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First came the ivory tower, then the corridors 
of business and commerce, then government 
and the apparatus of war and now- with 
sudden impact- society at large. This has 
been the progression of acceptability and utili­
zation of scientific research. 

j..\con E. GountA:>; 

Tlze Interaction nf Science and Technology 

Spectacular wartime and postwat· achieve­
ments such as the bomb, radar, the con­
quest of space, and the emergence of the 
computer have projrcted scientific research 
to the center of the public eye as never be­
fore, resulting in thr challenge of a new 
social mandate. Faced with the choice be­
tween apparrntly conflicting priorities, Con­
gress as well as the majority of taxpayers 
increasingly ask: why can't the scientific 
apparatus that harnessed nuclear energy 
and put man on the moon work to solve 
pressing social problems? 

Eminent physical scientists from industry, 
govemment, and the university here ex­
amine the critical question of science-based 
social change in tenns of developing 
improved interaction between the "disci­
pline-oriented" scientist and our "mission­
oriented" society- a necessity if massive 
federal support of basic research is to 
continue. 

The authors are specifically concerned 
with the extent of the connection between 
technological achievement and the findings 
of basic research, and ho\\' this connection 
may be strengthened. They consider cir­
cumstances in which they have obsen·ed 
successful interaction between a scirntist 
interested in basic research and a scientist 
or engineer interested in transferring the 
results of this research to practicr, and pro­
pose solutions to the lack of communication 
between researchers and the "real world." 

Such proposals include: "roupling," or 
the creation of a milieu in which sctence 
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Preface 

American science, faced with a curtailment in its funding and 
with a decreasing appeal to new students, has begrudgingly 
come to realize that the "research honeymoon" is ending. 
The scientific community is now expected to give substantive 
answers to such queries as what fraction of the GNP should 
go toward the support of science and technology, is the sup­
port of science already excessive, what areas in science and 
engineering should be singled out for increased support, by 
what justification do mission-oriented agencies support basic 
research, etc. 

It is not uncommon for many of us, in justifying the in­
vestment in basic scientific research, to point out that tech­
nology feeds on the results of research and thus that the 
state of our technology justifies our present rate of invest­
ment in science. Since we have obviously been successful, it 
is argued that a further incr~ase in· the rate of expenditure 
for basic science would clearly yield increased benefits. 

Such arguments appear to be -somewhat less than con­
vincing to the majority pf the taxpayers and to the Congress. 
Although few are willing to seriously "cie~y the technological 
eminence of this nation, many seem to doubt that either an 
increasing rate or maintenanc~. of the previous rate of in-
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crease of six to ten per cent per year of investment in funda. 
mental science will guarantee an equally increased rate of 
technological development, particularly when the nation is 
faced with finding the means to solve the massive problems 
of the city, of poverty, and of equal opportunity for minority 
groups. 

Clearly, however, there is some connection bct\\'ccn 
technological achievement and the products of basic research. 
In its simplest form the question might be stated as, what is 
this connection and how can it be strengthened? ll1is 
thought was the central theme of the Symposium on the 
Interaction of Science and Technology. The Symposium 
brought together a small group of eminent physical scientists 
from the industrial, governmental, and university commu­
nities to discuss the circumstances in which they had ob­
served a successful interaction between the scientist interested 
in basic research and the scientist or engineer interested in 
transferring the results of this research to practice. The pa­
pers presented in this volume constituted the formal presen­
tation at the Symposium. Chairmen of the sessions and 
leaders of the discussions were Dr. Herbert Carter, Vice­
Chancellor of Academic Affairs, University of Illinois, Ur­
bana; Dr. Donald Hornig, Scientific Adviser to the President; 
and Dr. Harvey Brooks, Dean of Applied Sciences at Harvard 
University. The occasion of the Symposium was the dedica­
tion of the University of Illinois' Coordinated Science Lab­
ora tory Building with its Space Science Wing. Mr. James E. 
Webb, Administrator of the National Aeronautics and Space 
Administration, presented the address at the dedicatory 
luncheon and participated in the Symposium. 

Sponsorship of the Symposium was provided by the 
Office of Naval Research. The assistance of Mr. Donald 
Pollack, of that office, is gratefully acknowledged. 

W. Dale Compton 
Urbana, Illinois 
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1 EMANUEL R. PIORE 

Science 
and Technology 
in Industry 

The present role of science and technology in industry has 
historical roots. To understand the contemporary atmosphere 
and problems, I want to spend a few minutes reciting or in­
terpreting this history. This will be a narrow interpretation 
and I will confine myself to electronics and to this country. 

Prior to the war-1940-there was a handful of firms 
that had what we would recognize as research laboratories, 
distinct units functioning as research organizations: Bell 
Telephone Laboratories, General Electric, Westinghouse. 
During the war many physicists left their laboratories and 
tackled engineering problems with great success and acclaim. 
This created a point of view which became widely accepted, 
the point of view that great engineering accomplishments 
come from research. Parenthetically, let me observe that the 
war effort did demonstrate that those who were well grounded 
in the basic sciences could make important and, at times, 
unique contributions to engineering. 

The generation that was involved in the war is now the 

Emanuel R. Piore: Vice-President, Chief Scientist, and mem­
ber of the Board of Directors, International Business Machines 
Corp., New York. 
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source of our elder statesmen; some were young enough then 
so that they are now in their prime while others are retired 
or about to retire. This group of researchers returned to their 
academic activity with an exposure to engineering. with ex­
perience in how to do engineering, in how to bend with the 
wishes and needs of the users, and with the beginning of an 
understanding of the interaction of society and technology, 
at times calling it society and science. 

After the war, in the late 1940's and early 1950's, many 
other large industrial firms started new orga niza tiona] en­
tities dedicated to research. General :rviotors, Ford, and U.S. 
Steel are examples. Obviously, there were also many elec­
tronics firms. Underneath this large expansion in industrial 
research was the notion, very seldom articulated explicitly, 
that new products come about through an orderly procedure 
starting with science, moving through applied research, and 
finally appearing as some manufactured article, system, or 
new structure that is viable in the marketplace and has a 
beneficial impact on our society. 

This point of view also prevailed in academic circlcs and 
took two forms that I want to identify. First, there was a 
profound shift in engineering school curricula, a shift to in­
clude more fundamentals, more science, and to eliminate 
courses such as drafting. Secondly, there was the evolution 
of a national science policy, which stated in its simplest 
form was: support scientific research and the ills of our so­
ciety will be solved; also, the most efficient place to do re­
search is in a university environment. 

Now, after 20 years of continued expansion of research 
in universities, government, and industry, serious questions 
are being raised. Research has not produced all the antici­
pated benefits, at least not visible benefits for society as a 
whole. There has also been a restlessness among the engi­
neers who wanted recognition. This led to the National 
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Academy of Engineering. Engineers were restless also with 
the growth in the sciences and wanted systems approaches, 
case studies, etc. In addition to this reaction in the engineer­
ing community, there have been more disturbing reactions 
in industry and in government, where we've seen new state­
ments of science policy. Even in the scientific community, 
voices have echoed this theme that science, or research, has 
failed society. The Department of Defense, an important 
source of funds for universities and industry, takes the Hind­
sight Study seriously and is slowly but surely eliminating sup­
port in many important areas of physics and chemistry. The 
\Vhite House issues statements that we must now apply the 
results of our research. There is a body of scientific opinion 
to the effect that our selection of research programs should 
be based on predictable benefits to society. 

In going through this history, I have tried to be neutral 
and not expose my prejudices. I do have certain firn1 convic­
tions that I will now articulate, but in order to get under­
standing and support for these convictions, it is necessary to 
understand the attitudes of one's peers and of those who 
supply the funds. 

Large industrial companies have a spectrum of technical 
activities that extend from basic research to production. The 
sociologists of science classify these activities in a variety of 
ways by the use of phrases such as applied research, advanced 
development, development, production engineering, manu­
facturing engineering, and manufacturing. Points on this 
spectrum are best characterized by the freedom a technical 
person has in selecting his problem. The basic research per­
son supposedly has the greatest freedom to select his prob­
lem. The technical person on the manufacturing floor sup­
posedly has the least freedom. Very broadly, they are both 
in the same technical environment. Thev differ in their mo­
tivation, in their audience, in their rewa;ds, recognition, and 
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personal satisfaction. The motivation for the person's in­
volvement is the rewards he receives from society or the 
audience to which he addresses himself. 

I approach this spectrum of technical work on the basis 
that all the people involved work on real problems which 
have intellectual content, and that a high degree of training 
is required for the solution of those problems. I am not trying 
to create a hierarchy of snobbishness. A research-oriented 
person generally looks to the outside world for his audience 
and his recognition, not necessarily within the social struc­
ture in which he works. This is true in universities, govern­
ment, and industry. A research person gets greater satisfac­
tion from recognition from his peers with whom he does not 
live than from his peers who reside in his immediate vicinity. 
In spite of this, industry in our contemporary world does 
want research people in its laboratories and it makes certain 
demands on them-demands, most simply stated, for re­
sponsiveness and sensitivity to the technical environment of 
that industry; their choice of problems should be motivated 
by the man-made world of the industrial complex in which 
they work. One hopes that in observing the fabrication proc­
ess they will find important problems, whether in develop­
ment or in product engineering, and, simultaneous with their 
coupling to the outside world, they will do research that may 
h~ve_ an impact on future products, processes, or systems 
Within a given industrial complex. 

Normally, the sociologists of science and technology con­
centrate on the last item and do not quite realize the im­
~ortance of the total research operation and what are con­
Sidered its less glamorous functions. Many manufacturing 
P_rocedures are based on the state of the art. This is espe­
Cially true in our contemporary world in the fabrication of 
transistors or more complex structures known in the trade as 
monolithics. There is a large element of alchemy, of trial 
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and error, of "black magic." There is a lack of fundamental 
understanding of the processes involved. From time to time, 
these processes go bad and one is at a loss to find the reason. 
The normal procedure is to stop the line, clean everything 
thoroughly, paint everything thoroughly, and then start all 
over again. Very often everything goes well after the cleaning 
process. This obviously produces an element of uncertainty 
and discomfort, a certain nervousness. Having been stimu­
lated by the existence of this feeling of panic, one looks to 
research to try to give some fundamental understanding so 
that one can gain control, so that one can better understand 
the man-made world. 

Quite apart from these catastrophic considerations, one 
can observe historically that, as one develops an understand­
ing of a process and anchors it to first scientific principles, 
one acquires an opportunity to reduce costs. I will continue 
to stress this function of research in industry because it is 
the least understood by those who write about it. Normally 
we read about the orderly process of something coming out 
of basic research, going through applied research, and finally, 
through the other categories I have identified, into manu­
facturing. Our world is not that orderly. 

We also design products and systems based on past ex­
perience, past products, intuition, and general knowledge­
ability. One can cite many historical examples. Coming back 
to the contemporary world to an area in which I have direct 
contact, one finds that computers-their structure, the ar­
chitecture of the total system-evolve from experience, es­
thetic appeal, intuition, and some understanding of the 
problems that the computer will solve. This is true not only 
of the hardware configuration of the computer but also of 
the software. We are very far from starting with first princi­
ples of science, going through careful analytic procedures, 
and coming up with a design for the hardware and software 
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of a computer. Progress is being made and some general 
theorems are being evolved, but we remain very far from the 
goaL 

Thus, it is hoped that a person dedicated to research will 
be stimulated by these large gaps in fundamental under­
standing and will dedicate himself to trying to obtain better 
understanding, to see whether he can find first principles and 
determine whether a systematic intellectual base can be 
built. The mysteries of our world reside in some of the very 
structures we have built. Not all mysteries reside in the stars 
and in the natural systems. 

There are some standard historical examples of this and 
I might as well throw them out. We had a great deal of 
communication going on before we began to put a structure 
under it with information theory. \Ve had many steam en­
gines serving and revolutionizing society in railroads and 
steamships before we had adequate structures known as 
thermodynamics and statistical mechanics. 

What one wants from a research person is a reaction to 
his e~vironr:zent, taste in the problems he chooses, and a 
great z.mpatzence with trivia. Thus one provides the stimulus 
and gzves the man the freedom to respond to it. Unfortu­
nately, there are very few people who have the gifts to do 
research. And our universities have drilled into their gradu­
ate students that if they don't do research, especially basic 
research, they somehow have failed in their purpose on this 
earth. An~ ~hey do not Jearn the questions: is this a good 
problem? IS It a serious problem? is it a solvable problem? So 
one o.f .the. first judgments industry must make as a young 
man JOins It is: has he the taste and talent to do research? 
can h~ be given freedom? can he be productive-productive 
to socie.ty while getting satisfaction out of his work? This 
s?rt of JUdgment is very difficult and produces much irrita­
tion and aggravation. 

The function of research in industry is to look at the 



ElviANUEL R. PIORE 7 

totality of technical activities in a given firm and, from that 
totality, select areas that are amiable to solution and illumi­
nation. The validity of this characterization of research in 
industry can be observed in the mobility of people. Some 
time is spent in research, then there is a drift into develop­
ment, and at times into the more commercial function. In 
contrast, a similar drift in academia presents a different pat­
tern-department, dean, laboratory director, etc. 

Research in the universities has a much more restricted 
set of stimuli as the scientist tries to look at the man-made 
world. This is why certain areas of research are dominated by 
industry. 

It is very difficult for me to differentiate between basic 
research and applied research. I guess all the work currently 
going on in holography can be classified as applied research. 
Early laser work can possibly be classified as basic research, 
and much of the present laser work can be classified as ap­
plied research. I do not quite understand these classifications. 
I guess applied research is associated with making some de­
vice work or applying some principle without necessarily 
committing oneself to a specific system or specific product or 
black box. Possibly the difference is whether one publishes 
in the Physical Review or in the Journal of Applied Physics. 
The research person feels rewarded if he publishes on the 
outside and is acclaimed by his peers. The applied research 
person, I guess, hopes that some of his ideas actually will end 
up in some useful gadget, some useful application that will 
hit the marketplace, whether a commercial marketplace, a 
military marketplace, or a social marketplace. One finds that 
possibly one-third of the applied research finds immediate 
utility, for other considerations come into play before it can 
hit the marketplace. These considerations include the exist­
ence of a marketplace and the cost of the gadget, black box, 
or system. This interaction of technology and society is an­
other topic. 
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I have commented on the following matters: the broad 
interests of those academic men who participated in the war, 
the questioning of science as the fountainhead of the solu­
tions for problems facing society, the lack of agreement on 
what training to provide an engineer, and the role of research 
in industry. 

These apparently diverse observations are related, and 
now I should like to draw some conclusions which I will 
state as problems. 

How can one create the state of mind that a very pro­
ductive, rewarding, and creative life can be led even though 
one is not a theoretical physicist? How does one erode the 
highway of intellectual snobbishness? How does one present 
the functions of research in the world? It is all-pervading and 
prevailing. 

How can we make our young researcher aware of those 
problems our society faces to which he can make a contribu­
tion through his training and acquired skills while receiving 
satisfaction and the recognition of his peers? There are many 
volunteers to modify our foreign policy and social structure. 
A. technically trained person by his training has no unique 
Wisdom in these areas, but he can contribute in an area that 
requires his skills. 



2 JACOB E. GOLDMAN 

Science for 
Economic Growth and 
Social Change 

First came the ivory tower, then the corridors of business and 
commerce, then government and the apparatus of war and 
now-with sudden impact-society at large. This has been 
the progression of acceptability and utilization of scientific 
research. 

Until relatively recently, scientific research (as distinct 
from technological or engineering research) was the exclu­
sive province of the academic campus. Its utility was con­
sidered at best vague and the thread that linked its practice 
to the evolution of new technologies so winding-both spa­
tially and temporally-that no one felt any compulsion to 
intrude upon the privacy and sanctity of the researcher. Re­
search was (and is) synonymous with acquisition of new 
knowledge. Where but at a university should such aspirations 
find a home? 

Then came the period between the two great wars-the 
period of great industrial expansion in the United States. 
Here and there it was discovered that science can be profit­
able in leading to and pointing up new materials, methods, 

Jacob E. Goldman: Director, Scientific Laboratory, Ford Motor 
Company. 
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and devices and thus bridge the gap-both in time and in 
space-between scientific discovery and technological inven­
tion. Research suddenly became a corporate asset-an intan­
gible one, but of sufficient reality to be recognized by the 
more progressive and aggressive corporate managements. 

During World War II and its aftermath, the govern­
ment joined the parade. It realized that science can be not 
only an industrial asset generating economic opportunities 
but an essential national asset in maintaining the security of 
the nation. Military weaponry and national prestige-particu­
larly in space exploration-grew to depend more and more 
upon the nation's scientific capability. Government suddenly 
realized its responsibility not only to exploit the fruits of sci­
ence in these areas of national interest but to assure the 
maintenance of the capability-survival of the species. Gov­
ernment thus became the principal supporter of science and 
of the scientists who reside in their native habitat of the 
campus, in the more recently acquired environment of in­
dustry and in the in-house apparatus created by the govern­
ment for this specific purpose. 

The impact of the wartime and postwar triumphs of 
science has more recently brought a new dimension into this 
saga of the care and feeding of science and the scientist. The 
bomb, radar, the conquest of space and the emergence of the 
computer have made it clear that science touches upon the 
everyday life of every man. Aided and abetted by communi­
cations media, concern for science in all its manifestations 
has spread to the public at large. Science is written about 
daily in the public press; there are even several comic strips 
devoted to the serious expostulation of matters scientific and 
some not-so-serious ones that will tell you that whoever mas­
ters magnetism will rule the world; it is talked about daily in 
the legislative bodies at national, state, and local levels; it 
has even conferred a sort of prestigious status on its prac-
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titioners. TI1e scientist in the public eye is no longer the mad 
iconoclast but a normal human being. 

But this spreading of the infonnational and financial 
support base has brought with it a whole new series of prob­
lems and challenges. It is to some of these that I choose to 
devote the balance of my remarks today. 

A question being asked again and again these days is: 
\Vhy can't the science that created nuclear energy, that put 
a man in space, that fashioned incredibly fast and powerful 
computers-why can't this scientific apparatus be put to 
work to solve our major social problems? If, indeed, the 
techniques of science arc so powerful, so all embracing­
goes the query-why can't they be put to work improving 
the lot of man-putting an end to the major social difficulties 
confronting us? All we have to do is to institutionalize the 
process, a la the Manhattan project, and all the ills of the 
world will disappear through the magic of science. 

What are some of these critical social problems that 
need concerted attack? Any listing of these will usually in­
clude health (cancer, heart, and stroke), crime, waste dis­
posal, urban blight (housing and construction), pollution, 
and transportation. 

Since two of these problem areas have been of more 
than tangential concern to the scientific organization with 
which I am associated, and some of the contributions which 
we have made toward understanding these problems-pollu­
tion and transportation-are hopefully not entirely trivial 
(one of these that I will talk about has been in collaboration 
with the very laboratory whose facilities we are dedicating 
today), I will offer them as meager but possible credentials 
for discussing some ideas concerning the general problem. 
The examples I cite are there because I believe they are 
relevant and permit some extrapolation to other areas of 
concern; if they inject an air of rank commercialism or 
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inadvertent corporate boastfulness, I apologize in advance. 
As the crusading forces for social change gather mo­

mentum and pounce with missionary zeal on all sorts of 
panaceas, it has become evident that solutions arc sought 
for a problem-or, more properly, a series of problems-that 
are ill defined and little understood. Unfortunately, there is 
no panacea. As science graduates from a stage in which its 
progeny are strictly technological to one in which its effects 
have direct and major social consequences, the method and 
institutionalization become somewhat more complex. Not 
only does much of the science that will be needed to help 
solve these problems not yet exist but it has not yet been put 
to work to properly define the problems. Moreover, it is not 
clear that, as solutions emerge, the problems will remain 
the same. 

Let me cite as an example the case of transportation. 
This is often cited as one of those instances where modern 
society has boxed itself in. In urban areas we have conges­
tion; in suburban areas, waste or poor economics or bad 
planning; and in rural areas the problem of providing rights 
of way, modal interfaces, etc. The critics ask why science 
and technology can't straighten this situation out. It is clear, 
however, that science in endeavoring to provide solutions 
enters a sphere where an uncertainty relation of sorts pre­
vails: the process of providing a solution perturbs the very 
problem for which a solution is being sought. A transporta­
tion system modifies the demography of the macroregion in 
which it is placed, just as a new drug useful in combating a 
health menace may alter quite perceptibly the ecology of the 
species in unpredictable ways. 

I pose, therefore, the following questions. Can science 
afford to fall back on its classical detachment from its ap­
plication; can it continue to remain orthogonal to the social 
values, relying on distillation by others to produce inter­
action with the outside world? Or is it necessary, in order 
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for science to be useful in this new dimension, to somehow 
create new mechanisms for interaction or new institutions 
for discharging its social mandate? 

The answers, I believe, lie not in changing the pattern 
of scientific research per se but in the concept that has sud­
denly become "in" but has been practiced for many years 
in industrial laboratories-coupling. 

Industry has learned to compress the time scale between 
discovery and invention-between new science and profitable 
technology-by bringing together those whose interests lie 
within the bounds of pure science and those whose personal 
and professional goals are more oriented toward the broader 
technical goals of the company. Basic science is necessarily 
discipline oriented and must remain so; applied science is by 
nature interdisciplinary. If science is to be useful in the 
solution of specific problems, be they technical, economic 
or social, there must be a milieu in which science can thrive 
in all its disciplinary grandeur-much as it does at a uni­
Yersity or at an industrial institute where there resides a 
proper appreciation and understanding of the ground rules 
under which it thrives. At the same time, there must be 
provided an environment of technological awareness con­
ducive to its interaction with the outside world. It must be 
insulated from the day to day involvements of the market­
place but not isolated from the needs of the marketplace. It 
requires a milieu of technological awareness. 

There can be no doubt that American industry has 
learned to take full advantage of science in precisely this 
way. It may be that this factor has played a significant­
perhaps even dominant-role in creating the celebrated 
"technology gap." Industrial scientific research as we know it 
in America has virtually no counterpart in Europe or else­
where. 

