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The purpose of this symposium was to explore and alleviate the problems in
federal lsboratory-university relationships. and to point out and encourage greater
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development of the opportunities inherent in these type of relationships. Participants

included 37 federal and university officials. Statements on the “federal viewpoint™ and
the “university viewpoint,” and a summary of the l:panems and ZFroblems in federal
laboratory-uriversity relationships are presented. Following this, 4 general topics are
discussed: 1) use of federal facilities for training university graduate students: 2)
formal education and training for laboratory professional staff: 3) joint research

activities involving wuniversity and federal personnel: and 4) interchange of

professional personnel between universities and federal laboratories. Appendices
contain examples of several cooperative federal.lab-university programs. (OS)




O R o T T

U.S. DEPARTMENT OF HEALTH, EDUCATION & WELFARE
OFFICE OF EDUCATION

THIS DOCUMENT HAS BEEN REPRODUCED EXACTLY AS RECEIVED FROM THE ]
PERSON OR ORGANIZATION ORIGINATING IT. POINTS OF VIEW OR OPINIONS

STATED DO NOT NECESSARILY REPRESENT OFFICIAL OFFICE OF EDUCATION
POSITION OR POLICY.

EDO 32826

PROCEEDINGS OF SYMPOSIUM
ON

EDUCATION AND
FEDERAL LABORATORY-UNIVERSITY
RELATIONSHIPS

HELD OCTOBER 29-31, 1968
at the |

MUSEUM OF HISTORY AND TECHNOLOGY
| SMITHSONIAN INSTITUTION
WASHINGTON, D.C.

ISSUED MAY 1969

FEDERAL COUNCIL FOR SCIENCE AND TECHNOLOGY
AMERICAN COUNCIL ON EDUCATION

i .
§ For sale by the Superintendent of Documents, U.S. Government Printing Office, Washington, D.C. 20402 Price $2.00
.;;(




e PR EEEAREE A Re e e T e m

L

FOREWORD

As a Nation, we, in the United States, have invented a uniquely
successful system of support of graduate education and support of the
universities. As a result of these achievements our system has become a
model to the entire world--not just in respect to the magnitude of what
we do, but in the vitality and success of the enterprise. One of the
things that is noted everywhere in Europe, for example, is the reclatively

'free movement of people between Government laboratories, Government posts,

industry and universities. This is a pattern which is really unique and
a source of considerable strength.

In respect to funding, the Federal Government spends about one and
one-half billion dollars in support of the conduct of research in univer-
sities. On top of this, it spends about three and one-half billion
dollars in Federal laboratories. 1In the past several decades the support
of research and development in this country has grown at a dizzy pace,
and a generation grew up thinking that that was the normal way of life.
This period of what I call heady growth has resulted in enormous advances
in medical research, in maintaining a strong military posture in the face
of a wildly changing situation, in ensuring the most productive agricul-
ture in the world, and in the great adventure in space, which is still
continuing. I stress all of the foregoing and the tremendous amount
achieved because in some ways I think that this exuberant period is over,
due in part to the enormous pressure on the Federal budget, but also in
part to additional considerations.

In view of tbe foregoing, how we utilize the univerSities and the
Government laboratories for their mutual benefit, and what the patterns
might be which would strengthen the qualitative performance of our whole
scientific system, are important issues. We know that from the stand-
point of the laboratories there is an importance to the freshness that
comes when either people come into the laboratories with new points of
view and different experiences or when their own people go out and join
temporarily or for a while other organizations. We know that any good
laboratory has or should have a constant preoccupation with the problem
of retraining and strengthening its personnel through a variety of kinds
of educational programs, which may or may not involve the universities.
We know that from the standpoint of the universities, facilities available
In the Federal laboratories may be very important to faculty members and
students. We know that universities have a laboratory where things aren't
highly problem oriented, and going to a laboratory where things are done
from a different point of view has something intellectually to contribute
to university people. In short there are different kinds of problems
which can and should be mutually strengthening and stimulating. The pur-
pose of these Proceedings is to explore and alleviate the problems and to
point out and encourage even greater development of the many opportunities
inherent in Federal laboratory-university relationships.

DONALD F, HORNIG
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EDUCATION AND FEDERAL LABORATORY-~UNIVERSITY RELATIONSHIPS

Tuesday, October 29 A.M.

DR. GEORGE W. IRVING (Chairman, Program Committee): Good morning.

Even with the preponderance of men here this morning, I see at least
one lady so I will say "Ladies and Gentlemen." This morning we are start-
ing the first session of a two-and-one-half-day symposium. The symposium
is a joint one of the Federal Council for Science and Technecl!ogy and uni-
versities. The subject is "Education and Federal Laboratory-University
- Relationships.” I am George Irving, Administrator of the Agricultural
Research Service in the Department of Agriculture, and I served as Chair-
man of the Committee that developed the program we will follow for the
next two and a half days. Not on your program, but most important,
nevertheless, to this group and in this place, is a gentleman I now
present to you. I would like to introduce to you this morning the Secre-
tary of the Smithsonian Institution, our host for these sessions,

Dr. S. Dillon Ripley.

SMITHSONIAN INSTITUTION--WELCOME

DR. S. DILLON RIPLEY: It's a great pleasure to welcome Dr. Hornig,

Dr. Astin, Dr. Long, Dr. Irving, and the other members of the organizing
group of this research community here in Washington. I'm delighted to be
-able to be here and to welcome you to the Smithsonian which for its
entire history has been a meeting ground between universities and govern-
mental research enterprise. For many years both the National Academy of
Sciences and the American Association for the Advancement of Science have
had their headquarters here. Government research bureaus such as the
Weather Bureau, the National Advisory Committee for Aeronautics, the Fish
and Wildlife Service, and others have had their origins within the
Smithsonian and were spun off into independence after demonstrating their
ability to accomplish significant Government missions.

From its private endowment income the Smithsonian is at heart, as
you know, a private corporate establishment. The Institution from its
earliest years made small grants for university research--a faintly sus-
pect activity to many including the third secretary, Samuel Langley, who
considered that colleges and universities were exclusively for teaching
where it would be foolish to believe that research could ever gain a
foothold. The Institution has prided itself in serving as an auxiliary
to universities in their progress to the forefront (at present) of the
Nation's efforts in research as well as higher education.

One important episode in the history of government-university rela-
‘tionships is worth citing as an illustration of the Smithsonian's role.
In the 1890's officials of the Agriculture and Interior Departments




- Washington Academy of Sciences voiced their support. The American Asso-
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mounted a strong effort to draw gfaduate student’s to conduct research in
the unparalleled facilities maintained at Washington by Government
bureaus. Sound familiar? The National Education Association and the

ciation of Agricultural Colleges and Experiment Stations, as it was then
called, set up a Committee on Graduate Study with representatives of
both universities and government to promote the scheme. The Committee
petitioned the Smithsonian to establish a central office to promote the
use of Government laboratories for graduate research and study. In their
words the goal at that time was an effective plan by which graduates of
the colleges and other qualified persons should be guided by the
Smithsonian Institution in advanced studies and research in connection
with the facilities presented by the Government bureaus in Washington.
Several regents of the Smithsonian of the time led by Alexander Graham
Bell advocated the establishment of a position for an Assistant Secretary
in the Smithsonian for research training in the Government departments,
and a Bureau of Graduate Study at the Institution.

In 1901 this move was climaxed by the enactment of legislation pro-
viding that facilities for study and research in the Government depart-
ments, the Library of Congress, the National Museum, and similar
institutions hereafter established should be afforded scientific investi-
gators and duly qualified individuals, including students and graduates in
institutions of learning in the several states, under such rules and
regulations as the heads of the departments and bureaus mentioned might
prescribe. This scheme for a major program of graduate study in Govern-
ment laboratories floundered for lack of funds and in the decades that
followed both Government and university research departments came
gradually to dwell on their institutional differences rather than on
their similarities of interest. This meeting today marks the first
ma jor exploration of this theme since the turn of the century. Seems
incredible to think of it, doesn't it? Since 1901, it's long overdue.

I'm especially pleased that the Smithsonian is able to play host on
this very welcome occasion with its historic overtones. Let us never
forget the historic bases on which we act and on which we base, I hope,
our programs for the future. On coming to this Institution in 1964 I
saw the effects in many quarters of our having lived a too largely
separate existence independent of the universities. The Smithsonian
established an education program with its own administrative staff and
began to offer stipends to visiting investigators to pursue their own
research. It entered into discussions with a number of universities who
proved most willing to explore and embark on a wide variety of coopera-
tive educational arrangements. In this we were guided by the experience
of the National Bureau of Standards and the Atomic Energy Commission and
also the excellent working relationship which unites our astrophysical
observatory with the astronomy department of Harvard and other nearby
institutions like MIT. We designed and published what is, I believe,
the first regular series of analytical digests of staff interests and
facilities in a governmental establishment drawn up especially to guide
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university investigators to opportunities for collaborative effort.

. Copies of these Smithsonian research opportunities are available at the

registration counter. They are distributed now to libraries and graduate
deans' offices in the universities, and separates in the established
disciplines are sent to departmental offices throughout the United States
as well as abroad. We've been tremendously pleased with the result of
this program. Over 40 ¢ooperative agreements are in force with univer-
sities throughout the Nation and offerings of the equivalent of 315
credit hours of instruction, 138 academic appointments made, and 53
Ph.D.'s earned within the Smithsonian in the academic year ending in June
of 1968. We believe that our research environment has been tremendously
enhanced by these activities. The Director of our Office of Academic
Programs, Phil Ritterbush, who designed much of this program and has
overseen its development, is here today as a participant in the symposium.
I hope that those of you who would like more information about these
sorts of activities of the Smithsonian will be in touch with him. I'm
especially glad also, Mr. Chairman, that the Smithsonian Institution can
play host this evening to university and Government representatives from
the Washington area at a reception here in this building honoring the
participants in this symposium.

The universities and Government research establishments of this area
constitute a unique aggregation of intellectual interests. We are
beginning to act like a community as well. Recently the Institution
commenced distribution of an Academic Calendar announcing lectures and
seminars. Our register of names and addresses is still in its infancy,
but I think you will be interested to know that this Academic Calendar
now reaches 8,000 scientists and scholars in both universities and Govern-
ment research establishments throughout the Washington Metropolitan area.
Think of that number. That's a really staggering number of people who
have expressed interest in knowing about these academic activities. This
experiment in professional communication is evidence of our continued
recognition of the depth of the interest which we share with kindred
institutions. I strongly hope that this symposium will become a landmark
occasion in the widening recognition of the community of interests which
unite all our research establishments. Thank you very much indeed.

DR. IRVING: Thank you very much Dr. Ripley. We appreciate havingwyour
remarks on the background of your institution and also appreciate very
much your welcome and the hospitality you are showing the group here
today.

The symposium idea that we are to launch today was considered not
only desirable but even necessary by the Federal Council for Science and
Technology's Committee on Federal Laboratories, of which Dr. Allen V.
Astin, Director of the National Bureau of Standards, is Chairman. It is
appropriate, then, before we begin the orientation talks this morning to

hear a few words from Dr. Astin about the Committee and about the sympo-
sium.
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Dr. Astin, who hails from Salt Lake City, did his undergraduate work
in physics at the University of Utah and holds graduate degrees in the
same discipline from New York University. His researches have involved
dielectrics, optics, electronic instrumentation, including radio tele-
metering, and meteorological applications of these disciplines. He is a
member of the National Academy of Sciences. He served in the European
Theater of Operations during World War II where he was liaison between
the U.S. and U.K. Armed Forces on the application of proximity fuses.

He has been with the National Bureau of Standards since 1932. He was
appointed Associate Director of the Bureau in 1950 with responsibility
for coordinating the Bureau's operations with those of other departmental
agencies. Dr., Astin has been Director of the National Bureau of Standards
since 1952. Among other things during this period he has had the oppor-
tunity to plan and direct the moving of the National Bureau of Standards
from its Washington location to Gaithersburg, Maryland. These experiences
I think fit him admirably for the Chairmanship of the Federal Council's
Committee on Federal Laboratories, and it is in that capacity that he
speaks to us now. Dr. Astin. :

INTRODUCTORY REMARKS

DR, ALLEN V. ASTIN: Thank you very much, George.

It is my privilege to give a few credits for the development of the
symposium. The idea really stems from a subcommittee of the Committee
on Federal Laboratories, chaired by Dr. Burroughs Mider, then of the
National Institutes of Health, now of the Nationmal Library of Medicine.
This subcommittee was studying the problem of education and the Federal
laboratories and their activities led to the report by that name. In the
development of the report a great amount of the effort was derived from
visits to 75 Federal laboratories under a task group headed by Mr. Walter
Kyser of the U.S. Geological Survey. The specific suggestion for a
symposium was endorsed by the Federal Council for Science and Technology
when it considered the Committee's report and accepted it. Dr. Hornig
also suggested that in developing a symposium we should enlist the
cooperation and interest of the universities through the American Council
on Education. Dr. Logan Wilson of the ACE designated Drs. John Morse and
. Lawrence Pettit to work with the Committee on Federal Laboratories in
developing the plans for the symposium. We also had the active and
valuable contribution of Mr. Leslie Williams representing the American
Society for Engineering Education and Mr. Christian Arnold of theNational
Association of State Universities and Land-Grant Colleges.

The actual development of the plans for the symposium was carried
out under three committees: a Program Committee, chaired by Dr. Irving,
developed the ideas for the specific topics to be discussed and the
selection of the speakers; participants in the symposium were selected
by a Committee on Invitations headed by Ed Glass, Department of Defense;
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and local arrangements were handled by an Arrangements Committee headed
by George Auman of the National Bureau of Standards. We are, of course,
deeply indebted to Secretary Ripley for the use of these fine facilities
for our meeting and for being host to us at a reception this evening.

Finally, I would like to extend my thanks to all of you for your
willingness and interest in participating in this symposium. We are
interested in much more than just an exchange of ideas here. We hope
that this symposium will lead to activities and action programs which
will really strengthen the cooperative relations between universities and
laboratories for their mutual advantage and for the Nation's benefit.

We are interested in appraising this symposium. We hope to do this
in two ways. In each of your kits is a brief questionnaire in which we
would like to have you express your views of the symposium after its
conclusion. You can either complete the questionnaire here or take it
with you to your residences and mail it to us in the envelope provided.
We hope that you will return this questionnaire within a week following
the conclusion of the symposium. In addition, it is our present plan to
have an evaluation of what happens as a result of this symposium perhaps
a year or so from now, so that, if our present plans are carried out,
each of you will be queried later, in an effort to find out if anything
useful actually resulted as a consequence of our being here this week.

Again, let me thank all of you for your willingness to participate.
I am confident that, working together, we can come up with some useful
ideas and activities for better cooperative relations. Thank you all
very mich.

DR. IRVING: Thank you, Dr. Astin.

Our first program speaker is Dr. Donald F. Hornig who was born in
Milwaukee, Wisconsin, but left soon thereafter to go to Harvard where he
received his degrees in chemistry. He served on the faculties of Brown
University, of Metcalf Research Laboratory, and of Princeton University,
where he became Chairman of the Department of Chemistry in 1958. His
research fields include molecular and crystal structure, infrared and
Raman Spectra, shock and detonation waves, and fast chemical reactions
at high temperatures. He is a member of the National Academy. He was
appointed and confirmed by the Congress as Special Assistant to President
Johnson for Science and Technology in 1964. He serves as Chairman of the
President's Science Advisory Committee and is Chairman of the Federal
Council for Science and Technology in which capacity he now addresses us
on the Federal viewpoint concerning Education and Federal Laboratory-
University Relationships. Dr. Hornig.




THE FEDERAL VIEWPOINT

DR, DONALD F. HORNIG: Thank you very much.

On behalf of the Council for Science and Technology I would like to
welcome all of you here to this symposium. It is a pleasure for me to
see how many people have come from long distances as well as from the
Washington area to attend this symposium. It is always my feeling that
rather than lofty generalities it is well to get the people who know
something about the subject together to discuss the need of it. For that
reason, I'm going to be relatively brief this morning and help you catch
up on the schedule.

I have been away from Washington and so the only title that was given
to me was "The Federal Viewpoint." It was very helpful in the introduc-
tion to learn the Federal view about what, because this is the question I
had asked myself. No matter what the Federal view was about, I was faced
immediately with a very difficult problem, because when there are a dozen
or more Federal agencies involved in the prosecution of science and about
twice that many congressional committees, it takes a considerable degree
of clairvoyance and powers of synthesis to present anything that could be
called "The Federal Viewpoint," if there is one. Perhaps we should call
it "The Federal Viewpoint As I See It." The thing that cheered me up
though on looking at the program was the temerity of Dr. Long who will
follow me, because if there is a problem in presenting something called
the Federal viewpoint, the problem in presenting the university viewpoint
certainly surpasses it.

I hope I don't find myself too much in the position of the speaker
at a ladies' luncheon meeting who when asked what the subject of her
address was, said, '"Well she didn't really know, but something interesting
usually turned up while she talked." '

More seriously, I think the question of the position of the Federal
Government in everything scientific is now important because the Federal
view of the laboratories, the universities, and science in general can
and will play a decisive role in the way that science is utilized in the
service of the Nation. It is going to play surely a decisive role in the
directions of the development of science and in the health of universities.
This of course follows basically from fiscal considerations.

The Federal Government spends about one and one-half billion dollars
in support of the conduct of research in universities. This is the
research that is an integral part of the advanced education of future
scientists and is the principal source of the new knowledge on which the
future of all our activities depends.

On top of those two, it spends about three and one-half billion

dollars in Federal laboratories--defense laboratories, atomic energy
laboratories, the health laboratories, agricultural laboratories, space
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and aeronautical laboratories, and so on, and, finally, a few basic sci-
ence laboratories which house major national facilities such as telescopes
and accelerators. Now I don't want to quibble as to just where "Federal
laboratories" stops. We have a variety of administrative arrangements
for the operation of laboratories under contract with which you are all
familiar. The actions of the Federal Government will this year and in
the years to come determine the health of the whole system. Not just by
how much it spends--there is a certain preoccupation with that question
nowadays for good reasons--but just as much by how it spends it and in
what way. '

This whole situation, in which the Federal Government funds three-
fourths of all the research and development, means that the Government
plays a preponderant role in the support of graduate education. 1In
addition, something like half of all the graduate students in the sci-
ences are supported by Federal funds either on fellowships, traineeships
or as research assistants. Most of this has come to pass in the last
two decades, although there has been a century of support and involve-
ment of the universities in agricultural research. It has been a heady
period for the sciences.

Largely as a consequence of the spectacular achievements by scien-
tists, including the so-called pure scientists during World War II and
the revolutionary contributions they made, there was a new sense after
the War of what science meant, not only to the military but in its
potential for the development of the country. In the period immediately
after World War II the rapid growth of the various institutes in the NIH
and the atomic energy laboratories went forward. In the two decades
since then the support of research and development grew at a dizzy pace,
doubling every five years or so, and a generation grew up thinking that
that was the normal way of life. This period of what I call heady growth,
culminated, of course, in the great adventure in space, which is still
continuing.,.

