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I want to begin my remarks about educational research by saying some· 
thing about the character of modern science and some of the fallacies that 
have been held about it. 

I. Character of modem science 

Many of you will be familiar With Immanuel Kant's famous criticism of 
metaphysics. The central problems of metaphysics that Kant criticized as 
being impossible to solve were the celebrated triad of the existence of 
God, the immortality of the soul, and the freedom of the will. The meta­
physic that Kant so soundly argued against has in the last two hundred 
years been replaced by a metaphysic of philosophy and science that has 
only recently been put in its proper place. Five basic tenets of this 
metaphysic are these: 

1. The future is detennined by the past. 
2. Every event has a sufficient determinant cause. 
3. Knowledge must be grounded in certainty. 
4. Scientific knowledge can in principle be made complete. 
5. The various sciences are held together by an underlying unity of 

concepts and methods. 

I am not concerned to make the historical case as to who has or has not 
adhered to these tenets. They have certainly been widely accepted in much 
of post-Kantian philosophy and in particular in much of contemporary 
philosophy. It is my view that aach of the five tenets is false and provides 
a misleading basis for discussing the nature of science and its effectiveness 
in society. 

Detenninism. Concerning the first thesis about detenninism, it is easy 
to enter into a rather technical discussion of the foundations of physics. 
That marvellous period of physics running from Newton to Maxwell is 
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also a marvellous aberration in the main tendencies of human thought 
Natural theology was replaced celestial mechanics, if a pun is permitted, 
and all seemed right once again with the world. But to take seriously as an 
account IOf the endless variety IOf natural phenomena the remarkably 
simple theories of classical physics, especially classical mechanics, and not 
to appreciate simultaneously their real inability to explain most natural 
phenemena is a characteristic~ I shlOuld hGpe, of religiGus rather than 
scientific method at werk. 

At any given peried IOf science, and certainly nGt just the present, the 
weight Gf systematic evidence has always been against a thesis Gf deteTo 
minism, but systematic weighing Qf this evidence has net been a strength 
ef either scientists or philesephers. It is easy to pick on phenomena clese 
at hand to make the case against determinism. My own favourite is the 
endless babble of human speech, That anyone at any time lOr place could 
ever have been se foelish as to think that he could deterministically 
analyse the endless flow of talk men engage in everywhere and for most 
of their lives seems on the face of it ridiculous, And what I have to say 
applies not only to the listener or the analyst, but also. to the speaker. 
It is unusual to fermulate completely and explicitly any given sentence 
that we utter. In moments of complete deliberation or in an unusual 
state ef reflection, we are capable of total pre formulation, but this is 
exceptional. Most of the talk between· human beings flows on endlessly 
without prior theught, and indeed, the talk and the thought are 
simultaneous. Even if we can paraphrase and anticipate the thought we 
can never predict or hope to determine the actual sequence of words 
spokcn. 

I should emphasize, of course, that I do not hold the absurd thcsis that 
speech is wholly randem. Like other natural phenomena, ranging from 
radioactive decay to the collisions of molecules in a gas, there are causal 
constraints that are not sufficient te fully determine the ph~nomena, but 
that can lead to a fruitful causal analysis. 

Detenninant causes. I think the proper view is that causality is not 
determinant but probabilistic, and censequently nG incensistency exists 
between randomness in nature or human affairs and the development of 
causal laws that are statistical lOr probabilistic in character. Mereover, 
ordinary experience as described and expressed in ordinary language is 
most happily analysed in tenns of a probabilistic concept IOf cause. 
Research in the social sciences and in medicine could scarcely proceed if 
only a detenninistic notion of cause were available. One of the problems 
for educatienal research and other kinds of social science research is to 
understand to what extent a theory of probabilistic causality can be 
developed in a given demain and when to accept results that are as goed 
as can be expected. I will not attempt here to describe any serious 
systematic criterion of adequacy for a probabilistic theory of causality. I 
will remark that ideally we weuld like causes to render simultaneeus 
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correlated events conditionally independent, but I shall not say more 
about details. It is, I think, not a point that needs extensive argument in 
the context of a discussion of educational research that the working 
notions of causality are probabilistic rather than detenninistic. (For a 
more detailed defense of this thesis, see Suppes, 1970.) 

