, I find the absence of details about such 
metrics, at least in all publications known to me, a ground for skepticism 
about the appropriateness of the notion. In a superficial way this notion 
of an evaluation metric is related to the notion of complexity that has 
recently become important in computer science, but the way in which the 
complexity of algorithms is discussed, and especially the way in which 
the notion is used, is very different from that envisaged for an evaluation 
metric. 

My disagreements with Batchelder and Wexler about matters of im­
portance are evident, but I want to conclude by emphasizing the deeper 
level at which we agree. Their own interest in systematic methods of attack 
on the problems of language learning, and especially the powerful recent 
results of Wexler on the Iearnability of transformational grammars, strikes 
a responsive note in my own thinking. I look forward to continuing our 

229 



PATRICK SUPPES 

disagreements but in a framework that permits a constructive development 
of the argument because of the similarity of our general approaches to 
psychological theory and methodology. 

To Jamison 

Jamison's descriptive account of my work in education does not seem to 
require much comment. I have had my own say about computer-assisted 
instruction in my autobiographical part of this volume. I could quibble 
with Jamison about the importance and significance of using computer­
assisted instruction for low-enrollment courses but the detailed issues 
would take me too far away from the general spirit of this set of replies. 

Jamison does raise one important substantive issue about educational 
research that calls for detailed comment. This is his claim that the role of 
theory in educational research will be at best tangential to the advance of 
knowledge about education. 

I want to put my remarks on this matter within a more general frame­
work. In many ways, a good case can be made for the fact that in every 
branch of science the pursuit of empirical knowledge has overwhelmed 
theory. The ability of experimenters, or empiricists more generally if the 
field is not naturally experimental in character, to accumulate new and 
significant data beyond the ability of theory to account for them is in my 
view typical of every branch of science. It is perhaps one of the most out­
standing features of science since World War II. The theorists have lost 
their grip and may never regain it in the spirit of earlier times. The dis­
array of theory in psychology, for example, a field close to education, has 
been commented upon by a wide variety of psychologists and with in­
creasing frequency in the past decade. The hegemony of learning theory 
came to an end, as has been commented already in this volume, about 
1965. Linguistics did not have the intellectual power to replace it as the 
dominant theoretical force, although I personally approve of the theoreti­
cal turmoil and rethinking that linguists have forced upon psychology. 
The recent flurry of cognitive psychology has many exciting ideas, but it 
certainly is a collection of ideas and cannot be properly baptized as a new 
theory. A similar absence of predominant theoretical ideas in economics 
has been widely commented upon and it seems generally agreed upon that 
the recalcitrant facts have badly outrun all theoretical attempts to explain 
them. Modem competitive equilibrium theory is a mathematically beauti-
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ful part of economics, but certainly no one claims it will provide a detailed 
analysis of any significant portion of the data. The less mathematical and 
more empirically oriented Keynesian tbeory has been moving toward the 
exit door for at least half a decade. It might seem that the situation is 
different in molecular biology but this is just because for the first time 
some serious theoretical ideas have been proposed. One can scarcely 
believe that very much biological behavior can be accounted for by the 
recent leading fundamental ideas. And so it goes. 

Personally, I think this is a satisfying state of affairs. The Don Quixote 
romanticism of many physicists, who seem to continue to think that the 
ultimate simples of the physical universe will be found by yet one more 
significant increase in the energy available for the study of elementary 
particle collisions, seems wholly misplaced. I cannot but be completely 
skeptical of an adequate simple account ever being found. The oddity and 
chaos of the universe will, it seems to me, keep any theories at bay and 
require a fundamental change in philosophical attitude from the search 
for the ultimate constituents and the ultimate causes of any phenomena 
rich enough to be the subject of an entire scientific discipline. 

It is against this background of skepticism about ultimate theories and 
ultimate accounts of phenomena that I want to reaffirm my belief in the 
importance of theory for education. Although I think that theories cannot 
be ultimate and that we shall be continually searching for improvements, 
I do not have any feeling of despair about the efficacy of scientific theories. 
As I sometimes like to put it, I just want to drive the last remnants of 
theology out of science. It does not seem to me that education is any dif­
ferent from its neighboring social sciences. It is as feasible and important 
to bring theory to bear on the process of teaching children to read as it is 
to study the psychophysics of vision or of hearing. It is as important to 
understand how children learn mathematics as it is to understand how we 
can program computers to do algorithms efficiently or to prove that the 
programs we have constructed are correct. A minor example of theory is 
easily illustrated here. In the earlier work on mathematics learning in 
young children, perhaps the feature most conspicuously missing was a 
clear theoretical concept of algorithm. The highly empirical early work of 
Thorndike and his associates suffered from this absence more than from 
any other feature. It is easy enough to see that Thorndike was struggling 
for a systematic formulation of such ideas but simply did not have the 
mathematical tools at hand. 

It is a familiar view in philosophy that the common sense of today is the 
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science of yesterday. Some rather different sorts of examples from the 
ones I have given can illustrate this very well in the case of education. The 
attitude of teachers and other adults in the school system toward child­
hood sexuality has been radically altered in this century by what originally 
were theoretical ideas of Freud that ran very counter to the commonsense 
concept of the child in the 19th century. The way in which Freud's ideas 
of childhood sexuality have altered attitudes toward students in school is 
one of the more profound changes of this century. Another example of a 
similar sort is the psychoanalytic recognition of the limits of education 
and especially of the limits of the role of the teacher. This theoretical view 
runs contrary to the populist and commonsense views of Dewey, and only 
lately has their theoretical import begun to have some impact in recogniz­
ing that it is not up to the schools or the colleges to act in loco parentis. 
It can be argued that other trends of the times have contributed to this 
view but I emphasize that the view was already expressed with theoretical 
vigor in psychoanalytic writings of the early 1920s. 

It_i~~asy enough to continue with other examples but I am not trying to 
make the point in detail and am not providing the right sort of documen­
tation to persuade a skeptic. I want only in closing to emphasize my own 
view that we can expect as much of theory in education as we can in other 
parts of the social sciences, especially those concerned with issues of eco­
nomic, political or social significance. No doubt the facts will outrun the 
theories in every area of serious interest, but who would expect or want 
matters to be otherwise? 
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