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PREFACE

In early 1980 the National Science Board chose as the topic of its 1982 Annual Report
to the President and the Congress, "University-Industry Research Relationships.” This was a
propitious selection as 1980 and 1981 turned out to be boom- years for relationships
between campuses and corporations. 1t is perhaps even more significant that these enhanced
activities have persisted despite economic difficulties in 1981 and 1982.

A scan of the literature on the subject in early 1980 revealed that ther: was no com-
prehensive information available on the extent and nature 6f research relatiorships between
universities and companies. Discussions among NSB members revealed great variation in
types and character of relationships by science and engineering discipline, by type ofindustry
and by character and history of individual corporation or campus.

Given this state of affairs it was decided that the Board would undertake to wntrlbute
to the factual information base about university-industry exchange through commissioning
‘several studies and assessing the available statistical data.

The National Science Board’s interpretation of the materials gathered in these studies
has been published as, University-industry Research Relationships: Myths, Realities and
Potentials, the Fourteenth Annual Report of the National Science Board to the President and
the Congress. ' ’

In this volume, we make available the commissioned studies and reports themselves
in the belief that the detailed materials will be of use to both practitioners and policy makers.

~ The National Science Board is responsible for the selection of the study topics and the
authors. While affirming the high quality of the studies and the reporting methods employed,
the specific findings and conclusions of these papers remain the responsibility of the authors
and are not necessarily endorsed by the NSB. All of the studies were subjected to critiques
by outside reviewers, and modified in the light of their comments.

Lewis M. Branscomb
Chairman
- National Science Board
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CHAPTER 1

INTRODUCTION

A. Objectives of the Study

el

The intent of this study is to present a broad view
of the extent and variety of current university/industry
research interactions; to chara-terize the principal forms
of these interactuns, and the factors involved in their
initiation and evolution; to develop a basis for usider-
standing the relationship of each type of interacticn o
the objectives of university and industry; and by such

. systematic analysis offer a perspective on the curre\n(
state of university/industry research interactions.

B. Scope of the Study

This study was commissioned by the National Sci-

ence Boaid Lo provide background information for the
Board’'s 1982 report on University/Industry Research
Relationships. The intent was to focus on research
programs. We reviewed training and education pro-
grams only insofar as they were related to research.
. Within the constraints of time and funding, we

asscmbled a rich data base of research interactions,
and revicwed as many distinctive types of research
interactions as possible. '

~.

~

The emphasis throughout this study was to develop
case studies of interactions through detailed on-site
interviews of university, industry and government re-
search partners. Supplemental information was gathered
through material provided to us during our site visits
and through literature surveyed during the course of
gathering facts and perceptions about a large number
of categories of interaction. We were able to assemble
some numerical data that lend themselves to quanti-

~ tative analysis. These detailed qualitative and quanti-

tative data provided us with insight into many issues,
barriers and opportunities for unlverSIty/lndustry re-
search interactions..

This study avoided dupllcatlon of information in
the fouowmg areas:

* Historical university/industry linkages in the devel-
opment\of chemistry and chemical englneermg
in the U.S) \

* Industry relationships of science and engineer-
ing faculty in non-doctoral state colleges and uni-
versities.

*Analysis of the existing data base Qﬁ the flow of
resources from industry to universities. \

16
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CHAPTER 11

UNIVERSITY/INDUSTRY RESEARCH
INTERACTIONS IN.CONTEXT

A. Concerns About the Health of Our Overall
Technical Enterprise System

A number of national concerns arose just prior to
the establishment of this study relating to the health
of our overall technical enterprise that give the subject
of effective utilization of our technical resources a cer-
tain level of ‘urgency.

Among these natlional concerns are the following:

(1) There has been a growing belief that basic
research conducted by universities is being weakened
by a decline in Federal support (Smith and Karlesky,
1977) obsolescence of research equipment (Berlowitz
et al., 1981) and shortages cf new faculty in specific
areas such as computer science, electrical and chemi-
cal engineering (David, 1981).