What of science-based social change? Are there analo­
gous principles that can be put to use? Two examples from 
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my own immediate experience come immediately to mind: 
Let me talk first about pollution. In a recent report the 
President's Science Advisory Committee identified air and 
water pollution as one of society's most critical problem 
areas-an inevitable consequence of the burgeoning indus­
trialization and urbanization of this society.1 Upon the auto­
mobile was placed a significant portion of the blame for 
polluting the atmosphere. To the citizens of London and 
Los Angeles, this was no startling revelation. But for them 
and for the rest of the country it helped quantify an existing 
problem of increasing moment. 

What solutions can be envisioned either below or be­
yond the horizon? Do we replace the automobile with other 
transport modes in downtown areas? If we do, we might 
solve one problem only to create a host of others far more 
pressing to our economy and our society. Do we replace the 
internal combustion engine with a nonpolluting prime 
mover? Once again, unless science can provide a fully com­
petitive energy source, society might not accept the major 
compromises demanded by such a substitution. Do we clean 
up the gasoline engine? This might be an ideal solution, but 
the science and technology to tell us how to do this docs 
not yet exist. 

It is not pure coincidence that two of the most promis­
ing avenues toward ultimate solution come from the very 
type of scientific environment I mentioned a moment ago. 
As far as I know, the only battery that even comes close to 
providing the energy and power requirements for a power 
plant competitive with the internal combustion engine is 
the one invented in our laboratory-not by technologists 
bent on solving the pollution problem-but by a physical 
chemist concerned with the atomistic nature of catalytic 
surfaces and a glass chemist intrigued with electrical con­
ductivity in glass. The original experiment that led to the 
sodium-sulfur battery might have taken place almost any-
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where; it was, in fact, an intriguing and clever experiment 
in which the investigator was looking for stressed-induced 
diffusion effects in soda-bearing glass based on the crystallo­
graphic identification of the positions of the sodium ions in 
the quasi-lattice. He found the effect he was looking for but, 
incidentally, also discovered some rather remarkable electri­
cal properties of the glass associated with the high mobility 
of the sodium ions. In seeking a potential use for this re­
markable property he and a co-worker hit upon the idea of 
using this sodium conducting material as a solid electrolyte 
in a secondary cell. Guided by a newly acquired understand­
ing of atom movements in such solids and armed with the 
readily available techniques and talents of crystal chemistry, 
solid-state physics, crystallography, magnetic resonance, and 
phase analysis, they proceeded to "crystal engineer" a com­
pletely new material with the desired properties and brought 
home a working battery. 

\Vhat is meaningful in the context of today's discussion 
is the sequence of events that led from a random scientific 
obseiVation to a useful device that has caused a major indus­
trial enterprise to take a bold new look at possible alternatives 
to its basic product and assume an optimistic view toward 
the potential of electrical propulsion. The same experiment 
might have been done in any number of laboratories. But 
the circumstance that took place in a laboratory in which 
there was a built-in sensitivity to the need for new energy 
storage devices undoubtedly catalyzed the battery into being 
rather than, say, a thermoelectric device or any number of 
alternative uses of the remarkable new material we invented. 
Furthermore, it was necessary to deploy a multitude of avail­
able disciplines each of whose practitioners saw in a battery 
a substantive substitute for his normal life's blood-publica­
tion. 

Before I leave the subject of pollution, I would dwell 
briefly on another aspect of our involvement that further 
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illustrates these environmental factors that I consider so 
essential to the utilitarian deployment of science. Since the 
discovery of the laser, countless laboratories have sought ways 
to realize the bountiful potential that had been projected 
for it ever since its discovery. So far the only ones making 
money on lasers are those who are selling them to others 
who are trying to find ways of making money with them. 
We have a laser group, too. They are a most reputable 
bunch. Some of them are known to many of you. Their pre­
occupation has been more with the nonlinear optics that can 
be studied using lasers as optical sources than with the lasers 
themselves. This group was the first to recognize that an 
intense electric field can be produced by focusing a laser, 
thereby producing breakdown in gases. The laser spark thus 
conceived has since been used in conjunction with time-of­
flight mass spectrometry (a Coudsmit, not a Ford, inven­
tion) to study for the first time the fast reaction kinetics of 
combustion. While I cannot yet report to you any great 
discovery or invention resulting from these experiments, as 
a scientist I cannot help but feel that this type of experiment 
offers the greatest potential for cleaning up the combustion 
products of gasoline. As a poker player, I cannot help but 
feel that the rewards to our industry and to mankind justify 
extensive betting on this type of research, particularly in an 
environment that is prepared to seek its ultimate exploita­
tion. 

I would like to return now to the field of transportation. 
Wherein, you might ask, lies the scientific component of 
transportation. Unlike, say, communications or ordnance, 
there are no obvious underlying disciplines which can com­
bine to advance well-defined frontiers. Because of our intense 
preoccupation with problems of transportation-we are in 
the transportation business not just the automobile business 
-we asked ourselves the same question. To find some an­
swers, we put together a small group-a physicist turned 
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operations researcher, an electrical engineer, and others-to 
see what dimensions can be used to describe and understand 
transportation. \Ve have learned a few interesting things, one 
of which I should like to describe for you. 

I believe that we all recognize intuitively that transporta­
tion affects the way in which a region develops: that trans­
portation is a part of the urban system incapable of isolated 
analysis. Further complicating this analytical problem is the 
fact that we are confronted with a profusion of technology­
hardware ranging from conveyor systems to VSTOL aircraft 
-with little quantitative knowledge to guide its application. 

One of the first questions which we asked ourselves was: 
are there any mathematical tools or analogies which would 
enable one to quantify and optimize transportation relation­
ships-somewhat in the manner of the use of Monte Carlo 
methods in the analysis of communications networks. 
Clearly, the philosophy of systems analysis was indicated, 
and the lack of an exact solution led to consideration of 
mathematical modeling and simulation as a means of analy­
sis. 

Consider the question of the growth of a city under 
the influence of population, economics, industry, transpor­
tation, topography, and other constraints on land use. It is 
possible to develop a mathematical model which, based on 
projections of basic industrial activity, will "move" a region 
through time, locating new households and commercial activ­
ity in accordance with a set of rules concerning accessibility 
and other factors. \V e have developed such models and tested 
them in real world-cities by running them backwards. Once 
calibrated, such a model can assist the planner in determin­
ing the consequences of a decision on, for example, the 
location of a transportation link. A serious communication 
problem arises, however, when the planner is faced with a 
computer output consisting of thousands of population fig­
ures in tabular form, and when he must translate his pro-
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posed plans into a complicated coordinate system for com­
puter input. 

We have made a small stride in the direction of better 
planner-simulation communications with the cooperation of 
the Coordinated Sciences Laboratory of the University of 
Illinois, whose facilities we are dedicating today. A film was 
generated here that illustrates a hypothetical region which 
is to be served by a new road. The planner can study the 
effect of alternate road locations by drawing the proposed 
route on the face of a scope with a light pen and watching 
the results of the simulation as they are plotted by the com­
puter. 

I would be hesitant to attempt to extrapolate these rela­
tively limited experiences to the exhaustive solution of the 
many social ills of the world. It does seem to me, however, 
that one of the formidable obstacles to be overcome is an 
institutional one. The science and the scientists that will 
help solve these problems will still be concentrated largely 
on academic campuses and will continue to maintain their 
primary loyalty to their disciplines, their professional journals, 
and peer groups. Such institutions as the Coordinated Sci­
ence Laboratory are perhaps a step in the right direction, in 
that they provide a focus for the articulation of needs that 
transcend the traditional boundaries of the intellectual 
marketplace. Weinberg sees in this new and urgent social 
demand a possible role for the National Laboratories. But 
more than anything else, we need a cadre of scientificallv 
trained accomplished manpower who see a professional go~l 
in ministering to the needs of a world that transcends the 
four walls of their disciplinary prison. 

Beyond the needed modifications in the institutionaliza­
tion of scientific research and facilities lie two additional 
levels where new approaches are called for: methodology and 
support. 

New scientific methods and techniques have emerged to 
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help the physical scientist advance his frontiers. JVIany of 
these, such as the new solid state electronics and computer 
technology, were born and bred by military support. The 
application of science to social problems requires an explora­
tion for useful methodologies that may already exist or may 
lie hidden in the rich storehouse of emerging knowledge from 
the behemoth of presently supported research. One tech­
nique, systems analysis, which is showing promise in attack­
ing these complex social problems, is also a direct result of 
a wartime need. Formulation and quantification of goals­
often conflicting, occasionally contradictory-and optimum 
deployment of limited resources to approach these goals is 
as much a concern of the city planner or public health 
officer as it is the concern of the military commander. lVIeth­
ods developed by mathematicians for evaluation of weapons 
systems effectiveness may, for example, provide the only 
practical way of comparing the probable consequences of 
alternative solutions to social problems. 

Finally, the scientific community and the government 
community must reexamine the support base for research. 
Nearly all present-day basic science derives its support from 
the military and space establishments, from the AEC and 
from the National Science Foundation. The scientific com­
munity must now face squarely the challenge to press other 
segments of the government and society to support science 
if they are to expect to derive benefit from it. The challenge 
to government is equally sobering. Those sectors of govern­
ment more directly concerned with the problems of social 
change, e.g., BUD, DOT, HE\V, Commerce, must accept 
a share of the responsibility for the support of science. The 
very arguments advanced to create the military support 
agencies for basic and academic science are just as valid in 
arguing for support of science by these other agencies. If 
they expect the scientific community to generate interest 
and concern for the problem lying within their purview, 
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they must provide the principal catalyst for coupling science 
and scientists to their needs. Financial support is the best 
catalyst I know for generating this coupling. Maybe what 
I'm asking for is a social ARPA or an ONR for I-IUD and 
an OSR for DOT. However it is accomplished, the precedent 
has been established by these foresighted mission-oriented 
military agencies. It remains for the nonmilitary ones to profit 
from the national experience. 
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3 CHALMERS W. SHERWIN 

The Coupling 
of the Scientific and 
Engineering Communities 
to Public Goals 

Scientists and engineers in universities face a rapidly chang­
ing world. These changes may be characterized by seven 
basic problems which I will state as briefly and realistically 
as possible. Following the statement of the problems I will 
describe a proposed four-part solution. 

The Problems 

1. The Size of the Research and Development 
Establishment 

The Federal support for R & D is now about 17 billion 
dollars per year, and private support another 4 or 5 billion 
dollars per year. This is about 3 per cent of the G.N.P., up 
a factor of more than 10 in the past 2 decades, and it will un­
doubtedly continue to rise. 
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2. High Unit Cost 
Currently, if all costs are realistically calculated, includ­

ing all support and overhead, it now requires about $50,000 
to provide one professional man-year of research or develop­
ment effort. This is $200 a day, or $25 an hour. Such an 
expenditure rate requires a convincing defense, particularly 
when supported by public money. 

3. The Dominance and Nature of Public Support 
About 90 per cent of the research costs and 66 per cent 

of the development costs arc now provided from public 
funds, almost all federal. Even as recently as 3 decades ago, 
when I was a graduate student, research was mainly sup­
ported by philanthropic funds and engineering mainly by 
industrial funds. TI1e values and mores of any society change 
slowly and it is not surprising that the dominance of public 
support has not been fully appreciated. 

Most important to realize is the fact that the public, 
and the Congress which represents it, is mission oriented, or, 
more accurately, social problem oriented. In thinking about 
managing and funding public effort, Congress and the federal 
agencies almost invariably regard both research and develop­
ment as just one more tool to help them do their job better. 

Quite naturally, the public problems with the greatest 
sense of urgency get the most R & D support. Thus, for 
example, one can argue that about 90 per cent of all federal 
R & D is funded out of a deep and urgent sense of concern 
or "fear"-mainly of potential foreign enemies and disease. 
In this manner one can account for all the R & D budget of 
the Department of Defense, much of the Atomic Energy 
Commission and much of the National Aeronautics and 
Space Administration (clearly motivated by a concern for 
national security with respect to space) and all of the budget 
for health research in the Department of Health, Education 
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and \Velfare. Next in efficacy is the motive of economic ad­
\'antage or essential public service, such as natural resource 
development, better roads, improved weather prediction, im­
proved education, etc. These R & D budgets add up to 
about 8 per cent total. Finally we have about 2 per cent 
(primarily in the National Science Foundation) which is 
research supported without reference to specific, short-term 
public need. 

To expect that the "distribution of motivation" of the 
federal R & D budget of: 

90% fear of enemies, or disease 
8% public economic need 
2<7o science, as a nonspecific public investment 

will significantly change in the next decade is unrealistic. 
I believe that, even though we are really a very rich nation 
(on the average), the pressure for available public funds 
for at least the immediate future will be so great that R & D 
wi11 continue to be made available in substantial amounts 
only to meet urgent social needs that arc understandable and 
meaningful to the average citizen. 

4. The Payoff Time Is Long 
It is generally agreed that, on the average, engineering 

development and technology efforts in the public sector 
start becoming effective about five years from initiation. 

There is, I believe, good evidence that the payoff time 
for applied research (that is, the time from initiation to the 
appearance of useful end-items employing the results) tends 
to be about 10 years.1 

Finally-and this is perhaps more controversial-the 
payoff time for undirected research tends to be 20 or more 
years. This at least is one estimate based on military 
R & D.1 
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5. The Payoff Ratios of the Stages of the R & D Process Arc 
Not Well Understood 

Many economists are beginning to believe that deliber­
ate R & D effort is the primary source of the increase in the 
intrinsic efficiency (i.e., in the output per man hour) of 
workers of all types.2 Also, for many years the a11ocators of 
public funds have generally believed the overall payoff on 
R & D is favorable. The problem lies therefore not in the 
defense of the overall payoff, but rather in the rational de­
termination in the balance of the various stages. To get such 
a rational balance one needs to know the payoff ratios and 
characteristic delay times for the different types of effort: 
engineering development, technology, applied research, and 
undirected research. This knowledge should permit an ob­
jective, economic allocation of public efforts in the R & D 
sequence. The conventional wisdom has it that the payoff 
ratio increases much more rapidly than the discounted in­
vestment as one moves toward the research end of the spec­
trum. This is probably true but needs convincing proof. EYcn 
with proof, long delayed payoff times are a problem, for, as 
Walter Lippman has observed: "I have been asking myself 
why a country which is as rich as we are today should feel 
itself compelled to economize at the expense of its children 
and of its poor. There exists, I have come to think, some 
kind of rule which in a democratic society limits what the 
voters will stand for in the way of sacrifice for the public 
good-the public good which is not immediately, obviously, 
and directly to their own personal advantage." 3 

6. Universities Are Discipline Oriented 
By tradition and probably for sound educational reasons, 

the basic structure of the university is discipline oriented. 
Certainly, up until now, it is the disciplinary departments 
which have given the soundest education, the most effective 
research tools, and the most rapid advance of basic scientific 
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knowledge. The problem, however, is to provide the "im­
pedance match" between the discipline-oriented university 
and the mission-oriented society which surrounds it and sup­
ports it. The classic analysis of this problem has been given 
by Alvin 'Veinberg.4 One is hard pressed to add anything 
new to his penetrating observations. 

Although this situation has been obvious for some time, 
the typical university still seems to want to turn out disci­
pline-trained students and to perform discipline-oriented re­
search. Society, on the other hand, wants increasing numbers 
of graduates who are interested in and can directly attack 
social problems. 111ese are almost invariably multidiscipli­
nary. Society also wants research projects performed on these 
same multidisciplinary social problems and frequently turns 
to the universities only to find their excellent research capa­
bility ordered neatly along a disciplinary structure-even in 
applied science and engineering. 

7. The Large Accumulation of Scientific and Technical 
Knowledge 

The rate of production of new fragments of knowledge 
-represented by "significant" individual papers and reports 
-now exceeds one million per year. Concern has been ex-
pressed as to whether this enormous output is being effi­
ciently used either to advance science itself or in practical 
affairs. One thing is known: A number of different contribu­
tions usually need to be related to each other in some man­
ner if they are to be effectively utilized. The number of 
paired associations increases as N (N-1) /2, and the number 
of triple associations increases as N (N-1) (N-2) /6, etc. Thus 
as N increases, the "relationship problem" rises much more 
sharply. It is hard enough just to keep an orderly and usable 
record of the existence and essential content of the individual 
contributions, not to mention their relative quality or the 
significance of their potential interrelationships. 
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Finally, there is the "translation problem" of interpret­
ing and making more understandable an increasingly sophis­
ticated science to the practical user. These then arc sc\·cn 
problems associated with what might be called the mat-uring 
of the R & D enterprise, particularly as it relates to the sup­
port of public goals. 

I will now turn to four specific actions which uni\·cr­
sities can take, or participate in, which should contribute to 
the solutions of the seven problems. 

Some Proposed Solutions 

1. The Universities Should Promote Institutional Support 
The universities should base their claims for increased 

federal support for institutional and "block" or area funding 
i~ science and technology on their unique educational mis­
SIOn. No matter where they are located geographically, they 
are serving a national "market" for highly educated scientists 
and engineers. Federal support is needed and is appropriate. 
The short-term payoff is in the educated people produced. 
The basic disciplinary framework of the uniYcrsi ty is pre­
served by this type of funding. Undirected science and 
longer range applied research are supported and justified as 
an ~sen_tial part of graduate education, rather than by their 
~pphcations. I would suggest that the science and engineer­
mg. graduate education activities need about 50 per cent of 
then total support to be of this type. I believe that thought­
fuUy developed claims for this kind of funding are both 
reasonable and politically acceptable, and will lead to more 
stable funding and strengthened institutions. 

2. The Universities Should Promote and Operate Problem­
Oriented Laboratories or Programs 

. Weinberg points out clearly that since the students arc 
gomg to end up in the real world working on multidiscipli-



CIIALl\IERS \V. SHER\VIN 27 

nary problems, it is perhaps not a bad idea to have them gain 
some experience in graduate school. Also, as we have noted, 
no matter how some might wish it to be otherwise, this is 
where the big research dollars are found. The objective there­
fore is not to fight reality but to exploit it. 

The proposed solution is for each university to set up an 
array of problem-oriented, and therefore, almost invariably, 
multidisciplinary laboratories. These laboratories will seek 
a balance between relevant basic research (which can be 
treated almost as an overhead charge), applied research, and 
engineering efforts. Locally selected program directors will 
come from either the science or engineering side of the 
house, but in either case must be well balanced and capable 
of understanding and appreciating both. The staff working 
in the programs will usually have a regular home in a disci­
plinary department, and will move into a program on some 
sort of rotation or part-time basis. Graduate students in the 
program will do theses in both the interdisciplinary areas and 
in the relevant disciplinary areas supported by the program. 
The boundary lines between basic and applied research and 
between applied research and engineering will be ill defined. 
A reasonable balance might be one-third generally relevant 
basic research and two-thirds applied research and engi­
neering. 

To usefully attack most problems and have adequate 
internal flexibility to adjust the effort to the needs, a pro­
gram requires a certain minimum level of effort. In most 
areas this minimum is about $200,000 a year, but often $1 
million a year is needed for a really effective program effort. 

Assuming that an adequate base of institutional support 
is maintained, programs have many advantages to the uni­
versities: (a) they draw the loyalty of the staff away from 
Washington and toward the university, (b) they develop 
administrative skill in research management within the uni­
versity, (c) they draw science and engineering together, (d) 
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they produce graduates who, though having a basic disci­
plinary education, are interested in real-world problems and 
are capable of team effort in their solution, (e) they reduce 
the contract administration load (compared to many indi­
vidual projects) and, (f) to the degree they are rcsponsi,·e to 
public needs, they obtain adequate and unusually stable 
funding. 

To the mission-oriented government agency: (a) The 
program is easier to explain and defend to Congress due to 
the problem orientation of the effort plus the relatively rapid 
appearance of at least some practical results. The support of 
the basic research also benefits from its association with an 
easily understood mission function. (b) The program devel­
ops R & D managers who rea11y understand and become in­
volved in the broader problems of the agencies. They arc 
unusuaiiy valuable as consultants and are a primary source 
of recruiting for periods of service in the government. (One 
has only to examine, for example, the roster of high level 
Department of Defense scientists who came from a univer­
sity for a tour in government.) (c) The successful program, 
depending as it does on good local management, requires 
less federal in-house technical management effort than does 
the equivalent effort in specific project contracts. 

Against these advantages, there are certain disadvan­
tages to the government. How does one handle the program 
which either has or has developed poor local leadership? 
How does one handle the program which has an obsolete 
problem of mission? Nonetheless, I believe that the wise and 
careful expansion of the program type of federal support will 
lead to both better universities and a more efficient use of 
government R & D resources. 

One word of caution is needed. Institutional support 
and program support will never cover all the research needs 
and opportunities. There will always be a place for small 
projects and for research efforts in areas not related to a mis-
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sian-oriented program. Also, there will be research efforts 
too large to fund under institutional support. Such activities 
will haYe to be justified simply on their long range impor­
tance to the public interest. 

3. Engineers and Scientists Must Develop Skill in the Eco­
nomic Analysis of Their Own Functions 

To paraphrase a famous statesman, "The economic 
analysis of science is too serious a business to be left to the 
economists." The sooner the technical community realizes 
this, the better. If the era of the 40's and 50's was the era 
of the scientists in Washington, the 60's is the era of the 
economist. 

At the present level of support demanded by science and 
engineering, there is simply no alternative to the devel­
opment of trustworthv means to calculate benefit/cost ra­
tios, particularly with ~espcct to public benefits. There is an 
essential scientific and technical input needed to understand 
the way in which scientific and technical efforts finally pro­
duce practical results. It is, I believe, a priority task of the 
technical community to trace out and to understand this 
process as it has actually occurred. Only then can one ra­
tionally forecast the future. 

I suggest that all R & D organizations should invest say 
one per cent of their professional technical manpower on a 
task assignment or rotation basis working on the problem of 
understanding the way in which science and technology are 
utilized. They need to cooperate with an economist in this 
study. I do not know of any investment of effort more likely 
to improve the overall efficiency of the R & D operation than 
this one. Clearly, the overall R & D process as now practiced 
has a high payoff. It is most likely that developing a sys­
tematic understanding of the process will further increase its 
effectiveness. 