I don't think there can be much question that the country profited
by this investment, and I think it should be called an investment rather
than an expenditure in many ways. We have, as you all know, the most
productive agriculture in the world. Our military establishment has
gone through not one but three revolutions even since the war: the thermo-
nuclear revolution, the missiles revolution, and the electronics solid
state revolution-~that includes computers. And it has stayed on top of
this wildly changing situation. We have moved from having the atomic
energy just a very potent weapon but from practically zero base to where
the United States is now developing a commercial nuclear power industry
which is second to none in the world, in fact that dominates the world"
scene.

~ I don't need to recount to you the enormous advances in medical
research. This has been a period in which we have had what I suppose you
might call the DNA revolution. At any rate there have certainly been
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enormous advances in our fundamental understanding of the life process
and there is enormous promise now of new approaches to the conquest of
disease.

I stress the fact that there has been a tremendous amount achieved
across the whole spectrum because in some ways I think that this exuber-
ant period is over, and I'm afraid that most of you know that only too
well. The immediate reason, of course, is the enormous pressure on the
Federal budget which is not confined at all to science. I think you are
all aware of the Expenditure Control Act cf 1968 which compels the Pres-
ident to cut the expenditures this year by six billion dollars from the
amount submitted in his budget. We all know the pressures that have
forced this retrenchment. The whole question of R&D expenditures is
being reviewed within the executive departments and the Congress and is
being rethought by the public. The kinds of questions being asked, of
course, concern the objectives of research and development programs and
the budgetary contexts. There are questions asked about the urgency and
the immediacy and the degree to which, no matter how good they are, they
might be postponed just a little bit. A new kind of question is being
asked about the costs and harder questions as to whether what we expect

to get from research and development justifies the very large investments.

Increasingly questions are being asked about the organization of science
and the extent to which there is or is not a need to coordinate a plan
for the future. We've got to face these questions seriously because they
are addressed to us as serious questions. Everyone of you has strong
views of his own about all of them. The problem is to convey those views
in coherent fashion over and over and over again to all the non-scientific
people who will listen. 1In the first place we have to recognize that--as
a result of the rapid pace of growth--we did grow in an ad hoc way over
these two decades. In succession we put together a magnificent medical
program, a magnificent atomic energy program, an enormous expansion in
the programs of the military services, and a space program which leads.
the world. Each of these was essentially ad hoc. We invented a uniquely
successful system of support of graduate education and support of the.
universities in this country. As problems turned up, we invented solu-
tions. ONR invented a kind of research contract in the late 1940's that
got rid of the notion that a research contract had to be the purchase of
services from a university. But there are some problems for which we
have not invented suitable answers. For example, if you want to build a
building and you are in a university, the nature of the application and
the form you have to f£ill out is widely different for a variety of differ-
ent agencies. To deal with problems like this we undoubtedly are going
to have to somewhat rationalize the Federal science system. Of course,
at this point I can make all sorts of observations about what is going to
have to be done because it's going to be the responsibility of my succes-
sor to actually do something about it. a :

Nevertheless, on the whole we have done extremely well., I've had an
opportunity to discuss the development of American science both in the

universities and in the Federal Government. For example, in the OECD--
that's the Organization for Economic Cooperation and Development--there
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have been two meetings with so-called Ministers of Science, in which these
problems were discussed. And what comes through, of course, clear as
crystal, is that we have become, as a result of our achievements, a model
to the entire world. Not just in respect to the magnitude of what we do,
but in the vitality and success of the enterprise. That showed up even
more so in the OECD review of science policy which has been published--
the so-called confrontation where the rest of the OECD members examined
how we did things in the United States. And then, after sending some
examiners around to follow up the review with personal discussions, many
of the organizations subjected me and a number of my colleagues, some of
whom are here, to an examination which brought me back to the days of my
Ph.D, oral, What shows through all these discussions is that to the rest
of the world this period in the United States has been a model.

I've just come back from Australia and over the weekend was in Canada
discussing their problems with the Science Advisor to the Prime Minister.
The same fact keeps on coming through: we have had a uniquely successful
experience from which they would like to derive maximum benefit.

Well, what are some of the elements of our success? This period of
American history has been marked, of course, by enormous vitality of our
scientific enterprise at all levels. It has been a period of high
creativity, high ingenuity and an enormous amount of enterprise, and

this, of course, is quite central. We've achieved, perhaps as the result

of the ad hoc way we went about it, a high degree of flexibility as
compared to any other country I know of in the world. One of the things
that is noted everywhere in Europe, for example, is the relatively free
movement of people between Government laboratories, Government posts,
industry and the universities. This, is a pattern which is really unique
and a source of considerable strength. Universities are probably the
most rigid element in our whole structure, and the least prone to innova-
tion. I say this advisedly as a university man. Nevertheless American
universities show up very strongly in the world on this score in terms of
interdisciplinary programs of all sorts and in terms of flexible internal
administrative arrangements by which auxiliary research institutes have
been assimilated into the fabric of the universities in many places, in a
whole variety of ways. Despite my rude comments, which I hope won't be
taken amiss, the American university system is incomparably more flexible
than any other I know of.

How does all this relate to this conference? I think there are two
problems. One is that expenditures on all of research and development
this year will be level or, altogether, possibly two or three percent
down from last year and, of course, including inflation this is a little
bit more so. Some agencies and some parts of programs have had to cut
their expenditures much more than that. So what one sees in the country,
although the average may be down only a few percent, is a number of very
real problems. On that score I must say that at the moment the prospects
for Fiscal 1970 which begins in July 1969 don't look particularly better
than for this year.
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Quite aside from the problem of funds, there is a very large problem
of how to use money better and how to improve our whole conduct of sci-
ence. I think we are all aware that for any given expenditure of funds
individuals vary over a range from zero to infinity in what comes out.
As we look at many organizations there is a range of productivity among
organizations that far exceeds the five or ten or fifteen percent that
we are talking about in budgetary terms. It would be totally wrong to
ignore the fact that if we could somehow make a large part of our total
industrial-university-Federal laboratory system perform as well as its
best parts, this would, in its effect on the American scientific and
technological enterprise, be much larger than the budgetary stringencies
that we're talking about.

How we utilize the universities and the Government laboratories for
their mutual benefit, and what the patterns might be which would
strengthen the qualitative performance of our whole scientific system,
are important issues. We know that from the standpoint of the labora-
tories there is an importance to the freshness that comes when either
people come into the laboratories with new points of view and different
experiences or when their own people go out and join temporarily or for
a while other organizations. We know that any good laboratory has or
should have a constant preoccupation with the problem of retraining and
strengthening its personnel through a variety of kinds of educational
programs, which may or may not involve the universities. We know that
from the standpoint of the universities, facilities available in the
Federal laboratories may be very important to faculty members and stu-
dents. We know that universities have a laboratory where things aren't
highly problem oriented, and going to a laboratory where things are done
from a different point of view has something intellectually to contribute
to university people. In short there are different kinds of problems
which can and should be mutually strengthening and stimulating. There
are lots of problems in arranging for joint work and that will be one of
the subjects of this week.

Sometimes there is a tendency to feel that a Government laboratory
should be a university just like that. It can't. Universities in turn
have very firm notions as to the ways in which it's possible to carry out
programs and I'm sure there is more flexibility than is usually -conceded.

But we don't have to approach this de novo. In fact, there is
present in this room a wide variety of ideas and experiences. The idea
of cooperative efforts between Government laboratories and universities
is not a brand new one. Lots of such arrangements and a variety of kinds
exist. What is important to me about this symposium is that there are
two ways to approach this problem. One could go on from the very fine
work of the Federal Council Committee which is responsible for this sym-
posium to drawing up and putting together a commission or something to
draw up a master view as viewed from the top. The other approach is to
get together the people who have the ideas, who have the practical experi-
ence, who have encountered some of the difficulties and have solved some
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~evolution of this problem and I wish you well. Thank you.
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of them. Persons who at the very minimum can exchange views on what the
difficulties have been and what the successes are and how they might be
extended, and at the very best, to go beyond comparing notes to really
doing something further in organizations of all kinds. I myself don't
see how this symposium can help but be an important contribution to the

DR. IRVING: Thank you Dr. Hornig. We appreciate, at the outset, the

picture you have given us. I think it's a very fitting and appropriate
start for the subject matter of this symposium to get a view of what !
we're up against now and what we are likely to be up against in the near i
future with respect to the support of science and technology in governe *
ment. Before we have discussion, I think it would be best to wait until :
all three of the morning's speakers have been heard from, and then to i
entertain your questions and comments.,
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We will proceed next to Dr. Franklin A. Long who did his undergrade
uate work and Master's work at the University of Montana. He received
his doctorate in physical chemistry from the University of California at
Berkeley. He later taught at the same institution. His researches and
international activities emphasize reaction kinetics and nuclear chemise
try and he worked during World War II on propellants and jet propulsion
devices. He participated as a member of the Harriman mission to Moscow
which successfully negotiated the Nuclear Test Ban Treaty. He is a meme
ber of the National Academy of Sciences and from 1964 to 1967 was Chair-
man of the Division of Chemistry and Chemical Technology of the National
Research Council. He was a member of the President's Science Advisory
Committee. He became a member of Cornell's faculty in 1937 and was
Chairman of the Chemistry Department 1950 to 1960. Since then and now
he is Vice President for Research and Advanced Studies at Cornell.

Dr. Long speaks to us on the University Viewpoint with respect to Educa-
tion and Federal LaboratoryeUniversity Relationships.

s e M a BT T Rt M

THE UNIVERSITY VIEWPOINT

DR. FRANKLIN A. IONG (Cornell University): Thank you Mr. Irving.

In response to Don Hornig's point about the temerity of the title 4
I recall that the Russian language apparently doesn't have articles. i
You don't get into these confusions. If you would read my title as :
"A University Viewpoint" you'd probably be a little bit closer. As a
matter of fact, my own working title was a little different, it was
"Interactions Between Universities and Federal Laboratories." And if I
wanted to give you a one-sentence summary of what I want to say, it is
this: There are now some interactions between universities and Federal
laboratories; there ought to be more interactions, but in order to get
more interactions you have to work at it. This is what I shall try to
say at some length.
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I was recently sent a bulletin showing the very extensive self-
study that the Federal laboratories have done for themselves. The facts
are that universities are in a self-studying mood these days, too. You
only have to read the newspapers to know that all is not precisely well
with the American university system. And if that's not enough I'll
mention Columbia and Berkeley. Fortunately a number of universities are
asking themselves why, and are really studying the whole problem of how
they relate to the world. Certainly one component has been how do they
relate to the outside communities, and especially how do they relate to
the big groups of professionally trained people such as are in the Federal
laboratories? What I want to do is talk a little bit about the charac-
teristics of universities in the first place, and secondly to make a few
comments about both opportunities and perhaps problems about increased
interactions. It will be pretty personal. My model implicitly will be
Cornell University. I notice a number of very experienced and eminent
academic colleagues in the audience. I'm sure if I misstate the case
they'1ll be only too ready to correct me.

When I use the word university, I am explicitly thinking of the
large, "~ -mplex United States university of 10,000 or more students; the
kind that is sometimes given this rather horrid title, the multiversity.
I say that because it is true, what Dr. Hornig said, that American uni-
versities are a good deal different from the universities around the
world. Those differences and the particular characteristics of American
universities are important, I think, to this discussion. It is typical
of American universities that they are involved in both undergraduate
and graduate teaching. It is also very characteristic of the American
university that it covers an exceedingly wide spectrum of subject
material extending from the humanistic studies through the hard sciences,
the applied sciences, into the professional schools, and so on. Organi-
zationally, their particular character is the large multi-professor
department assigned almost total responsibility for the teaching and
research of a large chunk of knowledge such as physics, chemistry, com-
puter sciences, and the like. This is a characteristic that has some
problems. It is also interesting that in recent years new mechanisms
have been springing up in universities to try to handle better the inter-
disciplinary problems that are becoming so important, so that there has
been a quite remarkable proliferation of centers, institutes, and other
things that permit better handling of interdisciplinary problems. I'm
not saying good handling, merely better handling.

Another characteristic of the American universities, which I think
is important to this discussion, is the degree to which they have become
outwardly oriented and the degree to which their focus is out into the
world broadly. Put another way, the ivory tower concept really is quite
inappropriate. Some of this outward orientation of universities comes
to them in almost an automatic fashion by virtue of the fact that there
is a steady flow of new students through them, and students bring new
ideas and new interests and new thoughts. Any university benefits by
this turnover of new young people. But, in fact, it goes well beyond
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this. Everybody in this room is conscious of the concept of the peripa-
tetic professor who is testifying to a Congressional Committee or serv-
ing on Federal advisory committees or beating the hustings for Senator
McCarthy or whatever. And I have to confess that university administra-
tors are not much more stay-at-home either. So that this outward
orientation which is a very important characteristic of the Amerlcan
unlverSLty is, I think, important to this discussion.

Now as to what universities take as their responsibilities, that,
too, has had a lot of discussion in recent years. My own university
president, James Perkins, has been very eloquent in discussing this, and
he has repeated with great clarity and detailed analysis the fact that
one can say that the university has really commitments in three areas--
in education, in research, and in public service. The problem in the
university, one can almost say, is how do you allocate resources among
these three? It may very well be that it is the ability to handle that
problem that distinguishes the very best universities from the not quite
very best.

As to what the first priority is for universities, I don't think
there is really any doubt. It is and must continue to be education. I
am myself persuaded that education in universities is good. Not perfect,
by a long, long ways, but it is good. It is a lot better than it was
10 years ago or 20 years ago or 50 years ago. And I must say that some
of the influx of money and equipment in new buildings that Don Hornig
was talking about has had a great deal to do with it. Graduate work in
the United States might even, on the average, merit the categorization,
excellent. Where there are defects-~and there are lots of defects in
the university educational system~-my own belief is that they are not so
much in the mechanics of the system as they are in the rather more sub-
tle, philosophical questions of relevance and goals. What are the rele-
vance of some of the programs to the needs of youth? And so on. But
even though I don't believe we do awfully well in them, I think education
at the undergraduate and graduate levels is good. The new thing, of
course, is postdoctoral education. It has been a very rapidly growing
component of the university. It is especially to be found in the sci-
ences and engineering, and the fact that it has grown so rapidly in
these, attests, among other things, to student interest in it. And it
is a continuing component.

\

The place where universities do least well, and that ought to be of
importance to these discussions, is in the further training of already
committed and trained scholars~-the retreading, if you want. The phrase
that is sometimes used is '"continuing education."” I myself, with my own
university in mind perhaps, have a feeling that here is an area which
ought to be of great interest to the Federal laboratories, where univer-
sities should play a significant role and in which the universities don't
do as well as they should. In fact we need some help in knowing better
what we ought to be doing.
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The second of these three things that the university takes on as
obligations is research. It is a fact that universities in the United
States are really deeply involved in research, and that has become an
important characteristic in this post-war period. I think the coupling
between research and graduate education is now very fully established
and that it's both right and proper. I think the commitment of univer-
sities to research is a strong plus and something that has benefited
their educational programs very substantially. That's not to say there
aren't some troubles, because of course there are. One is: How much is
enough? It is a fact that the boundary line between enough research to
do a good job in graduate education and "empire building" that leads to
excessive research is a somewhat fuzzy one, and university groups on
occasion fall over it on the wrong side. I won't say what is the wrong
side. I think myself a far more important comment is that universities
on the whole don't do as well in applied research as they do in basic
research. Well, one might say, "Isn't that inherent in the beast? That
basic research is sort of the development of new knowledge kind of thing?"
That would be all very well if it weren't that universities do have
colleges of engineering, colleges of agriculture and so on. These places
really do need applied research and the teaching mechanism. The fact
that, in my judgment, we do rather less well in applied research is
important.

It follows, of course, that we do particularly badly as a group, in
my personal opinion, when it comes to applied research which verges on
development. While it's true that a Stark Draper can run this magnifi-
cent Guidance Laboratory at MIT and do great things in development, I
really think that is the exception, not the rule.

This leads into the third category, that of public service. It is
perfectly obvious that if you have a group of people developing new
knowledge, concerned with new knowledge and with the ways of the world,
as our universities are, that they will be interested in public service.
On the other hand, I think given the character of the universities and
their structure, one can strongly suspect that there are very real and
very serious limits to where in the public service area universities can
be effective. My own feeling is that they are at their best when they
are playing an advisory role and in efforts where the comparative objec-
tivity of the university people is involved; and are probably at their
worst in program management.

I've noted primarily the pluses and minuses of American universities
and it is, I think, quite interesting to see how extensively the things
that I have been saying indicate that Federal laboratories and universi-
ties complement each other. I think it is a fact that a number of the
things that universities do rather badly are things that Federal labora-
tories (using that term, incidentally, in the very broad sense that Don
Hornig did) do well. I think that the large mission~oriented laboratory
with quite explicit commitment to a given field really is particularly
effective in developing applied research and then going beyond that into
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the development and even management of programs, particularly programs
with a large technological content. I do think that the fact that the
big Federal laboratories are good at things at which universities are
not so good means that there ought to be a role for synergistic cooper-
ation. And this is what the whole meeting is about, or at least I pre-

sume and trust it is.

. There is another slightly different way in which I think these two

i groups, the universities and the large Federal laboratories, can and
should complement each other, and this is in their coupling to the out-
side world. I mentioned that the American universities are substantially

.~ outwardly oriented. You see the danger in that. The danger is that we

will get too outwardly oriented, that we don't take care of our first
priority job, that of education. I personally am inclined to suspect,
and I will be interested to hear about this later, that the danger in ‘
the large Federal laboratory may just possibly be the opposite. It may §
be that under the pressure of mission-oriented goals, of commitments to
action programs--perhaps under the constraints of tight budgets--that
there is a tendency for such laboratories to fucus very intensively on
the program at hand without perhaps enough attention to the outside
world of new ideas. The lack of an automatic procedure for an influx of
new people that the universities have, may also contribute. So I would
like to think that this too is an area in which universities and Federal
laboratories might complement each other. © 3

Given these generalities let me turn to the very specific questions . i
of what can the universities do for the Federal laboratories and, ?
reciprocally, what the Federal laboratories can do for the universities. N

The better way to put it of course is, what are the types of interactions 3
which can honestly be expected to be mutually beneficial? E

I'11 be very brief on how universities might be able to help Federal
laboratories. I'm not an expert on this and I will only comment very .
1 generally that I would like to think that the help might appear in the

fields of education, in the fields of contribution of basic research, and 13
especially in collaborative programs of applied research. Educationally, B
- of course, there has always been some use by Federal laboratories of
universities for formal training of their young people, and that is fine. “
It ought to go on and I'm sure it will. I myself think the more interest- y
ing area will be for the universities to do more in the area of continu- .
ing education. I hope that that might be an area where we ought to be |
and can be useful. Similarly, the universities ought to play a role as a
particularly interesting outside group for the Federal laboratories to L
associate with to enhance the flow of new ideas and new people.