Certainty. From Descartes to Russell, a central theme of modern 
philosophy has been to set forth a method by which certainty can be 
achieved, and to find a basis of knowledge that is on the one hand certain 
and on the other hand adequate for the remaining superstructure. The 
introduction of the concept of sense data and the history of the develop­
ment of the use of this concept are the history of the search for certainty 
in knowledge, especially in the empirical tradition, as an alternative to 
direct rational knowledge of the universe. 

I applaud the criticism of rationalism and the justifiable concern not to 
accept the possibility of direct knowledge of the world without experience. 
But it was clearly a desire to compete with the kind of grounding that 
rationalism offered - and in the theological tradition that is so deeply a 
part of our Western experience - that the mistaken additional step was 
taken of attempting to ground knowledge in experience in a way that 
guaranteed certainty for the results. 

Within this tradition of modern philosophy, there have been two kinds 
of knowledge about which claims of certainty have been prominent. One 
kind is a claim about empirical knowledge that is immediate in character. 
I may, for example, not be able to say that I am looking at a red apple 
with certainty, but I can claim in terms of immediacy and directness of 
knowledge that with certainty I am perceiving a red patch. By arguments 
of this kind, sense data have entered t1: ~ picture and have played a 
prominent role. 

The second kind of knowledge concerns logical or a priori knowledge. 
Claims of certainty have often been made about logical truths or truths of 
arithmetic. For example, it is often claimed that one knows with utter 
certainty that 7 + 5 = 12. And also that either it is going to rain or it is not 
going to rain tomorrow. 

Both of these views seem to me to be mistaken, bu.! it is not very 
original on my part to say this. Criticisms of both the doctrine of 
immediacy of knowledge and the doctrine of certainty for logical truths 
are now widespread. On the one hand, it is claimed from the standpoint of 
perception that there is no such thing as immediate knowledge. The 
general psychological literature on perception certainly tends to support 
the view that perceptual knowledge is never immediate but depends upon 
a conceptual framework of interpretation. In a similar vein, the hope of 
drawing any sharp distinction between logical and empirical truths has 
been severely challenged, and consequently the special status classicially 
assigned to logical or mathematical knowledge is considered of a dubious 
cli.aracter. 
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Completeness. Ordinarily accompanying the explicit doctrines of strict 
determinism, strict determinant causality, and asymptotic certainty of 
knowledge is an implicit doctrine of completeness for knowledge and 
science. Underlying this view are postulates like those about the 
uniformity of nature, which hold that the universe is ultimately totally 
orderly and, consequently, fully knowable in character, There are, of 
course, in many situations practical impediments to complete knowledge, 
but these impediments are only practical in character and do not exist in 
principle, When a strong thesis of strict determinism like that of Laplace 
is accepted, the concept of completeness seems otiose, because from a 
detailed specification of the current configuration of fundamental particles 
of the universe l1 the entire past and future of the universe is detennined, 
and completeness of knowledge automatically fonows. 

In contrast, strict causality narrowly construed does not imply such 
completeness. For example, if the determinant cause of an event is not 
required to be contiguous in space and time but can act remotely, as in the 
case of gravitation for space or as in the case of action-at-a-distance 
theories of electromagnetic phenomena, then completeness may not 
follow from strict causality because we may be caught in a potentially 
infinite regress. Thus, in order to find the fully determinant cause of a 
given event, we must make an unbounded search of past time and outer 
space, Incompleteness would then be compatible with strict causality in 
the sense that incompleteness would follow from the unbounded character 
of causal connections in space and time. On the other hand, if we add to 
the doctrine of strict causality the doctrine of contiguity in space and time 
for determinant causes, then we are closer to an implicit doctrine of 
completeness, 