(2) There has been a genuine concern with the
innovative capability of U.S. industry, leading to a
major Presidential study of the subject (Mogee, 1979)
and which |nc|uded among its premises:

a. The belief that U.S. industry was devoting
" a decreasing share of its R&D resources to
long-range research (Mansfield, 1980), and

b. The fear that the international competitive
status of the U.S. would decline by placing
too great an emphasis on short-term prod-
uct development. (Five Year outlook on
Science and Technology - 1981, National
Science Foundation).

c. There has been increasing emphasis on
the financial difficulties of universities, the
decline in academic openings for Ph.D.
researchers outside the fields of critical
shortages and their potential consequen-
tial effects on the innovative process (Vetter,
1977).
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There are mariy questions that can be raised with
regard to the data behind these concerns, and with their
interpretation. The issue of importance to this study is
that university/industry research interactions bear
upon all of these concerns, and thus is a subject for
examination in its own right. The general line of thought
is that, if we understand more about the nature of
these interactions, and how their functioning could be
of benefit to both university and industry, then some
of these national concerns might be addressed by en-
couraging particular mechanisms. '

~ For example, closer relations might icad to ex-
panded research by universities in areas of basic
science and engineering that could be built upon by
industry for future growth. Greater rapport between
industrial researchers and faculty could strengthen
support for graduate students and, presumably, ir-

‘crease mdustry funding for university research. Coop-
‘erative programs might provide leverage for further

grants, and thus expand the level of basic research
generally. Programs encouraglng equipment dona-
tions might reduce critical instrument shortages.

B. The Need for a Strategic Approach
to Research

Current perceptions of moderr: science suggest

that there are other important reasons for reviewing
university/industry research interactions.
_In the Twentieth Century, scientific and technolo-
gical activity has been increasingly recognized as a
productive force: Technical research has led to the
formation of new industrial sectors—microelectronics,
computer and information processing, biotechnology.
Science-based industries—electronics, chemicals, syn-
thetic fibers, scientific instruments—have grown at a
considerably faster pace than traditional industries—
mining, shlpbundmg, iron and steel, and textlles (John-
son, 1973).

A recent study by Edwin Mansfield (1980) even
suggests that the composition (basic vs. applied re- -
search), as well as the magnitude of an industry’s or
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firm’s R&D expenditures, affects its rate of productivity
incrcase. Because of this increased awareness of the
interrclationships among scicnce, technical change,
. and cconomic growth, we have come to expect scien-
tific research to produce concrete benefits. -

Another aspect of modern science is that it con-

tinually increases in size, cost, and complexity. Not
only have the internal dynamics of scientific disciplines
become increasingly complex, but it is evident that
. : v .

their subject matter does not evolve through linear or
unidirectional stages into innovative inventions or into
providing the basis for technical change (Mogee, 1979).

The growth of science and technoiogy is reflected

in the cxpansion of the research university, national -

laboratorics and industrial research laboratory. Each
of thesc sectors covers a wide range of activities from
_ basic rescarch through development and engineering,
While cach has cvolved independently, there are over-
lapping intcrests in technical activities, and research

intcractions have an ongoing history (Thackray, 1982;

Rabkin, Y.M. and LafitteHoussat, 1979). The concern
for cftective utilization of research activities has raised
the question: to what extent would more conscious
attention to these interactions result in greater benefits?
The expansion of science at all leveis has been
accompanied by the expansion and significance of exter-
natly funded research at universities. But in recent years,
our sensitivity to finite resources and limited funds
has also grown. Increasingly, a criterion for externally
funded rescarch has been social relevance (OECD,
1981). »
Thesc three factors, science as a productive force,
its complexity and cost, and our increased awareness
of limited resources have been used in the past as well
as the present as justifications for orienting research
to the demands of society and for increased efforts to
rationalizc our present mix of research institutions
and facilitics. This interest in effective coordination of
research efforts teads to pressures to consider avenues
of optimizing the use of our technical resources. it is
within this context that we approach the subject of
university/industry research interactions. Many of the
issues brought up specifically with respect to university/
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industry research interactions, in fact, bear directly on *
these more general topics.

C. Upriversity/Industry Research Interactions:
A Perspective

~ Thus there-are many pressures to review and under-
stand university/industry research interactions. Inter-
estingly, the attention to this subject has grown aimost

. simultaneously over the past several years throughout

most of the OECD countries. In industry, a joint Work-
ing Group was established between the European Indus-
trial Research Management Association (EIRMA),,an'd
the Industrial Research Institute (IRI). The OECTD itself-
has started a study covering its member countries within
its Directorate on Science, Technology and Industry, to
be completed by the end of 1982. A review'is currently
in progress within the European Communities on the
exploitation of public sector R&D, which includes con-
cern with the response of university research to indus-
trial needs. The Scientific Affairs Division of NATO has
taken initiatives to encourage exchanges of technical
personnel between university and industry across
national boundaries of NATO member countries. .