THE INTERACTIO:>l OF SCIENCE :\~D TECII~OLOGY 30 

4. The Evaluation, Organization, and Compression of 
Knowledge 

Although the specialized research workers with their 
"invisible colleges" do not appear to have an information 
management problem, this is not true of most people con­
cerned with catching-up or with using knowledge. 

The most practical solution here is for the scientists and 
engineers to expand their efforts in the systematic evaluation 
and compression of knowledge. S. Goudsmit" has described 
the need and the process very well. The Standard Reference 
Data System managed by the National Bureau of Standards 
is one embodiment of this important process. 

Although it costs 20 to 40 thousand dollars to produce 
the typical paper, experience shows that it costs only about 
100 to 200 dollars to have a highly qualified scientist or engi­
neer evaluate it, relate it to other work, and produce a useful 
"compressed" output. This critical evaluation process could 
be done for all of science and engineering simply by deflect­
ing about one per cent of the present research manpower into 
this task. An evaluation center can process 1,000 to 3,000 
papers per year using the part-time services of skilled, active 
research professionals and cost 100 to 300 thousand a year. 
Such centers must be located at an active research institu­
tion. The universities should play a big role in this area, for 
it is directly related to their knowledge organizing and teach­
ing function. 

Conclusion 

If institutional support and program support is increased 
to universities so as to provide the majority of federal sup­
port, and if one per cent of the technical manpower is fo­
cused on understanding the R & D process, and another one 
per cent on the evaluation and compression of knowledge, 
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most of the seven problems listed above would be on the way 
toward being solved. 
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4 WILLIAM j. PRICE 

The Key Role of 
a Mission-Oriented 
Agency's Scientific 
Research Activities 

I am very pleased to participate in this symposium on the 
interaction of science and technology. I consider the subject 
to be both important and timely. 

Clearly the continual expansion in knowledge and its 
proper utilization are matters of utmost importance. Cur­
rently we are in a period of the most rapid change in history, 
which in a large degree is both caused and supported by this 
expansion. However, our understanding of the processes by 
which science and technology interact to affect this expan­
sion is not commensurate with its importance to society. 

The topic is timely, especially because of its special rel­
evance to the current debate on science policy. Discussions 
leading to improved understanding of science-technology in-
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teractions can help optimize decisions on the nature and 
amount of both science and technology required to best 
serve society. 

Scientific research is typically packaged in terms of scien­
tific disciplines, while society's problems almost always ap­
pear in other forms. 1 It is generally recognized that engineers 
and other technologists must always play a primary role in 
the required communication. TI1e role of the scientific com­
munity is not recognized or understood nearly as fully. 

The idea that "good" science must be "pure" academic 
research where the concept of purity implies conscious disen­
gagement from utility is an indication of the need for fur­
ther understanding. Even though this disengagement is 
neither necessary nor nearly as widespread as many seem to 
believe (see for example Medawar's excellent discussion2 

which helps remove this myth), the fact that the idea is 
brought up frequently underlines the need for additional at­
tention to the scientist's part of the dialogue with tech­
nology. 

TI1e science-oriented activity in a mission-oriented or­
ganization has an important role to play in assuring good 
communication, inasmuch as it can help optimize the scien­
tist's part of this dialogue. This is a central role of AFOSR 
for the Air Force, of similar science-oriented activities in 
other mission-oriented agencies, and of corporate research 
laboratories for large industrial corporations. TI1is role and 
the other important functions of science-oriented activities 
in support of mission-oriented organizations is discussed in a 
growing body of recent literature.3- 9 

The importance generally attached to the support of 
scientific research by mission-oriented agencies is underlined 
by the fact that about 85 per cent of all federal funds sup­
porting university research originate with these agencies. 
There are, of course, great strengths in the current methods 
of federal funding and many seek to maintain similar pat-
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terns in the future, including the feature that the bulk of the 
university funds accrue from mission-oriented agencies. It is 
particularly interesting to note that Sir Gordon Suthcr­
land,l0 recognizing the great value of the U.S. system both 
to the agencies and the universities, has suggested that 
Britain adopt the system of university support by mission­
oriented agencies. 

Some persons have raised concerns about the cxtcnsi,·c 
support of university research by mission-oriented agencies. 
Handler11 sees a basic incompatibility between university 
purposes and the requirements for success in mission-ori­
ented research. 1l1erefore he proposes that the bulk of the 
funds for academic research come from NSF and NIH. Du­
Bridge,12 although he sees nothing basically wrong \vith the 
whole picture of U.S. support of science in recent years (in­
cluding the fact that most of the federal funds for that pur­
pose accrue from government expenditures aimed at other 
national goals), calls for an increase in NSF vis-a-vis the 
mission-oriented agencies because of the current prevalence 
of short-range pressures on mission-oriented agencies which 
tend to be incompatible with the support of university re­
search. Those who quoted 13 the first interim report of Proj­
ect Hindsight concerning the small contribution of univer­
sity research to weapons system development, without criti­
cal commentary with regard to the applicability of the Hind­
sight methodology for evaluating the contribution of such 
research, in effect have supported concerns about the pro­
priety of the support of university research by mission-ori­
ented agencies. 

I believe that the concerns described above and other 
similar concerns are not valid when the scientific research 
activities of mission-oriented agencies serve their proper roles 
-the roles which have been generally served in the past and 
which should be nourished in the future. In this paper, I 
seek to present further information about these research ac-
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tivities to help assure that they are properly evaluated in the 
current debates. This is a particularly fitting forum from 
which to attempt this because the interaction of science and 
technology comes into the discussion in such a central way. 

The following discussion draws extensively on Air Force 
research experience; further, it deals primarily with the uni­
versity support program. Notwithstanding, I believe that 
many of the observations which I make apply equally well to 
the research programs of other mission-oriented agencies and 
at least in some respects to federal support of scientific re­
search in industry and government laboratories. 

AFOSR Organizational and Historical Considerations 

The Air Force Office of Scientific Research is a part of 
the Office of Aerospace Research, a separate operating 
command of the Air Force with overall responsibility for 
the Air Force's corporate research activity. OAR has a 
budget of approximately $90 million annually for research. 
AFOSR, with a budget of approximately $40 million, is re­
sponsible for a research program that is conducted by con­
tracts and grants. Other major activities of OAR are the Air 
Force Cambridge Research Laboratories and the Aerospace 
Research Laboratories, both in-house laboratories with as­
sociated contract programs. 

The systems development responsibilities in the Air 
Force rest in the Air Force Systems Command. AFSC has 
an annual budget of over $3 billion for research, develop­
ment, engineering, and testing. This organization conducts 
a great variety of applied research, exploratory development, 
advanced technology, and systems engineering programs. 

The AFOSR program includes about 1,000 separate re­
search investigations at about 200 universities, industries, 
and other research organizations. The research is selected for 
support from unsolicited proposals. The selection is made by 
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AFOSR program managers on the basis of the suitability of 
the proposed research to the program for which they arc 
responsible and the scientific quality of the work. Research 
is supported in chemistry, mathematics, electronics, solid 
mechanics, aeromechanics, energy conversion, general phys­
ics, solid state physics, astronomy-astrophysics, and the bc­
havorial, biological, and information sciences. Interdiscipli­
nary fields are also supported as the need arises. 

AFSC, especially through its Research and Technology 
Division, is also concerned with science, particularly applied 
science. In fact, the amount of money which AFSC spends 
in the nation's colleges and universities to broadly support 
technology objectives is somewhat larger than the OAR ex­
penditure to perform the Air Force corporate research func­
tion. 

The concept leading to AFOSR was set forth in 1949 
by the Ridenour Report, a study by a special committee of 
the Air Force Scientific Advisory Board. The study pointed 
out that Air Force research and development could not be 
maintained at the highest level of competence without being 
closely associated with the general research efforts of the 
nation's universities. To accomplish this association it rec­
ommended that a fraction of the R & D budget of the Air 
Force should be consistently assigned to contracts with edu­
cational institutions for research in broad general fields on 
problems which, without being directed toward definite ap­
plications, are of definite interest to the Air Force. In 1955 
AFOSR was established as a separate operating entity, hav­
ing functioned as a staff agency under the name Office of 
Scientific Research (OSR) for the previous four years. 

Recently we have devoted substantial effort to historical­
type studies of AFOSR, including a survey of a group of pre­
viously supported AFOSR principal investigators and other 
knowledgeable persons to obtain additional information on 
the uti1ization of results of the AFOSR research programs. 
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These studies have been worthwhile inasmuch as they have 
provided us a large increase in specific infonnation showing 
how the Air Force has benefited from the AFOSR program. 
Perhaps e\·cn more important, these studies have increased 
our knowledge of the interaction between science and tech­
nology and concurrently have aided us in bringing our role 
into sharper focus. 

\Ve are impressed by both the large number and great 
variety of the AFOSR accomplishments that can be identi­
fied as important contributions to the Air Force. Our success 
in finding utilization through this study shows us that a large 
amount of additional specifics could be accumulated if neces­
san·. 

I shall only touch on some of the highlights of AFOSR 
accomplishments as a background for the following discus­
sion. Another publication, just released, includes a detailed 
account of these accomplishments, along with a discussion 
of the current program and the ongoing role of AFOSR.14 

\Ve find that the AFOSR has helped colonize many 
important scientific areas which have turned out to have spe­
cial relevance to the Air Force, inasmuch as they are gener­
ally recognized as underlying important Air Force applica­
tions. Colonizing may be described as increasing the chance 
of important discovery in an area by "raising the tempera­
ture" of the world's scientific activity in that field. Through 
judicious support of phenomena-oriented research and other 
activities such as symposia, the Air Force research support, 
amplified by that supported by non-Air Force funds, has af­
fected very significantly the rate of development of important 
scientific areas-hypersonic phenomena, including hyper­
sonic facilities, magnetic resonance spectroscopy, optimum 
control theory, visual perception, mass transfer cooling, in­
formation theory and many others. 

We also find that AFOSR is playing an important role 
in technical education. At any given time our research pro-
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gram is providing at least partial support for the doctoral 
research of more than 1,000 graduate students. The over­
all importance of this support is quite substantial but hard 
to measure; however, it can be appreciated by recognizing 
that these students are among the top strata of the nation's 
graduate students and they are receiving their education in 
areas particularly relevant to the Department of Defense. 
Many have gone on to work in Air Force contractor or in­
house activities, equipped with knowledge and skills par­
ticularly pertinent to their work, because of the previous 
Air Force association. 

We also find that we can identify many specific exam­
ples where AFOSR supported phenomena-oriented research 
has provided important support of Air Force weapons ac­
quisition programs at all phases of the research, develop­
ment, and engineering cycle. We find this input through 
new or improved manufacturing techniques, design tech­
niques, instrumentation, and weapons systems component 
concepts, to mention a few cases. The MAB study1 :; on re­
search-engineering interaction has also noted a similar diver­
sity in the types of important interactions occurring between 
science and utilization. The diverse nature of the interac­
tions are also brought out by Morton's model of the inno­
vative process as a complex feedback-type system, 16 and 
Fiore's presentation at this symposiumP 

We also find that many scientists supported by AFOSR 
are consulting for the Department of Defense contractor 
and in-house research and development activities. In a very 
real sense, AFOSR support helps these persons achieve and 
maintain their expertise while they contribute direct prac­
tical help to the Department of Defense. 

Final1y, it is important to note that the AFOSR pro­
gram has provided research support for scientists who are 
among the leaders of their respective disciplines (see, for 
example, the current program ]istingH and the indication 
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from the c\·aluation of AFOSR research using citation in­
dcxingu that the research results have often been among the 
most important in their fields). 

Interaction of Science and Technology 
and the Role of AFOSR 

\Ve find that it is helpful, both in describing the role 
of AFOSR and in discussing the interaction bchveen science 
and technology, 18 to divide research and development ac­
tivity into two broad categories-phenomena-oriented sci­
ence and technology, as illustrated in Figure 1. In technology 
creative efforts are primarily concerned with synthesis, that 
is, integration of previously existing knowledge components 
into operational capability-for example, systems, devices, 
processes, methods, and materials. In contrast, phenomena­
oriented science is more heavily concerned with the origins 
of the knowledge components themselves. 

FIGURE 1 

Notice that both applied science and engineering de­
velopment are classified as parts of technology. Applied sci­
ence is so named because its goal is some sort of application 
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of scientific principles. Thus the name comes from the goal. 
A phenomena-oriented scientist concerns himself with the 
elucidation of natural phenomena. Thus his goal is the study 
of phenomena, and consequently, it is reasonable to call his 
activity "phenomena-oriented science." 

As new phenomena are understood, this new knowledge 
is made available to the scientific and technological com­
munities in many ways. However, it is important to note 
that the new information becomes known by the peer 
group in the world scientific community much sooner than it 
is known by other groups, particularly those associated pri­
marily with technology utilization. Important new knowl­
edge, such as that being accumulated in the scientific fields 
that AFOSR is helping to colonize, is known to members of 
the "invisible college," that is, those researchers active in the 
particular segment of the research front, well in advance of 
any formal written publication. Thus new science may forge 
ahead, relatively independent of an ambient technology. 

Similarly, technology usually feeds upon technology in 
the presence of an ambient science. It has become increas­
ingly clear, especially to the historians of science, that tech­
nology events are usually initiated within technology. This 
means that usually it is difficult to establish a unique corre­
lation between a technology advance and one within phe­
nomena-oriented science. One well-known exception is nu­
clear power, and its origin in the discovery of nuclear fission. 
Our study shows that one does not usually find a phe­
nomena-oriented research result producing a new and un­
expected opportunity which then stimulates a new engineer­
ing opportunity. This observation is consistent with those 
of other recent studies on science and technology interac­
tion._15-21 Instead, we find phenomena-oriented research sup­
portmg technology in many other important ways, and thus 
in a real sense making the advances possible. 

Thus the gross picture is that technology usually feeds 
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upon technology and phenomena-oriented science usually 
feeds upon phenomena-oriented science. However, at the 
same time we find that there is a strong, important interac­
tion (almost a symbiosis) between the two spheres of 
activity as symbolized by the overlap in the figure. \Vhen 
one looks deeperH-28 one finds many possible important 
avenues of interplay between science and technology. Some 
of these are actively utilized; others need to be further de­
veloped. 

The nature of this interface is dynamic, varying greatly 
among different science-technology pairs and with time for 
a given technology. Industries that are involved in communi­
cations, computer technology, and modern instrumentation 
are much more closely coupled to science than are the rail­
road and agricultural equipment industries, for example, and 
transistor technology was much more closely coupled to 
solid state physics 15 years ago than it is today. 

Further indication of the changing nature of the inter­
face is the suggestion22 that even though historical studies 
show two spheres of activity, the present-day boundaries be­
tween science and technology are becoming blurred in many 
areas of endeavor. 

It is found that interactions leading to utilization of 
phenomena-oriented research are usually initiated by per­
sons who, having the urgent need for knowledge, search for 
the solution through prior research. The scientists who are 
consulted also play a very key role on their side of the 
dialogue, providing knowledge and interpretation from their 
field. 

The fact that new knowledge, originating in phe­
nomena-oriented research, often has implicit in it important 
new opportunities for exploitation suggests that great ad­
vantages, particularly in timing, can be realized when these 
opportunities can be recognized on the research side. This 
appears to be an important area for increased attention by 
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phenomena-oriented research activities toward the end that 
the initiative can be successfully taken by the scientist more 
frequently, even though there is some serious question of 
the value of a solution looking for a problem in the o\·erall 
scheme of things. 

Our conclusion from these studies is that the conven­
tional picture, which emphasizes a process with unique 
scientific events being followed in an orderly manner by 
applied research, development, etc., is usually not borne out. 
Since that picture appears to be the exception rather than 
the rule, it is misleading to attempt to elucidate the contri­
bution of phenomena-oriented science by studying this 
process primarily. In fact, the failure to observe a large 
number of such cases could lead to a nonobjective backlash 
in which the real (and very important) process involving the 
flow of an immense number of items of infonnation across 
the technology-science interface is not recognized. 

Any study, for example, of a series of weapons systems, 
aimed at isolating the points of origin by identifying key 
events, will often reveal them to lie within technology.20 A 
dangerous conclusion which might be drawn from such 
results is that science (especially current science) is of little 
help in the development of weapon systems. Actually, what 
our studies show is that current science is exceedingly im­
portant to the development process, not so much from the 
point of view of origin, but rather in continuously providing 
many useful items of information, and particularly in pro­
viding an ever growing sophistication in handling techno­
logical problems. This sophistication is made possible by the 
increased understanding of the phenomena involved and 
the increased educational level of scientists and engineers. 
It is this continuous support which should be the primary 
object of study rather than the question of origin, when 
the impact of scientific research is to be evaluated. Recent 
literature contains numerous comments on the impact of 
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scientific research which generally support this point of 
view .n ,21-!!s 

Similarly, it would be a mistake to try to have a large 
fraction of the Department of Defense phenomena-oriented 
research programs arranged to support specified technology 
goals, such as the exploratory development projects of the 
Department of Defense. This type of programming will not 
be successful since it assumes direct, rather simple relation­
ships between the science program and the technology. For 
example, if the Air Force were to use primarily this type 
of programming looking back from technology needs to­
ward science, it would end up with more applied science 
(or technology, in terms of this model). Although this type 
of activity would be very valuable, it would simply be add­
ing to the excellent applied research programs already being 
conducted by the Research and Technology Division and 
others, and AFOSR would not be performing its assigned 
mission. Rather, the role of AFOSR is to capitalize on its 
strong identity with phenomena-oriented research to bring 
a new type of capability to the Air Force research and de­
velopment activities, thus complementing the many excel­
lent technology activities. 

This knowledge of the interaction between science and 
technology provides guidance for the mission emphasis of 
AFOSR. AFOSR can be visualized as an activity which, 
because of its intimate involvement with both the scientific 
community and the Air Force, can help provide an effective 
interface between these two communities. AFOSR can at­
tract the interest of the world's top scientific talent, since it 
is a science-oriented organization with a well-established 
reputation in the scientific community as a good research 
agency with which to work. At the same time the AFOSR 
staff members have the organizational position, and a grow­
ing body of experience and techniques for carrying on an 
effective dialogue with the Air Force technology community. 
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In providing this interface, AFOSR engages in two 
types of activities. First, it supports high-quality scientific 
research chosen because of the particular interests of the 
Air Force. The selection of these areas may be motivated 
either by seeking to pioneer new fields of science holding 
out high promise for generating the new knowledge from 
which new technologies or new operational possibilities may 
evolve or it may be motivated by helping various develop­
ment or other user groups solve certain difficult classes of 
important problems by providing a fuller understanding of 
the phenomena behind them. Second, it helps provide com­
munication between the scientific community and the Air 
Force. This is a two-way communication-· needs to the 
research program and scientific information to the user. 
The AFOSR project scientists play the key role in this 
communication or coupling activity. In addition, part of 
what we purchase through contracts and grants is primarily 
designed to provide communication. This part refers not 
only to the symposia we sponsor, but to the connecting-type 
research which allows us to keep abreast of a variety of 
scientific areas largely supported by other agencies, but 
nevertheless important to the Air Force because of rapidly 
emerging scientific developments. 

Specific Areas for Improved Interaction 
Between Science and Technology 

. !he preceding material provides the context for high­
hghtmg areas of improved interaction between science and 
~echnology. In summary, my proposition is that, for many 
Important aspects of the interaction of science and tech­
nology, it is essential to recognize that there are two com­
mu_nities-phenomena-oriented science and technology­
which, although they interact with each other in many ef-



\\"II.I.J..\:'\I J. PRICE 45 

fecti\-c ways, nevertheless have separate identities. Further, 
the existence of these two communities leads to a key role 
and special challenge for organizations such as AFOSR in 
bringing about improved interaction. 

I believe that there is considerable potential interest 
within each community for improved interaction. However, 
an impro\'ed dialogue can often be cultivated best by rec­
ognizing the needs and strengths of each community. It is 
particularly important to build a growing dialogue that 
recognizes the individuality of each partner. 

It is inevitable that these communities will often be 
organizationally and geographically separated. Further, they 
usually will lack active emotional identity with a common 
purpose. Nevertheless, there arc many situations where the 
merging of the two communities by organizational fiat 
would ha,·e a dampening effect on communication rather 
than the intended improvement. The continued existence 
of a corporate research function, OAR, may be considered 
as concrete evidence that the Air Force recognizes the im­
portance of a viable relationship between the scientific and 
technology communities which allows for the continuing 
strength and identity of each. OAR provides bridges between 
the two communities without perturbing unduly the nature 
of either. This does not argue against the importance to the 
Air Force of organizations such as in-house and industrial 
research and development laboratories which incorporate a 
continuous spectrum from operational requirements to fun­
damental research. Rather, it says that both types of Air 
Force involvement with science are essential. 

AFOSR meets two special challenges of a continuing 
nature as it helps serve this interface function. One is the 
choosing of the appropriate areas in which to support re­
search-the planning function. The other is helping improve 
the dialogue between the scientific and technological com­
munities-the coupling function. 
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Planning Phenomena-Oriented Research in AFOSR 

At AFOSR we are giving a growing amount of atten­
tion to the planning process.2n \Ve believe it is important to 
do so because the selection of a long-range research program 
for a mission-oriented organization is a difficult matter for 
which few guidelines exist, and because the matter of scien­
tific choice is growing rapidly in importance in discussions 
of national R & D policy.30,3 1 

TI1ere are, of course, special pia nning consiclera tions 
appropriate for AFOSR and those other research agencies 
that support a mission-oriented organization. On the one 
hand, a proper planning procedure brings about choices of 
broad scientific fields, and of specific work efforts within 
these fields, such that the scientific research program has a 
"center of gravity of interest" which meets the needs of 
the agency it supports. At the same time, the distribution 
must not be restricted by too narrow a definition of rele­
vance. It must be recognized that some areas of science 
have special importance for several (perhaps all) of the 
mission-oriented organizations and that support of these 
areas by more than one research agency can be important 
both to provide these organizations communication with 
the fields and to assure that there is adequate support in 
these vital areas. Further, the distribution must attempt to 
recognize both the uncertainties in our knowledge of the 
scientific results which will be obtained and, even more so, 
the unexpected avenues of utilization of new scientific find­
ings and therefore the unexpected relevance to the mission 
of the agency. 