The interesting things to be said about completeness are not inter­
twined with broad doctrines of strict determinism or strict causality, but 
rather with more local issues in particular disciplines and their individual 
character. Whatever may be our philosophical tendency to affirm broad 
and deep cosmological theses about determinism, it is clear that in practice 
our theories are more limited and partial in character, and yet, the push 
for completeness can still be misleading and unattainable. As in the cases 
of determinism, strict causality and uncertainty, the strong thrust toward 
completeness characteristic of so many different kinds of investigations in 
science and mathematics is still another theological remnant that remains 
from earlier fantasies of an omniscient and omnipotent God. The naive 
tendency in almost every domain is to strike at once for completeness 
and then often to be dismayed at the inability to achieve it. The proper 
attitude, as I see it, is to expect incompleteness and to be surprised at 
completeness. It is 11 proper task, of course, for a sophisticated empiricism 
to investigate the limits of completeness and to understand in as deep a 
way as possible why individual naive conceptions of completeness break 
down on detailed examination, 
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As the several examples considered show, in most areas of knowledge 
it is too much to expect theories to have a strong form of completeness. 
What we have learned to live with in practice is an appropriate form of 
incompleteness, but we have not built this working practice explicitly into 
our philosophy as thoroughly as we might. It is apparent from various 
examples that weak forms of completeness may be expected for theories 
about restricted areas of experience. It seems wholly' inappropriate, 
unlikely, and, in many ways, absurd to expect theories that cover large 
areas of experience or, in the most grandiose cases, all of experience, to 
have a strong degree of completeness. 

The application of working scientific theories to particular areas of 
experience is almost always schematic and highly approximate in character. 
Whether we are predicting the behaviour of elementary particles, the 
weather, or international trade - any phenomenon in fact that has a 
reasonable degree of complexity - we can hope only to encompass a 
restricted part. 

It is sometimes said that it is exactly the roJe of experimentation to 
isolate particular fragments of experience that can be dealt with in 
relatively complete fashion. This is, I think, more a dogma of philosophers 
who have not engaged in much experimentation than it is of practicing 
experimental scientists. When I have been involved in experimentation 
myself I have been struck by how much my schematic views of theories 
applied to observational rather than experimental data also apply to 
experimental work. First one concrete thing and then another is abstracted 
and simplified to make the data fit within the limited set of concepts of 
the theory being tested. 

Unity. Let me put the matter another way, and turn to the concept of 
unity of science at the same time. A common philosophical conception of 
science is that it is an ever closer approximation to a set of eternal truths 
that hold always and everywhere. Such a conception can be traced from 
Plato through Aristotle and onward to Descartes, Kant and more recent 
philosophers, and this account has no doubt been accepted by many 
scientists as well. It is my own view that a much better case can be made 
for the kind of instrumental conception of science set forth in general 
terms by Peirce, Dewey and their successors. In this view, scientific 
activity is a kind of perpetual problem-solving. No area of experience is 
totally and completely settled by providing a set of basic truths, but rather 
we are continually confronted with new situations and new problems, and 
we bring to these problems and situations a collection of scientific 
methods, techniques, and concepts, which in many cases we have learned 
to use with great facility. 

The concept of objective truth does not directly disappear in such a 
view of science, but what we might call the cosmological or global view of 
truth is looked at with scepticism just as is a global or cosmological view 
of completeness. Like our own lives and endeavours, scientific theories are 
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local and are designed to meet a given set of problems, As new 
arise new theories are needed, and in almost all cases the theories used for 
the old set of problems have not been tested to the fullest extent feasible 
nor been confirmed as broadly or as as possible, but the time is 
for something new, and we move on to something else. Again 
conception of science does not mean that there cannot be some approxio 

mate convergence in a sequence of theories meeting a sequence of 
problems, but it does urge that the sequence does not necessarily converge. 
In fact, to express the kind of incompleteness and plurality I am after, we 
can even make the strong assumption that in many domains of experience 
the scientific theory that replaces the best old theory is always an improve­
ment, and therefore we have a kind of monotone increasing sequence. 
Nonetheless, as in the case of a strictly monotone increasing sequence of 
integers there is no convergence to a finite value ~ the sequence is never 
completed, and so it is with scientific theories. There is no bounded fixed 
result towards which we arc converging or that we can hope ever to 
achieve. Scientific knowledge, like the rest of our knowledge, will forever 
remain pluralistic and highly schematic in character, 

n. Scientific research can be effective 

All of us on occasion probably feel that there is little hope that research 
will seriously affect practice and thus that there should be little coupling 
between scientific research and the setting of public policies. Such 
pessimism is not historically supported by the evidence, however, and I 
would like to take the time to consider some examples of how great an 
impact scientific research can have on society. 