It is our opinion that there is an underlying assump-
tion in all industrialized countries that each must derive
the maximum output from its total technical resources.
This assumption is not always articulated, but it flows
from some of the ideas presentéd above: Despite the
very considerable progress resulting from the inde-
pendent growth of each sector and the evolution of
many forms of research interaction between university
and industry, there seems to be a widespread belief
that university/industry interactions in particular are
an under-utilized mechanism for optimizing our tech-
nical resources and that greater attention to these
interactions can result in greater benefits.

We believe that the potential benefits of this atten-
tion rest upon our ability to determine what is going
on today and to understand the impact, so that each
sector can create suitable mechanisims for achieving
its own objectives;"and so that public policy can serve ~
to expedite the ‘process. This perspective underlies this
study.
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CHAPTERIII

METHODOLOGY

A. Approach

In order to select a significant sample of joint

“ research interactions within the time frame of our study

(approximately 9 months to gather data), we chose to

concentrate our efforts on collecting information from

major research universities and research based firms.
This choice reflected four observations:

{1) University based researc}\' is conducted in a
relatively small number of “research” and doctorate-
granting universities. Although there are 200 such insti-
tutions, the top R&D ranked 100 universities typically
account for about 85% of the total federal R&D funds,
with the top 20 accounting for 40% and.the top 10
about 25% (Science Indicators, 1979).

- {2) Basic research within industry is carried out
by a small number of veiy large firms (two firms account
for over 25% of the man years and aimost 20% of the
funds allocated within industry in support of basic
research according to an NSF study (Nason and Steger
1978).

(3) Seven major industries—nonelectrical machi-
nery, electrical equipment and communications, chem-

_icals, petroleum products, aircraft and missiles, motor

to place our sample in persr.ective, visits were made to
a small number of compan:es and universities known
to have less extensive university/industry research
connections than the majority of our.sample.
Because accurate quantitative data adequately
representing the broad spectrum of interactions was
unavailable or difficult to obtain, the authors emphasized

~gathering systematic information on specific individual

experiences. After several attempts to_collect broad
based quantitative information, we recognized the fol-
lowingx ' :

(1) The National Science Foundation already col- .
lects information on industrial monetary support of
university research;

(2) 1t is difficult to evaluate tlme and effort con-
tributions to cooperatlve programs in discrete mone-
tary units;

(3) Industrial monetary support of university re-

" search has been approximately 3% of total university

vehicle and motor vehicle equipment, and instruments— -

account for over 80% of total company-funded R&D
(Research Management, 1981).

(4) The ten largest corporate R&D spenders ac-
count for about one-third of total industriat R&D (Busi-
ness Week, 1978-1981).

Despite these concentrated efforts in a relatively
small number of major universities and very large

expenditures for a decade. Because it has been.a small
part of total expendltures it has not warranted detailed
accounting.

(4) The dlstrlbutlon of external funds is pursued

in a complex pattern throughout a major corporation,

therefore industry does not usually keep central records
addressing this function (see Ch: pter VI, B. 1.).

The study emphasized on-site visits and personal
interviews that would provide case studies for the cate-
gories of interest. Much background material was avail-

: able in the literature, and questionnaires were used-to

‘develop information specific to the institution or pro-

firms, the authors recognized the potential for innova- -

tive interactions at other universities and among uni-
" versities and smaller firms. Information was requestéd
about such additional interactions at each university
site visit. Representatives of several small firms were
interviewed. Several universities not ranked in the top
100 R&D spenders were visited. Furthermore, in order
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ram of interest. Nevertheless, the personal interviews
farmed the core of the study.

Our interviews were directed toward understand-
ing how different mechanisms operate, what motiva-*
tion\\s formed the base for a given type of interaction,
and how well objectives of all parties were served. They
were ‘not primarily concerned with total numbers of
people involved or total funding on a national scale.