Inputs appropriate for consideration in planning the 
AFOSR research program come to us in many ways, both 
from within the Department of Defense and from the ex­
ternal scientific community. They come through organiza-
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tional channels and, most important, they come through 
the many essential activities of the AFOSR program man­
agers. Information about the long range needs of the Air 
Force comes to us from top management. The Secretary of 
Defense and of the Air Force, the Chief of Staff of the 
Air Force, and others provide various internal documents. 
\Vc receive important guidance from AFSC. Two examples 
arc the AFSC Planning Activity Report and the Technical 
Objecti,·e Document. The latter, for example, sets forth the 
Air Force interest in each of the thirty-eight technical areas. 
Inasmuch as we know that it is just as misleading to expect 
a neat flow of research needs from technology as it is to 
expect a smooth flow of research results into use, we also 
look beyond AFSC for requirements. For example, our inter­
ests include activities in support of military assistance pro­
grams, personnel management and training, logistics, and 
other needs which we find arising from other parts of the 
Air Force. 

Using these various sources of information, we have 
developed a list of technology areas to be considered in as­
sessing the relevance of research. The relevance is studied 
with the aid of a large matrix showing the relationship of 
the technology list to a similarly detailed list of the scien­
tific areas. The obtaining of the above information is the 
responsibility of line management and their supporting 
staffs. In parallel to these activities there is the continual 
concern for planning at the individual program manager 
level. 

An AFOSR program manager typically has about 20 
active contracts and a million dollar annual budget. Each 
program manager is responsible for one or two subareas; 
surface physics of solids, control theory, and structural me­
chanics are typical subareas. Each program manager must 
engage in a variety of activities-both professional and man-
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agerial. As in other similar activities, the qualifications and 
motivation of the scientific staff are matters of utmost im­
portance. 

It is clear that the program manager must ha\·c a 
personal knowledge of the emerging opportunities of science, 
as discussed later. It is also very important that he have 
appropriate meaningful personal contacts with those persons 
throughout the Air Force interested, or most likely to be 
interested, in the research program for which he is responsi­
ble. Here a lot of personal contacts need to be established 
and maintained through visits, correspondence, special re­
ports, program reviews, participation in joint task groups, 
etc. A personnel policy which encourages transfers between 
other parts of the Air ForceR & D organization and AFOSR 
is very helpful in developing properly qualified program 
managers. 

There are several techniques which the individual pro­
gram managers or groups of program managers have found 
particularly useful in planning. Let me quickly outline a 
few of these. We just sponsored a workshop on Fundamen­
tal Problems of Future Aerospace Structures in which the 
Franklin Institute and AFOSR brought together 15 key 
engineers from diversified aerospace industries to present 
their views of research needs in structures. The analysis32 of 
~he material presented at this workshop is an important 
mput to the planning of our solid mechanics program. 

During the last several months we have held a seminar 
on long-range research required to support limited conflict. 
The primary purpose of this series, which consisted of a 
wide variety of presentations by speakers having intimate 
knowledge of limited conflict problems, was to increase the 
sophistication of AFOSR staff members in selecting ap­
propriate long-range research problems to support that Air 
Force mission. 

In our combustion dynamics program we have an an-
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nual meeting of all of our contractors, along with repre­
sentatives from the Air Force R & D organizations. At this 
symposium contractors present their research results and the 
Air Force representatives describe problem areas which they 
see as having areas of interest to research groups. Another 
fruitful technique is in-house advisory committees. Care­
fully selected members from throughout the Air Force tech­
nology community meet on a semiannual or annual basis 
with groups of individual program managers. 

Other significant examples of special techniques which 
I will simply mention are state-of-the-art reviews, participa­
tion in ad hoc studies of research and technology utilization 
for operational needs, and participation in interagency co­
ordination groups such as the Interagency Chemical Rocket 
Propulsion Group made up of research and development pro­
gram managers. 

The third absolutely essential input for our planning is 
current information on the continually emerging opportuni­
ties for scientific research. Comprehensive studies on the 
opportunities and needs of science, such as the series of 
subject matter reports prepared under the auspices of the 
NAS Committee on Science and Public Policy, are im­
portant inputs. Further, our nine research evaluation groups, 
one for each of our principal scientific areas, and the Scien­
tific Advisory Group for OAR, which all together include 
approximately 100 of the nation's leading scientists, provide 
fruitful guidance more specifically tailored for our needs. 
We also have special studies of various types, such as the 
chemistry study currently being run for us by the NAS-NRC. 

The most vital source of planning information is each 
AFOSR project scientist's current knowledge of the re­
search area for which he is responsible. He is in an ideal 
position to be knowledgeable of the emerging fields of sci­
ence because he continually receives unsolicited proposals 
from scientists seeking support. The originators of the 2,000 
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formal proposals and several thousand informal proposals 
which AFOSR receives each year are ready, willing, and able 
to provide this education to the AFOSR staff. This activity 
supplements in a very effective way the other professional 
activities, including sabbaticals, by which the AFOSR project 
scientists seek to be knowledgeable of the emerging fields 
of science. 

I am involved in a continuous dialogue with the six 
managers of the principal scientific directorates, my immedi­
ate staff office in charge of planning, and other key AFOSR 
program managers, in order to determine the a ppropria tc 
balance of our activities. Once a year AFOSR and its coun· 
terparts from the other areas of OAR, joins Headquarters 
OAR to formulate the OAR Five-Year Plan. Also present 
are selected members from Air Force organizations using 
research. This Plan is a comprehensive statement of the 
specific scientific areas in which it is felt research should be 
supported by OAR. The OAR Plan, which we had helped 
t~ formulate, becomes the guidance which we receive from 
higher headquarters. It is revised annually in order to keep 
it viable in terms of responding to new scientific opportuni­
ties or to improved understanding of future Air Force needs 
for research. 

In attempting to maximize the contributions of our 
phenomena-oriented research program to the overall mission 
of the Air Force, we are faced with many choices. We, of 
c~urse, have no magic formula by which to do our plan­
nmg and we suspect that none will ever be found. We do 
?elieve, though, that searching for answers to these all­
Important questions in responsible and intelligent ways 
further optimizes the contribution of our activities. Al­
though scientific excellence is always a prime consideration 
in what we support, we are bringing the relevance and other 
considerations into play in many ways and we continue to 
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search out additional means to further improve our effective­
ness in this area. 

AFOSR Coupling Activities 

In our coupling function we seek to help bring new 
knowledge and understanding from the world of science to 
Air Force technology and to provide the appropriate feed­
back of future operational requirements to the scientific 
community; in other words, we seek to support and improve 
the dialogue which exists between the scientific community 
and the technological community responsible for future Air 
Force capabilities. 

Coupling occupies all parts of AFOSR to some degree. 
The AFOSR directors and myself concern ourselves with 
methodology, particularly seeking to place management em­
phasis on those techniques which hold promise for improved 
effectiveness and efficiency. The individual AFOSR program 
managers are the primary focal points for coupling, in that 
they work directly with their counterparts in both the 
scientific community and other parts of the Air Force. We 
also maintain an AFOSR Research Communications Office 
which provides the AFOSR directors and program managers 
staff support for both the planning and coupling functions. 
These various coupling activities have been described in 
detail clsewhere.33 

We find the coupling function to be both challenging 
and difficult. Much of the challenge is associated with its 
open-ended nature, both from the standpoint of the need 
which seems to exist and the large variety of opportunities 
open for exploitation. This difficulty is due to the nature of 
the communication that is required and to the inherent 
difficulty of improving coupling mechanisms which in many 
respects are already operating reasonably well. The bringing 
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about of improved coupling usually requires a high degree 
of professional competence and ingenuity. In coupling, as in 
planning, it is very important for an AFOSR program mana­
ger to develop and keep current contacts with counterparts in 
the Air Force applied research-exploratory development com­
munity. Many of the planning activities which are described 
above also serve the coupling function so the present dis­
cussion can be briefer. 

Coupling also requires the AFOSR program manager 
to keep in close touch with scientific research activities. This 
latter interface is generally the easiest one to maintain be­
cause the AFOSR organization matches well with the sub­
ject matter fields in which phenomena-oriented scientific 
research is usually accomplished, and because we ha\'e direct 
connections with many leaders in the scientific fields through 
our contracts and grants. It is important to note that this 
interface provides potential communication not only with 
the research activities we support, but what is often more 
important, it can help bring to the Air Force knowledge and 
understanding from the much broader area of world science 
with which the scientists supported by AFOSR are in inti­
mate contact. 

AFOSR has always sought to encourage the communi­
cation methods that develop naturally in the course of pro­
fessional activities. We have always believed it important 
to provide liberal allowances for travel to professional meet­
ings and similar activities. We have vigorously supported 
publication of research results in the open literature (with­
out previous review, I might add); for example, we have 
devoted quite considerable effort to this issue within the 
Department of Defense during the last two years, helping 
keep this important policy on track in the face of very serious 
counterforces. We have provided financial support to pro­
fessional journals when this was required to bring these 
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journals to a self-supporting basis in a timely manner. In­
cluded were Applied Mechanics Reviews, Physics of Fluids, 
and Mathematical Reviews. \Ve have provided help to pro­
fessional societies including the Society of Industrial and 
Applied Mathematics and the Military Operations Research 
Society. We have helped specialized abstracting services, 
such as International AerosfJace Abstracts and Semiconduc­
tor Abstracts, to get started. \Ve support over 50 specialized 
symposia each year; many of these result in published pro­
ceedings. 

\Ve have supported the preparation of a large number 
of books designed to consolidate knowledge in a field and 
pass it on to others. \Ve have been concerned particularly 
with those books that are of use to the practicing scientist 
and engineer, which could not or would not have been 
written without our initiative andjor support. The AFOSR 
Directorate of Mathematics alone has supported 81 volumes 
in the last 12 years. We have also helped pioneer new types 
of formalized information exchange mechanisms, including 
the Bioscience Information Exchange (the predecessor of 
the Science Information Exchange) and the computerized 
management control data systems in use by the Department 
of Defense and currently being adopted by other agencies. 

Some of our most meaningful coupling activities arise 
from the personal involvement of the research scientists that 
receive AFOSR support. The following are a few examples: 
trips to Air Force installations to perform consulting services; 
extended stays in Air Force laboratories; membership on ad 
hoc committees to study feasibility of various exploratory 
development programs; performance of research for technol­
ogy-oriented organizations complementing the AFOSR re­
search; state-of-the-art reviews, either oral or written; special 
purpose symposia which are specifically designed to bring 
technologists and scientists together; special lecture tours; 
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performance of feasibility studies on research phenomena to 
package them in a form more likely to be useful; and direct 
consultation with the aerospace industries. 

Rather frequently I hear it stated or at least implied 
that university scientists generally insist on doing pure sci­
ence and to this end resist or at least resent any involvement 
in society's problems. My four years of experience in the 
AFOSR coupling program supports a diametrically opposed 
point of view. I find that the vast majority of scientists find 
significant satisfaction and stimulation in making these di­
rect contributions to the Department of Defense programs, 
in addition to the important, although often less direct, 
inputs which they are making through their research results. 

Project and Programmatic Methods of Support 

I need to discuss briefly our methods of administering 
the extramural university contract and grant program with 
particular reference to programmatic and project methods 
of support since this bears directly on the topic of this sym­
posium. 

Both project and programmatic methods of support 
have the same objectives; each provides the administrative 
and managerial vehicle through which research programs of 
interest to the Air Force are conducted in colleges and uni­
versities. The two methods differ in two ways: in the selec­
tion of the individual work efforts which make up the 
program and in the geographical location of the individual 
work efforts. 

In the project method of support the Air Force program 
manager has the responsibility for selecting the individual 
projects or work efforts which, when taken together, consti­
tute the Department of Defense research program in the 
particular program area; in the programmatic support, the 
selection of the individual work efforts is largely delegated 
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to the university program director. \Vith the programmatic 
method of support, all of the work efforts in a given program 
are generally carried out at one university, while when the 
project method is used, the Department of Defense program 
in a given area is carried out by separate projects at a number 
of universities. 

In the project method of support, as used by AFOSR, 
each contract or grant is an integral part of some larger 
program which is the responsibility of an AFOSR program 
manager (see previous discussion under planning) . The 
AFOSR program manager selects the individual projects 
from a large number of unsolicited proposals, basing his 
selection on the potential contribution of the proposed re­
search to his program objectives, the competence of the 
principal investigator, the uniqueness and importance of the 
idea proposed, and the advice from his extramural and in­
tramural advisors and consultants. In turn, the principal in­
''estigator has the responsibility and necessary flexibility to 
dcvia te from the specific objectives set forth in his proposal 
if doing so will help maximize the impact of his research. 
As indicated above, the program manager utilizes a variety 
of techniques for bringing about effective interaction be­
tween the individual principal investigators making up his 
program and for coupling this program to the needs of the 
Air Force. 

In the programmatic method of support a program man­
ager is designated at the university. He has overall responsi­
bility for the program, including the selection of the indi­
vidual work efforts which make it up. These university pro­
grams may or may not be interdisciplinary. Likewise, they 
vary in the extent that they include a concern for applied 
science and technology along with the fundamental science. 
The local program manager assumes a responsibility for 
relating his program to the needs of the sponsoring agency 
( ies), including working with the Department of Defense 
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technology organizations as well as with the responsible 
AFOSR scientist. The laboratories of the Department of 
Defense Joint Services Electronics Program (of which our 
host the Coordinated Science Laboratory is one of the most 
distinguished) are excellent examples of programmatic fund­
ing. Other examples are the ARPA-funded interdisciplinary 
laboratories for materials research and the new programs 
currently being implemented under the new Department 
of Defense university support program-Project THEMIS. 

I am going to almost bypass the obvious and important 
question of how the two methods of support compare from 
the standpoint of their contribution to the interaction be­
tween science and technology. I'm sidestepping this question 
because it is too important to treat in the inadequate man­
ner which we would be forced to here. The treatment would 
be .inadequate because the question is too complex to treat 
qmckly and also because much of the information required 
to evaluate the two methods is not yet available. 
. '!fle following are some of the complex issues involved 
m this question: 

Relative effectiveness of the agency and university pro­
gram managers in providing the required interfaces with 
the agency technology. 

Comparison of scientific excellence of work efforts sup­
ported by the two methods. 

Extent.to which university programs involve a spectrum 
of basic and applied work and interdisciplinary ap­
proaches. 

Flexibility-short term and long term-considered from 
both the agency and university standpoint. 
Rela~i~e compatibility of the objectives, as well as the 
admim~trative procedures, of the two methods of sup­
port wxth the fundamental purposes of the universities. 
Potential for assuring that the universities can make 
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their unique contribution to the Department of De­
fense technology-scientific community dialogue as com­
pared to contributions of industrial and Department of 
Defense in-house R & D organizations. 
Currently about one-half of the AFOSR work with edu­

cational institutions is administered by the project method, 
one-third by the programmatic method, and the remainder 
by group-type research agreements which combine the work 
of more than one senior investigator at an institution into 
one flexible instrument. 

My personal position on the two methods of funding 
university work is that we should continue to use both 
methods, doing everything we can to keep each completely 
viable, while at the same time continuing to seek to improve 
the effectiveness of each method in providing an interface 
between science and technology. \Ve must consider the best 
interests of both the universities and the Department of De­
fense, particularly their long-range interests. If at some later 
date it is clear that the balance in use of the two methods 
of support should be changed, then we should act accord­
ingly. In view of the lack of such evidence at the present 
time, current efforts should be resisted to make further large 
increases in the amount of programmatic funding by dis­
continuing project-type funding. 

Should Applied Science in Universities 
Be Increased? 

We have been asked to consider the improvement of 
science-technology interaction through increasing the amount 
of applied science carried on in universities. In dealing 
with this question, one must first agree on terminology. 
In this paper I have defined applied science as part of tech­
nology-the search for new products, devices, etc. Conse­
quently, my definition points to a negative answer to the 
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question of applied science increase, since clearly technology 
is not an appropriate activity for ma;or concern by a uni­
versity. On the other hand, if one uses E. Teller's definition 
of applied science3·1 as the activity which bridges "pure" 
science and engineering, one reaches the opposite conclu­
sion. It is not only appropriate, but it is also important that 
universities be involved in the dialogue between the phe­
nomena-oriented scientific community and the technology 
community. The growing AFOSR activity in planning and 
coupling, already described, characterizes our understanding 
of the nature of the appropriate dialogue. 

Except in the case of the medical profession where uni­
versity hospitals are major instrumentalities for the utiliza­
tion of medical science and technology, the universities do 
not provide self-contained organizations with operational 
missions requiring the support of a science-based technology. 
Further, the existence of industry and in-house R & D or­
ganizations, which provide very extensive and capable means 
for utilization in nearly all fields of interest to the Depart­
ment of Defense, removes both the necessity and the de­
s~rability of establishing such organizations within universi­
ties. Consequently, even though extensive additions of 
~pplied science and technology were made to universities, the 
m~erface between university science and its utilization would 
still largely remain external to the university. 

The one great advantage I can see in having some ap­
plied science in the universities is that its presence helps 
catalyze vital science-technology interactions elsewhere. 
Those university scientists who are primarily knowledge 
oriented can be aided in their secondary function of seeking 
to couple science and technology in cooperation with 
AFOSR or otherwise, by association with colleagues who are 
doing applied science. For example, I believe that the fact 
that the Coordinated Science Laboratory on the University 
of 111inois campus has been concerned over the years, at least 
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in part, with applied work has had an important impact on 
the concern with utilization in other parts of the University 
program. Dean Alpert's paper-35 for this symposium presents 
an excellent discussion of the methods and rationale of the 
programs by which the University of Illinois continues to 
pioneer in this important activity. 

In summary, I believe that the value of applied science 
in universities is not primarily in providing local interactions 
by which growing numbers of university scientists can work 
on the problems of society, but rather that applied science 
within a university helps catalyze effective dialogue else­
where. Toward this end, it is important that the Department 
of Defense continue to support relatively large amounts of 
applied research motivated by its technology organizations. 
Currently over one-half of the Department of Defense 
monies going to colleges and universities comes from these 
organizations. These funds certainly should not be allowed 
to drop as is presently programmed. Nor should it be re­
quired to decrease phenomena-oriented university research 
in order to support applied science, particularly in view of 
the present squeeze on Department of Defense research 
funds. 

Concerns About Current Trends 

Finally, I want to discuss concerns which I have about 
some current trends in policy and in funding for scientific 
research. This bears directly on the topic of this symposium. 
This is a time of many diverse demands on the national 
budget, and it is no wonder that research budgets and 
methods for setting priorities for scientific research activities 
have come under the public spotlight. A redistribution of 
research support is occurring. Also, there is great concern 
for utility, shared by most of us at this symposium. There 
are, however, indicators that we are in danger of serious 
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maladjustments caused by applying over-corrections or un­
wise corrections. 

In attempting to assure timely utilization of scientific re­
search, while simultaneously being forced to present con­
vincing arguments for budgets to an increasingly diversified 
audience, research activities may be tempted or even re­
quired to put too much emphasis on such factors as the 
promise of practical advance and geographical distribution. 
The recent action in which Congress, in taking $12.5 million 
from scientific research in the fiscal year 1968 Department of 
Defense appropriations bill, designated that this money 
should be cut from the university research, but not from 
Department of Defense Project THE.MIS (which has both 
the geographical distribution feature and a promised rele­
vance) is a concrete part of the trend that has been build­
ing up for some time. 

Figure 2 shows the trends in the support of research, 
both federal and OAR totals. Since funds available for OAR 
have not kept up with the increase in the cost of doing re­
search (approximately 6 per cent a year), the total amount 
of research which we are able to support in the nation's col­
l~ges and universities has dropped somewhat during the last 
SIX years. Over the same period the fraction of the total 
federal research that is supported by the Air Force and by 
the Department of Defense as a whole has dropped rapidly. 
At ~he same time, increasingly larger amounts of the funds 
available to us have been used for new programmatically­
funded efforts and for special-purpose research activities. 
The overall impact of these trends has been a marked de­
crease in our capability to maintain a viable interface with 
the _continua11y emerging new research activities. This is 
particularly serious as we lose our capability for funding out­
standing young scientists who are continually appearing in 
the scientific community. 

Over the years beginning with World War II there has 
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come into existence an effective and important working rela­
tionship between the Department of Defense and the uni­
versity research community. For the above, and other related 
reasons, there is considerable cause for concern that this 
relationship will seriously deteriorate if current trends are 
allowed to continue. 

I believe that it is important to this nation that the 
effective working relationship between the Department of 
Defense and the universities be continually strengthened; 
certainly it should not be allowed to deteriorate. Its impor­
tance to the interaction of science and technology supports 
this point of view. The Department of Defense university 
research program and that of other mission-oriented agencies 
is also quite important to the universities from the stand­
point of obtaining adequate support of scientific research. 

Persons in the academic community and in other quar­
ters often support a plan which proposes to continually shift 
the funding of university research from mission-oriented 
agencies to the NSF (many of these same persons often er­
roneously equate research supported by a mission-oriented 
agency with applied research; e.g., see Handler's discus­
sion) .11 During the years which this plan has been pursued, 
the university research support by mission-oriented agencies 
has tended to level off, but adequate compensatory increases 
in the NSF program have not been forthcoming. 

Certainly Congress and other persons responsible for 
science policy and funding will continue their critical studies 
for some time. I feel optimistic that these studies will lead 
to the provision of adequate funds for university research 
on a continuing basis. However, I believe that Congress is 
much more likely to understand and support a program 
which provides good balance between that for science­
dependent mission-oriented organizations and that for NSF 
than it is to provide large increases for the relatively non­
utilitarian NSF program. 
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Those faced with the problem of developing the overall 
science policy for the nation have many complex issues with 
which to deal. It seems clear that one very fruitful avenue to 
pursue is the development and presentation of the impor­
tant role of the scientific research activities of mission­
oriented agencies. 