All of the characteristic features of modern electronic communication 
and rapid transportation are unique products of the long tradition of 
science and technology. The changes that have taken place recently, for 
example, the widespread introduction of colour television, have especially 
depended on prior scientific research. Eight outstanding cases that have 
been studied (Battelle Report, National Science Foundation, Washington, 
1973) give a good sense of the diversity of important contributions to 
society arising from specific scientific work. The eight cases represent 
developments that almost certainly would not have taken place on the 
basis of either enlightened common sense or bare empiricism, and they 
range across a variety of scientific theories and domains of application: 
the heart pacemaker; the development of hybrid grains and the green 
revolution; electrophotography, which led to office copiers; input-output 
economic analysis developed originally in the 1930s by LeonHef; 
organophosphorus insecticides; oral contraceptives, which rest on 
relatively delicate matters of steroid chemistry; magnetic ferrites, which 
are widely used in communications equipment and computers; and 
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videotape recorders, which depended upon a union of electromagnetic and 
communication theory with the technology of audio recording. Compared 
with the practical significance of these scientific and technological 
developments, the initial cost of research and development was relatively 
minor. 

This list is only one that was selected by someone else for the purposes 
of studying the route from research to social impact, and it would be easy 
to add a large number of research contributions of even greater importance. 

HI. Social science research can be effective 

Many of you will have noted that in the Battelle list I just gave only one 
example is drawn from the social sciences, namely, the Leontief theory of 
input-output analysis. In the pessimistic mood of the present - certainly 
in the United States where the validity and effectiveness of social science 
research is very much an issue - it might be easy to think that one cannot 
really give very many examples of social science or behaviour research that 
is effective. This, I think, is clearly incorrect. The best cluster of examples, 
especially in terms of impact on policy, are surely to be found in modern 
economics. As has been said in some of the papers prepared for this 
conference, it is not only specific results that are important but the way 
in which research affects the talk of policymakers and politicians in 
general. It is hard to think of anything that has had a more profound 
impact than the development of modern economic theories on the talk of 
policymakers. The money supply, the central bank's discount rate, the 
market character of exchange rates, etc., are all topics that are familiar in 
the daily newspaper and reflect a level of conceptual sophistication that 
would have been unthought of half a century ago. The detailed fme­
tuning that is characteristic of economic efforts on the part of govern­
ments throughout the world is again very much a consequeqce of modern 
economic thought. Moreover, it is clear that there has been a definite drift 
from ideological attitudes toward economic problems to a much more 
technical and scientific attitude on the part of almost all countries, or at 
least almost all countries of any importance, whether their economies be 
capitalist or socialist in nature. 

Quite different examples of effective behavioural sciences research can 
be found in modern psychology. Psychological theories of vision and 
colour, for example, have had application in a variety of training and 
industrial settings that I scarcely need to stop to enumerate here. Survey 
sampling studies on everything from the prediction of elections to the 
marketing of television time reflect another significant example of research 
that has had a major impact in society. Because I want to turn to some 
educational examples I shall not say more. 
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IV, Educational research can be effective 

To a large cxtent~ education p:'lyS more lip service to research than do 
other main segments of the society, Every large school system has as part 
of its central office some sort of research unit. The schools and colleges of 
education associated with institutions of higher education throughout the 
world are all charged with research responsibilities, some of which are 
specifically written into the legislative charter of the institution. 

When the US Office of Education was established by federal legislation 
more than a hundred years ago in 1867~ the first section of the Act 
defined the chief purpose of the new bureau, later caned the Office of 
Education, as one of 'collecting such statistics and facts as shall show the 
condition and progress of education in the several states and territories, 
and of diffusing information respecting the organization and management 
of schools and school systems and methods of teaching'. There is not in 
this charge to the Office of Education a serious thrust of theory, and it is 
fair to say that most of the efforts of the Office of Education have not 
been directed toward the nurturing of educational theory, but rather to 
the more mundane and empirical matters of collecting statistics and facts 
and of disseminating information about the nation's schools. 

For at least a hundred years there has been a serious respect for facts 
and statistical data about education and also for many empirical studies, 
often of excellent design and execution, to evaluate the learning of 
students, the effectiveness of a given method of instruction, and so forth. 
At least until recently, the empiricism of education has been more 
enlightened and sophisticated than the empiricism of medicine, which 
represents an investment comparable to education in our society. 