In research I can't help but assume that research people with
common interests will in fact get together. They always seem to and I |
expect they always will. I don't feel that this is a matter of great /
concern. It is becoming now quite commonplace to find that some prize
or another, in the latest instance the Nobel Prize, will be awarded
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jointly to a couple of people--one from a Federal laboratory and one
from a university. This clearly indicates that they are interacting at
a basic research level.

In the public service area the Federal laboratories can, I would
like to believe, benefit by some of the innovative ideas of university
professors and not have to accept the ones that they don't like. It
seems to me that university people might, from the Federal laboratory
standpoint, be considered a sort of resource available to help out on .
applied and mission~oriented programs when they show up.

Well, clearly the theme of this is that there are things that I
personally believe universities might do to help the Federal labora-
tories. I feel much more comfortable talking the other half of it;
namely, how can the Federal laboratories help the universities? This
isn't that I think it is a one-way street, it's just that this is where
I know more. So you will pardon me if I now shift over to: How can the
Federal laboratories be of assistance to the universities?

e b il g

I support as a fact that coupling and interaction will be strongest
in the areas of science; of basic science, applied science and perhaps
the professional schools. So it's that category of the universities
that I suspect I'm talking about. One thing that the Federal labora-
tories can supply, which from the university standpoint will be of the
greatest importance, is a better coupling of the applied teaching and !
research programs within universities to the world of real applications ;
and real development. Almost without exception the people in universi-
ties in these areas complain that their students don't see enough of
real problems, of applied things as they are being done in 1968, that
too often we are a few years behind the procession. There is a very
; strong interest in such groups, certainly at Cornell, in mechanisms to
1 couple to real world programs of applied research and development as
' part of the educational process especially. Now it's clear that some
of this coupling should be with industry but I think equally some of it
ought to be with Federal laboratories. I really think this is an area
where Federal laboratories could be a very great help to universities.

Don Hornig mentioned another area perhaps better established,
although I don't believe we've done as much in it as we should, and that
is the area of utilization by university people, particularly students, -
of special facilities that the Federal laboratories have. As someone ;
who has been involved for many years with the Brookhaven Laboratory I ;:
am especially conscious of the utilization by university peopli of such !
special facilities as the accelerators and the high-flux neutron source 3
and so on, but there are many other things in the AEC program--reactors
- at Oak Ridge and Argonne for example. And by the way it is my impres-
1 ‘ sion that the AEC laboratories have done rather well at programs with
] universities whereby university people use these facilities. I am not
1 so conscious of how well some of the other laboratories with magnificent
1 facilities, such as lLangley with wind tunnels and shock tubes and the
NASA laboratories at Huntsville and Houston with their space research
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facilities, have done. These are magnificent facilities, and methods to
make them available to interested university groups, especially students,
is surely an interesting area.

The other area that we have mentioned which I think is of great
importance--and it is really important.in both directions~-is to have a
good deal more interchange of people from Federal laboratories into
universities and from universities into Federal laboratories. I can't
help but think that in all of these things that will be a great help.

This sounds like a lot of things we might do. I think an important
thing to say is I don't really think doing these things is all that easy.
The Federal laboratories have a set of goals and programs, and this is
clearly their first priority. Equally, the universities have got some
first priority things in research and education, especially education.

So the problem is: How are you going to get adequate communication,
information exchange, and especially people exchange between groups which
have their own programs? I'm sure the answer is that you can only do it
if people work at it. I was deeply impressed by what Mr. Ripley had to
say about what the Smithsonian has recently been doing. It illustrates
that if you put your back to it you can do a very great deal. I don't
think that there is any doubt incidentally but that the key mechanism is
the people~to-people mechanism; something that is pretty much at the
operating level. I think we do have some mechanisms in the professional
meetings, the continuing education programs, the joint research effort
which can go on and be expanded. On the other hand, I do think, somewhat
in line with what Mr. Ripley said, that we probably need somewhat more
formal mechanism for communication exchange. I would like to suggest
that this ought to be a special responsibility of the Federal laboratory.
I don't say this because I think that their need is any greater or I
don't put my finger on them because I think that they're obviously more
qualified in terms of people and interest. It is rather that, looked at
from the standpoint of the university, Federal laboratories have sub-
stantially tighter and more efficient organizational structures. It is
a characteristic of the American universities that they are pretty dif-
fuse and decentralized organizationally. That kind of organization is
not the best, I believe, for supporting continuing programs in a good
way. I think organizationally the Federal laboratories may be in a
position to be more effective.

Now, I have a few other comments to make. It's often said that
Federal laboratories ought to have more graduate students in them. Well,
you know, it's easy to sign on to that kind of statement. I want to
caution that I don't think there's going to be an enormous growth in
graduate students in Federal laboratories. I think there are a lot of
pressures, some of them legitimate and some of them possibly not, which
lead university professors mostly to keep their graduate students at
home. They have to do with the intermingling of formal courses with
research, the importance of seminar programs, the importance of the .
training you get from informal group discussion with large numbers of
your colleagues, the breadth of subjects available in universities, and
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so on. For all of these reasons I believe that graduate students will
come to Federal laboratories primarily for special facilities and not in
very large numbers otherwise.

The situation, I think, for postdoctors is very different. I think
that greatly increased postdoctoral education in Federal laboratories
is obviously appropriate and almost surely desirable. It is a way in
which new young people with new ideas can come into a Federal laboratory
almost automatically. They have facilities and people that make it
appropriate for university-fresh Ph.D's to come in and get further train-
ing, and I do think that merits very great support.

I don't think I want to spend any more time, except very briefly,
on other kinds of programs. I will note in passing that I've been
greatly impressed at the effectiveness of the Brookhaven facility and it
does seem to me that not only do the university people benefit, but I'm
pursuaded that so does Brookhaven. I think other laboratories might take
a lock at that.

The final thing I want to comment on is consideration of more phys-
ical transferring of units of Federal laboratories to or very near to
university campuses. I think this has had a lot of interesting results
and I think it might merit fairly serious exploration for more programs.
The great example of this, of course, that one's mind instantly turns to
is the JILA program between the National Bureau of Standards and the
University of Colorado at Boulder. From the standpoint of a visitor, or
perhaps from somebody who has been intellectually seduced by Lew Brans-
comb, this looks like a great program and one that might very well serve
as a model for many more. I became conscious of the poteinitial with a
rather interesting program buried in the middle of the Cornell campus
called the Federal Nutrition Laboratory. It contributes facilities for
Cornell people to use and contributes teachers to Cornell programs. As
a kind of a footnote, some of you will know that a Cornellian, Bob Holly,
got a share of a Nobel Prize a few weeks ago. And the facts are that the
actual work for which Holly got this Nobel Prize was mostly done in the
Federal Nutrition Laboratory at Cornell. It's been a great plus io us.
We've looked at other arrangements of this sort, with Naval Research
Laboratory, for example, and I really think that needs more serious
exploration.

If I were to summarize these remarks, I would say that I am per-
suaded, there are a great many possibilities for increased programs. I
do think that you don't get them automatically. You have to have work
and effort that can best be carried out I believe, at the working level.
I think that's where the initiation ought to be. But the laboratories'
administrations can play an important role. They ought to. I think that
more openness and receptivity for the JILA-type program might be a very
good thing. '

I'm sorry that Don Hornig has left because if I wanted to make a
final comment as to what would make all of this go better, I would carry
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you back to the time when we had an eminent English chemist come to
Cornell to give an eminent set of lectures called the Baker Lectures.
There was a reception for him and the Dean's wife was a rather gushing
woman and she cornered this man whose name was Ingold and she said,
"Professor Ingold, how nice of you to come to Cornell and give lectures
to these Cornell students." And Ingold nodded his head and she said,
"Doesn't it please you to feel that you are coming from a different coun-
try, to spread a different area of civilization to these students?' And
another nod. "And weren't these thoughts of being a missionary for
intellectual activities and contributing your bit to these interchanges
of people and ideas-~wasn't that important to you?" And Ingold nodded
his head again and said, 'Yes, and also, of course, there was the money."

DR. IRVING: Thank you very much, Dr. Long. I hope in the sessions that
follow, that we will grapple with a number of the suggestions that you
have made for assisting Federal laboratories in helping universities, -and
universities in helping Federal laboratories--the opportunities, the
problems, and perhaps the resolution of some of these problems. We thank
you for this overview of the problem in general.

I can't overlook the opportunity Dr. Long has given me when he men-
tioned the Federal Nutrition Laboratory on his campus. It is, if you'll
pardon my saying it, a U. S. Department of Agriculture laboratory.

The final paper on the morning program is to be presented by
Dr. Charles V. Kidd, a Princetonian who also holds a doctorate from
Harvard. He has served and has been honored in government and science
and technology in a wide variety of posts, including such as Chief of the
Office of Research Planning at NIH and later Associate Director of the
National Institutes of Health for International Affairs. He serves as
consultant to international organizations, to universities, to private
industry, and to private organizations. Dr. Kidd has devoted himself
most intensely to science policy. He is the author of a book, as many of
us know, "American Universities and Federal Research." He is currently
Executive Secretary of the Federal Council for Science and Technology,
from which point of vantage he is well qualified to give us an overall
view of the different patterns and problems of the several agencies of
government concerning their educational activities and university rela-
tions. Dr. Kidd.

PATTERNS AND PROBLEMS

DR. CHARLES V. KIDD (Executive Secretary, FCST): Thank you, George.
Following Dillon Ripley and Don Hornig and Frank Long on this sub-
ject reminds me of an incident in Jean Kerr's household. She had a small

daughter who was selected to take part in a school play at a progressive
school. They wanted to teach these children their religious and cultural
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heritage, so they had a play on the Garden of Eden. The little girl was
extremely pleased that she was chosen to play the leading role of Eve.
Things went well until she got back from school that evening when the
play went off. She came back crying bitter tears. Her mother was sur-
prised and asked her what went wrong. She said, '"The snake had all the
lines.”" So I don't know how many lines are left on this subject.

But I'11l run through some things that seem to me to be relevant and
just state for discussion the proposition that there are forces at work
that are going to extend collaboration between the Federal laboratories
and universities regardless of one's general philosophical position on
the question. The first is one that Dr. Hornig mentioned. That is,
rapid increases in budgets are probably not going to be resumed in the
forseeable future. Unit costs are probably going to go up~--both the
Federal investment in academic research and the investment in labora-
tories in all probability. That means that Congress, I would guess, is
going to take a greater interest,in the efficiency with which this large
block of resources is used. Don mentioned the expenditure of $3% billion
annually in the Federal laboratories and about $1.5 for academic re-
search. These figures aren't precise, but they are precise enough to
indicate a continuing, and, I would guess, an increasing degree of Con-
gressional oversight on just how effectively all these resources are’
used. We can only hope that this oversight would be undertaken percep-
tively and intelligently. There's going to be more big science. It will
extend over more fields, encompassing the biological and social sciences.
Much of the big science will not be particularly well suited to the
university environment, because it is large scale and it must be admin-
istered in an organized way. The more big science there is in non-
university settings, the more the universities will have to be linked to
the non-university laboratories.

Another fact that seems to me -to be relevant is that we will be
paying greater attention to large scale research on urgent social prob-~
lems. I would guess these are going to require new organizational forms
and new relationships between universities, Federal laboratories and the
contract laboratories. This has been true in the past as we increased
expenditures rapidly in such fields as defense, space, atomic energy
and agriculture. As we go into more extensive research on these emerging
problems, it seems to me evident that a lot of the research will be of
the same character; that is, large scale and not particularly well suited
to the university environment. Much of the research on housing, educa-
tion, transportation, pollution will be large, organized, and interwoven
with operating programs in a way that would not make them fit particu-
larly well into the university environment. 1In this connection it does
seem to me that we should define Federal laboratory fairly broadly. That

is, some cities are going to be laboratories and some school systems are

essentially going to be laboratories. And some undertaking in the re-
gional medical programs and the rest of the new initiatives in the health
field are essentially large scale social experiments which will certainly
need university-Federal laboratory collaboration. Conversely, as Frank
said, the emergence of these critical and urgent problems is going to
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force the universities to continue to adapt and change as they have in
the past; to arrive at a moving equilibrium between this difficult prob-
lem of involvement and relevance to the problems of society, and the
maintenance of an adequate degree of detachment on the other.

On the academic side, the problem of maintaining high quality grad-
uate education in the sciences will put the universities under pressure
not only from the budgetary point of view. The number of graduate stu-
dents is going to increase and postdoctoral education is going to in-
crease. This seems to be a prediction that isn't particularly chancy to
make. Unless there is a radical change of the trends over the last 50
to 80 years the number of Ph.D's produced will continue to double about
every ten years, and a period of doubling every seven years, such as
we've experienced in the past, isn't at all unlikely. I would imagine
that the universities are going to have to muster appropriately all the
forces that they can command including those of Federal and contract
laboratories, to deal with the steady pressure of rising enrollment.

Now, it is certainly a subject for discussion as to how much of
this is appropriate; under what auspices and for what specific segments
of graduate work the Federal facilities are relevant and usable. That
will be a topic of discussion later. The effect of these forces may not
be as consequential as I foresee, but the net effect of all of them is
certainly cumulatively all in the same direction; that is, strong pres-
sure on both the universities and the Federal laboratories to invent and
use flexibly and widely a large array of collaborative arrangements.

And as I see it, much more is involved than effective collaboration and
improvement of efficiency simply in a narrow unit cost basis. Many of
the problems for which the Nation will demand a strong effective search
for solutions, can't be approached except through the sharing of material

and intellectual, physical, and organizational resources of the univer-
sities and the Federal laboratories.

One factor that ought to make this symposium productive is the
richness and the variety and the effectiveness of the activities now
scattered around the Federal Government. Just about everything seems to
be in operation in one agency or another. The problem seems to be not
so much inventing new approaches to Government laboratory-university
relations as to secure the optimum adoption and effective operation of
devices that have already been tried at least once. There is a large
store of practical experience, much of it gathered the hard way, by the
people in this room. Now, innovations are no doubt going to be needed.
For example; this whole question of university consortia to deal with
large scale problems has been approached only in a very tentative way.

But if we were able to adopt easily and flexibly all of the devices that

have been tried experimentally, we wouldn't have much of a problem. So
that certainly one of the hearts of this symposium is to put on the
table the barriers and the difficulties. Now I won't run over what has
been tried. JILA has been mentioned. We have various schemes for
appointing young doctors for two year fellowships and we have special
research associate programs. You are all familiar with these devices.
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At least some of you are familiar with some of them. 'And I imagine every-
body will be familiar with all of them by the time this meeting ends.

Now, the variety and inventiveness of activities linking university
and Government laboratories is certainly a triumph of laboratory manage-
ment over conventional approaches to training and education, and in many
respects a triumph of management over bureaucracy. Because you are all
familiar with the practical problems that have to be resolved when you
embark on an unorthodox way of bringing universities and Federal labora-
tories closer together. What has happened so far reflects great credit
both on the laboratories that have been innovators and on the universi-
ties and the individuals within the universities who have provided the
initiative and ideas and resources to make these developments possible.
Now with respect to the barriers let's run over some of the things that
seem to have impeded wider collaboration--often in the face of clear need
and even the desire on both parts to establish more effective relation-
ship.

One problem, and this I thought was one of the central findings of 1
the study on Education and the Federal laboratories, was that the nearer :
the Federal laboratory to the research end of the spectrum, as contrasted
with the development end, the wider the degree of collaboration with
universities. It may well be, as Frank Long pointed out, that there are
some Federal laboratories heavily engaged in developmental work, partic-
ularly classified work, where it will be quite difficult to establish
extensive networks of relations with universities. There are also prac-
tical budget problems. Another thing that we have to face is that some
laboratory managements have not been particularly interested in pushing
beyond the standard of laboratory management techniques.

Another barrier that really is important is the absence of adequate
delegations of authority to many laboratory directors to act fully and
decisively in carrying out an optimum level of education and training, |
particularly in setting up relations with universities. Some of this i
arises from undue centralization at the headquarters within the agencies;
some derives from an accretion of bureaucratic difficulties. For example, 1
some candidates selected for long term training have gone so far as to !
make arrangements for housing, schools, and so forth, at universities,
and then had to cancel out because of delay in getting headquarters
approval. This sort of thing is simply a reflection of a deeper contin- ‘)
uing problem that has been pointed out before in the work of Allen Astin
and the Committee on Federal Laboratories. That is, there needs to be
an adequate degree of allocation of operating authority to the laboratory 1
3 director. I think that we have, in all probability, procedures that are B
1 too intricate and extended in getting approval for individual requests
for education and training. There are other barriers arising from re-
quirements in other agencies that effectively deny opportunities for staff
‘members either to teach or to take credit courses whether during or after
hours. Staff members of some agencies can receive honoraria for teaching
and lecturing and others can't. Some employees can take courses on gov-
ernment time and at government expense and in other agencies they can't.
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This sort of imbalance speaks for itself and demonstrates the existence
of problems to be solved. By and large I would say that the statutory
limitations, although they exist, in total are not as serious as admin-
istrative barriers. These range from broad policy positions of manage-
ment to detailed administrative requirements.

I would say the most serious legal deficiency or certainly one of
the deficiencies, is the absence of what you might call a Senior Visit-
. ing Program that would enable the Federal laboratories to tap experts
that they want from universities and other places from within this coun-
try and abroad. Allen Astin has been one of the chief advocates of such
a program and he may well want to discuss this later.

Now speaking of what this symposium can do, it would be most helpful
to Allen Astin, to his Committee on Federal Laboratories, and to the
Federal Council for Science and Technology if these barriers could be
assessed. We need an analysis of what ought to be done. We would like :
to know whether the recommendations in the report that forms the working
document for this meeting are sound in the view of those who face the !
real working day-to-day problems in the laboratories and universities ‘
and whether there are any new ideas that ought to be pushed. We look on
this symposium actually as an extension of the study and not a ratifica-
tion or simply an examination of the facts and the recommendations : A
brought forth in that report. We need to pay attention to what's said 4
at this meeting. ' g

Best wishes for a good meeting.

DR. IRVING: Thank you, Dr. Kidd. There was no collusion here despite
the fact that we started a little late and Dr. Kidd winds us up a little
early. But it does give us ample opportunity before we adjourn for ]
: lunch to make comments or to ask questions of the speakers in this morn-
1 ing's sessions.