We thei'\(afore devoted attention to diverse types of inter-



actions and focused initially on fourteen mechanisms
of interaction identificd in a preliminary study conducted
by the Center for Science and Technology Policy at New
York University (Brodsky, et al., 1979). '

B. Site Visits

Institutions were selected for visits after a search
of the relevant science policy literature, discussions
with government officials from the National Science
Foundation, Office of Naval Research, and National
[nstitutes of Health, selected contacts with industry
and academic personnel knowledgeable about univer-
sity/industry relationships and trends, and.a formal
mecting of the project’'s Advisory Committee with the
rescarch team. The members of the Advisory Com-
mittce were: Rustum Roy, Pennsylvania State Univer-
sity; Joseph Libsch, Lehigh University; Edward David,
Exxon Research & Engineering Corp.; Kenneth Bron-
dyke, Alcoa.

A complex set of criteria evolved |n the selection
of institutions for site visits. The first concern was to
design visits to include the maximum number of dis-

“tinctive types of interactions within time and funding

constraints. We thus selected a minimum set of major

-institutions that would provide information on the four-

teen mechanisms of interactions identified in our pre-
liminary study (Brodsky et al., 1979). This sct of insti-
tutions was then expanded to include several companies
reported to be very active in support of academic re-
scarch and a selection of companies representative of
a broad spectrum of industrial sectors. In constructing
the final study sample, we also considered a selection
of institutions that would provide a broad range of
R&D ranked universitics and a broad range of levels of
industrial support of academic research. We then ad-
justed our final sample so that it would provide us with
information on major economic regions of the U.S.
Site visits were arranged with the help of the Amer-
ican Association of Universities and members of the
Industrial Research Institute. Research administrators
at each institution were asked to help the research
team set up interviews with directors or participants
in university/industry programs. The research ieam
identified these programs by surveying the literature,
and by soliciting suiggestions from the project’s Advisory
Committee, and top level governmental and' mdustrlal
administrators. Administrators at the |nst|tut|ons visited
were also asked to identify programs at other institu-
tions that might be regarded as a unique, signit'cant
or a potentially important emerging unlversxty/lndus-
try research interaction. :
Members of the research team interviewed over a
hundred top level administrators and about 400 sci-
entists. Visits lasted for a haif-day (42), one day .45), or
two—three days (8). A few interviews (10) were by tele-
phone conference. In a few instances, the research
tcam visited with university scientists who had no past
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research support or interactions with industry, and a
few discussions were held with humanities professors.
" Companies and universities were visited in all
regions of the United States. Lists of companies and
universities surveyed are appended{Appendix 1). Inter-
views were conducted at a total of 95 institutions. The
universities visited included 22 public and 17 private
institutions. The university sample concentrated on
the top 50 R&D ranking institutions based on NSF
1978 figures of tota! research expenditures of the major
U.S. research universities. The team also visited six .
universities each in the 50-40-100 and 100-to-200 rank-
ing levels (Table 1). For each of the R&D groupings,
1-25,.25-50, 50-100, and 100-200, thé team covered
four levels of industrial support representing, respec-
tively, 3%, 3-4.5%, 5-.0%, and ,10% of the total univer- >
sity R&D funding that came from industry (Table 1),
The universities visited accounted for about $1.5 bil-
lion of university research and development, or from
25% to 30% of all university R&D. activities.

The 66 companies visited covered all of the Busi-
ness Week Industrial Groupings. They were ‘responsi-
ble for about $12 billion of private sector research and
development in 1980. All but 9 of the companies vis-
ited were members of the Fortune 500, and had R&D
budgets (1979) of over $100 million. Although v.<
realize that our company sample does not permit in-
depth treatment of the particular relationships that
can exist between smaller companies and nearby uni-
versities, we did encounter particular anecdotal data
in a number of cases relating to university and com-
munity involvement with new technically-based ventures
(see Chapter Vill, p. 48 and Chapter X, p. 110).

In summary, the universities we visited were respon-
sible for one-half of the total university research expendi-
tures in the United States, and the companies we visited
were responsible for about one-quarter of the private

" sector R&D expenditures in the United States. (NSF,

Academic Science, R&D Funds, FY 1979 and Com-
pany 10-K Annual Reports.)

C. Technical Fields Studied

The study focused on fields of study in the phys-
«cal and life sciences'and included the academic disci-
plines of engineering, agriculture, physics, chemistry,
and biological sciences.

Two programs in the social sciences and one bus-
iness school program were reviewed. Within the life
sciences, activities in medical schools were covered at
eleven of the universities visited.

D. Interview Procedures

Site visits to institutions included interviews with
central administrators, department heads, faculty, and
industrial scientists. A protocol of the types of ques-
tions asked during interviews is appended (Appendix fl).