The period running from the beginning of this century to the onset 
of World War II has sometimes been described as the golden age of 
empiricism in education. Certainly it was marked by a serious effort to 
move from a priori dogmas and principles of education to consideration of 
empirical results and even experimental design of inquiries to test the 
relative efficiency or power of different approaches to a given part of the 
curriculum. Detailed analysis of the nature of tests and how to interpret 
the results was begun, and serious attempts, especially by the American 
psychologist Edward L. Thorndike 'and his collaborators, were made to 
apply a broad range of results from educational psychology to actual 
problems oflearning in the classroom, 

In many respects Thorndike is the best example of an educational re­
searcher having wide impact in education itself. The broad impact is indis­
putable, but even more impressive are the powerful particular ways in which 
Thorndike's research influenced actual curriculum and what was taught in 
American schools. Let me give two of the most important examples. 

Teaching of arithmetic. I consider first Thorndike's impact on the 
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teaching of arithmetic. His ideas on the teaching of arithmetic constituted 
a pedagogical revolution as fur-fe.tehing and as important in the history of 
the tc,telling of mathcll1utics as the current curriculum rcfc.mns. Moreover, 
it is fair to say that Thorndike's proposals were more thoroughly based 
than these recent ones on ideas about learning, and that they involved a 
much more serious effort to derive changes from what was thought to be a 
correct theory of how students learn concepts and skills. The recent 
reform in mathematics curriculum has aimed to redress an imbalance 
created by the Thorndike revolution. The emphasis in the past decade has 
been on the content of the mathematics curriculum, not on the 
psychological aspects of how it should be taught and how students learn it. 
The pendulum is beginning now to swing back to a more serious con­
sideration of the learning of students and the principles that guide that 
learning. 

The general principles of learning worked out in Thorndike's (l913-
1914) magisterial treatise Educational Psychology were already applied to 
arithmetic in some of the experiments Thorndike cited in Volume II. Not 
content with these illustrative cases, he went on to complete in 1920 a 
systematic work on the psychology of arithmetic, which was essentially 
a course of lectures he gave to elementary-school teachers and others at 
Teachers' College. The high aims of this study and its radical new attitude 
toward arithmetic are best seen in the opening paragraphs of Thorndike's 
preface: 

Within recent years there have been three lines of advance in psychology 
which are of notable significance for teaching. The first is the new 
point of view concerning the general process of learning. We now 
understand that learning is essentially the formation of connections or 
bonds between situations and responses, that the satisfyingness of the 
result is the chief force that forms them, and that habit rules in the 
realm of thought as truly and as fully as in the realm of action. 

The second is the great increase in knowledge of the amount, rate, 
and conditions of improvement in those organized groups or hierarchies 
of habits which we call abilities, such as ability to add or ability to read. 
Practice and improvement are no longer vague generalities, but concern 
changes which are definable and measurable by standard tests and 
scales. 

The third is the better understanding of the so-called 'higher pro­
cesses' of analysis, abstraction, the formation of general notions, and 
reasoning. The older view of a mental chemistry whereby sensations 
were compounded into percepts, percepts were duplicated by images, 
percepts and images were amalgamated into abstractions and concepts, 
and these were manipulated by reasoning, has given way to the under­
standing of the laws of response to elements or aspects of situations and 
to many situations or elements thereof in combination. 
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In TIle Psychology of Arithmetic, Thorndike (1922) attempted an 
extensive ;malysis of the nature of arithrnetic abilities, their measurement 
and their structure. Using his own experiments and those of others, he 
analysed in detail the psychology of drills in arithmetic. He saw the 
psychological purpose of drill as being to strengthen the bonds between 
stimuli and appropriate responses. He held no overly simple view of the 
'stimulus', emphasizing not only the appropriate responses to basic facts 
but also the strength of bonds concerning the reasons for arithmetical 
processes. Because Thorndike is often thought of as encouraging drill and 
habit formation in arithmetic, it is worth emphasizing that he appreciated 
the desirability of students having an understanding of the deductive 
theories of arithmetic and the mathematical basis of the algorithms they 
learned. What the pupil learns about deductive theory, he said, should 
~rank among the most rather than the least permanent of a pupil's stock of 
arithmetical knowledge and power'. 