SR R ¢ e T

= ' DR, MILLMAN: My question is directed to Dr. Long, and is related to
Dr. Hornig's comment about the natural conservatism of the universities
3 and to Dr. Long's statement about the desire in recent years for the |
1 e universities to become more outwardly minded. The question I would 1like !
3 ‘ to direct is in connection with graduate students and about their in- A %:
volvement in Government laboratories, or industrial laboratories for that e
| matter too. Dr. Long made the remark that there was probably going to
3 be very little of this. I was wondering whether this mode of operation
3 could be reexamined. I mean, after all, this is not the first time we :
1 | have heard complaints about universities in this regard. Most of the .
, universities provide excellent training in physics, chemistry and mathe-
1 matics. The complaints have been that often the motivation for these
science students to tackle real world problems is not there, except in
a few institutions. In order to stimulate this kind of motivation
wouldn't it be preferable to get the graduate students as soon as possible
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after they are through with their courses into Government or industrial
laboratories and not keep them close to 100 percent at the university?
And so, I wonder whether this is not the right time to reexamine the

- degree of involvement of our graduate students in real world problems.

DR, LONG: Well, in.answer to the final question, of course it should be
reexamined. And I really wasn't trying to make a comment as to what
ought to be, but rather what my prediction is, which is a somewhat dif-
ferent thing. The prediction was based on the tendency of university
professors to hold their students around them as a kind of working group.
The students, the professor, plus a postdoctor or so, plus a half dozen
graduate students, has turned out to be a unit that seems to add a lot
of effectiveness to programs; and these people just do, in practice,

tend to hold on to it.

Clearly more can be done. More can be done in the first place by
programs which bring graduate students to Federal laboratories for
shorter periods. I mentioned that we had talked a little bit with some
Naval Research Laboratory personnel about a joint program that might have
been in Ithaca on plasma physics. That didn't work out. But a conse-
quence of it was that NRL made available spaces for graduate students
from Cornell to come down and spend summers using special facilities in
the NRL area as a component of their work. That's been very satisfactory
and I'm sure one could do more. I might note that when I mentioned the
postdoctorals I was thinking of the postdoctors budgeted by the Federal
laboratories--not on loan from the universities. And there it really is
the money, it seems to me. It's for the Federal laboratories to find
the amount of money that can support significant numbers. So that I
should be pleased indeed to see more. :

I might also note that the problem, looked at from the university
standpoint, is more interesting and more urgent as one goes to the
applied fields. The tendency to believe the best education can be done
in the confines of the university is especially true in the hard sciences
and in basic biology. When one gets to engineering or agriculture, I
would say it's very much less.

DR, IRVING: Are there other comments or questions?

DR, JACK MILLER (Columbia University): Dr. Long, do you see any hazards
or dangers in the type of increased university-Federal relationship that
has been pictured?

DR, LONG: Well, there are some obvious hazards that I didn't even
bother to mention. I think they are evident. 1I'll repeat them. It's
clear that the problem of work by students especially in classified
laboratories is awkward. Many universities, Cornell is one, have quite
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flat rules that say that students may not work on classified thesis pro-
grams. So that represents a barrier to certain kinds of things. I have
not believed them to be terribly important, but somewhat.

There are hazards, clearly, always when you mix two groups with
fundamentally somewhat different goals and pressures. Lots of the Fed-
eral laboratories have an important mission orientation which is what
Congress expects of them; what their budget covers. Universities have
on their side a commitment to education. You can always worry whether
these groups will not be to some degree incompatible in their philosophy.
I'm sure there's a hazard. I'm sure this hazard is enormously minimized
1f they're physically in proximity. That is why I stress the fact that
I think these programs will most often be effective if they're sort of
people-to-people. if they're people at more or less the same working
level. If a group of people, to go back to my other example of plasma
physicists from Cornell and from the Naval Research Laboratory, get
together, the chances are pretty good that they will have a rather clear
mutual understanding of their limits. If the thing is worked out by
treaty by top management it might run into trouble.

DR. IRVING: Are there one or two more questions? Yes sir.

DR, ZOLA BRONSON (National Science Foundation): I would like to make a E
general observation for Dr. Long to reply to, but actually it's directed
more to the university people. Specifically, the tenor of the remarks ‘
so far has been addressed to improving uhiversity-laboratory relations }
for the purpose of encouraging and providing higher education leading to
advanced degrees. I think we're ignoring the large unwashed mass--to use
a common figure of speech--the rank and file of our laboratory profes- ' 5
sionals who for one reason or another do not want and do not necessarily 4
need advanced degrees, but who do need continuing updating education. I
There's a great need and opportunity in the university-laboratory rela- (!
tionships to provide for these needs; they are very sparse at the present

time. By and large, however, the universities seem to shy away from this
type of effort.

E DR, IRVING: The point raised was this. Much emphasis is being given to
graduate-postgraduate university instruction. What about those who are
not of such intellectual level but who, nevertl 2less, can use and need k
university training in specialized fields. Is that your point? ]

ST ST TR i

3 DR, BRONSON: Well, it's the matter of refreshing and updating or retread-
ing. Dr. Long used the words in passing, but then seemed to associate
continuing education with advanced degrees only. Updating is not neces- ]
sarily aimed at advanced degrees and there is a terrific need for this
type of academic resource.
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DR, LONG: Let me take exception to the last remark. As a scientist
who's recently been administrator, I feel a real need for retreading. I
did mention that universities have not done awfully well on continuing
education and I'm really thinking of my own university. I can testify
that we haven't. My strong belief is that those programs have got to be
worked out in rather close conjunction with the users. It is quite pos-
sible that some failures by universities in advanced or continuing edu-
cation have been because they develop the program in isolation. The
only suggestion I have is that if one wants to get into a program like
this, the first thing to do is to get the groups together so that the
one can say this is what we need and the university can say that this is
what we have the competence to supply. It may be that it won't be the
University X but College Y which will be the right one for him. But I'm
sure the first thing to do is to get together and talk specifics.

DR, IRVING: One more.

DR, JOHN TOLL (State University of New York): Let me just express a
point. We've been talking about taking people from the universities to
the Federal laboratories to do their research. I think it is just as
significant to see graduate courses offered at the Federal laboratories
whenever there is a critical size there, and then when students get to
; the appropriate state, bring them onto the campus for a year or two for ,
‘ intensive research and to complete their doctorates. This, I think, is -
a pattern that can be extended much more. It has been done in many 3
areas such as the Oak Ridge Program; there have been many arrangements

with Federal laboratories in the Washington area with the University of ‘
Maryland which has provided both people for national laboratories and |
bringing students to the campus. But I think this can be done much more §
than has been done in the past, and it has the advantages that it builds

a link between the research groups. Since a man goes back usually to

the same laboratory, you've got a link which then builds many more -
transitions between the groups. In fact, the plasma group you're talking 1
about is just one that has made this kind of relationship. I think this «
is a pattern which should be extended as much as possible. s

e DR, IRVING: Thank you. o N

1 DR, LONG: John Toll made me realize that there was a comment that I |
| wanted to make but didn't. It is this. In many places of interactions '
' between Federal laboratories and universities, and this especially holds '
if they are close together, things may work especially good if there is

. something in the way of a reasonably formal treaty whereby the Federal

A laboratory takes explicit responsibility for a certain area. Let me ,
illustrate. One can imagine a laboratory in the Washington area con- i
tributing to the graduate program of, let us say, Georgetown University :
. in physics by saying, 'We happen to have a set of theorists in our y
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laboratory and we're prepared to take real responsibility for the theo-
retical work in physics in the Georgetown setup. We're prepared to
commit ourselves to give courses, to take care of graduate students and,
in this sense, become a part of the show." You see, if one only operates
on a kind of casual visit or visiting professor basis you may be able to
rely on him, but you may not. Then each crowd will feel they have to

duplicate facilities. If you are going to avoid duplication of facili-

ties, then you need some sort of formal arrangements. I think that in
lots of areas there could be real mutual benefit by formal arrangements.
The universities could save money and could frequently get better people
than they could otherwise get. The people in Federal laboratories could
participate in a very integral way in academic training. It just seems
to me that it might be an avenue worth more exploration. Obviously it
works best if there is geographic proximity. It's not general, but for
those cases it ought to be interesting.

DR. IRVING: With your permission, we will call this the conclusion of
the morning session. I want to thank the speakers, Dr. Astin, Dr. Long,
Dr. Kidd, Dr. Hornig and Dr. Ripley, for starting off this symposium and
for their most relevant and excellent presentations this morning.
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Tuesday, October 29 P.M.

USE OF FEDERAL FACILITIES FOR TRAINING
~ UNIVERSITY GRADUATE STUDENTS

DR. IRVING: The session this afternoon concerns the use of Federal facil-
ities for training university graduate students. It is in two parts. The
first part concerns training in Federal laboratories. Part two concerns
training in federally related contract laboratories.

The moderator of part one, who will introduce his panelists after he
makes his own presentation, is Dr. Gregory Hartmann. Dr. Hartmann is a
physics graduate of the California Institute of Technology and a Rhodes
scholar with a degree in mathematics from Oxford. He holds a doctorate
in acoustics from Brown University. He taught both at Brown and at the
University of New Hampshire. His research interesis have emphasized
explosives development and phenomena associated with weapons effects. He
has been a pioneer in nuclear weapons effects and has been responsibly
involved in all of the earlier Pacific nuclear tests. Dr. Hartmann has
played a principal role in developing the Naval Ordnance Laboratory. He
has been Technical Director of that Laboratory since 1955. In recent
years he's been interested in the important role played by professionals
in the Federal Service. It's appropriate then that Dr. Hartmann will
moderate part one of this panel on training in Federal facilities.

PART I: TRAINING IN FEDERAL LABORATORIES

DR. GREGORY K. HARTMANN (Naval Ordnance Laboratory, White Oak): Thank
you very much. '

This panel, which has six individuals on it, is going to cover the
subject of the use of Federal facilities for the training of graduate
students. We are not talking here about the use of Federal facilities in
postdoctoral programs, nor in senior visiting programs, nor in the kind
of social service which is represented by the retraining of older Federal
employees. I'm going to group the panelists into three pairs. It turns
out that two of the panelists seem to be polarized between universities
and the Federal establishment in the area of agriculture, two in life
sciences, and two in physical sciences. There is a pattern to this which
must have been a conscious choice of the Program Committee, but the
arrangement on the program doesn't indicate this because the names are
pretty much randomized.

I'm going to try to get through with my statement and the statements
of the six panel members in time to allow something like a twenty minute
period for questions. So if you will be kind enough to make notes of
these and hold them until the end, we'll appreciate that.
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I'm going to redefine Federal facilities a little more narrowly than
we heard this morning. For this purpose, I would include all federally
owned and operated laboratories, centers or activities which are engaged
in some sort of research and development in support of the mission of
some agency or department of the Government. 1In the Department of Defense
alone there are at least 80 such large activities. Since the Department
of Defense employs half the professionals in the classified Civil Service,
it is safe to say there are upward of 200 large and not so large activ-
ities which form a substantial market for graduate students and which in
all self-interest should interact with the sources of these products--the
universities. Since the key ingredient in any laboratory is the profes-
- sional staff, I am going to include the staff as well as the thSlcal

plant and equipment in the definition of Federal facility.

I shall also follow the lead of the pilot study and not attempt to :
distinguish between training and education--a distinction that has long g;
since lost its validity especially with the passage of the Government ;
Employees Training Act in 1958. Many of you will know that in days of
yore training was reserved for animals and education for people. Today,
however, it is quite acceptable to train people and to educate them at
the same time.

. i

The training of graduate students is the responsibility and province %

of academic institutions which must prescribe the curriculum, judge the x

results of study, accept the evidence of scholarly attainment and recog-

nize the meeting of a set standard by awarding an academic degree. Even
the universities have to meet standards set by other universities in

order to be able to award accredited degrees. How then can a Federal L

laboratory contribute to the training process unless it is somehow a part o
of the university? -

Before going into that, I would like to note that all is not crystal
: clear when we talk of the role of the university.  Some departments may ‘
“ feel that the student must live and work on campus in the academic atmo- .
sphere engendered by close association with his fellow students and pro-
1 fessors. There is generally a minimum residence requirement which I

2 suppose is tribute to this feeling. On the other hand, many universities i3
essentially have no campus, teach courses at night to part-time students ;f
and in some cases accept thesis work done elsewhere. The early model of 13
the struggling graduate student who is paid a subsistence wage for part- *f*
time assistance to the university has given way to today's affluent young ]
man who is sent to school by his employer or who is asked to work on a 5
topic as part of his job, this work doing double duty as a thesis topic
by prior arrangement with the university. We now have a bewildering
variety of work-study schemes, cooperative student programs, advanced

‘ study assignments and the like which have tended to blur the time~honored
1 ~image of the graduate student as someone wholly devoted to serving a

- single master at the fount of learning.
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Let me list a few of the ways in which Federal facilities are being
used in the training of graduate students insofar as their use is accept-
able to the university. Almost all of these ways are methods which have
been used at, for example, NOL and many other places. I've made simply
a catalogue without attempting to make a canvass of all the other Federal
institutions which may have additional ways as well. There is:

- The use of Federal space, either after hours or omn a split-
time basis, for holding classes or lectures in off-campus
courses, that is, courses given in the laboratory at no
charge. '

ST S i e e o

: - The licensing of Federal employees by the university as
: teachers or lecturers. :

- The assignment of professorial or other rank to Federal
employees to serve as thesis supervisors for advanced
degrees for work done in-house.

- The loan or transfer of specialized equipment or instrumenta-
. tion to universities for the pursuit of projects of mutual
] interest involving graduate research.

- The part-time or summer employment of university staff or
graduate students. This may result in experience which
contributes to graduate training either directly or
indirectly.

- The granting of contracts for work done in the university
by graduate students under the supervision of a professor.

- Obtaining the consulting services of university staff members
on research projects where graduate students are working.

- Allowing the use of specialized equipment for graduate stu-
dent research; for example, large magnets, x-ray analyzers,
accelerators, or what not.

, - Participating in seminars--presentations made by Federal
! employees to graduate seminars. ‘

Joint research projects; perhaps Project Themis in some of
its aspects.

ORIV RV,

: - Cooperative student programs, work-study arrangements, and
the like.

b ‘ All of these ways (and there are doubtless more) have arisen, I

1 suspect, through the basic need of laboratories to develop their own
employees by graduate training, or to make employment in these labora-

3 tories attractive to young professional men and women who wish to advance
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through the opportunity for training. Therefore the Federal activities
have done these things as a means to an end; namely, to further their own
ability to accomplish their own mission which does not in itself include
the furtherance of graduate education. But one can ask a broader ques-
tion with economic and social implications. Federal facilities represent
an enormous investment of taxpayers' dollars and can be said to belong to
all the people of the United States. The progress of our society depends
on professional competence and the source of this is thegraduateschools.
Should not, then, the Federal facilities have an obligation to further
this precious commodity by .aiding the universities not just to carry out
their missions, but in the interest of all the people? Stated another
way, should not the mission of each Federal facility be expanded to
include this function in an active manner? This would mean that a facility
would not only assist its own employees in obtaining a graduate educa-
tion, but would have an obligation to assist others who were not con-
nected with it at all. The details of priority and funding would have to
be settled between the laboratory and the university where such matters
were substantial. The educational mission of a Federal laboratory, if
granted, would presumably have to be a secondary mission, but it should
nevertheless be understood either implicitly or explicitly.

In the same vein, the use of an existing national resource to solve
or help solve a national problem may be a more economical and speedy
approach than the creation of additional sPec1a11zed Federal laboratories.
Most large laboratories, by virtue of their interdisciplinary skills, are
capable of attacking problems outside the scope of the relatively narrow
mission which caused them to be established. Such resources and spin-
offs should be used, not stifled. Potential assistance to graduate
education may be such a resource.

While discussing these thoughts with some of my colleagues, it was
suggested that there may be a basic driving reason why there is in fact,
and should continue to be, a cooperative effort between the universities
and the places that employ the products of these universities. The need
can be laid more or less directly to the technological explosion which
has given rise to a demand for closer interaction between basicfreSearCh,
applied research and engineering skills. As a consequence engineers have
found it necessary to obtain higher degrees, and scientists have been
involved in developmental programs. This explosion has brought a much
tighter dependence between the scientific community and those who foot
the bill; namely, the general public. 1In the past the gap between the
public and those who carried on research and taught was large, corre-
sponding to the gap between knowledge and applications. Things are very
different now. The future as far as mass production and mass consumption
of technical know-how is concerned may lie in the extension of work-study
arrangements; that is, learning more closely connected with practice-<not
only for its more immediate benefits but also as a means to learning.
This may be one reason why, for example, medical schools have always been
closely tied to hospitals. In a similar way the process of acquiring
research and engineering technlques may be best served by combining
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academic exposure and practical application. Our problem is evidently to
make effective use of this possibility without degrading the contribution
from an academic atmosphere to the learning process, nor causing the

destruction of long-range scientific research and learning by the pressure

of our daily needs.

This concludes the remarks that I had planned to make and I'm afraid
they are rather general. Perhaps now we can come to some examples and
descriptions of specific experiences. Our first panelist is Mr. Alan

Freas.

Mr. Freas was educated as a civil engineer from the University of
Wisconsin. He is now Chief of the Division of Solid Wood Products
Research, Forest Products Laboratory in Madison, Wisconsin, and he has
been associated with this sort of business either in the university or in
t.a Forest Products Laboratory throughout most of his career. He was,
for an interim, Instructor in Civil Engineering at the University of

'Wisconsin. So he has gone from Government to university and back. With

that I wduld 1ike to turn to Mr. Freas.

MR. ALAN FREAS (Forest Products Laboratory): I should, perhaps, introduce
this presentation by a few words on the Forest Products Laboratory and its
mission. The Laboratory was established in 1910 on the campus at Madison,
Wisconsin, in cooperation with the University of Wisconsin. It is a part

of the Forest Service of the U.S. Department of Agriculture.

The Laboratory plays a national role in forest products utilization
research and thus has a wide-ranging program. Its mission may be stated
briefly: "to conduct research that leads to greater social and economic
benefits for the people of the United States and of the world, through

the better utilization of their timber resources.'

The diversified research program is,hfor administrative purposes,
separated into five technical divisions dealing with all aspects of the
utilization of wood. One division deals with those aspects which relate
to the quality of wood, their characterization, and the ways in which
quality may be changed by natural and other causes. A second deals with
the processing and protection of wood in a form which can still be recog-
nized as wood. The processing, of course, deals with such things as
cutting, drying, gluing, and the like, and the protection with improving
resistance to fungi and insects, fire and weather. A third divisiondeals

with the manufacture of fiber products, principally paper. A fourthdeals
with engineering aspects, including structural utilization, while a fifth

deals with the chemistry of wood.