C11



Q

ERIC

Aruitoxt provided by Eic:

Table 1

Universities Surveyed in Study Grouped. by R&D Rankiné and Percent Industrial Support of Academic
R&D by Total Campus R&D Expenditures—Top 200 R&D Ranked Institutions, FY '79

% Total R&D Derived
from Industry, FY 79

Rank and Range of Total R&D Support

Overall 1-25 26-50 51-100 101-200
Average $58.9M-141.6M $35.1M-58.1M $22.0M-21.6M $2.6M-14.2M
4.4%"* - 3.9% 4.0%" 4.1%" 7.5%"*
U. Wisconsin Washington U. Princeton University
<3.05/b 'Yale University Louisiana State U.
U. Texas (Austin) . U. Utah
U. Chicago
Harvard  / Colorado State U. U. Maryland Rice U.
Stanford / Duke U. U. North Carolina
3-4.5% U. Minnesota Cal Tech : .
_U. Washington Case Western U.
) U. lllinois ’
K MIT North Carolina St. “U. Delaware Lehigh U.
4.6-10% U. Michigan Purdue U. e ‘Clemson U.
Penn State U. U. Arizona
uSsc Y
U. Rochester Georgia Tech. Carnegie Mellon U. Houston
i >10% Rensselaer Poly. Tech.
: Colo. School of Mines
No data on U.C. San Diego
Industry Johns Hopkins :
Support UCLA :

* Excluding institutions for which there is no industrial support

~ The questions asked fell into three categories:

(1) General questions asked of bot scientists and
administrators;.

(2) Questions directed toward administrators, and

(3)Those directed toward directors and partici-
pants in university/industry research programs.

Requests were made at each institution visited for
numerical data on the amount, types, and form of indus-
trial support of university research. If this information
was not forthcoming, an attempt was made t6 document
some«: of the difficulties in accounting for industrially
supported research at universities.

E. Response '

All institutions requested to participate in this
study responded positively. Those interviewed usually
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responded enthusiastically to the majority of ques-
tions asked in the time allotted, most often one hour.
One question, "What do you believe to be the ideal
mix of government/industry/university support of univer-

sity research?” was only answered by a few and then

reluctantly. .

While the response to the questions on the nature,
origins, level of support, and structure of university/
industry research interactions was generally easy to
obtain, information on the outcomes for individual
programs of these programs was us\ually less explicit.

Comprehensive data on the total amount of indus-
trial support was unavailable at most institutions even
for the current fiscal year. Not one institgtion could
provide comprehensive data on the trends.in indus-
trial support of university research within the last three
decades, or even over the last few years. \\ '



CHAPTER 1V

THE STATUS OF UNIVERSITY AND
INDUSTRY R&D

“This study was conceived just prior to the present
shift (Bromley, 1982; Fusfeld et al, 1981) in. national
- focus and climate for research and development Our
~field trips were carried out amidst an outpouring of
articles that drew attention to university/industry re-
search interactions in the ‘80s. These articles generally
fell into three categories:

(1) Those which addressed the need for improv-
ing research cooperation between academic and indus-
trial sectors to help lagging U.S. innovation,

(2) Those which raised concerns about university/
industry research connections, and
{3) Those which document a variety of new arrange—
ments. ‘

This active discussion of, and speculation about,
university and industry research and development in
. the '80s provided the investigators with a sense that
therc is a genuine interest in stimulating university/
industry research interactions. Our interviews and in-

depth investigation of the material at hand suggested_

that the character and level of these interactions ‘were
still in the process of change. Thus, while an evaluation
of the current status of university/industry research

_relationships is valuable as a base line, any analyses of
Iong-term implications is premature.

A. Current R&D Efforts Within the Unnversnty
and Industry Sectors .

A brief statement of the current level and direction
of R&D efforts within the university and industry sec-
tors should place this current debate in some perspec
. tive. The data used is derived from "Science Indicators—
1980" unless otherwise indicated.

The total amount of R&D conducted w1th|n uni-
versitics in those disciplines covered by the NSF survey
is given below, with the funding for this activity shown.

-

R&D at Universities & Colleges’

» (in billions)
Source of Funds 1978 1981 (est)
Federalgovernment .............. $3.06 $4.10
Industry ............... e, 0.17 0.24
Universities & colleges? ........... 1.03 149
Othernon-profit .................. 0.36 0:48
$4.62 $6.31

*National Patterns of R&D Rqsources"f-NSF.
?Includes state and local government funds of approximately
$800,000 in 1978 and $1 million in 1981.