Summary 

In this paper I have discussed the functions of science­
oriented organizations in mission-oriented agencies, using 
AFOSR as an illustrative example. I have described these 
organizations as having a key role to play in the interaction 
between science and technology. By making the proper 
choices of scientific areas for support and by helping to 
improve the dialogue between the scientific and the tech­
nological communities, these organizations sen'e a function 
which is very important to both the agencies which have 
special responsibilities for solving the problems of society 
and the university-based scientific community which must 
provide education and new knowledge. The programs of 
these organizations bring benefits to both the universities 
and the agencies which cannot be obtained through agency­
supported research that is closely related to short range 
needs nor through the scientific research supported by other 
agencies. 

My proposition is that the best interests of the nation 
will be served by continuing to provide the bulk of the re­
search funds to universities through the scientific research 
activities of mission-oriented agencies. Arguments against 
this can be seen to be largely invalid when they are analyzed 
in light of the proper functions of these organizations. The 
mismatch between the problems of the mission-oriented 
agencies and the disciplinary structure of universities is the 
central reason these organizations are needed, not a cause 
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for shifting their funds to NSF and NIH as Handler sug­
gests.U Furthermore, when the value of university-based re­
search to an agency is considered in the context of a detailed 
picture of science-technology interaction, there is satisfactory 
proof of great value received in the past and expected in the 
future, not the lack of rationale for the agency expenditure 
of funds that certain Project Hindsight inspired comments 
have indicated,I3 

When von Karmen was awarded the First National 
Medal of Science in February, 1963, President Kennedy said, 
"I know of no one else who so completely represents all areas 
involved in this medal-science, engineering, and educa­
tion." von Karmen replied, "I hope that my work has shown 
that the college professor is of use." Certainly von Karrnen's 
hope was well founded. However, the science-oriented activi­
ties in mission-oriented agencies have an important con­
tinuing role to serve in order that the continual expansion in 
knowledge and its proper utilization will work together to 
provide optimum benefits to society. 
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MORR\S I ANENBAUM 

Relevance 
and 
Responsibility 

The interaction of science and technology is a hallmark of 
our modern world. Technology, man's use of n~tural phe­
nomena to serve his ends, predates recorde~ h~story. The 
study of science and the development of the scientific method 
are more recent but also ancient. That science and technology 
are interrelated has long been evident. Indeed, along with 
man's basic curiosity, one of the major stimuli to the study 
of science has been the effort to understand the natural 
phenomena on which technology is based. In addition, re­
search relies on technology for its tools. Technology, on the 
other hand, builds on science but also often reaches beyond 
scientific understanding, in controlling and using natural 
phenomena which science cannot explain. 

However, over the centuries when interactions between 
science and technology did occur, they were generally tan­
gential and more of intellectual interest than utility. It is 
only in the last several decades that the interaction between 
science and technology has become direct and crucial. Simi-
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latly it is on\'i \n tne \as't \ew decade<:. tna't we na'Ve couc:.emed 
ourselves explicitly about how these interactions can be 
stimulated. 

Significance Breeds Concern 

The source of this concern is clearly related to the very 
large role that both science and technology have assumed in 
?ur everyday lives. To an ever increasing degree science, in 
Its effort to explain the universe, and technology, in its effort 
to control and change the universe, have become a natural 
part of daily life. This is a direct result of the successes which 
S~ience and technology have had in achieving their objec­
tives of knowledge and service. 
. As a consequence, the stakes in improving the interac­

tion between science and technology have become very high. 
Past experience has amply demonstrated the impressive ad­
vances that occur when technology builds upon the forefront 
?f scientific understanding. This increases the incentives for 
Improving the ability to interrelate. These past successes 
and our increasing appetite for the fruits of science and 
technology, have caused us to increase our investment in 
~hese activities. This, in turn, brings growing pressures to 
Insure that the higher level of investment does indeed yield 
the anticipated fruit. 

For these reasons, interest in the interactions between 
science and technology and how they occur has become in­
tense. Furthermore, the subject itself excites interest. There 
is an aura of mystery about why and how the interactions 
take place. Science is widely cultivated in a variety of in­
stitutions. Yet some are more successful than others in 
stimulating technology. Similarly, scientific research may 
open new vistas of understanding without providing fertile 
ground for the growth of new technology. In total, the pat-
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terns by which positive interactions between science and 
technology take place have been elusive and obscure. 

These problems have been of special interest to those 
who are responsible for determining the funding of science 
and technology. Quite naturally, this interest has also been 
shared by scientists and technologists themselves. This mu­
tual concern has stimulated a number of studies in an effort 
to understand how science and technology interact. The 
studies have included thoughtful inquiries by Congress and 
by the executive branches of the federal government. The 
aid of national institutions and professional societies has 
been enlisted. These activities have illuminated various parts 
of the problem and have provided much additional data and 
some additional understanding. However, as the chosen 
topic of this meeting suggests, there is still much to learn. 

A Case History Approach 

Among the various approaches to the general problem 
~as bee~ the investigation of specific cases where fruitful 
mteracbons between science and technology have occurred. 
Some of these case studies have attempted to define not only 
the specific events which occurred but how and why they 
occurred as they did. These latter questions are especially 
difficult. Nevertheless, the attempts to answer them can 
provide insight into the nature of the problem. The results 
of a study of the Materials Advisory Board of the National 
Research Council, National Academy of Sciences, will per­
mit me to illustrate this.l 

. This specific study was performed at the request and 
With the support of the Advanced Research Project Agency 
(ARPA) of the Department of Defense. Its object was to 
examine several instances in the area of materials where an 



MORRIS TANENBAUM 71 

interaction between scientific research and engineering re­
sulted in new technology of important commercial or govern­
ment use. In addition to documenting the case histories, 
ARPA requested that the cases be examined in an effort to 
illuminate how interactions between research and engineer­
ing occur. 

The Materials Advisory Board approached this assign­
ment by enlisting the aid of a group of scientists and en­
gineers with experience in the support and performance of 
scientific research and engineering. Each participant selected 
a subject where he believed that interactions between scien­
tific research and engineering had led to a significant tech­
nological achievement. He then attempted to document in 
detail what had occurred from the initial generation of the 
pertinent scientific knowledge through to the final tech­
nological application based upon that knowledge. 

In this way, ten case histories were generated. They 
concerned developments in metals, ceramics, and synthetic 
polymers involving structural, electronic, and other applica­
tions. After generating a chronological history of each devel­
opment, the authors searched the histories for recurring 
patterns of events and circumstances and attempted to find 
characteristic factors which were common to more than one 
case. They examined characteristics of the principal indi­
viduals who contributed to the material development (e.g. 
level of formal education, scientific or engineering back­
ground, etc.), characteristics of the environment in which 
the work took place (e.g. type of institution, its organization 
and communication patterns, sources of funding, etc.) and 
characteristics of the problem itself (e.g. magnitude of the 
technical difficulties, visible need for solution, etc.). They 
then identified those factors which occurred in the cases with 
sufficient frequency to merit their citation and more thorough 
scrutiny. 
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The Motivated Individual 

TI1e factor which impressed the investigators most 
strongly was that in nine of the ten cases studied, the ex­
plicit recognition of an important need was identified as a 
major and recurring factor in bringing about the research­
engineering interactions. It was very rare that basic research 
by itself produced a technological opportunity which was 
quickly recognized and developed. By far the most dominant 
mode was the situation where an urgent need stimulated a 
search through prior basic knowledge to find a solution. 
Perhaps more significant in these cases, it was an individual 
with a well-defined technological need who initiated the 
research-engineering interactions, beginning the dialogue 
that led to the positive interaction between science and 
technology. 

It was similarly interesting that in most of the cases the 
science that led to the technological solution was available 
before the dialogue began. It was rare that the technological 
need directly stimulated the generation of science which was 
used to solve the technological problem. 

In the majority of the cases, the fruitful interactions 
which took place occurred between organizationally inde­
pendent groups which were also frequently geographically 
separated. Again it was usually the individual with a well­
defined need who bridged these gaps and maintained the 
continuity of communication. 

1l1e investigators explicitly searched for the presence of 
a number of other factors. They determined that flexibility 
of support was a significant factor in many cases, since major 
changes in plans and direction were frequently required be­
fore a final teclmological solution was achieved. They 
searched for detailed paths and patterns of interaction and 
were impressed with their inability to describe a common 
"road map." Indeed the report states that a principal charac-
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teristic of the study was " ... the large heterogeneity of the 
environments, personalities and problems ... " and that 
" ... research-engineering interactions take place within 
varying structures of organization and involve complex hu­
man events .... " 

As a member of the study group, I left this experience 
with increased humility concerning our ability to find unique 
methods to improve interactions between scientists and 
technologists. However, along with most of the other mem­
bers of the study panel, I was deeply impressed by the im­
portance of individual motivation in the cases which we ex­
plored. The recurring appearance of an individual who was 
committed to solve a specific problem seems to merit the 
most studious consideration in any discussion of the inter­
actions of science and technology. It has important implica­
tions concerning the role of individuals and institutions in 
these interactions. This, in turn, has important implications 
concerning the support of these individuals and institutions. 

Individual Relevance and 
Institutional Responsibilities 

Science and technology are each professions which re­
quire the highest level of intellectual effort and personal de­
votion. Indeed, where science and technology are closely 
interrelated, the techniques and content of the daily effort of 
the scientist and the engineer may be very similar. Fre­
quently, a brief examination of the individuals at work will 
not distinguish between them. However, a discussion of their 
objectives will generally illuminate the difference. The values 
by which each makes choices when he reaches a branching 
point in the train of his investigation are substantially differ­
ent. These values determine the end point of his studies and 
they are crucial to his interactions with other professionals 
and with his environment at large. They determine for each 
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individual that which is relevant to his interests. In general 
he will respond most actively to that which he recognizes as 
relevant. 

The origins of these individual values are complex and 
important subjects for continuing study. However, there is 
another aspect of this issue that is more susceptible to defini­
tion and influence. Most scientists and engineers are part of 
organizations and institutions which are themselves charac­
terized by values and objectives closely correlated with the 
responsibilities of the institution. This, in turn, provides 
much of the environment in which the individual must func­
tion and, therefore, can affect individual values. Further­
more, from the viewpoint of the support and stimulation of 
science and technology, the institution provides a convenient 
focus for considered action. Thus, the consideration of in­
stitutional responsibilities in society may yield useful guides 
for supporting a proper interaction between science and 
technology. 

Modem society is characterized by a variety of institu­
tions which have achieved responsible roles. One of the most 
durable of these institutions is the university. There are two 
principal roles that are generally ascribed to the modern uni­
versity. One of these is the generation of the broad base of 
scholarly knowledge which society requires for its develop­
ment and fulfillment. This includes a knowledge and under­
standing of natural phenomena which form the content of 
science and the foundations of technology. 
. I? additio~, the university through its educational func­

tion IS responsible for transferring this knowledge to the 
young men and women who will form and shape tomorrow's 
society. In this role, the university is the principal agent for 
supplying society's most essential components, its educated 
people. 

Industry and government are among the other major 
modern institutions. Industry traditionally, and government 
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more recently, have developed the responsibilities for pro­
viding the goods and services which society desires. These 
goods and services are based increasingly on technology. In 
fulfilling these roles, industry and government require the 
knowledge and the educated people generated by the uni­
versity. 

To the extent that these definitions of institutional 
responsibilities are valid, they lead to general conclusions 
regarding the relevance of the activities of their individual 
members. From this point of view, the scientific research 
carried on in the university may be considered to be relevant 
that serves to support the educational function and to ex­
pand the broad base of knowledge of natural phenomena 
which underlie man's perception, understanding and control 
of his environment. Experience has shown that these two 
activities may well be symbiotic and that the pursuit of re­
search to expand the base knowledge is one of the most 
powerful vehicles for education. However, although research 
and education may be symbiotic, this happy relationship is 
not guaranteed. If conflict should arise, a choice must be 
made. In this unhappy case, I would hope for a decision in 
the favor of education, for society depends wholly upon the 
university for this function. 

In industry that effort is relevant which expands the 
goods and services that society desires. The basic scientific 
research carried out in industry is relevant which promises 
to expand the base of understanding for technology in fields 
of interest to the industry. The expansion of knowledge for 
its own sake is not sufficient. 

The role of government has grown to overlap both the 
university and industry since education, defense, health, 
and other functions are among the services where our so­
ciety has defined an important responsibility for government. 
For this reason, the questions of relevance are of special con­
cern. Actions in the support of one function may not serve 
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another. Thus, it is important to separate these objectives 
dearly and consider actions in terms of the desired balance 
between these functions. 

Patterns of Support 

These definitions of relevance within the context of 
institutional responsibility can lead to general criteria for 
the support of science and technology in these institutions. 
This, in turn, will importantly influence the environment for 
the interaction between scientists and engineers. At the uni­
versity, support must be directed to those programs which 
are consistent with the stimulation of high quality education 
and which promise to advance the broad bases of man's 
knowledge. Industry, on the other hand, must support that 
science which has the most promise of expanding the base of 
knowledge in areas relevant to the industry's technology. 

Of course, the proper use of such criteria requires great 
thought and judgment since the proper definition of rele­
vance requires insight and foresight. The selection of suitable 
research theses deserves the judgment of the most capable 
educators. Similarly the selection of broad areas of science 
which will provide the basis for future technology requires 
the judgment and imagination of the most capable industrial 
scientists and administrators. Government must face both 
problems and make choices based on the balance of its ob­
jectives. 

These decisions also require extensive interaction be­
tween institutions. For example, the university must interact 
with industry and government in order to evaluate the 
trends of educational needs and to judge the success of prior 
educational efforts. Industry and government must interact 
with the university in order to determine the progress of 
scientific understanding and evaluate the relevance of newly 
developing areas. 
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In this light, society in general and industry and gov­
ernment in particular, must continuously reexamine the 
bases by which support is determined for both scientific and 
technological interests and especially for the critical functions 
of the university. There is evidence that in the past support 
of academic research has often been justified on the basis 
of its relevance to technological needs. Fortunately, through 
the efforts of thoughtful individuals among the agents of 
support and the recipients, areas were discovered and pro­
grams defined which could be properly justified on the basis 
of technological relevance and remain consistent with the 
university's fundamental responsibilities of education and the 
generation of basic knowledge. However, I question whether 
this approach will be adequate for the future. Many of the 
strains which currently exist and which lead to current re­
appraisals of the "success" of academic research may well 
result from a schizophrenia in policies of support. 

Similarly, industry must reexamine its methods of sup­
port and interaction with the university. Industry has a most 
direct and immediate interest in the university's educational 
processes. This interest has grown vigorously as the demand 
for industrial scientists and engineers has increased. At the 
same time, industry's direct support of the university has 
decreased in relative magnitude although its overall support 
remains high through its contributions to tax revenues which 
find their way to the university. Industry must reexamine its 
methods of direct support in order to assure that these funds 
are used most imaginatively and effectively to stimulate the 
educational processes which serve it. In addition, as respon­
sible citizens, industry must contribute to the formation of 
the most effective government policies in this area. 

Admittedly, these institutional considerations do not 
directly attack the problems of individual motivation which 
seem so critical to interactions between science and tech­
nology. Nevertheless, they do contribute importantly to the 
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individual's environment and this will affect his values and 
judgment. Of special importance, a national recognition of 
the differing institutional roles will assure the development 
of consistent patterns by which we support our essential 
institutions and their individual members. In our society, this 
is perhaps the most acceptable way to influence individual 
motivation on a general scale. 

Looking Forward 

Within our lifetimes the interaction of science and 
technology has grown to be of critical significance to the 
university, to industry, to government, and to every member 
of our modern, technologically based society. It behooves 
us to study we11 this area where fundamental objectives, de­
riving from a variety of differing individual and institutional 
values, must be harmonized to achieve the maximum benefit 
of human abilities. If we can understand these differences in 
objectives and their similarities, if we can define a societal 
context where these objectives can be strengthened in their 
fundamental directions and yet encouraged to interact har­
moniously, we wi11 have established patterns which will insure 
the most effective and appropriate roles of science and 
technology in the future. 
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6 DANIEL ALPERT 

Applied Science 
and Engineering 
in the University 

During World \Var II, a handful of university scientists 
assumed a self-imposed responsibility which was to change 
man's notion of the role of science and engineering in so­
ciety. One aspect of this remarkable event was that a num­
ber of university scientists stopped practicing their profes­
sion, stepped out of their usual role, and became what 
would now be called systems engineers, component devel­
opers, and systems managers. Another aspect of the event is 
that a group of laboratories was formed-the radiation 
laboratories at M.I.T. and at Berkeley, the national AEC 
laboratories at Oak Ridge and Los Alamos, etc. In short, a 
new form of social organization, the independent, govern­
ment-sponsored, not-for-profit laboratory was invented, an 
institution which was to continue to make a major impact 
on our society long after the scientists went back to their 
classrooms and laboratories. Out of these wartime efforts 
came radar, the proximity fuse, the atomic bomb, and the 
nuclear reactor. 

Daniel Alpert: Dean, The Graduate College, University of Illi­
nois, Urbana, Illinois. 
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As significant as these developments seem in retrospect, 
the level of effort and dollar volume involved only a small 
fraction of the total technological commitment during the 
war. The vast array of other weapons, tanks, artillery, ships, 
and aircraft was designed under more traditional forms of 
engineering management within the industrial complex of 
the nation. But the spectacular developments of radar and 
the atomic bomb were in the postwar years to make a pro­
found effect on the way of life of the scientific and the en­
gineering community, not only in the university but in in­
dustry as welL 

I am sure that much of the discussion at this symposium 
wi11 be reflections upon the chain of events which has fol­
lowed, in large part stimulated by the prestige gained during 
the war by these scientists turned engineers. Given what 
seemed in 1946 a blank check to support their research, the 
majority of university people and many in industry returned 
to their original culture, basic research in science. As a result 
of. continuing support for the past two decades, the basic 
sciences have prospered to the extent that the United States 
is the acknowledged world leader in almost every field of the 
n~tur~l a~d life sciences. As a by-product, the prestige of the 
scientist m academia has risen to such a high place on the 
pecking order that virtually an other disciplines or depart­
ments-from engineering and medicine to the social studies 
and even humanities-have taken on the science culture to 
a greater or lesser degree. In engineering it is often hard to 
say whether the fundamental sciences have been incorporated 
or whether they have replaced engineering in the educational 
pro~ram. As Harvey Brooks has pointed out, "After decades 
of ma?~quate attention to basic science and inadequate 
recogmtwn .f?r scientists, the United States may have over­
reacted. Ra1smg the status of applied science in universities 
has become a real problem .... " 

Inevitably, at this point in the discussion, there will be 
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questions about what I mean in my distinction between 
basic and applied science, or between science and engineer­
ing. I would prefer not to go into a long semantic discussion; 
almost everyone who addresses this topic seems impelled to 
r;pell out on his own the difference between basic or 
phenomena-oriented research on the one hand and applied 
science and engineering on the other. However fuzzy the 
interface may be, I am convinced that some such classifica­
tion is needed to protect many basic research efforts from 
unrealizable expectations on the part of those providing 
financial support. If nothing else, we owe it to our sponsors 
(i.e., society) to make a reasonable estimate of whether our 
research effort is likely to pay off in terms of a solution to a 
human problem in the course of the next year, the next 
decade, or the next century. In my thinking, I have found it 
useful to differentiate by noting that the scientist selects his 
problem from among the puzzles posed by nature. Though 
the applied scientist or engineer may also be called upon to 
expand the understanding of natural phenomena in the 
course of his work, his problem was posed in the first in­
stance not by nature but by society. The engineer may often 
start with a solution in search of a problem, rather than vice 
versa; but he is, nevertheless, seeking to apply his findings to 
the real world of technological utilization. I will not dwell 
here upon the distinction between engineering and applied 
science; it seems to me that when the engineer deals with 
state-of-the-art technology he is performing an engineering 
function; when he is called upon to expand the state-of-the­
art to provide a solution, he must usually do some applied 
science. 

I have mentioned the trend to elevate science and basic 
research to the top rung on the prestige ladder of the uni­
versity. As valuable as the trend has been to introduce basic 
science and mathematics into the engineering curriculum, I 
feel there are serious dangers, not only to engineering but to 
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science as well, when the culture of science replaces the 
culture of engineering in the engineering colleg.es of our 
universities. I am going to try to elaborate on tlus observa­
tion and to discuss some alternatives which lie before us. 

As I have said the intellectual life of our engineering 
colleges has benefit~d greatly from the incorporation of the 
basic sciences into the curriculum. However, in many cases, 
the pendulum has swung far beyond this point. Higl~ status 
and rewards have been assigned to the purist who IS more 
inclined to develop mathematical models than to verify 
whether the models relate to the real world. Appointments 
and promotions are all too often based on the number of 
papers published without regard for relevance rather than on 
engineering accomplishments or inventions. All too often, 
engineering graduate students are trained in an environment 
dominated by a science culture in which the problems as­
signed are not those posed by society but those posed by the 
closed group representing a small subdiscipline. Frequently 
the engineering department contains a number of insulated 
professors whose cultural ties lie in science departments else­
where on campus and not with each other. Note that I em­
phasize the words culture and environment because it is not 
the methodology or implementation of a given investigation 
which differentiates between pure and applied science. 

I have an overriding concern that, if our engineering 
departments assume a science culture, the university as a 
whole cannot respond to the need for a valid interface with 
t~e problems. of society. But why should the university pro­
vide s~ch an mterface? Why not restrict ourselves, as Robert 
Hutchms \~·auld prefer, to the pure science and humanities, 
an~ leave It to other institutions to solve the problems of 
society? There are several valid reasons for disagreeing with 
Mr. Hutchins. First of all, as Edward Teller has pointed 
out,. our soc~ety needs well-trained applied scientists and 
engmeers, onented to the solution of problems posed by 
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society. All too many of our nation's applied efforts are now 
being guided by members of an older generation-my gener­
ation-and this leadership is not being replenished by 
younger people who are willing to tackle difficult and com­
plex problems dished up the way society poses them, as 
well as puzzles dreamt up by clever professors. We must 
educate new leaders. And we must recognize that most 
young people develop a cultural view of their professional 
careers during their fonnative years in the university. 