, I include this information to indicate the scope of our interests
and thus the range of disciplines in which we do have an interest. With
‘this wide ranging program I feel that we have a great deal to offer

graduate students.
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The Graduate Program

I was faced with a choice of exactly how to present some of the g
things with which we are concerned, and I am going to spend the bulk of )
my effort on the graduate program which was established at the Laboratory
in 1954. This program, among other things, puts fresh ideas into our
research program, keeps our scientists in touch with a new generation,
and serves as a valuable recruiting device. The student, of course, must
have a good academic record suitable for admission to the University of
Wisconsin Graduate School. He must have interests related to some phase
of the Laboratory's research. With the broad scope this opens up a
rather large area. Assuming these prerequisites, admission to the pro-
gram depends on acceptance by the Graduate School, arrangement of a
‘mutually agreeable research program, and qualification by the Civil

Service Commission.

P T

The participant actually becomes a part-time employee of the Labora-
tory on a career-conditional appointment. These appointments generally
are in the GS-7 grade for those working toward the masters, and GS-9 for
those working toward the Ph.D. The stipend for the nine-month school
year is set at the level current at the University of Wisconsin for
research assistants. This year it is $2,700. This is a maximum which
the man can earn. He is expected to put in enough hours at the Laboratory

" to cover this, but any hours he puts in beyond that are not credited
toward pay. The figure of $2 700, however, is net--with funds added to
cover social security, income tax, and the like. As perhaps a bonus, we
are able to offer full-time work during the summer.

The use of the career-conditional appointment has definite advantages
over other types. For one thing, it allows for advancement to a higher ,
grade (to GS-9 in one case or to GS-11 in the other) as the individual . i o
progresses, whereas other types of appointments do not permit this. 3
Further, the student accumulates creditable service based on the number ';
of days he works at the Laboratory. 5

Experiences at the Forest Products Laboratory

I mentioned that this program was started in 1954. 1In that time,
some 52 students have participated in the program, with as many as 12 at
one time. Currently, with budget limitations we have only two. The
range of disciplines with which we have been involved is indicated by the
1 : following figures. Among engineers--mechanical, civil, electrical--we
' have had 24; chemists--organic, physical, analytical--8; chemical engi- :
2 neers, 5; plant pathologists, 3; bacteriologists, 2; foresters, 8; and 4
4 botanists, 2. Of these 52, nine (17 percent) have become full-time
E | Forest Products Laboratory employees. So to some degree we have been
successful in using this as a recruiting device. :
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Other Aspects

In addition to those on the WAE or "When Actually Employed'" appoint-
ments that I have just described, we have, from time to time, accepted
graduate students from the University of Wisconsin for thesis work without
appointment to our staff. Beyond this, we have accepted a considerable
number of research associates, both pre- and post-doctoral. Of these, a
high proportion have been from overseas. In fact, some 20 countries have
been represented by 57 research associates <ince 1956.

Summer Student EmploYment“

Perhaps not directly tied to graduate training, but certainly
indirectly, is a summer student employment program intended to provide
selected undergraduates an opportunity for experience in an actual
research environment--selecting a problem, planning and accomplishing a
study, and writing a brief report. A copy of this with our evaluation of
the student goes back to the major professor. This has been an excellent
program which has recently been adversely affected by the Civil Service
Commission requirement of competitive written examination for eligibility.
Some of these students, I might point out in passing, have gone into our
graduate program. '

Teaching Activities of Staff

One final point, a number of our staff hold appointments at the
University of Wisconsin and assist with courses in our field. Such
appointments permit increased participation on M.S. and Ph.D. committees
and the like. Thank you very much.

DR. HARTMANN: Thank you Mr. Freas.

The other half of this agricultural part will be presented by
Dean Pound, who is the Dean and Director of the College of Agricultural
and Life Sciences, University of Wisconsin. Dean Pound has, in my
opinion, a very great claim to be a Dean of an agricultural college. He
apparently started out at an early age in Texas where he eventually
became the operator of a six hundred and twenty-five acre vegetable-
cotton farm in the Rio Grande Valley. He was educated at the University
of Arkansas and received his doctor of philosophy degree in plant pathol-
ogy .from the University of Wisconsin. He is the author of approximately
one hundred technical research publications in plant pathology. He has
also been for many years in very close proximity to the Forest Products
Laboratory. He will cover some interaction with that in his remarks. -
Dean Pound.

DR, GLENN S. POUND (University of Wisconsin): Mr. Chairman, Gentlemen.

I think I should first of all voice a disclaimer for such a heritage out
of agriculture. While my nativity was there, educationally-wise I came
up through a liberal arts background and have really no formal association
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to agricultural education as such. I consider it a particular privilege,
- however, to participate in this symposium as a representative of agricul-
ture. Agriculture as you know is a shining example of an effective,
cooperative program between the Federal Government and the States. For
over one hundred years this cooperation has been a part of a national
policy for agricultural education and research and it has been implemented
through the USDA land-grant college mechanism. While the spirit of true
partnership has not prevailed in all situations, cooperation has been
traditional and it has been highly successful.

I think we shouid state again, as was stated this morning, that a
Federal laboratory and a State university are very different institutions
in their missions and in their crganization. The Federal laboratory has
a highly mission-oriented research program and its administrative rules
and regulations are designed to service this program. The administration
of the laboratory is subject to requirements of the Civil Service Commis-
sion and to the department to which it belongs. The university's primary
mission--certainly within the context of our discussion today--is manpower
training, and much of its operational machinery is designed to meet the
students' needs. These basic differences in wission and operational
machinery require some adaptation in bringing the two institutions
together in a cooperative graduate training program.

REIETR
LB [ ¥

There are two key conditions, I think, which are basic to effective
use of Federal laboratories by universities for graduate education. The
first of these is that there prevails at each institution an administra-
tive attitude conducive to a pooling of manpower and laboratory resources
and that each institution will be willing to adjust its administrative
procedure to accommodate joint programming. This says in effect that the
primary concern is complementary program resources, and that such items
as source of salary and institutional loyalty are of secondary importance.
I recognize that one owes particular loyalty to the institution which pays
his salary and that there are some problems attendant to persons of
another institution participating in one's departmental affairs. But
these things can be worked out if the administrative philosophy at each
institution will permit it., If two institutions are going to effectively
program together, they must avoid building fences around themselves to
protect their territorial integrity.

Vel T i et e M 0 S A e b b <ot

The other condition basic to cooperative work is that there exist ;
mutual interests and objectives between the scientists. of the two insti- ) ]
tutions. Many levels of cooperation can exist without this, but only
with such mutual interests will there be a truly cooperative integrated
program., And I would hold out for such a program for graduate education.

Let me turn now to the University of Wisconsin and the Forest
Products Laboratory to use the existing cooperative program in graduate
education as a framework for some general remarks. Mr. Freas has just
discussed the program from the viewpoint of the Laboratory and particu-
larly the graduate education of employees of the Laboratory. For over
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fifty years these two institutions have been working together under a
cooperative agreement. The University of Wisconsin considers the Forest
products Laboratory as a great academic asset to its environment. The
willingness of the Forest Products Laboratory to relate itself to the
University means a significant increase in resources, both manpower and
equipment, for graduate training. The opportunity for students to do
thesis research in a functioning laboratory with the quality of scientists.
and physical facilities which the Forest Products Laboratory has for wood
products research is of inestimable academic value. The University
recently sold twelve acres of very, very'precious land to the Laboratoqy
for its expansion. This is a reflection of the high esteem that the
University holds for the Laboratory. Unfortunately the University of -
Wisconsin has been too slow in developing its academic forestry program
to a point where it could stand beside the program of the Forest Products

Laboratory.

presently the University offers the title of Lecturer to fifty-five

members of the Laboratory. The Graduate School offers a doctoral program
in forest products which is administered by a committee of scientists
from both institutions. In addition, our Department of Forestry offers a
" joint major in forestry and forest products, utilizing certain covises
taught by Forest Products Laboratory personnel. Our Graduate School
catalog lists the Forest Products Laboratory much as a department and
describes its program areas in some detail. Finally, as Mr. Freas has
pointed out, a number of our university departments have had graduate
students involved in training in one or more of the five program divisions

of the Laboratory.

The general format of handling students is that a University professor
serves as the student's academic advisor and the Forest Products Labora-’
tory scientist as his research advisor. While this functions quite well,
it differs from the arrangement for most students. The normal University
arrangement is that the student is in the hands of his ma jor professor
for both course work and research advisement. This necessity for a divi-
sion of the advisement function points.up the need and value of having

laboratory scientists more closely tied-in to the University departments.

The title, Lecturer, is used by the University because it does not
create any tenure problem for the University which bona fide professorial
titles would. The word lecturer, however, leaves something to be desired,
for within the University c:%munity, it pegs the laboratory scientists as
being different. Some of our departments do extend professorial titles
to certain USDA scientists stationed on the campus and functioning wholly
within our departments. 1In these cases the tenure problem is avoided by
a written record established|at the time of appointment. I personally am
interested in exploring with the Forest Products Laboratory and with our
faculty divisional committees which pass on tenure appointments to see if
such a format could be used for Forest Products Laboratory personnel. A
professorial title would be used for selected scientists who would carry
a more significant academic role in joint training programs than under
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the present formula and whose academic credentials met University stan-
dards. The Lecturer title could be maintained for those having a more
peripheral relationship. Recent liberalization by the Civil Service
Commission would seem to make it easier for laboratory scientists to
carry a greater academic role than in the past. I would hope that the
Laboratory's mission, as interpreted by its administration, would permit
a move to a higher level of cooperation. I would hope also that some of
the Laboratory scientists would be interested in this level of coopera-
tion. It would be good if there were mutual efforts and cooperation in
the areas of recruitment, curriculum planning, teaching, student advising,
and cooperative research. It would be good if salaries could be shared
between the two institutions. We know that cooperation exists ultimately
only where the personalities involved want it to exist. But the thing
that is important is that administration should never get in the way of
this cooperation's happenlng.

There are some problems which center around the stipend and the
working arrangements for the graduate student. When a student becomes a
part-time employee of a Federal laboratory on a career conditional
appointment, the arrangements are subject to the requirements of the Civil
Service Commission. This may mean a requirement to put in x number of
hours per week in research or scheduling working hours in such a way as
to avoid overtime pay. In actuality, the normal graduate student may
need to spend his first year essentially full time in course work and his
last year full time in research. Thus it is difficult to follow a rigid
work schedule. The University mechanism takes this schedule into consid-
eration and averages out one's time over a period of three or four years.
Putting the student in an adjusted work schedule as is done now gets
around some of these problem'. If the University carries the student for
the early years during which this schedule is largely course work and he
shifts to the Laboratory for his latter, more productive, research years,
this creates an imbalance in the research output sheet of the two insti-
tutions. It would be helpful if the Federal laboratory had a closer
understanding of the need for financial support during the more academic
years as well as during the research orisnted years. What would really
be most effective would be for the Federal laboratcry to be able to invest
research dollars in students' stipends without reference to employment
status. In the normal university situation, a student accepts a stipend
for research on some specific topic that falls within the broader research
area of his major professor. He is not, in that situation, paid for
service rendered. The WAE formula serves the Federal laboratory in that
it is an effective recruiting device, and it is therefore within the
mission of the laboratory. My hope would be that the mission of the
Laboratory might include a general assist in graduate education and that
scholarship aids rather than salaries would be used. We must recognize
that there is an inherent weakness in any institution's employing people
and giving them security of job before they are trained.
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Students housed in the Federal laboratory and working on an employ-
ment basis are deprived of certain intangible values of association with
a full mix of graduate students. Students learn as much, perhaps more,
from other students than they do from their professor. Also working in
the laboratory forces compliance with work schedules and rules which may
fit a purely research laboratory but which are difficult to adapt to an
academic schedule. Academic programs have a great deal of irregularity
of schedule. They always have had and they always will. It is extremely
difficult at times to manage research and study to fit an eight to five
working day. Laboratories and libraries need to be open most of the
twenty-four hours. What I am trying to say is that a bureaucratic
approach to academic life is both stifling and inefficient. The rules
and regulations imposed by the Federal laboratory need to take the stu-
dents' problems more into consideration. Otherwise the greatar freedom
by the university assistantship will make it difficult for the laboratory
to find graduate students.

DR. HARTMANN: There's a great deal of truth in what you say. Now we
should move along to the life sciences.

Our next speaker comes from our host institution, the Smithsonian
Institution. Dr. Wallen has a most extraordinarily active vita. He was
educated and spent the. early part of his academic career in Oklahoma
State University, with-some time out to get a Ph.D. in Zoology at the
University of Michigan. He is also, I would say, a rather unique member
of this panel in that he was a fighter pilot on the USS Saratoga during
World War II as a member of the Navy Air Corps from Pearl Harbor to
October 1945. He spent considerable time with the Atomic Energy Commis-
sion, first in the capacity of foreign training officer and later as a
marine biologist in the Atomic Energy Commission. He joined the
Smithsonian Institution in 1962. The subject of limnology, I thought
perhaps at the beginning that this was a new kind of animal, it turmns out
is simply oceanography as applied to streams and lakes, if I may say so.
Also it is not limnography, it is limnology. Dr. Wallen has, as I say,
been extremely active. His activities range from malacology to Montgomery
County and from PSAC to Pakistan. With that I think I will let him tell
us as much as he can in the limited time alloted.

DR. I. E. WALLEN (Smithsonian Institution): I can't resist the opportu-
nity of mentioning aquaculture, having just heard from two agriculture
specialists, and of saying that the principal interest in the oceans is
now more equivalent to agriculture than it's ever been before--even
including an attempt to develop sea-grant colleges to match and follow
the examples of land-grant colleges.

The Smithsonian Institution, as most of you must know by this time,
is sort of neither fish nor fowl. It is an establishment created by
Congress with both a private side and a Federal side. After substantial
argument in the Congress of the United States some hundred and twenty
years ago, it was agreed that the Smithsonian would have a very specific
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mission which is the increase and diffusion of knowledge amcng men. 1In
operating within the Federal Government facade the Smithsonian is respon-
sible as a kind of management operation with a series of museums and
research activities. I think in this sense it has always been recognized
by the Congress and by the Secretaries of the Institution that we should
be rather heavily involved in education. In fact, in 1901 we served as
the principal agent for opening the Smithsonian and other Government
facilities to graduate students. We have had since the very early days
of the Institution a rather large number of graduate students. Last

year we had about 53 Ph.D. students on our campus. Until fairly recently
these students came almost entirely at their own expense. With the
advent of Sputnik and with some increase in science interest in the
Federal Government, we have been able to support some Ph.D. students and
some undergraduate students, but we still have a rather large number of
students who come on their own. ‘

In 1964 we entered a new phase of our arrangements by signing an
agreement with Duke University to make joint appointments of staff members
of Duke University and of the Smithsonian to the faculties of the other
organization. Since then, since we obviously can show no favoritism,
and because of the varied interests of our faculty, we have signed such
agreements with some forty universities. These arrangements provide '
primarily for the sharing of staff under a series of arrangements, most
of which were mentioned by Dr. Hartmann. For example, we have quite a
large number of faculty members on our staff who are also faculty members
of universities. These are sometimes full-time appointments and, in the
case of the Smithsonian Astrophysical Observatory, some of our staff
members are the Heads of Departments of Universities at the same time as
they are Smithsonian staff members.

A second way in which we participate is by permitting our faculty
members to be listed in college catalogues so that a graduate student
may have the opportunity if he wishes of choosing a Smithsonian person
as his thesis director. 1In such cases we normally expect that the stu-
dent would complete his course work at the university. Then he would
come to the Smithsonian where we would expect to employ him full time
during the time that he was doing his thesis. This turns out to be
mutually extremely beneficial because in many cases we have unique
collections and these unique collections can be studied best here. In
‘'some cases we can loan our collections, but in many cases we find it
rather difficult because valuable materials are lost.

Another kind of participation in education is when full support of
a faculty member is given by his university but he is assigned for a
period of time at the Smithsonian. 1In that case he may or may not bring
graduate students with him.

The fields that we cover are primarily biological, geological,

physical and chemical. In other words, we cover the general fields that
a university would primarily cover in science. We do some work in the
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science related activities but somewhat less. We publish what is the
equivalent of a college catalogue, Research Opportunities, which is
intended to encourage students who have their own support or students or
faculty members who wish to make application to us, to come and join the
staff. We are attempting to recognize that because of our public-private
side we have a somewhat unique capability in bridging the gap between
universities and government. And we are trying, insofar as is practical,
to test out any idea that seems to be worthwhile in the ways of univer-
sity relationships. We would like to think that the facilities of the
Smithsonian are strictly national facilities in the sense that they are
accessible to any qualified person in the United States. :

Because we have special competencies with one hundred scientists on
our staff who are primarily concerned with the classification of life
science objects, we are a principal repository in the area of taxonomy.
This is a shortage area in the Federal Government as has been concluded
by various panels and so we have found it necessary to get into the
education business primarily because of this shortage in the systematics
area. We have been unable to find specialists in many of the marine
groups in order to meet the stepped up activities of oceanography, and
we've made special efforts to establish fellowships and to bring in
individuals who were willing and capable of directing graduate research
and who could, if they chose, bring graduate students with them.

In order to ensure that we maintain the kinds of standards that the
universities maintain, we make no effort to establish new standards as
such. We take the standards of the university, discuss them with the
university authorities and accept those standards or, if possible, make
our qualifications somewhat more rigid, depending upon the availability

of students.

A steering committee mechanism within the Institution has been
established which is responsible for the evaluation of applications, the
maintenance of quality and the guidance of graduate training. Special
seminars are provided during which we give some indoctrination on the
nature and kinds of opportunities in.the Institution and give the faculty
members a chance to present their own topics.

Funding comes from three different sources. We have an Office of
Academic Programs, which provides the administrative structure for educa-
tion and training activities which involve congressional funds. We
receive some appropriated funds for education and we add some to that
from the various offices and bureaus of the Smithsonian. If an individual
bureau needs a particular individual, he may employ a person part time or
may seek a gradvate student who may be under direction of a person in the
bureau or at a uaiversity and fulfill the need in that way. And we have
a number of more or less incidental non-Smithsonian sources of funds--
some of which are Federal and some of which are private. Of course, as
a fourth mechanism we have the career advancement program, which permits
us to assign qualified people who have not completed advanced degrees to

graduate training. :
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Annually we conduct within the Smithsonian an education inventory
asking each staff member to estimate the amount of time that he would like
to spend with students and the number of students that he would like to
have under his guidance. This is to try to determine the educational
capacity of the Institution. It turns out that our staff members would
like to have about 250 graduate students, so that we are under capacity
by approximately 80 percent based on the fact that we have about 53 stu-
dents on board.

In closing I just want to say that Dr. Hartmann listed a number of
ways in which Federal facilities have been used. We have at least one
variation of this which is somewhat different from those that he mentioned.
This involves the fact that we deal in collections. We do a substantial
amount of lending and borrowing of collections making them available to
universities and borrowing them temporarily from universities for use in
our graduate work and in science. Thank you.