The total R&D activity within academia and indus-
try, divided into basic and applied research and devel-
opment activities, is given below.

University R&D
in billions}”

Industrial R&D
(in billions)

19756 1981 1978 198171

(est.} (est.)
Basicresearch ............. $3.17 $430 $ 103 $ 155
Applied research 1.21 168 - 6.27 9.35
Development .............. 0.24 .33 25.87 38.25
$4.62 $5.31 $33.17 $49.15

The July 6, 1981 issue of Business Week magazine

reports that 1980 R&D spending by industry increased " -

by 16.4% above the 1979 level, a real dain of 4%. An
accompanying article suggests that industrially funded
R&D is on an established upward trend, and the breadth
and scope of research currently underway in U.S. lab-

oratories suggest that there will be a renaissance in’

technological vigor during the 1980’s. It should be
remembered that about one third of industrial R&D is
funded by the federal government the remainder by
industry itself.

The above data on university and industry R&D
deserve additional comments. We have given only the
macroscopic data for these two sectors. The division
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into basic rescarch, applied research and development.,

at best a very loose and difficult separation, is very
different for different industries. Even more variation
lics in the extent of govertument funding, which falls
largely in the aircraft and missiles-industry and elec-

“ trical equipment industries. These breakdowns are

shown in “Science Indicators” (NSB 1980).

There are comparable differences in the break-

downs of industrial support within disciplines at uni-
versities, but these are not collected nationaily. Thus,
an important feature of the present study has been to
identify the- division of industrial support at universi-
ties, for example. between chemistry and chemical
engineering,

- Since the greatest emphasns in university/industry
interactions is on basic research, this should be placed
in particular. perspective. The data of "Science Indi-
cators 1980" show that the total national basic research
activity is diven by:

Basic Research
(In billions)

% of 1981 % of.
1978 Total (est) Total

Universities . ........oooivveenn . $3.17 50.08 $4.30 49.03

INAUSIFY .o i 1.03 -16.27 1.55 17.67

Government ..........iiiiieinn 097 1532 117 13.34

Othernon-profit .................. 059 932 085' 969

FederallyFunded R&D Centers ... .. 0.57 9.00 090 10.26
TOtal oot $6.33 . $8.77

Several points are of interest from these data and
the preceding tables: '

1. The einphasis within university R&D is on basic

_research, about 70% in 1978 and 68% in 1981. This

still lcaves substantial activity in applied research and
development to the extent of $2 billion in 1981.

2. The emphasis Wlthln industrial R&D is on devel-
opment, about 78% in both 1978 and 1981. Basic
research in industry has increased by $520 million or
50% in current dollars, about 13.8% in constant dollars.
it has remained essentially constant as a percentage
of total industry R&D. 3.10% in 1978 and 3.15% in 1981.
This is, at first glance, contrary to the perception that
less industry emphasis is going to long-range programs
today then, say. five years ago. However, “long vs. short
range” includes consideration of developmunt pro-
grams as well as research.

3. Basic research at universities and colleges
accounts for about 50% of all basic research in the U.S.
Industry conducts about one-third as much as the uni-
versities, and government laboratories about 25% less
than industry.

4. Of the total basic research conducted nationally.
the percentage performed by industry has increased
(16.3% to 17.7%). while the university share has de-
creased approximately one percent (50.1 to 49.0).

N
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Thus, while the distribution of R&D activities is
quite different percentage-wisc between university and ’
industry, there is a substantial overlap in absolute
terms. We refer to the $1.55 billion of basic research
in industry and the $2.0 billion of applied R&D in uni-
versities for 1981 (est.). This overlap is hardly the sole
basis for interaction, but it serves as a minimum start
for initiating dialogues. Whether this is the prmcnpal
basis. whether basic research interests of the’univer-
sity are tied to applied research interests of industry,
and how these interactions differ among disciplines are
among the points explorea in this study.

B. Current Circumstances Favoring University/
Industry Research Interactions

These broad trends in university and industry re-
search and development suggest that there is a sufficient
basis for increased interactions. This can be seen as
follows: On the one hand, federal funding of university
research, while still increasing, is doing so at a slower

" rate (Five Year Outlook on Science and Technology.