In analysing drill in arithmetic, he moved from the general consideration 
of the strength of bonds to detailed and practical questions about the 
amount of practice and the organization of the various skills. He laid 
particular emphasis on the advantages of distributed practice (Le. of 
spreading exercises of a certain sort over a period of time). He examined 
the actual distribution of practice in several textbooks, and considered 
how blunders might be avoided and how reasonable procedures might be 
instituted. His detailed proposals are more sophisticated psychologically 
than most current writings on methods of teaching arithmetic. In fact, 
as part of the swing of the pendulum mentioned earlier, the current 
textbooks for teachers on the teaching of arithmetic concentrate on 
mathematical content and spend little, if any, time on the psychology of 
student learning. In this respect, they resemble very closely the rationalistic 
texts of the eighteenth and nineteenth centuries. 

In an earlier publication (Cronbach and Suppes, 1969), I have given 
a comparison between many arithmetic textbooks in the 1920s, after 
Thorndike's ideas had an impact, and earlier textbooks. It would be too 
much to set forth the empirical facts here, but I think an excellent case 
can be made that Thorndike did have a real impact on what is actually 
taught at schools and also on the general policy matter of what should be 
taught at schools. The way arithmetic is taught today in American schools 
and, to a large extent, in a number of other countries, reflects Thorndike's 
influence more than any other. The nature of this influence has been 
summarized by Gorman (1931) in a study of changes in the arithmetic 
curriculum between 1907 and 1930. With the introduction of a wider 
range of mathematical concepts in the school curriculum, some people 
consider the whole problem of teaching arithmetic trivial and unimportant. 
I want to emphasize how much I disagree with this view. Arithmetic 
continues to constitute the bulk of the elementary-school mathematics 
curriculum throughout the world. Thorndike's work on the teaching of 
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arithmetic must be regarded as a major step in illumination by theoretical 
ideas of practical problems of teaching. Sceptics of this view are urged to 
review once again the unbelievably rationalistic and scholastic character 
of textbooks on arithmetic in the eighteenth and nineteenth centuries. 

Vocabulary studies. My second example, drawn also from the research 
of Thorndike, concerns the impact of his studies of vocabulary on the 
reading curriculum. For an adequately detailed treatment the reader 
should consult Clifford (1978). Thorndike, along with others in the first 
decade or so of this century, began seriously to study the vocabularies 
that were used in elementary-school materials, especially the books used 
for teaching reading. As in the case of his work on arithmetic, he went 
on to write his own spellers, exemplifying his ideas about what was 
appropriate and proper to include in the curriculum. The book that had 
the widest influence was his The Teacher's Word Book (1921), which was 
imitated, criticized and widely used. His word lists were cited and used 
as the basis of vocabulary lists, which it is now common practice to give 
in the teachers' manuals or other materials accompanying readers for 
primary-school students. Just as the layman does not have very clear ideas 
about teaching arithmetic, he has even less clear ideas about the appropriate 
vocabulary to use when first teaching a child how to read. 

By focusing on the issue of vocabulary, making extensive empirical 
studies, and applying those studies himself, as well as creating a framework 
for continuing research on the subject, Thorndike constructed a direct 
track from vocabulary research to the reading curriculum, substantial 
traces of which can still be found in current textbooks. Thorndike stands 
as a model for all of us concerned with educational research in ways that 
can have impact on our schools and our society. 

V. Research problems for the future: issues of productivity 

It would be easy to list a welter of promising problems for future study, 
but in order to attack the more serious question of how to change the 
underlying attitude on the part of educational researchers, on the one 
hand, and of policymakers on the other, that too often educational 
research does not have any impact and is not effective, I would like to 
address one central problem that we too often gingerly step around but 
that is central to any policy view of education. I have in mind the problem 
of productivity in education. The choice of this pressing issue reflects my 
problem·solving approach to philosophy and education. There is not much 
past history of analyzing the productivity of our educational systems. It is 
time to develop the subject with focused intensity. 