DR, HARTMANN: Thank you very much.

Now we shall hear from Dr. Richard Robins, who is Professor of Marine
Science, Institute of Marine Science, University of Miami. Dr. Robins
obtained his B.A. and Ph.D. degrees from Cornell University and has had A
postdoctoral study at Stanford University. He has been at Miami since .
1956 and has been very active in a large number of professional societies :
which add up to 15 in all. The remainder of the vita has been omitted so
I can't tell you how many publications there are. Dr. Robins will tell |
us abéut his experiences principally in oceanography and in the training |
of graduate students. :

',

DR, C. RICHARD ROBINS (University of Miami): Thank you, Dr. Hartmann.

Many of the remarks that' I originally intended to make were made by
Dr. Long this morning and by preceding speakers this afternoon. Their |
comments are of broad application and it seems silly to waste the little E
time available . repeating them. I shall not do so. ;

SLEE ST

The basic problem that has not been stated and that really underlies :
all of the problems that we discuss, is that we have too few scientists
in the United States today, and that we are training new ones at a rate {
S R that falls further and further behind the needs. We need more scientists |
for research and industry, in Federal laboratories and other Governmental i
agencies, in education itself, and for consultation and advice. I amsure ;
that if we went around this room and noted the schedules of everyone here ]
for the last two weeks, we would see that we are all being spread much
too thin and our research and teaching careers are the poorer for it.
Moreover, many of those who are trained in science enter services and
agencies and institutions that traditionally do not participate in the
training of scientists, More and more of a burden thus falls on those
who have gone into education. Of the last ten Ph.D. students that I have
turned out only two have joined academic ranks. The others are in
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industry or in Federal employ, this despite the tremendous increase in
the rolls of students in colleges today and the projection of further and
larger increases.

Science has been sold to the public; we don't have to interest young
people in it. The big bottleneck that we really face is in graduate
training. The problem, then, is not whether we should cooperate, or have
cooperation, or continue cooperation between the Federal laboratories and
the universities, but how we can expand and make more effective this
cooperation. Cooperation we must have.

Cooperation has long existed in some fieids, but in some disciplines
like oceanography we face new problems. Both the universities and Federal
laboratories are meeting new challenges every day and the answers to some
of them are not readily apparent. At Miami we realized some time ago that
the University could not continue to expand its Marine facility indefi-
nitely. We were creating too much of a monolithic structure and what we
needed was a community of laboratories. The metropolitan Dade area and
the city of Miami, recognizing the importance of marine research and of
the existing role of the University of Miami, very kindly cooperated in
this and set aside the Island of Virginia Key for marine sciences. We
were able to attract to this area the Tropical Atlantic Biological Labo-
ratory of the Bureau of Commercial Fisheries. We have been able to
attract to Virginia Key the ESSA Laboratory which is yet to be constructed.
We hope to attract to Virginia Key an institution like Woods Hole's Marine
Biological Laboratory to bring people in basic sciences to work on tropical
marine animals. So we will have a .community approach to marine sciences,
a community of laboratories--zach of which will have its role.

Qualified persons in these other institutions, specifically those
qualified persons who are actually interested in and engaged in coopera-
tive programs, are added to our professorial ranks. In response to
Dr. Pound's question, we do give professorial rank. We call them Adjunct
Professors, Adjunct Associate Professors or Ad junct Assistant Professors.
They have every privilege of the faculty of the University of Miami except
that of tenure and that of voting on certain issues that concern tenure.

I disagree with some of the remarks that Dr. Long made this morning
with regard to graduate students in a Federal laboratory, but I do note
that what he said applied mainly to situations where the Federal labora-
tory was far removed from the university campus. These do not apply, in
my view, to a community laboratory approach. Last year at the University
of Miami we had some four hundred applications in the field of marine
biology, and this does not include marine engineering, marine physical
sciences, and marine geology. Of these four hundred applicants perhaps
fifty had no business applying to any graduate school, but about three
hundred or three hundred and fifty were bona fide graduate students that
most universities would be happy to have. Of themwe were able to accept
twelve. This is the weak link in the whole educational cycle, at least
in a new interdisciplinary field like marine science. We must do something

- 42 -




SRR TSR

to expand the capacity for the training of Ph.D. students. The critical
problems are not in the course work, for cne can lecture just as effec~
tively, at this level, to larger classes. Most of the courses are fairly
small anyway. But by cooperation with Federal laboratories some students
when they complete their course work are able to move out and go into
thesis research with qualified adjunct professors and our total enrollment
can be expanded. Among the many things that new students need is a place
to hang their hat and call their own because we don't have the space to
provide for such an increased enrollment. Therefore, the Federal labora-
tory must be prepared to provide some sort of student laboratory space for
such students even while they are mainly engaged in course work. They
need financial assistance throughout their graduate program and supervi-
sion of thesis research, the last perhaps being the most easily solved of
the problems.

Federal laboratories also can provide, and do provide, at our Insti-
tution, special training in advanced courses. We have a framework within
our University system that allows for special courses to be taught without
going through the complicated procedure of introducing new courses, some
of which are very specialized and not likely to be repeated, into the
catalog. These courses are approved by the teaching division of the
Institute of Marine Sciences and can be taught at any time that there is
need for them.

The Federal laboratory benefits from high quality technical assis-
tance that it gets in the form of graduate students. These graduate
students usually put in much more time than is required. The Federal
laboratories at Miami do keep their doors open on a twenty-four hour
basis so we don't have that problem which was mentioned by other speakers.
Students that are so trained may become especially aware of the needs of
these agencies, and I think they are more inclined to seek employment
with one. We also feel that, having Federal laboratories in such a situ-
ation, the problem that came up repeatedly in this morning's discussion,
the problem of taking Federal laboratory personnel back to school to keep
them up to date does not exist because such persons are constantly exposed
not only to the University's staff but to many visiting senior professors
and they can have contact with many graduate students and keep up to date
with latest techniques.

There are problems. The problems that we have met are largely ones
of uncertainty. If a commitment is made with a Federal laboratory to
take on a student, we feel that, provided the student is able to keep up
his course work and do good work, he should be with that institution for
his life as a graduate student. Unfortunately what has happened is that,
in some cases, a graduate student has been accepted, only to have the
director of the laboratory decide the next year to put that assistantship
somewhere €lse, The University then is caught with a couple of graduate
students for whom it has no support. These difficulties must be overcome.

R
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There are minor difficulties in inequities of pay and the like.
There are minor difficulties in red tape prccedures involving editorial
policies with regard to dissertations when the student is caught between
policies of two large institutions.

We need to have more flexibility in both systems. Lt isn't the
system really that is wrong; it's the people who run it. The university
professors are innovative, they are imaginative, the, do come up with new
ideas, and they are also very frustrated. With deference to my colleagues
here on the panel, within the university system I have repeatedly found
that most of the difficulties stem not from the high administrative offi-
cials, but with the deans and the department chairmen who will not change
from rigorously set procedures.

I want to mention one other area I'm not so much involved in myself,
but I think one that we should direct our attention to and which has not
been mentioned. Both Federal laboratories and the Federal Government as
a unit and the universities have some obligations that really are not
part of either agency per se, but are part of the public good. For
example, one of our big problems at Miami today is the development of a
meaningful cooperative program with Latin America. These countries need
technical assistance. They need to have persons with technical training,
training received not in degree programs but in graduate level and special
courses. So we hope for cooperation between the Fish and Wildlife Service
and the University of Miami in inaugurating a new certificate program that
will bring people from these countries to be trained for a year in special
and applied procedures that they can take back to their countries. 1In
this case, the State Department becomes a Federal agency with which we
hope to be much concerned.

I think such a program also applies to the non-degree students from
Federal laboratories. There are many people in Federal laboratories who
don't want, or who are not qualified for an advanced degree program, but
who would like to go to a university and update their techniques and pro-
cedures, and get a little more insight into the problems with which they
deal every day. I think some sort of certificate program would increase
the base of our knowledge and of our numbers of peorle involved in sci-
ence without overburdening our degree programs. The certificate program
we have great hope for in the future.

Thank you.

DR. HARTMANN: Now we go over to the so-called hard sciences, the natural
sciences. We're going to hear from the academic representative first.

Dr. Hoelscher is Professor of Chemical Engineering and also Dean of
Engineering at the University of Pittsburgh. He assumed this post in 1965
after 13 years with Johns Hopkins University in Baltimore, Maryland. He
received his Bachelor of Science in Engineering from Princeton University
and his Ph.D. in chemical engineering from Washington University in

St. Louis. He specialized within chemical engineering in problems related
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to the design of chemical reactors and in transport processes. He pub-
lished wore than 70 papers in these and related fields, andmore recently,
has become interested in educational methods and university organization
structures and management. Other technical interests include the pro-
cesses of economic and technical development of the countries of South-
east Asia and Latin America. We may find that some of the advantages
which are being extended to residents of Latin America can also be
extended, for example, to individuals in Federal laboratories who are not
interested in graduate training, but this is really excluded from the
topic of this seminar. At any rate, Dean Hoelscher has had considerable
interest in education abrcad. He served two terms in India; the first
for UNESCO and the second as Senior Fulbright Lecturer at the University
of Madras. He is now involved in an AID sponsored project in Chile and
shares responsibility with others at the University of Pittsburgh for
projects in Ecuador and Colombia. So, Dean Hoelscher what do you think
about graduate training of Federal employees or vice versa?

DR. HAROLD E. HOELSCHER (University of Pittsburgh): It is a pleasure to
appear on this program devoted to discussions of the role of the Federal
laboratories in science and engineering education. This is an important
subject in our world today--a world dominated by technology in which the
problems of education for effective participation in the development of
new technology, as well as for the more effective use of those technol-
ogies available to us, must be a prime consideration focr all.

I will direct my remarks primarily toward two observations. Firstly,
those of us involved in educational planning must take into consideration
the changing character of our Nation's research and development activi-
ties. Secondly, we must be aware of and prepared to respond to the
changing character of university involvement in the technological base of
our society.,

In planning for the future of technical educational programs, a
number of facts must be considered: For example, the very complicated
and the recently alarming facts of decreased Federal funding of univer-
sity research and development; the increasing complexity of research in
physics, chemistry, the health sciences, and the engineering sciences, as
well as the increasing number of new multidisciplinary challenges. The
latter are exemplified by the urban problems of our Nation, the environ~
mental problems, the problems and opportunities of the space frontier,
and the problems and opportunities in international engineering develop-
ment and the social and economic development of the emerging countries
via development of their own technological bases.

In addition, we must be aware that the interfaces among the tradi-
tional technical fields of science, engineering, the social sciences,
economics, history, and humanities, are as important in the solution of
problems within the real world as are the individual disciplines them-
selves. These interfaces provide us with new challenges for which we are
only partially prepared.
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 Finally, we must constantly be aware of the enormous need for sci-
entists and engineers, particularly for new kinds of engineers who are
equipped to cope with the complex problems of the real world about us.
The demand seems to be increasing more rapidly than the supply. More
alarming, the number of young people in secondary schools showinginterest
or even potential interest in technical careers is apparently decreasing.

In considering these problems, we must remember the history of the
university in this country. The university it not a new device; 1its
world history dates back at least five thousand years. For all but the
last bit of that history, the university has traditionally been concerned
with just three things: The acquisition of knowledge, the transmission
of knowledge, and the storage of knowledge. The Land Grant ‘Act of the
last century added a fourth: Responsibility for the use of knowledge.
This opened a Pandora's box of problems. It opened the need for schools
of engineering, for professional schools of all kinds, in order that the
product of science, knowledge and understanding of the structures and
dynamics of the world within which we live may be brought to bear upon
the problems of our society.

This presented a new kind of responsibility with long and trouble-
some reactions. Professional schools on the campuses of our universities
only recently became respected academic siblings. More important, we
have just recently come to understand that those in the professional
schools must be prepared to interact with those in the classical academic
areas, in political science, economics, and humanities. This is essential
if their efforts to solve the problems of our world, to improve the struc-
tures, the social and economic conditions within which all live and work,
are to attain ultimate success.

With all this as background, I will turn to the meaning of those two
key words with which we are concerned today, namely, 'research" and
"development." If we consider science to be that activity of man con-
cerned with the search for knowledge, and engineering to be that activity
concerned with the use of knowledge for the solution of problems in the
real world, then research is that process whereby knowledge and under-
standing are used for the crexiion of something new in or for the real
world. Research is thus not the primary business of engineers. Rather,
development is the primary concern of engineers and engineering, whether
it be in an industry of one of the emerging countries or of the United
States.

Obviously, research has become expensive. Development is not only
expensive but an effort requiring an aggregation of many creative minds
and supporting personnel focused on a problem which always has many,
many facets,

There was a time when one engineer could supervise a major project

and keep the entire problem reasonably well in mind. This was the case
at the time of the pyramids, the engineering feats of the Roman Bmpire,
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and even somewhat more recently. But this is no longer true. Today it
is nearly impossible for any single engineer to do more than coordinate
the many activities involved in any significant development process.

In\ a world where the cost of research increases by orders of magni-
tude and development efforts become so monumentally complex, it seems
necessafy that universities must undertake to reexamine their goals in
these two activities. Universities find it difficult to compete with the
ma jor ;Zsearch and development centers of government and industry in
either/effort. Traditionally, the Ph.D. candidate does research to '"make
a contribution'" in his dissertation or thesis, and his examination has
usually turned to the significance of that contribution. I suggest that
the significance of the contribution is often marginal, if not nonexis-
tent, and that we cloud issues in our pretenses. I suggest that we must
begin to recognize that the research requirement and the research disser-
tation are pedagogical devices. This is a part of the education of a
graduate student. We must begin to recognize the process values of
research. '

If this is true, the situation with respect to development as part
of the education of an engineer is even more a problem for the university.
To meet our responsibilities in the education and training of graduate
engineers in development activities, we must seek allies in those estab-
lishments with this capability. To do this, we will require a new kind
of program. I would thus like to tell you briefly of a program which we
are considering at the University of Pittsburgh's School of Engineering.
I will refer to this as an internship-based doctoral program. The pro-
gram might work as follows.

A student having completed the bachelor's degree in engineering or
a student in the first year of graduate work might apply for admission
to this program. If accepted, he would be expected to complete two full
years of intensive course work. In the second term of the second year he
would be given three one-month research assignments under three different
members of the faculty, only two of which may be in his own department.
The purpose of these will be to give him some exposure to and training in
the methodologies of research, that is, the methods available for
extracting information from physical systems.

If the student successfully completes this two-year program, he may
then be admitted to the internship. During the first two years the stu-
dent would need to be fully supported, since it would not be possible for
him to serve as a teaching assistant, a laboratory assistant, or paper
grader, as is presently standard in graduate study.

The internship program for each student would be arranged during his
second preparatory year on the university campus. This would involve a
member of our faculty with whom the student wishes to work, an employee
of a Federal laboratory or an industrial research and development organi-
zationwho is the counterpart of our faculty member, and a problem. One
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of the basic principles from which this plan stems is that there are many
people in the laboratories of Government and industry who would be welcome
additions to our faculty and whom we would be delighted to have as regu-
lar, full-time colleagues. Such a person would be identified as the host
mentor for the student and woul( work with the member of our faculty in
the development of the problem and in the guidance of the student's
effort. We could easily offer the host mentor an adjunct appointment on
our faculty.

During the period of the internship, the student would work with the
host mentor in the Government or industrial laboratory as an employee of
that organization on the problem previously identified and structured by
the host mentor and the faculty mentor working together. The identifica-
tion of this problem is, of course, a key part of this program. This
should be a problem which is part of the ongoing work of that laboratory
or industry, one to which the student can be assigned as a regular
employee with responsibility for some piece of the total effort. Identi-
fication of such problems will require considerable faculty effort. Thus
far we have identified potential host mentors in a number of Government
laboratories and in several industries, all of whom have expressed an
interest in this program and a willingness to serve in this capacity.
Similarly, we have identified approximately two dozen problems in three
departmental areas of the School of Engineering which could serve as the
basis for the start of this program.

The triangular relationship among the faculty mentor, the host
mentor, and the student would then be the operating unit for the intern-
ship program. After a period not less than one year and not more than
two years on the internship problem, the faculty and host mentors would
be asked to evaluate the performance of the student. 1If these two
certify that the student has demonstrated the highest possible levels of
creative ability in his work on this real-world problem and that he has
made a significant contribution to the total effort toward a solution to
this problem, the student would then be released from his internship to
return to campus.

The student would be required to remain on campus for a period of
not less than one term and would write, participate in seminars, and
confer with members of the faculty about his problem and his work experi-
ences. At the end of that term he would be given an oral examination
and, if he passes, would be recommended to the Board of Trustees to
receive the Doctor of Engineering degree.

There are obviously a large number of problems involved in making
this program a reality. One which could be most difficult is the need
for frequent communication among the student, the faculty mentor, and the
host mentor during the internship. This would require funds to permit
frequent travel of the student to the campus and the faculty mentor to
the internship site. Equally difficult would be the identifying and
structuring of the problem assigned to the student. This, again, would
require considerable conversation between the mentors.
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Strangely, the identification of potential mentors and the identifi-
cation of potential problem areas has not presented us with serious dif-
ficulties. Considerable interest has been expressed by those in the
Federal and industrial laboratories whom we have approacheu with this
idea, and we anticipate no difficulty in securing their professional
involvement. Some preliminary discussions with our own students have
indicated a very high potential interest in this plan.

We think that this might be a worthwhile, new kind of doctoral pro-
gram for our School of Engineering. We have no illusions that it will
represent the program for a majority of our students. Rather, it is
likely that we will limit this to approximately forty students at steady
state, that is, approximately ten percent of our graduate-student group.

In conclusion, I think that graduate engineering education should be
for research and for development and also for participation in the
exciting problems—gf our day. To do this,-EShe of our students must be
exposed to the problems of the real world. To do this, we must find new
ways to interact with the Federal laboratories and with the industrial

laboratories of our Nation. Thank you.

DR, HARTMANN: Thank you very much Dean Hoelscher for a very interesting
suggestion. I hope we'll hear some more about that in the discussion.

Now pushing on to the last member of the panel, we'll hear from
Dr. James L. Youngblood, who was born and educated in Texas. All of
Dr. Youngblood's degrees come from William M. Rice University. He worked
as Research Metallurgist for DuPont from 1962 to 1966. Since 1966 he's
been with the Manned Spacecraft Center at Houston, Texas, where he's
Assistant for Academic Relations. He is responsible there for providing
an effective interface bets een the Manned Spacecraft Center's scientific
and engineering programs and the college and university faculty research
and curricula.

DR. JAMES L, YOUNGBLOOD (Manned Spacecraft Center): Thank you Greg. 1

NASA has a variety of programs with graduate students, but I'm not
going to list these. I would prefer to go into another area which is of
particular interest to me.