1981). Nevertheless, overall industrial R&D expendi- .
tures are increasing steadily. Furthermore, there is suf-
ficient overlap of types of funded programs in the two
sectors to consider coordination of resources. Studies

_on support of basic research by industry (Nason and

Steger. 1978) and the interdependence of academic
and industrial basic research (Proceedings of a Con-
ference on Academic and Industrial Basic Research,
NSF, 1961) suggest that an increase in internally funded
basic research in industry is usually concufrent with an
increase in industrial support of university research.
Besides thesc considerations of levels of funding, there
are several other observations which suggest a favorable
climate for increased university/industry research inter-
actions. They include:

(1) A disenchantment with the restrictions of fed-
eral funding mechanisms is causing universities and
scientists to look toward broadening their funding base.

(2) Several scientific ficlds have reached maturity.
and industry is in a position to recognize their poten-
tial for new business (biological synthesis. micropro-
cessors) and for increasing industrial productivity.

(3) Industry is expressing with some degree of
urgency an interest in, and need for, specific types of
technical personnel.

(4) University scientists are beginning to look to
some industrial laboratories as a way to gain access to
frontier research equipment and technical advances.

Most of the above mentioned forces driving in-
creased interest in university/industry research. inter-
actions were alluded to during our field visits. A more
complete description of factors motivating researchers
to cooperate is given in Chapter V. The point we wish
to illustrate here is that there is at present a favorable
climate for university/industry rescarch cooperation.
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CHAPT‘ER \Y

OVERVIEW AND TRENDS IN
CURRENT INTERACTIONS

In this chapter we summarize the extent and

variety of university/industry research interactions and
present a broad view of current trends in university/
industry coupling. The spectrum of university/indus-
try research interactions is described in detail in
Chapter IX.

A. The Vehicles of Support and Interaction

Our field investigation of university/industry re--

search interactions documents their variety and multi-
facted character. Examples of university industry re-
search interactions are given in Table 2. Appendix 11|
lists the interactions identified at 95 institutions, both
companies and -universities, which we visited. These
interactions_can be formal or informal. They involve
not only monetary support of research, but also in-
clude donationis, transfers, exchanges and sharing of
people, equipment, and information. The duration of
successful interactions can be for less than an hour or
for more than thirty years. An important interaction
can be as simple as a telephone call, or as intricate
as a ten-year contract. Some require collaborative
efforts either among scientists of different disciplines

or between university and industry scientists, others

the work of only one scientist. Examples of selected
mechanisms of interaction are given in Table 2.

On occasion, special administrative structures or
research units are formed to carry out the objectives of

those interactions (Chapter IX, p. 106). There is some -

indication that such arrangements are being used in-
creasingly. In one case, a venture company was forméd
to distribute research funds, collected from industry
to university scientists.

On our site visits we identified 464 examples of

university/industry research ties (Table 3). We wish to _

stress at this point that we were not comprehensive in
identifying all university/industry research interactions
occurring at the institutions we visited. This study was

i

thermore, it should be noted that the more fbrmal
programs were much easier to identify. -
In order to grasp more easily the nature [of \\I':e
rather large variety of interactions, we separated t
mechanisms identified into four major grouplngs
according to principal obJectlve , \

not an attempt to establish a'complete inventor?\r‘ur-

*General research support, \

*Cooperative research support,
*Support for knowledge transfer, and
*Technology transfer.

Of the 464 research ties identified, approximately
60% can be characterized as cooperative interactions.
It must be stressed here that this is a disproportionate

number of the total number of university/industry -

irieractions that occur at the schools we visited. Coop-
erative programs were generally easier to identify than
other program types. Of the remaining total interac-
tions identified, we classified 13% as knowledge trans-
fer, 14% as technology transfer, and 11% as general
research support (Table 3). This marks an expansion
of the two broad types of university/industry relation-
ships identified by Baer in his examination of the
effects of university/industry interactions on industrial
innovation (Baer, 1977). His categories include: colla-
borative research and knowledge transfer.