Let me start my remarks with a depressing comparison of the historical 
facts for agriculture and education in the United States. Let us look at the 
data in 1870 for American elementary and secondary education and for 
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college education and compare the ratio of students attending school or 
college to the ratio 100 years later in 1970. They arc directly available in 
the Historical Statistics of the United States (US Bureau of the Census, 
1975), and they show essentially no change over a 100q year period. In 
1870 there were 4,077,000 school students and 201,000 teachers, which 
gives a ratio of 20.3, In 1970 there were 41,934,000 students and 
2,131,000 teachers, producing a ratio of 19.7 (Part 1, pp. 375-6). In 1870 
there were 52,000 college or university students and 5,553 estimated 
faculty, for a ratio of 9.4. In 1970 there were 7,920,000 college or 
univclsity students and 729,000 faculty, for a ratio of 10.9 (Part 2, 
pp. 382-3). As I have done in the past, I like to contrast these datu with 
those for agdC'ulture. In 1870, an American agricultural worker produced 
enough food for SJ persons, but in 1970 the corresponding worker 
produced food for 47.1 persons (Part 1, 498). There is essentially an 
order of magnitude improvement in productivity of agricultural 
workers and essentially no improvement in the productivity of teachers. 
From a survey of several sources and more conversations with individuals 
much better informed than I am, I would gather that the experience in 
Holland is similar, much improvement in the efficiency of agriculture 
and little in as measured by the ratios I have used. 

recognize, of course, that the increase in productivity of agricul· 
tural workers, whether in the United States or Europe, there has been an 
increase in labour required in the production and processing of food once 
it has left the and in the manufacture of farming equipment. Even 
when these data are taken account I think we must find the gains in 
productivity in agricultural labour enormously impressive and standing in 
great contrast to what has happened in education, namely, no gains at all. 

Educational institutions, and especially universities, are notable for 
their conservatism. No doubt intellectual Luddites of a variety of types 
would want to say at once that there is a large conceptual difference 
between teaching and farming. As have chronicled elsewhere, such 
Luddites are not new on the scene. They began at least with the sophists 
in ancient Athens, who objected to the deadness and dullness of the 
written word as a form of instruction (see, e.g., the strong defense of oral 
methods ofinstruction in Plato's dialogue Phaedros). 

I see no overweening arguments for the introduction of a sharp 
difference between farming and teaching. They are different, of course, 
and they require different skills, but such remarkable differences in 
productivity gains do not seem defensible on the part of teachers. But 
the consequences of blindly maintaining, or attempting to maintain, the 
status quo in our institutions of higher learning can be seen in the decrease 
in real terms of academic salaries in the United States in every years since 
1975 (-3.6 per cent from 1972-73 to 1973-74, -4.8 per cent from 
1973-74 to 1974-75, -1.0 per cent the next two years each, -1.3 per 
cent from 1976-77 to 1977-78, -3.1 per cent the next year, -5.S per 
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cent from 1978-79 to 1979-80, and most recently -2.6 per cent from 
1979-80 to 1980--81 (Hunsen, 1981 ». 

I want to conclude by surveying briefly four diffeJcnt ways that 
productivity increases in education can be approached. These four 
different approaches should be thought of as supplementing each other 
rather than as being in conflict. 

1. Use technology. On the use of technology I would like to quote 
some paragraphs from an article on the effectiveness of alternative instruc­
tional media I wrote several years ago with Dean Jamison and Stuart Wells 
(Jamison, Suppes, and Wells, 1974). 

The key to productivity improvement in every economic sector has 
been through the augmentation of human efforts by technology, and 
we see no reason to expect a different pattern in education. We use the 
term augmentation deliberately here to set aside the notion of tech­
nology's replacing teachers; the purpose of the technology .must be to 
make teachers more productive, not to replace them completely. The 
problem is not that of replacing teachers but of successfully using the 
technology to improve productivity. The overwhelming majority of the 
efforts devoted to developing educational technology have been directed 
toward improving quality with little regard for cost. We have learned 
much from these efforts, primarily in lTV [instructional television] and 
CAl [computer-assisted instruction1, and now have a background of 
experience, program material, and evaluation that is quite substantial. 
Yet there has been widespread disillusionment with where educational 
technology is today that results, by and large, from the pattern of no 
significant difference findings that we have reported in this paper. 
Furthermore, because technology has been primarily an add-on input 
to enrich the individual student's experience, there are few, if any, 
examples one can point to where it has improved system productivity. 
(Technology has been more successful in providing an alternative to 
schools; successful examples here include the British Open University, 
the Bavarian Tellekolleg, and the Japanese NHK's Secondary School of 
the Air.) Technology has not yet proved that it can play an important 
role in American schools. 