We at the Manned Spacecraft Center in contrast to the Smithsonian and
some of these other organizations don't have a long history of participa-
tion with graduate students. 1In fact, we don't have a long history at
all., I have been discussing graduate programs with a number of universi- :
ties which involve bringing their students to the Manned Spacecraft Center :
and there have been a number of questions. Tnerefore I would like to §
address myself now to what I feel is the core of these questions. ;

1 For a more detailed description of "Graduate Training at NASA
Facilities'" see Appendix A.
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I was very pleased to hear Hal Hoelscher point out that the main
business of engineering is not research. As I see it there are two dif-
ferent basic types of graduate programs. One type is the research pro-
gram; the other type is an application or practice oriented program such
as the M.D. degree and Hal Hoelscher's Doctor of Engineering proposal.
Both of these are legitimate graduate programs and are to some extent
quite different. I'd like to go through these differences and indicate
the ramifications of these differences.

I'm going to talk about the applications phase of these programs and
the research in the research program is the applications phase. The
internship in Dean Hoelscher's program is the application phase for the -
Doctor of Engineering program. Medical students spend two years of class
work and then two years rotating through the hospitals. The objective of
the research-oriented applications phasc is to allow the student to
demonstrate his ability to conduct independent research. 1In contrast,
the objective of the applications phase in a practice-oriented graduate
program is to provide the student with an opportunity to function as a
professional under the supervision of more qualified and experienced pro-
fessionals. As I see it, it's a transition phase between the classroom
and the laboratory. I'm using laboratory in a fairly broad sense here.
The laboratory may be a group of lawyers for example.

Now, for the student in the research type program, the advice and
counseling primarily should be by someone who is experienced in research.
This usually, although not always, implies that the man has a Ph.D.
degree. It also usually implies that the man belongs to the university.
Thus, in a program which brings a student to the Manned Spacecraft Center
to conduct research, we would expect that the primary responsibility for
advice and counseling would be borne by the university. Secondary respon-
sibility should be carried by someone carefully selected at the Manned
Spacecraft Center, the host laboratory.

On the other hand the fact that a person comes to the Manned Space-
craft Center or any other host laboratory to obtain practical experience
functioning as a professional indicates that the professionals in the
host laboratory have a level or a type of experience not available at
the university. This means that in general the primary responsibility
for advice and counseling in a practice-oriented program should usually
be borne by the host laboratory with the university looking over its
shoulder.

As far as freedom and responsibility are concerned, the research
student, trying to demonstrate his ability to conduct independent
research, should be provided the freedom to call his own shots. This
means that duties as assigned are completely inappropriate. He should
be working on his project and the advice that is given should be general. 3
It should be his own work. On the other hand, if a man is working )
shoulder to shoulder with other professionals in a practice-oriented pro- }
gram, then the objective is to do the same type of work that the other
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professionals do. In many cases this may amount to "duties as assigned."
We need to make sure that the duties which are assigned are professional

level duties and that they are carefully planned to give the student the

types of experience that he needs in this transition phase.

As far as facilities and support services are concerned, Dean Pound
has already mentioned that in the research area the host laboratory has
to have a continuing interest in the research that the student is doing.
Otherwise you run the risk of not being able to get technician support,
time on the computer, and so on. As far as the practice-oriented degree
programs are concerned, I see no problem there. All that you have to
recognize is that the host laboratory be able to use the services of a
relatively inexperienced professional.

In the case of evaluation, for a research program this is usually
based upon a developed dissertation. The evaluation is primarily aca-
demic. 1In the case of a practice-oriented program, the evaluation is
going to be somewhat different. For one thing, the written activities
that the student goes through in his program are not necessarily going
to be in the form of a typical dissertation. They are likely not to be
publishable. 1In a development project the primary documentation may be
a piece of hardware. One should 2xpect him to produce a critique of his
experiences, but the rating will have to be much broader than just this
critique. 1In the medical field there are very few written documents
which the student can claim as a piece of his graduate work. Further-
more there are other factors which are just as important in a practice-
oriented degree as the academic--such things as initiative, team partic-
ipation and interpersonal competence. In these areas the host laktoratory
advisor should be better able to evaluate the student because of his
professional experience than the faculty advisor whose skill is primarily
academic.

Finally, it is important in setting up programs such as this that
the student, the university and the faculty advisor, and the host labo-
ratory and each supervisor in the host laboratory understand his partic-
ular role and responsibilities. Dr. Long mentioned this morning that
the universities do poorly in applied research, and I think we can say
that the universities do poorly in practice-oriented training. Dr. Kidd
mentioned that development-oriented labs do not have close ties with the
universities. I think these comments tend to go together. The univer-
sities are not oriented toward development. They have little to offer
the laboratories and their programs are oriented more towards research.
I feel that much can be done. Just as Dr. Hartmann mentioned that the
medical schools have hospitals, I think the engineering schools, the
legal schools and the management schools should look to Federal labora-
tories as a comparable situation to the hospitals for the medical
schools. Thank you.

DR. HARTMANN: We have had a very patient audience of articulate people
here who I am sure would like to say a lot and we've cut them down to
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only about twelve minutes worth. Sc I would like to throw the floor open
to questions.

DR, L. C., VAN ATTA (Electronics Research Center, NASA): I have heard a
number of questions and problems mentioned, but there is one that I did
not hear mentioned here today. That is the problem of patent policies
interfering with relations between Government and universities. 1Is there
anything that the panel could say on that subject?

DR, HARTMANN: Since we don't really have any industrialists present here,
would anyone on the panel like to volunteer?

DR, ROBINS: This is an important problem that you've touched upon. It's
one of the new areas that we are much concerned with in marine science
because so much of the gear that is being developed is patentable. About
the only thing that I can say is that this whole subject is now under
very careful study and reevaluation in order to formulate a clear policy.
But it has not yet been completed.

DR. HOELSCHER: We have of course run into this question. We ran into it
very quickly when we began talking about this internship based program
with people in industry. We have not heard anything major about it from
the Federal laboratories we've talked with. I assume that this is because
any patents would be in the public domain anyhow. However with people

in industry the question comes up immediately. It normally takes some-
where between half an hour and an hour of conversation to realize that
one can work one's way around this problem very easily. Of the three
industries that we went to directly with the request that we set up this
program, two have now agreed and the third says that it will. We started
off with a no, we cannot do it for that reason, but it worked out very
nicely along the line.

There have been a variety of answers. One of them was that we would
have to delay; that everything would belong to the industry for as long
as it is necessary for them to clear through their legal department. So
that the industry would, of course, have the patent rights and we would
as the university involved be expected to, and are quite willing to,
recognize the proprietary character--but not forever. That is, we have
to ask that in some time, six months or something, the student be free to
talk about the work that he did, or some evaluation of the work that he
did, or some phase of the work that he did.

DR. HARTMANN: Do we have another comment on the patent matter?

DR, POUND: I'm not sure that I can answer this for the University of
Wisconsin totally, but I think it is the policy of the University of
Wisconsin that patentable materials and information belong to the person
discovering the information. They therefore become personal problems
between him and any legal agency that he would be involved with.
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DR. HARTMANN: That might not be the policy of the industry which is
cooperating with your student. So I guess there's a problem all right.
Are there any other questions?

DR. LAWRENCE J. EDWARDS (AF Rocket Propulsion Laboratory): I am somewhat
disturbed when I recognize that there is an intermediate between the
university on the one hand and a federally operated or owned laboratory
on the other hand. We have in the middle a university which is federally
owned; there are quite a large number of examples of Government-owned
universities. I would like to invite consideration of some of the
problems which tend to either disappear or become minimized by both the
university and the laboratory being federally owned. We have in the Air
Force the Academy at Colorado Springs. Also at Colorado Springs at the
same location is the Seiler Laboratory. A very good relationship with
good coordination and cooperation is evident between the two organiza-
tions. At Wright Field there is the Air Force Institute of Technology.
Also there are at least five laboratories located there.

The Rocket Laboratory is located about twenty-five hundred miles
from Wright Field, posing a potential deterrence to maintaining a well-
coordinated working relationship between our Laboratory and AFIT. But in
spite of these difficulties, in the last year we have gotten temporarily
two of the AFIT professors from the engineering department, and also two
graduate students, captains in the Air Force, who will complete their ;
doctoral research in our facilities. I believe it would be interesting, 14
in considering university-laboratory relationships, to examine the unique :
situation of the federally-owned university and laboratory. We ought to
be able to learn something very useful from such an examination.

DR. HARTMANN: I don't know if that question was addressed to anybody.
I'll just comment in passing that probably these graduate students were
under orders of some sort, which also makes a rather unique situation.

DR. EDWARDS: No, quite the reverse. The student seeks an appropriate
Federal laboratory in which to conduct his doctoral research. There are
five Air Force laboratories on the same property at Wright Field with the
Universitye. Without considerable effort from another laboratory, the
easy choice would be a local laboratory. Being 2500 miles away from the
school, we must establish a good mutual confidence in technical and
management abilities since the academic control is retained by the school.

DR. HARTMANN: Thank you. Are there any other questions?

DR. JOSEPH L. McCARTHY (University of Washington): I want to make a brief
comment and maybe ask a question about the doctor of engineering degree. E
My view is that there is a real place for this, and we should get about j
developing this in an appropriate manner. But one of the really basic 7
questions is the matter of proprietary interests, and I'm not talking :
about patent rights. I'm talking about freedom for discussion. I would 3
like to ask Dr. Hoelscher if he would want to talk just a little bit more
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about this. Perhaps the other gentlemen here would like to say something
about this too. At least when a student goes into an industrial labora-
tory in a sense of the internship program that I believe you mentioned, I
should think almost always there would be a question of a sort of propri-
etary interest in his activity and restrictions on his freedom to discuss
them. It seems to me that this is a very basic question or problem. I
don't think it 1s a problem in the Federal laboratories, except for
military security. But perhaps one of the gentlemen can speak about this.

DR, HOELSCHER: I fully agree it is a major question. It is the first
thing that came up in our discussions with industry in each case where we
went to the industry to talk about this problem. As you say, it 1s not a
problem in discussions with the Federal laboratoiries. All I can tell you
is that after much discussion it was found, within the three cases that
we're moving ahead with, that we could work our way around them. The
industry has to agree that the intern, if we may call him that, is not
going to be placed on problems which are, over a very long time, likely
to be and to remain sensitive to that company. So there's some selection
of problem type on the part of the industry. At the same time we have to
give a bit and recognize that things which are patentable belong to the
man and the industry. It might very well be that the industry will come
to us and say: '"Please delay discussion or publication of this for some
period of time.' We've agreed that six months is not an unlikely or an
unreasonable period. It is a very big problem, but I think the game is
well worth the candle. I think that the end result is well worth working
at this kind of thing.

DR, McCARTHY: Just an additional sentence or two. I really don't exactly
understand what you said as a response to what seems to me to be the
primary question. The question really is: 1In the course of the work, and
be it developmental work as well, how do you maintain freedom for discus-
sion of that work as it goes on, so that other people can scrutinize it
and it doesn't turn out to be an ex post facto question? How do you do
that? I don't see it yet.

DR. HOELSCHER: Yes I did misunderstand. You're talking about the work
as it is in progress.

It is quite obvious that this is a different thing entirely from the
kind of university laboratory oriented research that goes on normally for
the Ph.D. Here the man is immersed in the company, largely as an employee
of the company. And he behaves like an employee of the company. His
supervisor is a person whom we know and who has a very close relationship
with some member of our faculty. And in fact will have a joint adjunct
appointment on our faculty.

We will not have this man in his industrial job butt against the
other graduate students in the school on a day-to-day basis, nor against
other faculty in the school on a day-to-day basis. The visitations back
and forth will be much less frequent, and I agree I wish it were otherwise.
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We won't have the kind of day-to-day evaluation, the day-to-day contact,
the day-to-day conversation between this student and other graduate stu-
dents and other faculty that we enjoy and that is very important in the

Ph.De. program. Does that answer your question?

DR. McCARTHY: Well, I respect whatever you wish to do. That is
Pittsburgh's question. But I do think that from the point of view of
long term academic policy, this is a thing that should not be given

away. I'm talking about the day-to-day review and scrutiny of a graduate
student, whether he is in a practitioner's program or a research program.

DR. HOELSCHER: I don't think we are giving it away. I think what we are
doing is shifting the responsibility for it from the member of our
faculty to the adjunct professor who is a permanent or full-time employee
of the company.

DR. HARTMANN: I don't know if anyone would like to defend the Federal
laboratory as a place where interdisciplinary contacts are made on a
daily basis with the opportunity to discuss and review one's work with
all levels of people? '

DR. HOELSCHER: If so, I would hope that they would equally well defend
the R&D laboratories of the major industries of our country who are doing
the samee.

DR, HARTMANN: I'm not excluding them. We were just talking about Federal
facilities. 1Is there another question? '

ENZI DeRENZIS (Atomic Energy Commission): Dean Pound mentioned the
acquisition of a lecturer appointment for the adjacent laboratory at the
university, and Dr. Wallen mentioned joint faculty appointments. My
question is: When a laboratory scientist is functioning as a lecturer
at the university, does the university pay him for that service?

DR, POUND: Again, I'm not sure that I have total information, but I
believe they do not. They have not historically done this.

DR, WALLEN: 1In our case, it works both ways. Sometimes the university
pays, sometimes the institution pays.

DR. ROBINS: 1In our case, the Federal laboratory assumes responsibility
for the person's salary, just as we assume responsibility for our pro-
fessor's salary when he goes over and lectures to the Federal laboratory.

DR. HARTMANN: So the answer is "It varies." I will stop the questions

now and let you look forward to the coffee break. I thank the members of
the panel for their interesting presentations.
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PART 1I: TRAINING IN FEDERALLY RELATED
CONTRACT LABORATORIES

DR. IRVING: The first part of this afternoon's discussion concerned
training in Federal laboratories. The panel that is on the stage now is
going to consider training in federally related contract laboratories.

To moderate this panel we have Dr. Willard F. Libby who is a

Coloradan and holds undergraduate and graduate degrees in chemistry from

the University of California. Dr. Libby is internationally recognized
for his research in physical, inorganic, nuclear and radio chemistry;

and equally well noted as a university and research administrator. He
has a long list of honors, capped as wost of you know when he was named
Nobel Laureate in Chemistry in 1960. He has been Professor of Chemistry
at the University of California at Los Angeles since 1959 and has been
Director of the Institute of Geophysics and Planetary Physics since 1962,
Dr. Libby, the panel is yours.

DR. WILLARD F, LIBBY: The plan for using the Federal laboratories as
part of graduate training has been well described in the previous session,
so I shouldn't speak about that aspect of our subject. I would like to
say however that I have personally found this plan very, very helpful.

I have three graduate students finishing this year. Two had their thesis
papers published with a co-author from the Standard 0il Laboratory in
Linden, New Jersey, and the third one has a co-author from the University
of Colorado High Altitude OLservatory, the Department of Astrophysics.

A postdoc finishing this year worked two of the last twelve months at the
National Center for Atmospheric Research in Boulder with one of

Dr. Roberts' colleagues. Students now in the works include one whose
thesis paper will bear three names; his, mine and our outside collaborator.
So I thoroughly recommend it. It is not only in engineering that it will
work; it works in pure science--at least insofar as chemistry is pure.

What I see as the main advantage of the national laboratories, and
by these I mean Brookhaven, Argonne, Los Alamos, Oak Ridge, the Jet
Propulsion Laboratory, the Stanford Linear Accelerator, the Lunar
Receiving Institute, the National Center for Atmospheric Research,
Scripps, Woods Hole and so on, is something that wasn't mentioned at all
in the earlier session. I found the earlier session very valuable, but
nobody mentioned one of the great values and purposes of these labs. And
I'm sure that what I'm about to say applies almost as well to the labora-
tories that were discussed earlier. This is the fact that much experi-
mental equipment these days is too expensive for the universities. The
country, even as rich as this country is, cannot afford to equip every
campus with all of the tools for giving graduate education. We all can
recite a long list. We think of the high energy accelerators for the
study of nuclear physics. We have at Brookhaven, at Berkeley, at the
Lawrence Radiation Laboratory, at Argonne, at the Stanford Linear Accel-
erator, and soon at the Weston Laboratory, a whole host of facilities
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which cost tens of millions of dollars at the very minimum to build and
which have budgets that rival the total budgets of a first rate univer-
sity. We can't afford more than a minimum number of such giant machines,
and yet there is no other way to study nuclear physics. So we simply
have to have national laboratories for this reason if for no other. I
would add the facilities furnished at the Jet Propulsion Laboratory, for
example, and the Manned Space Flight Center, in the form of space probes
and satellites. These are all things which are beyond the capabilities
of individual universities and which we can enjoy by sharing them through
a national laboratory. So I think one of the great functions of these
federally related contract laboratories is to make available to the grad-
uate students and professors the opportunity to work with these fantasti-
cally expensive machines. Who knows what lies in the future, but already

we know that there's a whole series of subjects you cannot teach unless
you have these facilities.

I omitted to mention the research reactors. Research reactors are
too big for most schools. There are only two reactors in the whole state
of Colorado. Only one at the moment, as I understand, is running. That's
in a Federal laboratory in Denver. We're planning and hoping that the
State University at Fort Collins will get one. Nuclear engineering is a
very important part of engineering these days. With atomic power becoming
one of the truly great businesses of the world, we really must teach it.
Yet these reactors are so expensive that for just the expenses of running

some of these great machines, the housekeeping gets to be a major consid-
eration.

So if I can take my student to some Place and tie up with Dr. X
there and we make an arrangement, it's a relief to me and it's an oppor-
tunity for him. He gets a better education all the way around. If we
are going to run say giant ears for listening to radio waves from outer
space, which was the problem that I collaborated with Dr. Warwick of the
' University of Colorado on, we have no business, a chemist, you know, in
L that. Yet we had some chemical reason for listening. And it was possible
by virtue of Dr. Warwick's great experience for a student to actually
work in the chemical application of radio astronomy. So one of the main
things about the national laboratories, as I see it, is to make it possible
: for us to have these facilities.

I was a member of the Atomic Energy Commission when we really
launched the high energy physics program in a large way. And one of the
things we worried most about was: "Is it practical to share a 30 bev
accelerator two hours away on Long Island? 1Is it really possible to share
that giant facility? You know the professors aren't all going to move to
7 Long Island and bring all their students with them.” There was quite a
i long time before we could see our way through this, but I think there is
% something of a moral in the way we found. The way was the following. ;
There was a discovery made at about this time which was known as the E
bubble chamber. This liquid bubble chamber made it possible to photograph
3 in intimate detail the ultra high energy collisions which the high energy
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physicists are most interested in studying. This made it possible, by
using good photography and good lighting to photograph these events, to
make available the photographs and therefore to solve the logistic
problem of transporting the professor and his graduate students to
Brookhaven. This isn't to say that all of the discoveries of nuclear
physics have been made with bubble chamber film. But I do say the major-
ity of them in the last several years have been made in this way. A
lucky break that it was possible. Programming a machine to store up and
take these pictures makes it possiblie to produce so many pictures and so
many different experiments that it would take all the graduate students
in physics in the whole world just to look at them with the attention
they deserve. And now with the proliferation of machines, the SLAC
coming on line, and with Weston over the horizon, it is quite clear that
this marvelous technique will continue to serve us well in graduate
education.