Some of my friends hold the view that it is eminently 
reasonable for the university to train its future engineers 
in the basic disciplines, then turn over to industry the 
responsibility for teaching them to solve real problems. After 
all, hasn't American industry done eminently well in recent 
years? In many areas, the answer to this question is affirmative. 
Generally speaking, our high-technology industries, e.g., those 
in military-space, electronics, and communications, have 
effectively utilized and completed the education of our en­
gineering graduates in a way which has qualified them for 
careers in these fields. But in many of our civilian industries, 
companies have either failed to lure our science-oriented 
engineering graduates, or, when they have done so, they have 
failed to provide adequate education or career incentives. 
In some industries, such as railway and marine transport and 
shipbuilding, this country has fallen far behind. In others, 
such as electrical power utilities, the development of radically 
new engineering solutions has come in large measure from 
independent, government-sponsored, not-for-profit labora­
tories. Thus, it is not at all self-evident that our society 
should turn over to industry the responsibility for all of our 
nation's engineering-let alone the professional training of 
our engineers. 

Engineering has been defined as the art or science of 
converting natural resources to the utilization of man at a 
price he is willing to pay. To the narrow economic definition 
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of "price to the customer" we must now add the dimensions 
of "price to society"; i.e., the dimensions of social values 
and of political constraints. As Richard Soderberg has 
pointed out, "It is worth reiterating that our technological 
and business system as such is indifferent to the many moral 
and ethical issues involving difficult collective or so cia 1 
choices which are more than the least common denominator 
of private value systems. Neither technology nor science 
will by themselves provide anything but means toward ends. 
The ends themselves must come from other motivations. 
To an increasing degree, private interests and benefits come 
into conflict with collective values which cannot be meas­
ured in the marketplace .... " It is in this context of the 
changing values and responsibilities of the technological 
enterprise that I question the wisdom of turning over to 
others the professional education of future leaders in ap­
plied science and engineering. 

It is my opinion that the involvement of our profes­
sional schools in the solution of real problems is good for the 
university. The reasons are both philosophical and prag­
matic; they are inherent in the traditions of American higher 
education, particularly those of the land-grant universities. 
Two basic assumptions of the land-grant movement were 
( 1) that we should provide a first-rate higher education to 
a large and increasing fraction of our population, and ( 2) 
that our universities should assume an important role in the 
public service. Some of the unique qualities of American 
universities at their best are attributable to these society­
oriented objectives. I would also argue for a strong interface 
between the university and society on purely pragmatic 
grounds. It was the commitment to public service and the 
solution of human problems, largely in agriculture, which 
helped to retain the grass-root support of the people of this 
state for their land-grant institution during its first hundred 
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years and made it possible to build a major university out 
here on the Illinois prairie. The need for support and under­
standing at the national level is also essential. If we are to 
continue to receive massive federal support for graduate 
education and research, it is essential that we develop a 
better interface between our mission-oriented society and 
the discipline-oriented university. 

If you accept my premises that the university can and 
should relate to the problems of the real world, what prob­
lems are faced by the professor of applied science or engi­
neering? How does the scientist relate to a modem techno­
logical or engineering effort? In addressing these questions, 
I think it is useful to start by trying to characterize the 
structure and ingredients of a modem, mission-oriented, 
technological effort. I attempt this as follows: 

1. A modern applied effort involves a team with a 
highly qualified technical leadership. Since the team usually 
involves specialists in a number of widely different fields, 
it goes without saying that the technological project calls 
for management. Frequently the technical leaders are the 
managers. Having said that an applied effort calls for an 
interdisciplinary team, I feel called upon to say what it is 
not: it is not an interdisciplinary committee, nor is it a group 
of people from different disciplines working in the same 
building or paid from the same budget. 

2. The applied effort is expensive; it often requires 
sophisticated and costly services and facilities; it calls for 
decision-making flexibility at the local level in the expendi­
ture of funds. 

3. The applied research project is directed toward spe­
cific goals. It calls for the formulation of a strategy specify­
ing both technological objectives and valid approaches to 
a problem which is more often stated implicitly than ex­
plicitly. 
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4. It involves a commitment to a time scale which is 
known by and acceptable to the sponsor, whether the spon­
soring agency be the parent company, a government agency, 
or a laboratory management. 

5. In addition to a highly motivated leadership, the ap­
plied effort calls for a group of professional personnel who 
have expert state-of-the-art proficiency in the various fields 
involved and who provide continuity to the project by a 
total commitment to its goals. (This can seldom be pro­
vided either by professors or graduate students.) 

Now, before addressing myself to whether an applied 
effort can be carried out within the university, let me try 
to enumerate some of the various ways in which a professor 
may relate to such an activity without regard to where it is 
located. I believe that much of the confusion about techno­
logical spin-offs from the university or about how universities 
should relate to industry is generated by a very fuzzy notion 
in some quarters as to how scientists anywhere-even when 
working for the same corporation-relate to a mission­
oriented project. 

I think it is worth trying, even with a broad-brush 
treatment made necessary by brevity, to explain this com­
plex process, if only to challenge or to limit fruitless efforts 
at communication. All too often such efforts are generated 
by well-meaning administrative officials or public relations 
~en who have never taken part in a valid dialogue with 
either a university scientist or an industrial applied scientist, 
but who are promoting endless conferences and useless paper 
shuffling, ostensibly to generate dialogue between them. 
For example, if we assume as a model for such a dialogue 
the relationship between the Chamber of Commerce and 
community businessmen, the efforts are destined to generate 
noise without signal and expectations which can result only 
in disillusionment. 
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I have tried to characterize four ways in which a valid 
professional interaction can take place between an individual 
professor and a modern, technological, mission-oriented 
effort: 

l. Scientific consultant. In this case, the mission-ori­
ented team must be sophisticated enough to formulate 
questions for the specialist in such terms and at such a 
level of understanding that he can respond as a specialist 
in his own code language. Obviously, in this case, the 
burden of real understanding of how science fits in is 
carried by the applied team; it goes without saying that if 
they are good enough to pose the question they are also 
good enough to know the people in the discipline, and to 
evaluate the answers. 

2. Engineering consultant. In this case, the individual 
professor undertakes not only to answer questions but also 
to pose them. He must be sufficiently knowledgeable to be 
able to formulate the proper questions on the basis of his 
understanding of and commitment to the solution of the 
overall problem. This is how I differentiate the engineering 
consultant from the scientific consultant. The burden here 
is on the individual and calls for much more than expertise 
in a narrow field of specialization. It calls for the type of 
professor whom Gordon Brown must have had in mind when 
he said, "An engineer is a scientist who has completed his 
education." 

3. A third kind of relationship to the real world is that 
characterized by the activities of many professors of archi­
tecture in the real world of building design and construction. 
l11ey maintain their own professional practice; in the tech­
nological context we would call them systems designers or 
systems engineers. This kind of a relationship brings the 
professor directly into the real world. However, with the 
growing complexity of modern technology, systems engineer-
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ing and even architecture itself have become so sophisticated 
as frequently to call for a team effort beyond the capability 
of a single professor or his students. 

4. The fourth style of relationship between professor 
and mission-oriented effort is that in which he takes a 
leadership role in the project. Though examples are not 
numerous, this has happened in universities and in some 
cases such projects have been unusually successful. One of 
the very first computers built anywhere, ILLIAC I, was 
engineered and constructed here on the University of Illi­
nois campus. We now have teams working on ILLIAC III 
and ILLIAC IV. There are also various mechanisms whereby 
a professor may play a leadership role in an applied science 
project located away from the university campus, in either 
an industrial or not-for-profit laboratory. I believe that 
George Pake and William Linvill will describe such efforts 
carried out in distinctively different ways. 

I am sure that my listing of four possible styles for 
interaction between a professor and an applied science effort 
does not cover all of the possible modes; for example, I did 
not list technical management consulting; furthermore, 
there may be mixtures, involving more than one pattern. 
But I think it is of value to consider the validity and effec­
tiveness of these particular modes of interaction and to 
describe some of the problems involved. 

At the outset, it is my general observation that com­
munication in all of these categories is typically very per­
sonal and not effected via journal articles or voluminous re­
ports except as an aid to the communication process. Tech­
nological transfer is seldom, if ever, transmitted through the 
mails. It is carried out in a variety of formal and informal 
human contacts, often by word-of-mouth, and on the basis 
of very casual interactions. It is probably for this reason 
that many of the engineers interviewed in the course of 
Project Hindsight could not even identify the original in-
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ventor of an important component incorporated in their 
systems or specify the original scientific paper in which an 
important idea was contained. 

In considering the specific styles of interaction, let me 
start with the scientific consultant. From what I have said, 
it should be obvious that it is relatively straightforward for 
a science-oriented professor to relate in a consulting role 
to a highly sophisticated technological effort, providing the 
latter group has a need for understanding in his field. This 
is one reason many of our top-flight science professors find 
it both educationally and financially profitable to maintain 
a consulting relationship with a modern industrial labora­
tory. I think it is also evident why it is difficult, if not im­
possible, for a scientific consultant to relate to a techno­
logically backward company. Almost by definition, such a 
company is not in a position to state its problems in 
scientific terms. Tlms, it is far easier for a scientist to relate 
to a sophisticated technological effort located a thousand 
miles away than to relate to a technologically obsolescent 
effort across the street. In the professional interaction be­
tween a scientist and a technological project, the cultural 
impedance match is far more significant than the geographi­
cal barriers. 

Not only is it difficult for a technologically obsolescent 
company to state its problems in scientific terms; it is often 
limited in ability to make a valid statement of its problems 
even in technological terms. Thus, unless the professor­
consultant undertakes not only to state but also to solve the 
technological problems of an obsolescent industry, he too 
may find it difficult to bridge the cultural gap. To do so, 
he may be faced with the necessity of setting up a mission­
oriented project of sizable proportions in order to achieve 
success. The most likely consequence to the professor who 
tries, with limited resources, to relate to an obsolescent 
industry is that he will become obsolete himself. And how-
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ever highly such a professor may be valued by the com­
pany because he tries to cater to it on its own terms, he 
will be low man on the totem pole in the academic com­
munity not only because he is doing something useful but 
also because he has lost contact with the frontiers of his 
own profession. 

It is for these reasons of cultural mismatch that the 
State Technical Services Act has not found it easy to de­
velop widespread interaction between the university and in­
dustries which are in need of more sophisticated technology. 
As I have suggested above, it may call for a mission-oriented 
team effort of major proportions within the university in 
order to break the cultural barrier. An outstanding success 
story in this area is the interaction between the Civil Engi­
neering Systems Laboratory of the University of Illinois and 
the building design and construction industry. In this case, 
some of the key professors in the Civil Engineering Depart­
ment had built a highly skilled and broadly knowledgeable 
interdisciplinary team which could provide for the industry 
a p~werful approach to its problems, using modern time­
s~anng computer techniques. Equally important, a suffi­
Cien~ number of far-sighted firms in that industry were re­
ceptive to exciting new ideas when they were exposed to 
them. I am convinced that the results will be of outstanding 
value, both to the industry and to the university. It is im­
portant to note that the professional interaction between 
the leaders of this project with the other members of the 
very sophisticated computer culture at this university is one 
of ~utual respect. In other words, a truly successful inter­
action with the outside world can be accompanied by a 
cultural impedance match between the discipline-oriented 
specialists and the mission-oriented engineers on the campus. 
One could turn this around and say it is not a valid inter­
action with industry unless the university-applied effort also 
is culturally tied in with the university. The group team 
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effort that is involved in this civil engineering development 
is at the forefront of the engineering profession, and the 
graduate students who relate to it are getting a first-rate 
education. 

I have suggested that some strong interactions between 
engineering professors and industry are culturally compati­
ble within the university and some are not. At the other end 
of the spectrum we have engineering professors who have 
chosen to adopt a "science culture" in engineering. If in­
corporated within reasonable limits, these individuals may 
provide the necessary impedance match or coupling between 
science and engineering in the university. However, if engi­
neering departments become dominated by a preoccupation 
with mathematical techniques or pure science, it is rather 
doubtful that they will do either good engineering or good 
science; in any case, it is certain that their students will 
leave the university with a distorted view of their profession. 
Indeed, some such students may find that the only other 
engineering culture of comparable purity-some have called 
it sterility-is to be found only in another educational insti­
tution. If this becomes too prevalent, and there is a marked 
similarity here with other professional schools (medicine, 
education, business, etc.), there will be little meaningful 
interaction between the university and society. In all of our 
professional schools we must try to choose a path which 
avoids the obsolescence associated with a nose to the grind­
stone approach to practical problems and the sterility as­
sociated with avoiding them altogether. 

In my concluding remarks, I would like to address my­
self to the problems of the administration of mission­
oriented research in the university, especially to react to 
Alvin Weinberg's thesis that, since society is inherently 
mission oriented and the university inherently discipline 
oriented, one should view applied research as to be done 
somewhere else, in a separate organizational framework 
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such as the national laboratories. I l1ave acknowledged from 
the outset that the independent, not-for-profit laboratory 
is one of the important social inventions of our times. Some 
of the very significant technological and social innovations 
since vVorld War II have originated in these institutions. 
I also acknowledge that it is remarkably difficult to ad­
minister viable mission-oriented projects in a manner com­
patible with the science-dominated and discipline-oriented 
departmental structure of the university. But I am not ready 
to acknowledge that there should be an institutional and 
geographic separation of these activities. Indeed, if the pro­
fessor is to be a citizen, it seems to me that he will have to 
relate to society in many ways. 

Three of the most exciting areas of research activity on 
this campus illustrate successful examples of mission-oriented 
engineering projects with University of Illinois professors in 
leadership positions. I have already cited the program in 
structural design and management in our Civil Engineering 
Systems Laboratory; a second is the ILLIAC IV project, 
aimed at the design and construction of a uniquely power­
ful parallel computer; the third is the PLATO program in 
computer-based education that originated here in the Co­
ordinated Science Laboratory. There are numerous others. 

. It has not been easy, within the rigid department­
onented structure of the university, to incorporate such large 
and expensive mission-oriented projects, and I do not pre­
tend that all of the problems have been solved. My mm 
efforts at this university were for eight years devoted to 
establishing at the Coordinated Science Laboratory an ad­
ministrative impedance match with both science and engi­
neering departments. The effort could not have been possible 
without a block grant from the three military services which 
gave the_ director the prerogative to initiate new applied 
efforts Without costly and ineffective efforts to justify them 
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at their earliest incubative period, and to support them with 
some significant professional effort. 

If we are to accept funds from mission-oriented agen­
cies, ostensibly to solve the increasingly complex problems 
which they face, some involvement with major interdisci­
plinary projects may represent the only valid response. And 
this is probably the case in many fields, including the re­
cently recognized urban problems. Any valid applied effort 
should satisfy the demanding criterion that it present a 
cultural match with the best in the university community; 
that is, it should stimulate a supportive interaction between 
scientists and engineers on the same campus. To accomplish 
this, and simultaneously to justify the support from the 
sponsors, we may in the future have to encourage more 
block grants, supporting both pure and applied science. 

It will be a continuing challenge to provide an adminis­
trative as well as a cultural impedance match. To overcome 
the internal difficulties of fitting mission-oriented functions 
within the traditional forms of the university will certainly 
call for a continuing supply of uniquely talented scientist­
engineers with a flair for administration and to elevate ad­
ministration to a respectable role in the university. We will 
have to do considerable soul-searching before we have faced 
up to these challenges. 

If it is true that the university finds it difficult to adapt 
its form to the new functions demanded by a modern 
technological society, it is also true that there are difficulties 
facing the free-standing, not-for-profit laboratory, especially 
in maintaining viability after its initial goals have been 
reached. Although the independent "national laboratory" 
has a more viable administrative structure within which to 
set up major mission-oriented projects, there are numerous 
examples of good scientists from the not-for-profits who have 
chosen to return to academia to renew inspiration or to 
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tackle new problems. This flow between the universities and 
the national laboratories is to be encouraged, and it should 
be a two-way flow. It might be even more effective if the 
two kinds of institutions were geographically adjacent. \Vein­
berg recognizes the validity and desirability of the day-to­
day contact between his mission-oriented laboratory and the 
University of Tennessee. But since it was difficult to move 
the Oak Ridge Laboratory to Knoxville, portions of the 
University of Tennessee have been moved to Oak Ridge. 
Obviously, the geographic barrier which isolates many of 
the major national laboratories makes it difficult to main­
tain supportive day-to-day interactions with the university. 
I leave in the form of a question whether it is feasible or 
desirable to have a much closer relationship, geographic as 
well as cultural, between universities and independent, not­
for-profit institutes. 

In any case, it seems to me that the university has a 
responsibility for graduate education and research in applied 
science and engineering. Perhaps we should seriously con­
sider a new type of relationship between universities and not­
for-profit laboratories which would make for a compatible 
administrative structure for both and would broaden the 
frame,vork for interaction between the intellectual com­
munity and society. 



7 GEORGE E. PAKE 

A University-Industry 
Joint Venture 
in Applied Research 

Some years ago the leadership of the Advanced Research 
Projects Agency of the Department of Defense decided to 
attempt an experiment to increase the interaction between 
science and technology. Perhaps because both the Director 
and Deputy Director of ARPA were physicists, the pilot 
program was called the "coupling" program, with the object 
being to seek out and test new methods of tightening the 
coupling between science and technology or, as we some­
times express it, the coupling between basic science and 
applied science. 

Clearly another kind of coupling was also visualized­
that between different kinds of institutions. Most of the 
nation's basic research occurs in universities; most of the 
technological applications occur in the industrial world. Are 
there mechanisms by which association of these various kinds 
of institutions can enhance the interaction between science 
and technology? 

To answer these questions and to uncover and test 

George E. Pake: Executive Vice-Chancellor and Provost, Pro­
fessor of Physics, \Vashington University, St. Louis, Missouri. 
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possible mechanisms, ARPA requested preliminary descrip­
tions of coupling arrangements and programs from teams 
of two or more institutions. The areas of science and tech­
nology suggested for emphasis by ARPA related to a num­
ber of kinds of useful materials for which we seek optimum 
properties with respect to particular applications. Selection 
of the precise area of concern and of the coupling mechanism 
was left to each team as it drew up its preliminary plan. 
Some 80 teams, I believe, submitted these preliminary plans, 
and about a dozen or 15 were asked to elaborate their plans 
into definite proposals, from which four or five would be 
selected for award of contract support. 

One of the teams selected was a Monsanto Company I 
\Vashington University team. This team has now completed 
a little more than two years of activity (since July 1, 1965). 
I would like to describe the origin and nature of our coales­
cence into a team, to indicate the major problems we faced, 
to indicate how some of them have been solved, and then 
perhaps to make a few tentative extrapolations in an effort 
~o estimate whether our particular pilot model is a success. 
D1e work proceeds under a contract of one million dollars 
per year, monitored by ONR. 

Background Relationship of Washington University 
and Monsanto 

The metropolitan St. Louis region has an intellectual, 
cultural, and even a growing economic unity. (Accidents of 
political history, it must be admitted, created a hodgepodge 
of governmental jurisdictions: three counties in Illinois, 
three counties and the city of St. Louis (itself not a county) 
in Missouri, and something near 200 incorporated communi­
ties.) In this otherwise integral metropolitan area, there has 
been a continuing relationship between Washington Uni­
,·crsity and the major industries of St. Louis, including Man-



GEORGE E. PAKE 97 

santo. Some of the relationship is obvious: Washington 
University graduates take employment with Monsanto, Mon­
santo employees sometimes send their offspring to \Vash­
ington University, some 'Vashington University professors 
ha\·e been individual consultants for Monsanto, and some 
:rvlonsanto executives have served from time to time on the 
University's Board of Trustees. All of the interactions are 
made relatively easy by the fact that both Washington Uni­
versity and the Monsanto campus are in suburban residential 
areas on the west side of the metropolitan area. It is a rela­
tively pleasant 15-minute drive by automobile between the 
two campuses. 

Another kind of association has seen the two institu­
tions in a developing concern for the economic and techno­
logical growth of the region. Monsanto professionals and 
executives, on one hand, and Washington University faculty 
and administration, on the other, have been in continuing 
discussions with each other about the problems of commu­
nity development. The ARPA announcement of the "cou­
pling" program arrived where informal association and com­
munication was already strong; it was not necessary to scurry 
around and crank up an ad hoc relationship. 

It was necessary to distill from discussions of past ideas 
and from current capabilities a specific and practical plan. 
The experiment would have the best chance of success if an 
area of technical activity were selected which was of genuine 
mutual interest. The field of high performance composite 
materials was chosen, and the limitations of the university 
were perhaps the determining factor here. One of our best 
engineering departments, Chemical Engineering, had 
strengths and interests, particularly in polymers, which fitted 
nicely with Monsanto, and there was already good rapport 
among the technical people in both institutions. 

Let me interject here a word about composite materials. 
Composites have been known and used by man for many, 
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many years. Perhaps the most common example is concrete. 
But the high performance composites in which our joint 
research team has been interested are typically composed of 
metal or semimetal whiskers or fibers imbedded in a plastic 
matrix. For example, filaments of boron, carbon, or even 
glass have higher stiffness-to-weight and strength-to-weight 
properties than steel or aluminum. An attempt is made to 
capitalize on these superior properties of filaments by bind­
ing them together with a plastic-often an epoxy type 
material. It is not surprising that the properties of these com­
posites depend upon such variables as the shape and orien­
tation of the filaments, the volume fractions of the con­
stituents, and of course the filament material and matrix 
material selected. It is also evident that the physics and 
chemistry of the interface between the filament and matrix 
material are fundamental to an understanding of the stiffness 
and strength of the composite. 