The above paragraph summarizes the somewhat uncomfortable 
position we are now in concerning the role of technology. On the one 
hand, it seems almost inevitable that productivity improvements in the 
schools, if they are to occur, will require the use of technology. On the 
other hand, in spite of very considerable expenditures on educational 

~ technology for many years, we are pressed to find an example of its 
use to improve productivity#' What is required is a carefully designed, 
carefully evaluated 'demonstration that main-line instructional costs 
can be reduced without sacrificing quality - indeed it is important to 

;- attempt to improve quality - by use of a technology or mix of tech-
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nologies. By introducing productivity improvement (cost reduction) 
as the objective of technology use instead of enrichment, we would 
facilitate a sharp evaluation of success and probably increase the 
probability of success. That so few of the attempts at quality improve­
ment that we discussed in this paper have been successful in changing 
student outcomes gives hope that careful plans for productivity 
improvement would be successful. 

The basic implication for policy of the extensive findings we have 
reported in" this paper is, then, that we should be exploring much more 
systematically the potential of technology to reduce system costs 
through productivity improvement. We have discussed this primarily in 
terms of American education, but the implications are perhaps even 
more relevant for developing countries where traditional f!ducation 
demands a large and growing fraction of scarce national resources, 

2. Reduce inputs. The extensive analysis of a variety of data in the 
article with Jamison and Wells shows that it is extremely difficult to get 
differential output results from different technologies of instruction, The 
robustness of teaching effects in the main has been weUQdemonstrated by 
now in a large number of studies, many of which are cited in the article 
referred to. For example, the traditional course in differential and integral 
calculus, given either at the end of secondary school or at the beginning 
of university education, has now been studied under many different 
arrangements: large lectures, small sections, small sections with presenta­
tion by television, personalized instruction, etc. There is no strong case 
for anyone of the approaches as far as differential output, as measured 
by student achievement, is concerned, especially in the instruction of older 
students. These many studies thus argue for a greater attention to 
reduction of inputs, which means a continual study of how technology can 
be used to reduce the cost of instruction. In this connection I want to 
mention the great importance of using the standmup lecturer to a large 
number of students whenever possible. It remains a cost-effective means of 
instruction where applicable. 

The important policy problem, which needs to be backed up by more 
sustained research, is the relentless pursuit of how inputs can be reduced. 
It is striking to observe the different reactions of industry and institutions 
of education when financial problems arise. In the United States, industry 
is being pushed to become more productive, especially in the face of 
intense international competition. In contrast, the response of the 
educational institutions to budget cuts has been to complain about the bad 
effects the budget reductions will have on the quality of output. It is 
difficult to find even a single article by an educational official in a policy 
role asserting that the real way to handle the budget cuts in the United 

, States is to face the problem of increasing productivity by reducing inputs. 
I feel safe in predicting that such a constructive reaction is also not to be 
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found in European educational officials who occupy policy positions. 
3. Generate special outputs. A third way to increase productivity is to 

be more responsive to the marketplace in terms of the kinds of skills 
needed. Educational institutions are notoriously conservative institutions. 
They are also often encased in large and cumbersome bureaucracies. It is 
not easy for them to respond to market pressures as reflected in the 
changing mix of skills needed in the national economy. Special task forces 
aimed at diverting educational resources to training in specific skills, 
especially specific skills in which there is clearly a shortage of labour, 
should receive much more focus. Every policy official able to affect such 
matters should ask himself how his educational organization could be 
more responsive to economic needs. 

4. Expand continuing education. Throughout the world there is an 
increasing demand for education by populations of all ages. One of the 
most striking phenomena in the United States is the large percentage of 
adults now engaged in some form of continuing education. By reducing 
inputs to regular schooling, as suggested through more efficient use of 
technology and teaching staff, scarce resources can be diverted to 
increasing the proportion of the population serviced by the educational 
institutions of our society. Again, I want to stress that the expansion of 
continuing education should be at the expense of the ordinary cost of 
education, just because ordinary education should be made more efficient, 
and I see as the only really important way to make it more efficient, the 
reduction of inputs, thereby freeing resources for expansion of the 
educational system. 

I have suggested four approaches to increasing the productivity of 
education: using educational technology, reducjng inputs, generating 
special outputs, expanding continuing education. No area of educational 
research has a stronger relation to policy-making than the problem of 
increasing the productivity of our educational institutions. I hope that 
what I have said on these matters you will find provocative. I have tried 
to make it so. 
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