Call it the Users Group Procedure. When a machine is first planned,
this is the way it goes nowadays, as I understand it. When a machine is
first planned they start organizing the Users Groups and they get in on
the specifications. One of the things we learned in building acceler-
ators was that we never give enough experimental room and facilities.,

We always had to go back and practically double the initial capital
investment in putting in experimental facilities. But the Users Groups
now get in extremely early and they work with the machine operators, and
the machine operators learn from them what kind of things they need and
what experiments of interest there are to be done. They meet and period-
ically lay out what film they're going to take. I am familiar with two
Users Groups, one at UCLA and one at the University of Colorado. I
understand that these are pretty typical of all the Users Groups. They
have several, maybe a dozen or so graduate students associated with one
or more staff members. This is the Users Group. The AEC finances them
for their work associated with the high energy physics program. And they
feel they are an integral part of the activities of the whole laboratory.
One given group can belong to several different laboratories. The one at
the University of Colorado belongs to Brookhaven, Argonne, and Stanford--
maybe others but at least those three. And they're getting film from all
these different places. Now it isn't to say that the students don't go
visit some times and it isn't to say that a professor doesn't spend con-
siderable time on the road visiting these laboratories, but it 1is a
viable system which brings to the campus the benefits of these great
machines.

A similar application, I think, is the device NASA has invented in
the senior investigator based in a university. A senior investigator in
a university takes on some aspect of a satellite or space probe and
develops the instrument and technique working together with a NASA sci-
entist. We have had quite a lot at UCLA to do with the Jet Propulsion
Laboratory which sends the space probes such as the Mariners and
Surveyors. They will have an experiment, say, to measure the magnetic
field and our university professor will help develop the magnetometer,
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and then perhaps half a dozen or more graduate students will work on
various aspects of this. It proves to be a device to bring to the campus
some of the benefits of this extremely expensive experiment. Another
example in the space field is the vast amount of data available from
earlier probes and satellites. We have now in the World Data Bank piling
up enormous amounts of information unlooked at. I would venture to
suggest, maybe somebody from NASA will challenge this, that over half of
the data taken from satellites and space probes have never been looked

at by anybody. Any challenge?

UNIDENTIFIED SPEAKER: Including the principal investigator?
DR. LIBBY: Including the principal investigator.

UNIDENTIFIED SPEAKER: And we give them two years to look at it and if
they don't we make it available to anybody?

DR, LIBBY: Yes. Now there's the point. We have an enormous backlog of
stuff that's piled away there for somebody to study in the future. And

I think we can see how solutions will come to this apparently insolvable .
problem,

I think we can see that the furnishing of these special
facilities is a function of the national labs which is absolutely unique.
I'm all for the expansion of the campus that was outlined in the first
part of the program. I think that's great and the giving of the students
broader experience. I think that's just fine. But there is this special
function of these laboratories which we must always bear in mind. I am
particularly impressed with the newer laboratories that are being built
now and how it is kept in mind that they must have these relationships
with the university and they must be fruitful and profitable and mean-
ingful to both parties, not just to the university, but also to the
agency. In fact I'm a very” firm believer in the theory that every
agency, particularly the mission-oriented agencies, should have close
relationships with the universities. As a member of the AEC I did
absolutely everything I could to promote that program and I think it has
been one of the strengths of the AEC. I only say about NASA, I wish you
had done more. What you've done is fine. Ten times more would have
been better. And we must constantly keep this in mind.

I note with some interest how the National Science Foundation is
being turned into a mission-oriented agency whether it likes it or not.
It may end up that all we'll have are mission-oriented agencies. I
wouldn't go so far as to say we shouldn't have a pure National Science

Foundation, but I do say that NASA, AEC, ESSA, all of the mission-oriented

DOD agencies, should be allowed to develop this partnership with the
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universities. Aswe build these labs which are for some specific purpose--
for instance oceanology that's just coming over the horizon--we should
plan in each instance to maximize the opportunities for graduate educa-
tion. It isn't possible in this modern day and age to train a scientist
in all fields on the university campus. In some fields it's still possi-
ble to work entirely in the laboratory on the campus, but in other fields
it isn't. So we need the national laboratories, the federally related
contract laboratories, for this purpose if for no other.

Now I'll call on our first panelist this afternoon, Dr. Walter Orr
Roberts. Dr. Roberts is a much honored and respected scientist. It is
difficult in a short time to do him justice. He is presently the Presi-
dent of the American Association for the Advancement of Science, and
President and Chief Executive Officer of the University Corporation for
Atmospheric Research. He is founder of the High Altitude Observatory and
founder and first Director of the National Center for Atmospheric Research.
Father and builder and inventor and protector of the most beautiful Fed-
eral building in this country, that of NCAR at Boulder. 1It's a real
pleasure to ask Dr. Roberts to speak to us.

DR. WALTER O. ROBERTS (University Corporation for Atmospheric Research):
Thank you very much, Bill. It's a pleasure to be here and to talk for a
few minutes about the University Corporation for Atmospheric Research--
and about the National Center for Atmospheric Research (NCAR), the labo-
ratory that the University Corporation for Atmospheric Research operates.

Our field of interest is atmospheric research, and it embraces in
principle a wide range of things: meteorology, aeronomy, solar terres-
trial relationships, the solar atmosphere and planetary atmospheres. Of
course, in practice at NCAR, we have chosen to emphasize only a few
selected areas within the broad range of atmospheric science. It would
be impossible with finite resources of people and dollars to do other-
wise. Atmospheric science. is by its very nature a complex, intzrdisci-
plinary affair. It involves not only astronomy and meteorology and
physical oceanography, but also makes heavy demands on chemistry, physics
and mathematics, and even at times requires us to concern ourselves with
sections of law and economics. It cuts across the interests of a great
many Federal agencies; for example, the Department of Commerce, with its
ma jor responsibility for weather forecasting concentrated in ESSA; the
Department of Transportation, with its responsibilities in air operations
just to mention one area of its interest in atmospheric science; the
Department of the Interior, with its water resources and weather modifi-
cation interests; and the Department of Agriculture, with interests in
hail and in climate. There is also the Department of Defense, with its
so many obvious interests in military aspects of the atmospheric sciences;
Health, Education and Welfare and its concern with air pollution; NASA,
with its obvious interests; and the NSF, which has had historical specific
responsibilities in the field of weather modification, and which now has
been given broader responsibilities in applied research.
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I certainly agree about the necessity for each of these agencies to
have strong Federal laboratories and for them to maximize their partici-
pation in the process of graduate and undergraduate education. Certainly
in our field this is very much the case. In atmospheric sciences, more-
over, every single scientific advance--I suppose this is true in every
field, but it seems even more evident to us in atmospheric sciences--every
scientific advance cries out for application (and very often is affected
by great pressures for premature application). The National Center for
Atmospheric Research came into being in this environment. I'm not sure,
to use Don Hornig's words this morning, whether NCAR is an "almost-
Federal'" laboratory, or whether it's an "almost-university" laboratory.
Technically it's a nongovernmental organization under the control of a
private corporation, the members of which are twenty-seven universities
spread all over the United States. The National Center for Atmospheric
Research is also in a close and intimate sponsor relationship: it is
sponsored by a Federal agency, the National Science Foundation, which
provides most of the support to the laboratory under Federal contract.
NCAR represents one of the great variety of forms that characterizes the
support of research and related engineering in this country; a variety
that demonstrates this nation's unique and flexible approach to problems.

NCAR has broad aims in basic sciences. Our purposes are principally
these: First, to do basic research on the broad, complex, major problems
of the atmosphere, some of them global in nature and almost all of them
requiring long-term efforts and major commitments of engineering, logistic
and scientific talents. 1It's obvious that to make progress in this field
we need close coordination and cooperation with Federal agencies. We

also need to set firm priorities so that our energies are not dissipated
in too many directions.

NCAR's second purpose is to provide facilities that are too complex
to manage and operate, or too costly for a single university department
of atmospheric science to build or acquire. Again, the need is obvious
for close relations and close coordination with Federal agencies, and for
establishing priorities as to what to build and what to operate.

The third major goal is to provide a meeting place for the scientific

community, principally the university scientific community, to plan major
cooperative programs.

I had almost thought that I was going to talk today about one of
these--a national hail field experiment--instead of more generally about
the Laboratory, because this program is a good example of difficult
planning, interagency rivalries, conflicting university interests—--in
short, a beautiful example of the variety of problems that we face in
atmospheric science when we launch a large, complex effort. But I
decided not to--nor to talk about the various experiments that will be
parts of the Global Atmospheric Research Program of the 1970's. Each of
these is an example of the kind of atmospheric science program that can
be carried out by no one university, not even by a small group of
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universities, but which instead requires the coordinated efforts of Fed-
eral agencies, of the universities, and of the National Center for Atmo-
spheric Research.

I think also as a national laboratory NCAR has an intangible respon-
sibility to stand as a visible symbol of the collective commitment of the
universities of America to a major national goal. NCAR is different from
many of the FCRC's in that it is university-controlled. It is under the
control of twenty-seven university members, each of which names repre-
sentatives to the corporate group that governs the Laboratory. The
Laboratory is becoming increasingly problem-oriented while university
efforts, I believe, are generally discipline-oriented. There are some - q
interesting aspects of this that deserve discussion. NCAR is committed
to university interests, and it carries out this commitment through
cooperation. I might say this isn't so easy. Someone this morning
alluded to the difficulty of boundary between Federal laboratories and
universities. There must be bona fide cooperation in attacking impor-
tant problems, and not cooperation simply for the sake of showing :cooper-
ation.

The relations between NCAR and the university community also involve
an element of competition--competition for outstanding scientific talent,
and competition to bring about a sound approach to research problems. T
might say that it's been an inspiration to me that a laboratory like
ours, competing for some of the same talent that is so scarce and so
necessary in the universities, has received the complete support and
endorsement of the member universities in urging us to go out and compete
as hard as we can for the available talent. The universities believe
that this kind of competition for manpower and even for resources will
ultimately upgrade the quality and the scope of the work in the univer-
sities as well. I might say, however, that it's necessary for us to be
restrained in this mode of competition. We cannot, for example, compete
by going out and buying scientists away from the universities on the
5 basis of salary.

Let me now list some of the many specific ties that can exist, and
; in our case do exist, between universities and a national laboratory.
: If there is any time in the questions later, I'll be glad to enlarge on
any of them.

. We have a program of affiliated professorships, where members of the
NCAR staff may associate themselves with a university department and
participate in university affairs. We have an extensive postdoctoral
: program. We have advanced study seminars that involve Federal laboratory
3 people and industry people, as well as our own and university people. We
have summer training programs for graduate students in the use of avia-
tion and computer facilities. We have facility advisory panels, with
1 Federal representation as well as university representation. We have
] quite a number of joint research projects, some small, others more
' extensive. One very small joint venture, for example, involved a single
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graduate student who was interested in an idea of Bill Libby's about the
circulation of the atmosphere of Venus. We have in our laboratory the
computer, the software, and the numerical model, and we had the interest
to help Dr. Fabian do an experiment that would have been very difficult
for him to do without the existence of a laboratory like ours, with its
capability and its interest. We also have big cooperative programs,
like a program in cloud dynamics jointly with the University of Nevada--
big programs that require years of cooperation and facilities like the
De Havilland Buffalo turboprop airplane used in that program. We have
programs of leaves and visits. We have NCAR fellowship recipients who
have summer jobs at NCAR, after which they are supported in a year's
graduate study at the institution of their choice. We have the possi-
bility of Ph.D. thesis supervision at NCAR, and already have had some-
thing like twenty-five cooperative doctorates awarded. We have frequent
and detailed consultations between NCAR members and members of the
university community. So I feel that our pattern is a successful and an
exciting one, and I'm pleased to have had a chance to talk about it for
a few minutes today.

DR. LIBBY: Our next panelist is Dr. Paul Gilles of the University of
Kansas. Dr. Gilles did his graduate work at the University of California
in Berkeley and his undergraduate work at the University of Kansas. He
returned to the University after finishing his doctorate work and has
remained there since, rising rapidly in rank, maintaining relations with
the national laboratories and with industry. He'll tell us today about
some of these relations.

DR, PAUL W. GILLES (University of Kansas): Thank you Bill.

My purpose is to present a description of successful cooperation
between the University of Kansas and Argonne National Laboratory in high
temperature chemistry research. This cooperation has extended over a
period of fourteen years. Instead of using the word interaction as
Dr. Long did this morning, I use the word cooperation. The other person
involved in most of these endeavors is Bob Thorn of Argonne National
Laboratory and he is sitting down here in the second row.!

Now, that we should cooperate was natural. Bob's interests were in
high temperature chemistry, my interests were in high temperature
chemistry. Bob's work was supported by the Atomic Energy Commission
through its Division of Research. We might entitle this talk, instead
of cooperation between two agencies, "It Works," for indeed the proce-
dures and the cooperation have worked.

aa eemada.

1 Appendix B is a Joint Report by Dr. Gilles and Dr. Thorn entitled
""Cooperation Between Midwestern Universities and Argonne National
Laboratories' submitted December 13, 1967, to Argonne Universities
Association.
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Figure 1 shows in the two columns on the left and on the right the
various positions in the University of Kansas that we choose to discuss.
In the middle column are various positions existing at Argonne National
Laboratory. The symbois in the outer columns stand for Faculty, Tempo-
rary Faculty, Postdoctoral, Graduate Student, and Assistant. Those in
the middle correspond to Staff Member, Temporary Staff, Consultant,
Postdoctoral, Graduate Student, Undergraduate Student, and Staff Assis-
tant.{ The directions of the arrows indicate the directions that people
have gone. The first one is the one that begins in the upper left,
Faculty with a G. That corresponds to me. In 1954 I spent a summer at
Argonne. On the right at the upper left are two diagonal arrows down
toward the right; one labeled C the other labeled T. The first one “
stands for Bill Chupka, a physicist at Argonne who was a Visiting Profes-
sor at the University of Kansas a few years ago; the other one stands for
Bob Thorn who was a Visiting Professor at the University cf Kansas last
year. The other arrows also correspond to people. Most of what I shall
say pertains to the graduate students near the lower left. These are
individuals who were graduate students at the University of Kansas and
who completed their graduate work at Argonne.

Let me point out one of the most significant features shown in
Figure 1. The arrows go both ways. People have gone from the University
to Argonne and from Argonne to the University. Graduate students at the
University have gone to Argonne as graduate students. Other graduate
students have gone from the University to permanent positions at Argonne;
others have gone to other institutions yet have maintained contacts with
Argonne. Argonne has encouraged graduate students who were participating
at Argonne in undergraduate programs from their own undergraduate colleges
to continue graduate work at the University. And the dash line on the
right indicates that Phil Wahlbeck, who was a graduate student at the
University of Illinois, had his postdoctoral position at the University
of Kansas suggested to him by our Argonne friends.

I'd like to suggest to you some specific accomplishments that we
have made under this arrangement. Individuals have been trained; scien-
tists have been attracted to the field of high temperature chemistry; we
have numerous joint publications; we have jointly sponsored meetings; and
we have participated in the calibration of optical pyrometers and in some
other scientific projects.

May I summarize for you what I think are the essential ingredients
for success in the kind of program that we have had. First, the students
have been excellent students. Second, the attitude that we have taken is
the following: "I do not send students to Argonne. I take them." The
significance of this remark is that our relationship has been a three-way
relationship. Bob and I 2nd the student have worked jointly. We three
have jointly decided on the problem. Bob and I have been codirectors of
equal status as far as the student is concerned. I visited the labora-
tory every three months or so to get a view of what was going on. The
student reported to me every two weeks or so. Bobserved on the student's
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advisorycommittee at the University and also on his thesis committee.

In addition to our mutual interest and our joint participation, we were
benefited by very favorable administrative arrangements, and we had good
personal relationships among us all.

As we look toward the future, we recognize other possibilities. The
relationships between a university and a national laboratory should not
be a one-way street. Figure 1 indicates that we have been successful to
a great extent in providing a two-way street for our cooperative endeavors.
We have tried to think of the University and Argonne in as reciprocal a
way as possible, and when we try to put reciprocity into our notion, we
come up with some new ideas. Some of these are shown in Table 1.

TABLE I

POSSIBILITIES FOR NEW COOPERATIVE PROGRAMS
BETWEEN UNIVERSITIES AND NATIONAL LABORATORIES

Codirection, Graduate Student at University
Codirection, Postdoctoral at Laboratory
Codirection, Postdoctoral at University
Internal Codirection, Postdoctoral at Laboratory
Experimental Courses at Laboratory
Refresher Courses at University

Short Appointments at University

Short Appointments at Laboratory

Traveling Professorships at University
Professorships at Laboratory

Exchange of Administrators

Continuing Education

Joint Committees

Joint Monographs

Joint Seminars

These are some of the programs that we have in mind for the future.
We think of two people--one at a university and one at a national labo-
ratory--participating in a codirector arrangement with a graduate stu-
dent at the University. 1In addition, codirection of postdoctoral work
at a laboratory can occur, and we think it can occur effectively. It is
desirable for a postdoctoral to have a relationship with a university.
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Codirection of a postdoctoral could occur at the University. 1In order to
stimulate interdivisional activities at a national laboratory, codirection
of postdoctoral at a laboratory could occur with the two directors being
in different internal divisions of the laboratory. Moreover, experimental
courses could occur at the laboratory and refresher courses could occur at
the University.

Short appointments can exist at the University. Short appointments
can exist at the laboratory. Traveling professorships for Argonne per-
sonnel could occur such that the individual would travel around tovarious
universities. Professorships for university individuals could be held at
the laboratories. Possibilities for joint monographs and joint seminars
are obvious thoughts. We have even been so bold as to suggest that the
institutions might exchange administrators for limited periods of time.
Joint committees can be effective and we recognize the possibility of
continuing educational programs.

We look forward to continued cooperation between the University of
Kansas and other midwestern universities and Argonne National Laboratory.
We look forward eagerly to working with Dr. Miller, Dr. Roberson, Dr, Poor,
and Dr. Pierce, as we have worked previously with Dr. Boyce, Dr. Simpson,

-and Dr. Manning. Our hope is that the arrangements will be sufficiently

fluid so to allow the insight and the ambition and creativity of scien-
tists to flourish,

DR, LIBBY: We have as our third panelist the Provost of the University
of Ari