Organization 

Of course the joint research and training venture that 
constitutes the Monsanto~ashington University effort on 
composite materials could not exist effectively without the 
full concurrence of the administrative leadership of the 
university and the corporate management of Monsanto. 
But the real working elements of this association arc the 
Central Research Department of Monsanto and the School 
o.f Engineering and Applied Science at \Vashington Univer­
Sity. The program manager is Dr. Calfee of Monsanto, who 
works closely with Professor Stephen Tsai, Director of the 
Materials Research Laboratory at Washington University. 
Both of these men maintain close liaison with Dr. Richard 
Gordon, Director of Monsanto Central Research, and Dean 
James McKelvey of Engineering. 

The research is divided into three disciplinary areas: 
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mechanics (stress analysis, fracture mechanics, and testing); 
physics and chemistry (strong emphasis on interfacial prob­
lems); and fabrication and processing. The responsibility for 
planning and research strategy in each of these areas is in 
the hands of two-man committees, with each committee hav­
ing a member from the university and a member from the 
company. These six individuals constitute the Research 
Council of the Association. The Council meets monthly or 
oftener, under the chairmanship of Dr. Calfee, and functions 
as a policy planning and advisory group. 

The Materials Research Laboratory 
at \Vashington University 

In August of 1966, and in large part because of the 
Mj\VU ARPA Association, \Vashington University estab­
lished the Materials Research Laboratory (MRL) as a divi­
sion of the School of Engineering and Applied Science. The 
function of the laboratory is to conduct research in structural 
materials, in such a way as to complement the academic 
programs of the School of Engineering and Applied Science. 
Faculty members and graduate students from any depart­
ment may participate in the activities of the laboratory 
which has, however, some professional technical staff of its 
own. 

Because severe space problems at the university will 
exist until the fall of 1969 when the new engineering build­
ing will be completed, the staff of MRL's composites pro­
gram occupies laboratory and office space at three different 
locations. It occupies 2500 sq. ft. in the engineering com­
plex on campus; it rents about 1300 sq. ft. near lVIonsanto, 
and it occupies a module at the Monsanto Research Center. 

Personnel involved include six full-time faculty mem­
bers from two departments of the Engineering School, plus 
three affiliate professors, two of whom are, in fact, members 
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of the Monsanto research staff. Nine graduate students are 
currently involved, eight are candidates for the doctorate and 
one is a candidate for the masters degree; two masters de­
grees have been given since the inception of the program. 

There are approximately a dozen engineers and scien­
tists of the Monsanto Central Research Department actively 
committed to the program. Two of these are also affiliate 
faculty in our Engineering School, as mentioned above. 

Problems Encountered in Joining 
the Two Institutions 

At the outset there were administrative discussions to 
establish the procedures and ground rules in the areas one 
would expect might be troublesome: a three-cornered patent 
agreement, the question of possible affiliate faculty appoint­
ments for Monsanto staff, the matter of individual consult­
ing arrangements for university faculty, safeguarding com­
pany proprietary information, and, of course, the geographic 
distribution of the research effort between the two ( tem­
porarily three) locations. It undoubtedly cannot yet be 
claimed that all of these matters have been ideally resolved. 
But, in my own opinion, they have been handled with less 
difficulty than most of us anticipated. 

The patent agreement of course includes the usual cost­
free license privileges for the federal government. The more 
unusual problem is the anticipation of a situation in which 
both the university and Monsanto have a joint role in a 
particular patent. This was handled by setting general guide­
lines for determination of the equities and by the agree­
ment that a joint ad hoc committee from the Monsanto 
directors and the university trustees would be set up to 
negotiate the distribution of royalties for any particular 
patent falling into this category. We have not yet had to 
test this mechanism, but I think it is highly workable. 
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\Ve have made affiliate faculty appointments sparingly, 
with little real difficulty. 

Protection of proprietary information for Monsanto 
appeared to me, at first, to be a serious problem. I did not 
believe it would be serious in reality, but I was sure that 
the company would have substantial worries. This is in part 
already solved within Ivlonsanto, which keeps company­
sponsored proprietary research and development separate 
from its government-contract research which is handled in a 
wholly owned subsidiary, Monsanto Research Corporation. 
The ARPA-sponsored program is thus kept separate from 
the company proprietary sector. If this is done with the 
Association research on composites, the problem of faculty 
awareness of proprietary information is really no different 
from what it has always been under individual consulting 
arrangements with faculty such as have existed for decades. 
The company is still free to hire a faculty member as an 
individual consultant, in accordance with university policy 
which limits the time a full-time faculty member may devote 
to consulting. To the extent that this sometimes is done, 
I should emphasize that ( 1) ARPA funds do not pay for 
consulting at Monsanto by our faculty, and (2) ARPA con­
tract funds at the university are not and cannot be used to 
increase the pay rate for a faculty member above the rate 
stated in his annual letter of university appointment. Stu­
dents are not involved in proprietary research. 

Distribution of the research effort and personnel among 
the three locations is continually reviewed by the Research 
Council. It is usually a fairly obvious decision. Special test­
ing or laboratory facilities exist at Monsanto that are not 
available on the campus, and vice versa. Seminars and sym­
posia are held in both locations. Classes are at the university 
only. 

I might add, in closing this section, that when the Mon­
santo directors made the "go-no-go" decision on whether 
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to approve the submission of our detailed joint proposal to 
ARPA, I sat with the Monsanto directors' technical com­
mittee both to answer questions and to represent the uni­
versity's view point. The proposal had been developed jointly 
by university faculty and Monsanto scientists, and it already 
met the university's general requirements for a research pro­
posal. The ARPA contract is with Monsanto, and \Vashing­
ton University operates in effect as a kind of subcontractor 
to Monsanto in accordance with ONR regulations. 

Other Activities of the Association 

In addition to research and graduate training, our joint 
proposal set forth a plan to communicate the results of the 
research. It had two elements: 

1. An annual symposium on composite materials re­
search. The third annual symposium will be held on Octo­
?er 26-27, 1967, in St. Louis, and the preregistration prom­
Ises a large attendance. The second symposium a year ago 
attracted a national audience of 200 scientists and engineers. 

2. After much soul-searching, we have begun as a joint 
ven~ure, outside the ARPA contract, the Journal of Com­
posite Materials. We found that papers on composites were 
so widely strewn throughout the technical periodical litera­
ture ~hat it was an impediment to progress in the field. The 
first Issue of the journal appeared in January, 1967, and the 
1967 volume will total 400 pages. As of June I, 1967, there 
were 550 paid subscribers. 

Conclusion 

I have left until the very last perhaps the most im­
~ortant question. \Vhy should either an industrial corpora­
han or a university go to all the trouble that I have described 
to set up a joint research enterprise when either could, so 



GEORGE E. PAKE 103 

it might appear, equally well "go it alone"? Why bother 
with coordinating committees and splitting up the research 
over a minimum of two locations? 

The answer, \Ve believe, is at the very heart of the topic 
for this meeting. \Ve are convinced that there should be 
more rapid and more extensive communication of basic 
research results from the campus and better communication 
of the nature of applied problems to the campus. Our as­
sociates at Monsanto are just as desirous of this communica­
tion as we are. 

Moreover, engineering graduate education has always 
had a problem in relating itself adequately to the real world 
of technology-for the simple reason that the technological 
arena is not the university. This is in contrast, for example, 
to graduate study in physics where, by and large, the universi­
ties of the nation are the scene of the major advances in 
physics. What we seck, therefore, is a way to maintain the 
essential benefits of the university atmosphere for graduate 
engineering while at the same time coupling that educational 
experience more tightly to technology in industry. 

It is much too early to draw conclusions about our 
effort as a general model or even as a particular one-of-a­
kind venture. I am, however, highly encouraged, and I 
thought this an appropriate occasion to tell you a little 
about it. 



8 WILLIAM K. LINVILL 

Man, 
Technology, 
and Society 

Introduction 

Vast technological changes cause significant shifts in our 
society and lead to important consequences for the next 
generation. Man can be either the master or the slave of 
the new technology, depending upon how he approaches 
the future. 

Technical advances are shrinking the world by greatly 
expanding man's scope of control and development. As each 
entity in our society expands its scope of activity, the over­
laps become chaotic if they are not foreseen and planned for 
ahead of time. Continual change and development must be 
the expected way of life. An unusual flexibility and mobility 
will be called for from the professional workers in this new 
day. 

Society Must Achieve Coordination While 
Retaining Free Enterprise 

The technological changes ahead are so vast and their 
consequences are so drastic that chaos is likely to result un-
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less some systematic coordination is achieved. Society's prob­
lem is to provide systematic coordination while retaining the 
tremendous advantages of free enterprise. How can this be 
done? 

Comprehensive projections of the future, open to all 
enterprisers, and an open analysis of possible ne\v joint 
technological ventures would be a tremendous help in the 
exploitation of technology to the benefit of man. Broad and 
continuing education and training are needed to keep men 
productive in the environment of rapid technological ad­
,·ance. An agency or agencies to provide these functions 
coupled with the free enterprise system to develop the po­
tentials discovered would probably do the job. 

At present no agency or organization serves the future 
projection, exploration, and broad training functions. What 
sort of agency might be effective? Such an agency must 
combine the drive to do and the drive to understand, and 
it must have the capability for regeneration because it must 
be effective for several generations. 

Universities Appropriately Extended Might Serve 
the 11uee Functions 

A broadly based university program, properly coupled 
to action agencies in the world of affairs, might be partially 
effective in serving the three functions. No university now 
serves these functions, but with proper help from the world 
of affairs, they might take on at least part of the job. Further, 
without the universities' participating in the three functions, 
they couldn't properly serve their traditional role in the new 
environment. 

\Vhat must be added to the present university programs 
for them to be effective in the future projection, evaluation, 
and broad training functions? T\YO vital extensions appear 
to be necessary: 
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l. A close, effective coupling must be developed be­
tween the university and the world of affairs. 

2. A broadly based system program should be developed 
as a professional discipline. 

Coupling between the university and the world of affairs 
could be achieved through an institute associated with the 
university but separate from the traditional university pro­
gram. This institute could carry on projective studies to lay 
out possible future directions of technological development. 
It could host joint studies of interdisciplinary teams from 
government, industry, and academic life to explore new 
ventures. It could bring fellows from the world of affairs to 
the university for both projective studies and for exploration 
of ventures. It could foster programs in which university pro­
fessors and students would take term responsibility for proj­
ects in the world of affairs. 

A new professional discipline in system analysis could 
be added to existing professional school programs. It could 
develop a training program to combine theoretical work in 
system analysis with specific practice in the many substantive 
areas. Comparisons among problems in various substantive 
areas are indispensable to build this new area. Work in the 
substan~ive areas could bring together academicians from the 
appropnate humanities and science specialties along with 
practitioners from the world of affairs. 

A pilot program along these lines has been established 
at Stanford University. A few initial projects have been 
undertaken, and a program of courses and research has been 
set up. A modest program of internships and industrial fellow 
projects has been started. 
. The remainder of this paper will explore these thoughts 
m some detail and describe our plans more completely. 
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Exploiting Technological and Social Change­
Man, the 1\1aster or the Slave 

107 

Revolutionary developments in technology and the ac­
companying changes in the society that have occurred since 
\Vorld War II are making drastic changes in the life of all 
of us. The existing patterns established in response to the 
situations of another day will impose very great burdens on 
the human beings living today. In our present social struc­
ture, human beings suffer extreme stress as technological 
change is imposed upon them. This whole process should 
be turned around. The question that really should be faced 
is how can man live a better life as a result of the new 
technological capabilities and social organizations that are 
now potentially available for his use. 

Because of the radical changes now occurring and on 
the horizon, the process of evaluating what man can do in 
this situation is a very hard one indeed. The danger is that 
we will not grasp fully enough the opportunities that are 
afforded and will accordingly live too cautiously, keep too 
strong ties with the outdated patterns of the past, and have 
too little appreciation of the functions that are now avail­
able to us for the future. There are several areas in which 
technology offers tremendous opportunities or, if improperly 
viewed, tremendous threats, to the life of human beings 
during these periods of change. 

First, the automation revolution. Automation promises 
to remove a lot of the menial production-line work that has 
been done by human hands over the last 50 years. It will 
mean a significantly shorter work week. It will mean that the 
demand for human participation in many production proces­
ses will be drastically reduced. It will mean that goods will be 
much more available to all of us. It will also mean that 
human beings will be very much detached from much of the 
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production process. Our old ideas of a man's worth being 
measured in terms of what he can produce will have to be 
drastically changed. 

Because of the continuing changes in technology, a 
workman will not be able to live his whole career doing one 
particular kind of job. An image held by each man of his 
ability to move to a new situation, to take on new responsi­
bilities, and to make new contributions, will be vital even to 
the relatively unskilled laborer. New patterns of maintenance 
and distribution and repair will need to be developed in 
response to new situations. 

Fortunately, the things that can be most readily auto­
mated are the very uninteresting, repetitive jobs in which 
men are trapped in the present industrial world. Our prob­
lem in this case is to develop a new set of capabilities in 
the people that now hold these jobs. If they can make the 
transition to the new kinds of life, their own lives wi11 be 
much fuller. The transition, however, is not an easy one. 

Second, the revolution in location of industry and man­
agement. Many of our large cities were built in response to 
the need for a large work force close to production lines and 
shops in the big industrial cities of our country. As new 
plants are built, automation is moved in, and as transporta­
tion becomes cheaper and more uniformly available to the 
population, there is a great shift away from the city. There 
is now no functional reason to have these industries clumped 
in one place. Rather, communities can be designed on the 
basis of providing the production capability while allowing 
the worker to have the most pleasant, enjoyable, and reward­
ing life. Similarly the management centers for industry were 
oftentimes in one or two big cities, like New York or Chicago. 
Now the pattern is to have a headquarters for the large 
companies scattered over the country. l11e exact location is 
less important than is the proximity to a large air terminal. 

Third, the revolution in technical training. In the past 
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a one-job specialty for a professional man's lifetime was 
standard. A person who was interested in power engineer­
ing, for example, would expect to spend most of his pro­
ductive life in that particular industry. Similarly, steel mak­
ing or chemical process control or any number of such oc­
cupations, were life-long specialties. The tendency was to 
train people in the details of an area with the expectation 
that some 50 per cent of an engineer's time would be spent 
on really quite detailed problems peculiar to a particular 
industry. The situation now is quite different in that the 
time constant of a man's particular professional career may 
be no more than five or ten years, and not 40 or 50 years 
as it was in the past. Accordingly, the kind of training that 
is needed now does not go into the immediate details of a 
given situation, but rather must provide the man flexibility, 
so that he has the mobility to move from one job to another 
as the situation demands such moves. More important than 
the detailed training that a man receives must be the 
confidence that he has in his own ability to make changes 
when the need occurs. 

Fourth, the revolution in communication and educa­
tion. Twenty-five years ago the main method of communi­
cation was by reading from the printed page. A person was 
either closely in touch with the society or he was fairly iso­
lated from it in its broad aspects, depending upon whether 
or not he could read well. The advent of television has very 
greatly changed the impediment to communication that is 
tied up with his ability to read. 

The nature of the new communication capability makes 
us reevaluate the role of the teacher. In the past, the teacher 
mainly was teaching students how to read and write. She 
would bring a class of 25 to 50 students along a certain path­
way, all together. They had to stay together, not because 
this was the best way for each to go through material, but 
because this was the only way that the teacher could keep 
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in touch with aU of them at once. Now, because of the ease 
of back-and-forth communication using computers, much 
greater flexibility can be afforded in the whole educational 
process. It is foreseeable that students will not even need 
to go to a central school facility. It is entirely feasible that 
small neighborhood units of the school system could be set 
up and could be kept in contact with the other units by 
means of audio and television links. Whether or not this 
is a good idea depends, not only on how usefu11y the teach­
ing function can be realized with this arrangement, but also 
on the importance of other functions that the educational 
system should serve. For example, much social development 
comes to the students as a result of their education in the 
public school system. Probably the school serves a special 
social role. How important is it for community integration, 
for example? How important is it for a sense of belonging 
to the individual students? How important is it as a vehicle 
for enlarging the personal contacts of young people? 

There is an even deeper question with regard to educa­
tion. In the past there was a great deal of emphasis on 
training. The ability to read and write and to master arith­
metic has always been considered of paramount importance. 
It will probably continue to have this importance. However, 
the question now comes as to whether or not one could put 
more time into development of the human potential in each 
of the students. It is quite possible that better training 
methods will allow the same kind of skill development, 
knowledge, and understanding to be transmitted to the 
students in a shorter time and accordingly that there will be 
time to realize some of the other functions which have had 
to receive a minor place in the past. 

Fifth, technological advances have emphasized inter­
national ties. AU nations, developed and developing, will 
gain substantially from cooperation rather than from isola-
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tion. There is a strong technological basis for the great 
increase in international tics that has taken place over the 
last twenty-five years. 1\tlany heretofore separate elements of 
the world have been closely tied together. Transportation, 
communication, and the feasibility of using high-speed com­
puters have made it possible for the whole world to be knit 
together in a way that was not possible before. Now an 
operation can be analyzed carefu11y ahead of time. Significant 
alternatives can be checked out in detail and evaluated care­
fu11y. Planners and leaders can keep in touch with the whole 
operation. 

Similarly we must look at the problems of world eco­
nomic development from the vantage of the tremendous 
technological advancements. The problems of the world 
economic development are the problems of bringing techno­
logical advances and the possibilities for economic growth 
to a11 parts of the world. 

While the United States is not interested in dominating 
the plans and lives of peoples of other nations of the world, 
we are very much interested in cooperative exchange between 
these countries. They can profit and we can profit by taking 
advantage of the complementarity of our own capabilities 
and theirs. Because we have much of the technology al­
ready developed, there are certain things we can do better 
than they. Because they have large untapped resources and 
manpower and material resources that are yet undeveloped, 
there are many things that they can do much more effectively 
than we. 

Certainly, in every case, any development wi11 have to 
be contro11ed and guided from the homeland in which it 
occurs. If we look back at our own period of development, 
we find that any of the attempts of European nations to 
guide or control us would have been met with very severe 
rebuff. By the same token, the development of the emerging 
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countries will need to be largely generated at home. The 
dilemma posed by the world economic development problem 
is that intensive interactions are required from four different 
kinds of independent entities in the process which will bring 
revolutionary changes in economic, social, industrial, and 
governmental patterns for several generations. Centralized 
control of the development process is out of the question; 
and yet these four kinds of entities must be brought to­
gether to develop a more effective joint action. 

The four entities are: (1) mature industries, (2) de­
veloping industries, ( 3) government entities in the develop­
ing countries, and ( 4) government entities in the developed 
countries. A common meeting ground will be indispensable 
as a prerequisite for interaction. Universities, in their primary 
role as observers, recorders, structurers, and extrapolators of 
culture and knowledge, will be in an ideal position to provide 
this common meeting ground. 

The Environment of Continuing 
Technological Change 

A transition from the past to the present is not a one­
step transition. There are continuing cascades of technologi­
cal advances that will be offered to our society into the 
indefinite future. The response of the society, therefore, is 
not to make one transition and then settle again into a new 
pattern of more or less static behavior. A continuing look 
into the future will be required for our society. Functions 
which must be performed to aid society in adapting to the 
future possibilities will need to be in operation continuously 
and over a long period of time, many generations, in fact. 
Because of the long-term prospect for change, a set of per­
manent agencies probably should be developed in order to 
realize the advantages that the changes will present. 
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ll1c Integrative Nature of New 
Technological Opportunities 
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Because of the advances in transportation, communica­
tion and data processing skills, the outreach of each indi­
vidual activity is much greater than it was before. If we view 
each individual activity as a point on a plane, then the scope 
of influences may be thought of as circles surrounding those 
points. As the range of interactions increases, the diameters 
of the circles can be increased to represent this increased 
scope. Now we see a great overlapping. This is a source of 
great possibility or great confusion. As an example of this 
increase in scope of activities, one can mention the use of 
an automated delivery system. A given company, for exam­
ple, could cut down its inventory cost by having a high-speed 
automated delivery system and only one warehouse. The 
Air Force has, in fact, instituted such a system for the 
delivery of jet engines by air to any place in the world when­
ever they are needed; thereby achieving a very substantial 
overall operational savings. 

When a private industry tries to do this same thing, 
many problems immediately arise because so many inde­
pendent entities have to be coordinated. There has to be a 
different kind of a packaging system, a high-speed ground 
delivery system, and a greatly modified air traffic control 
system. These entangling interactions could be handled if 
they were properly coordinated, and in many cases we find 
that such coordination is economically profitable. In other 
cases, however, the interactions may be too high, and techno­
logical capabilities might not be operationally feasible to 
exploit. 

The need for integrative system planning occurs in many 
different kinds of situations. It obviously comes up in the 
educational system, particularly in the connection between 
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education and communications. It comes up in medical care 
planning where there are tremendous advantages to be 
gained by having medical records centrally kept and many 
hospital operations monitored by electronic data-processing 
equipment. The automation of the banking system is causing 
a revolution in the ability with which individuals can ob­
tain credit over wide geographical regions. Advertising on 
one hand and shopping by individuals on the other will be 
very greatly simplified by the communication capability that 
will be available. 

How to Exploit Change 

Revolutionary technological changes and consequent 
changes in our society are already in motion. Man can 
either be the master of the benefits that these changes prom­
ise, or he may be the slave. If man is to be the master, more 
than a superficial understanding of the changes and their 
consequences must be clearly grasped. 

The traditional free enterprise system has served our 
country very well in its developments in the past. Freedom 
begets initiative, variety, and competition, all of which arc 
extremely valuable. Unfortunately, the present free enter­
prise system alone does not provide the communication of 
information nor does it provide adequate means for initial 
exploration that is needed to harness new technological ad­
vances. What is needed then is to add new functions to the 
present capabilities of society so that we can gain both the 
fruits of free enterprise and the benefits of new technology. 

There are three separate functions which must be pro­
vided our free society so that it can adapt to change and 
exploit it: 

l. Broad projection into the future must be widely 
available. 
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2. Broad education and training must be generally 
available to all people. 

3. An integrative sanctuary to allow preliminary ex­
ploration of future developments must be developed. 

1l1e future is a combination of the treasures of the past 
and fruits of the new. Because many new technological ad­
vances have sweeping consequences and require extensive 
development, society must be given the scope of understand­
ing and the lead time necessary to exploit them. Exploration 
is obviously necessary. It is not efficient nor even feasible for 
each enterpriser to do the exploration by himself. A common 
exploration of the future, open and widely available, is in­
dispensable. 

Broad education and training for the new day must in­
volve two separate functions. An initial education and train­
ing base must be provided the youth so that they will have 
the breadth and the flexibility to cope with the variety and 
uncertainty of the future. They must have a self-image of 
mastery of the future so that new opportunities are exciting 
rather than threatening. Second, there must be broad orienta­
tiona] training so that planners, designers, managers, and 
operators can work effectively in the new positions which 
will be continually arising. 1l1is orientational training is 
needed not only by the youth but also by the mature person 
who must have the mobility to make the transition from an 
obsolete job to a future-oriented opportunity. 

Technology offers new opportunities that are both 
radical departures from the past and are unusually broad in 
scope. At the outset of the development of an area that re­
quires the participation of many independent entities, such 
as a nationwide system of air freight or a large educational 
program, open and fairly detailed exploration by many in­
dependent entities should take place in a sanctuary away 
from the marketplace so that opportunities can be assessed, 
alternatives can be explored, benefits can be estimated, and 
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rough developmental strategies can be developed. After the 
initial exploration, the efficiency of the marketplace and the 
benefits of competition can be restored. The initial policy 
analysis of a new area properly belongs in the sanctuary. 
Developmental and operational decisions are usually better 
made in the marketplace. 

We pass now from the new functions to be performed 
to a consideration of the nature of the agency or agencies 
which might perform them. We then look fundamentally 
at intellectual activity (not at universities) and then infer 
what the role of the university might be in the future if it is 
to have a role in this area. 

Two Indispensable Characteristics 

There are two characteristics of any agency or insti tu­
~on which will be indispensable for the success of that agency 
m developing the opportunities that technology provides our 
society. First, the agency must combine the two basic drives 
of our society-the basic drive to do which has characterized 
our. ~n~ustrialists, our managers, our enterprisers, and our 
politicians and has made our country as strong as it is today; 
and the drive to understand which has characterized the 
efforts of scholars through the ages. The present situation 
calls for a combination of the drive to do with the drive 
to understand. The revolution that we are involved in is so 
drastic that doing without understanding will be futile. The 
?pportunities are so great that understanding without doing 
IS equally pointless. 

Sec:ond, the agency must have the capability for re­
generation. Though the present revolutionary forces for 
change are strong, our culture has tremendous natural in­
ertia and must provide sustained guidance and direction for 
several generations if it is to foster long-term planning and 
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development. If one looks back at the institutions that exist 
today, those with the longest history and the greatest sus­
tained influence are in the universities. It therefore foiiows 
that if an agency is to be effective for long periods, it must in­
volve the capability for regeneration which is uniquely found 
in the universities. 

In contemplating an agency or activity to help develop 
the potential that the new technology provides our society, 
we see that any workable agency which we can plan must 
couple the drive to do with the drive to understand in order 
to be effective. It must also possess the capability for re­
generation in order to have a long enough lifetime to be 
effective. 

A Model of Intellectual Activity 

At this point, it is weii to look at a model of inteiiectual 
activity. It can be characterized in terms of layers, like layers 
on an onion. In the central core of intellectual activity is the 
work in the classics, foiiowed successively by layers in the 
work of humanities and sciences, the work in the professional 
disciplines, the work in planning institutes and in research 
and development laboratories, and an outer layer of the 
operational world, which involves governmental and private 
institutions. Each of these layers is characterized in terms of 
a time constant. The time constant is the equivalent of a 
half-life of an activity. The time constant of the classic core 
is greater than 100 years; the time constant of the humani­
ties and science program is like 50 years; the time constant 
of the professional schools can be derived on the basis of the 
function that they serve: a professional school must train 
its students in such a way that their training will be meaning­
ful to them when they are at the peak of their careers, which 
is about 20 years after they have left the university. Accord-
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ingly, the programs that we give them have to have time 
constants of the order of 20 years. Planning institutes and 
research and development laboratories have time constants 
on the order of five years. In the operational world, the time 
constants are on the order of two years. 

It is very important to notice that each layer is influ­
enced very strongly by its adjoining layers. Generally, the 
drive to do (from the real world) is fed in from the outer 
layers toward the center, and philosophical structuring is 
supplied from the inner layers to the outer layers. Thus, the 
basic drive to understand comes from within and the basic 
drive to do comes from without. In the time of very high 
technological stress, which is a characteristic of the present 
time, there is a great tendency for these adjoining layers to 
come detached from each other. It is very painful for the 
academician to try to structure the new and ever-changing 
situation in the real world. His whole observing, measuring, 
and evaluating mechanism is tremendously upset by the 
tumultuous changes that are occurring in the outside world. 
The opportunities to the operator on the outside are so 
great that he may be tempted to take on projects which in 
the short-term look very meaningful but which may in the 
~ong-term not serve any very useful function. Thus, he would 
Ignore the inner layers. 

In an environment of great technological opportunity, 
as we have now, it is important that these layers be closely 
coupled. We notice, for example, that the humanities and 
science programs in the university can be greatly aided in 
getting signals from the outside world by a proper collabora­
tion with the professional schools. It serves their mutual best 
interests to work together on this program rather than in­
dependently. Any good operation of a given layer would in­
volve at least the two adjoining layers, and possibly the two 
outside of those. 
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The University Must Be Involved 

Several functions must be served in order to enable man 
to exploit properly the changes in technology and society 
which are coming ever faster. Two of these have traditionally 
been the function of the university. One could be also as­
sumed by the university. As the collector, organizer, inter­
preter, and disseminator of our culture, the university is in 
an ideal position to forecast the future. The extent to which 
the future can be predicted depends on the lasting things 
that exist in the present, and the university, in its role, is 
almost uniquely able to serve this function. 

In providing the initial training for the young and in 
developing the basis for mobility that is needed for those in 
mid-career, so that they can adapt to new technological 
changes, the university would be serving its traditional role 
in education, but in a somewhat new way. 

In providing an integrative sanctuary, the university 
would be taking on a new function. In order for it to provide 
a sanctuary, it will be required to bring the best sources of 
understanding and data on new technology right to the uni­
versity campus where the incorporation of these ideas into 
the university program will be direct and effective. The ob­
jectivity and detachment that has typically characterized 
university people when they view the world of affairs, is ab­
solutely essential for the sanctuary environment. Not only 
can the university serve these special functions well, but it 
must serve them if it is to also effectively accomplish its 
traditional role in the future. 

As was indicated in the discussion of the model of in­
tellectual activity, in an environment of high, drastic tech­
nological change, it is very easy for the adjoining layers in the 
intellectual structure to become detached from one another. 
If the university becomes involved to the extent of taking 
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term responsibility in helping to project the future, in serving 
as a sanctuary, and in training people to meet the new 
challenges and opportunities that technological change bring 
about, it will be sufficiently involved in the world of affairs 
that the signals that come to it will be strong and meaning­
ful 

The university can be effectively involved and the uni­
versity must be involved in the world of affairs in order that 
man can exploit the technological advances that are coming 
into our life today. 

If the university were to take on the new role and abdi­
cate the old, society would be the loser both because the old 
role is still very much needed and the new role can't be 
served by the university alone. In this new role the university 
must be coupled to the world of affairs in an appropriate way. 
With such a coupling it can contribute simultaneously to 
both roles. 

An Institute for Technology and Society 

I propose that an Institute for Technology and Society 
be developed at the interface of the university and the world 
o.f affairs so that the university can properly serve the func­
tions that society needs if it is to be capable of exploiting 
future technology. In order to determine the nature of this 
institute, we must take a more detailed look at the projective 
planning function. 

Planning Must Be Interdisciplinary 

Perhaps .t~is very short description of the layers of in­
tellectual acbv~ty. and its logical consequences can be taken 
to be a prescnpbon for planning work that is to be inter­
disciplinary in the broadest sense. In what sense is inter­
disciplinary work broadly interdisciplinary? First, in the 
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academic sense. Many academic disciplines must be simul­
taneously involved. Physical sciences and behavioral sciences 
must be jointly involved, for example, in planning transporta­
tion systems, or in planning communications systems, or in 
planning educational systems. Very often it's important to 
understand the political and human issues involved before 
one undertakes technological innovations. 

Second, in the professional discipline sense. The artifi­
cial barrier that has often been raised between management 
and engineering must be eliminated. Generaiiy, the manager 
knows what is technologicaiiy available, but he doesn't know 
what is technologicaiiy feasible. Analogously, the engineer 
very often knows what is technologicaiiy feasible, but he 
doesn't know what is operationaiiy feasible. There need to 
be involvements between engineers and educators, between 
educators and lawyers, between managers and each of the 
other three. For example, the technological impact on the 
medical profession has brought a great need to bring man­
agement and engineering and medicine much closer to­
gether than they have been in the past. 

Third, in coiiaboration among what have been hereto­
fore private institutions. For example, it wiii be necessary for 
computer companies, transportation companies, packaging 
companies, and many manufacturers who would use high­
speed ground transportation to cooperate much more closely 
if the high-speed transportation system problem is to be 
effectively attacked. In planning educational systems, it is 
no longer possible for textbook publishers, manufacturers of 
audio-visual equipment, television manufacturers, and com­
puter manufacturers to operate separately. 

Fourth, in coiiaboration among different public institu­
tions on the same project. One of the clearest examples of 
this in recent times is the need for people in the State De­
partment and in the Department of Defense to be working 
jointly on the problems of limited war. Further, we see that 
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the distinctions between military activity and economic ac­
tivity can be very artificial these days. Similarly the involve­
ment of budget planners, educators, and communication en­
gineers, for example, is clearly needed in the development of 
educational television. 

The few foregoing examples have indicated the broad 
scope of interdisciplinary activity. The problems of estab­
lishing interdisciplinary activity are very great indeed. TI1ere 
must be some set of special mechanisms developed to induce 
different agencies and different groups to work together 
effectively. 

Mechanisms of Achieving an Interdisciplinary Program 

There are a number of factors that are important in 
easing the difficulties in establishing interdisciplinary work. 

I. The program must be focused on specific problems. 
The fact that a specific set of issues can be focused upon 
makes it possible for individuals with different backgrounds 
to work together toward an enriched understanding of the 
problem. The differences in backgrounds would be a great 
impediment to mutual understanding without the focusing 
that is provided by the specific issues. 

2. Alternation must take place between the pressure to 
d.o a~d the pressure to philosophize. It is important to dis­
t~ngmsh these pressures. Any group or team has to be mo­
t~vated, at some point, by the pressure to do. Specific deci­
Sion~ must be made, specific plans must be carried out, 
specific delegations of authority have to be made, resources 
~ave to be committed. Alternating with this pressure to do 
IS the pressure to understand. Each time a long-range plan 
is studied, it must be reviewed in breadth and detail. There 
must be an understanding of the deeper issues involved if 
the program is to be successful. 

3. A sanctuary must be provided away from the pres-
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sures of the world. A combination between field agencies and 
university agencies would allow professors and students to 
work for extended times in the field, becoming involved in 
the pressure to do, and then returning to the university with 
the philosophical issues more clearly drawn. Similarly, senior 
fellows can come from the practical world to the university 
to structure new problems. 

4. A neutral meeting ground must be provided for 
competing or contending real-world elements. A sanctuary 
must be provided where integrative planning can illuminate 
issues before the competition necessary for efficient opera­
tion raises barriers between these elements. The detachment 
of the academic institute would be a great aid to communi­
cation among the contending elements in an operational 
system. 

A Plan to Couple the University 
to the World of Affairs 

Our premise is that the university has a vital role in 
helping man exploit the changes in technology. To make the 
university role meaningful and productive in the fullest 
sense, the university parts must be coupled to the world of 
affairs so that continuing interchanges can take place. 

We view a set of layers of activity much like the layers 
presented in Figure 1. The activities toward the center are 
closer to the intellectual core. The layers toward the edge 
are closer to the world of affairs. 

'I11e integrative possibilities for the institute for tech­
nology and society are pictured in Figure 2. Its most im­
portant function would be to provide a common meeting 
ground for academic disciplines, for professional disciplines, 
for public institutions, and for private institutions. 

The plan of operation is schematically represented in 
Figure 3. The left-most column represents the foundation 
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FIGURE 1 

academic disciplines with which the professional schools 
have strong connections. Although the most important of 
these is mathematics; economics, physics, political science, 
psychology, and anthropology are all areas that are relevant. 

. The second column represents professional disciplines, 
With the upper part representing established disciplines and 
the lower part representing the new activity that has been 
added in systems. This will be described in more detail later. 

The third column represents the coupling activity to the 
world of affairs. The institute will be involved in working on 
specific problems of society and will form a strong coupling 
lmk between the academic activities, represented by the two 
left-hand columns, and the field agencies which are repre­
sented by the right-hand column. The right-hand column 
is divided into three parts, government agencies, nonprofit 
institutions, and industrial companies. . 

The structure of the program in Engineering-EconomiC 
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Systems is presented in Figure 4. Th 
figure represents the "theory'' and the 
"the application." Interaction between 
tion is even more critical for systems th 
established professional disciplines. The 
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methodology are meaningful only to the extent that they 
apply generally to a wide variety of substantive areas. Con­
tinual application to new areas with continuing evaluation, 
interpretation, and modification of concepts is vital. 

SYSTEM CONCEPTS AND METHODOLOGY 

Mathematical Concepts Problem-Solving Concepts 
(System Analysis) 

Modeling Decision Analysis. 

Optimization Policy Analysis 

APPLICATION OF SYSTEM ANALYSIS TO 
SUBSTANTIVE AREAS 

TECHNOLOGY 

Education 

Medicine 

Transportation 

Communication 

Water Resources 

Power Systems 

Banking 

Integrative Study 
of Man 

FIGURE 4 

SOCIETY 

Urban Development 

Regional Development 

Public Economics 

Mathematics is the language of system analysis. The 
two primary mathematical activities for systems analysis are 
modeling and optimization. Modeling is associated with 
arriving at a description and an analysis of systems as they 
are as well as what they are projected to be. Optimization is 
an essential component of design, in that the best or most 
attractive alternative must be chosen. Although mathematics 
as a language is sharp, clean, and precise by itself, it often 
lacks the color, shading, and tone to represent situations in 
the real world. The approach to problem solving must be 
added to mathematical language to make system theory 
complete. 
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Two important aspects of problem solving involve the 
setting of policy and the making of decisions. Policy issues 
involve the determination of the scope and objectives in a 
given situation. A decision is the irreversible commitment of 
resources. Under the usual practical conditions of uncertainty 
and dynamic interaction, risk and time preferences must be 
accounted for. Usually in strategic situations, that is, in 
macrosystem problems having a large scope in both time 
and space, policy issues dominate. In tactical situations, that 
is, in microsystem problems involving detailed constraints 
and multiple interactions, decision questions dominate. 
Every practical situation involves some policy issues and some 
decisions. 

In all practical areas, system activities must serve man; 
human needs, human goals, human potential must be re­
alized. Technology and the various institutions of society 
are man-made instruments whose only justification is to 
serve man. The outreach of the systems profession is through 
the applications areas. Work in humanities and sciences 
provides a foundation for technology and the study of social 
institutions and, hopefully, a deep appreciation of the basic 
needs of man. In addition to the basic physical needs for 
food, shelter, and clothing there are the limitless possibilities 
for human development. Not only is man as an individual 
important, but mankind as a group must be considered. 

When actions are to be taken to achieve specific goals, 
the connection to the world of affairs is obvious. Actions in 
the various technical areas are integrated through social, 
political, and industrial organizations into a coordinated unit. 

A Pilot Program at Stanford University 

When one attempts to understand the scope of the 
issues that are involved in long-range planning today, he runs 
a risk of being misunderstood, as being too ambitious, or 



THE INTERACTION OF SCIENCE AND TECHNOLOGY 128 

too arrogant, or too self-assured. It would be very unrealistic 
for us at Stanford University, in the small program that we 
have, to claim a really meaningful long-term plan or an in­
stitution which has a good chance of carrying it out. Our 
hope is that we can understand what the problems are and 
that we can do a few pilot studies to verify or reject our as­
sumptions about the state of the world. \V c have a few 
ideas as to how we would carry out a combined academic 
and operational program. Although our operation is small, 
it has been going on for about five years. \Ve have completed 
a number of combined practical and analytical projects. \Ve 
have developed a number of academic courses. Though the 
progress we have made is small compared to that needed to 
do the job that we are contemplating, nonetheless, we be­
lieve we have some useful data. 

We have had about 40 interns working on problems in 
the field; we now have about 80 doctoral students involved in 
our program, of whom about 50 are enrolled in the Engineer­
ing-Economic Systems Department. Most of our work over 
the last five years has been devoted to the development of a 
strong analytical program in the academic aspects of our 
work. 

With regard to applications of system analysis to the 
substantive areas, we have a great need to form much stronger 
~onnections. with the humanities and sciences. If engineer­
mg-~con?mic systems is to be really meaningful as a pro­
fessiOn, It must be built to serve the needs of man. At pres­
ent, society has far too little understanding of what man's 
needs are; we hope to join professors from the humanities 
and the sciences to explore and define the needs of man in 
practical situations. 

We ha.ve a number of practical projects under way in 
the fi~ld. F1r~t, we are carrying on a long-range educational 
plannmg prOJect for the Bureau of Research in the Office of 
Education. Second, we are doing a problem in conjunction 
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with the Stanford Hospital on long-term medical care plan­
ning and hospital operation. Third, we have had a fairly 
extensive set of internships in Washington, including work 
with the Department of Commerce and with the Depart­
ment of Transportation on long-term transportation plan­
ning. This is perhaps the strongest single element of our 
program. It was developed with the help of Ford Foundation 
funds. Fourth, we have a few individual research projects 
under way on regional economic development, particularly 
transportation studies in Brazil and Chile; in connection with 
the Bonneville Power Administration; with the Institute of 
Electrical Development in Mexico; and with General Elec­
tric, Westinghouse, and Jones & Laughlin Steel Company. 
\V e have done several studies of electric power system plan­
ning and operation. We have developed a strong relation­
ship with several of the consulting companies, particularly 
with the Stanford Research Institute. Finally, we have es­
tablished a small program in Water Resource Development. 

Overall Plan for Operation of the Program 

The effort of professors and graduate students in the 
Engineering-Economic Systems program is divided into three 
parts. Something more than a third and less than half of the 
activity in Engineering-Economic Systems is tied up with the 
developing of core concepts for system analysis and doing 
research on basic concepts and methodology. The compara­
tive studies on the usefulness of the various analytical con­
cepts and methodologies for examining problems in various 
practical areas is an indispensable part of the program. It is 
important to try our concepts of operation on both tactical 
and strategic problems. We find that a given program begins 
with a long-term projection. Then comes policy analysis, 
followed by the making of plans and the developing of pro­
grams where allocation of effort is actually made. Finally, 



THE INTERACTION OF SCIENCE AND TECHNOLOGY 130 

funds are committed, the development process takes place, 
the design study is carried out, and the installation and 
operation is accomplished. 

Generally, we think of macrosystem problems as being 
those which are involved with the long-term planning. In 
this case, the problems are those of settling on objectives and 
getting the structure of the overall system clear. Microsystem 
problems are concerned with design and operation. Generally, 
as one gets toward the operational problems, the models 
become definitive, the constraints become more important, 
operational data are more readily available, the models can 
be verified on the basis of practical experimentation, and 
so on. 

If the language and methodology and concepts are 
meaningful, they should be applicable to a wide spectrum 
of problems, from those that occur in private industry to 
those that occur in long-term governmental planning. These 
provide a very rich field in which comparisons can be made. 

With regard to field work, a project is usually started 
because some professor or some set of people from the out­
side are interested in going into a given area. One of the 
functions of our institute for technology and society is to 
provide support for professors who wish to explore the pos­
sibilities of a new area. They talk with practitioners who are 
working in relevant areas and consult with government offi­
cials who have responsibilities or potential responsibilities in 
the area that is represented by this work. 

After the initial exploration has been made, study 
seminars are oftentimes set up within the institute for grad­
uate students and visiting fellows. Very often experts are 
brought in on a visiting basis for a short time to work with 
us at the university. 

Finally, as the area becomes more clearly developed, 
an exploratory project is usually set up for six months to a 
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year during which time an initial study of the problems is 
made. These exploratory projects are set up with visiting 
fellows from government and industry and with professors 
from the relevant disciplines, either from Stanford or from 
other universities, and with a few of our advanced graduate 
students. After exploratory studies and projects have been 
done, field work is often undertaken with students serving 
as interns in the area in which the field work is relevant. 
Since our interns are well-trained graduate students who 
work under only very limited supervision and are responsible 
on a term basis in the field, they represent a strong coupling 
between our work at the institute within the university and 
with the work in the field. 

Our aim is to keep the work of the institute strictly on 
an exploratory basis. As soon as a project is well enough 
formulated, it can be taken over by some nonprofit corpora­
tion or some government or private laboratory. \Ve are very 
anxious to have this happen. Our function is best served by 
keeping the university operation quite small and very closely 
tied up with the academic structuring operation. Very often 
our professors and students take term responsibility in the 
field where they serve as consultants to field agencies or in­
dustries or government, or as interns, if they are students. 
\Ve are very serious about keeping the average age of those 
long-term participants in our operation under 30. If we do 
this, then we have to have a very small permanent staff and 
have to rely mainly on visitors and professors who take term 
responsibility within the institute program. 

Summary 

The function of this paper has been to lay out the scope 
of activity that must be developed so that the advancing 
new technology can more fully serve the needs of man. The 
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needs are great, the challenges are exciting. Many explora­
tory projects such as ours will be necessary to develop a 
workable long-term program. I am sure many of us in in­
dustry, government, and the universities are eager to become 
a part of it. 
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