- B.  Types of Interaction: The Broad View

I
)

1. General Research Support

General research support continues to be an inte-
gral part of industrial philanthropy. There are several
methods by which industry gives general funds to the
university. One is through gifts. There can be short
term gifts (funds or equipment) which are expended
in a finite period of time. or gifts which enter into the
general university endowment and provide ongoing
research funds. Both types of gifts can be designated
for research.
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\ ~ Table2 S

\ Examples of Selected Mechanisms of Interaction
|
Mechanism of':lnteraction : ' Examples
University-Based Instltutes Serving Industrial * Textile Research Institute
Needs ‘ e University of Michigan Highway Safety Research Institute
» University of Minnesota Mineral Resources Research Center
\ * Food Research Institute, University of Wisconsin
Jointly-Owned or Operated Lai)oratory Facilities * Laboratory for Laser Energetics, University of Rochester
» Peoples Exchange Program, Purdue University
\ * Synchrotron Light Source. Brookhaven National Laboratory
Research Consortia (U/1 or U/1/Gov't.) » Michigan Energy and Resource Research Association
‘ * Council for Chemical Research (CCR]
Cooperative Research Centers : e Case Western Reserve Polymer Program
; * University of Delaware Catalysis Center
Industry-Funded Cooperative Research « Harvard-Monsanto Contracted Research Effort
Programs (Partnership Contracts) e Exxon-MIT
; ¢ Celanese-Yzle
Government-Funded Coopelzratwe Research » MIT Polymer Processing Program
Programs i e NSF Industry-University Cooperative Research Program

" N,
Stanford University « MIT e CalTech Y
Systems Control, Case Western Reserve University AN
Physical Electronics Industrial Affiliates, U. of inois ™ :
Wisconsin Electric Machines & Power Electronics Consortium, U. of Wisconsin

. Industrial Liaison Programs

Innovation Centers

Center for Entrepreneurial Development, Carnegie-Mellon U.
s Utah Innovation Center

Personnel Exchange s NSF Industrial Research Participation begram
* |BM Faculty Loan Program
e Summer Employment of Professors

Institutional Consulting B e School of Chemical Practice, MIT
* Yale-Texaco Program
e Mechanical & Manufacturing Systems Design, Clemson U.

Research Triangle Park e Stanford Industrial Park
MIT Technology Square {Route 128, Boston, MA|
University of Utah Research Park

Industrial Parks

Unrestricted Grants to Universities and/or Gifts from indus‘try to departments of chemistry (e.g., Columbia University; U. of

University Departments North'Carolina (Chapel Hill); U. ilinois, etc.,)

Participation on Advisory Boards * Visiting committees at most schools of engineering .
Collective Industrial Action (Including Trade Electric Power Research Institute (EPRI} AN

Associations Support) American Petroleum Institute {API) . A

Gas Research Institute (GRI}

Motor Vehicle Manufacturers Association
Soybean Association

Council for Chemical Research (CCR)

Table 3
The Spectrum of Interactions Documented in NYU Field Study

% of Interactions Documented

Types of Interactions Falling Into Each Category A {N}*

All Categories of Interactions ) 100 (464)
* General Research Support 11 {54)

« U/l Cooperative Research 61 (284)

o Knowiedge Transfer 13 {58)

* Technology Transfer 14 68)
U/1 Cooperative Research {Selectzd Categories) 100 (284)
* Special Interest Liaison Programs 23 (65)

* U/1 Cooperative Research Centers & Institutes 25 : (71)

* Researzh Consortia 5 ] {15)

* Grants & Contracts 45 . ’ (128}

e Collaborative Interactions 2 . {5)

* Total Number of Interactions Falling Into Each Category

-~
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We heard of a few recent (4) substantial corporate -,

donations for research facilities. Our talks with univer-
sity administrators and department chairmen indi-
cated that corporate donations of equipment, while
very valuable in certain fields (e.g., computer science),
were not at a level to significantly upgrade equipment

~available for frontier research. Yet we did observe that
many technical ‘departments were receiving new glﬁs
from corporations.

The recent Council for Financial Aid to Education
(CFAE, 1981) Survey of Voluntary Support for Educa-
tion verified our observatior:s. This survey indicates
that in relation to all sources of voluntary support for
higher education, corporate philanthropy has steadily
increased in share over the past decade, accounting
for about 18% of the total by 1980. The CFAE survey
also showed that corporate contributions for capital

purposes (e.d., "bricks and mortar” and endowment)

have been declining in recent years. However, the per-
centage of total corporate contributions earmarked for
research support increased to 27% of the corporate
total in 1980. .

2. Cooperative Research Support

Cooperative research interactions are defined as
those requiring some degree 6f cooperative technical
planning, These mechanisms include a spectrum of
interactions from joint research \endeavors to coop-
crative participation of umverSIty and industry scien-
tists in contract research, to the\estabhshment of
rescarch consortia. Many times they\lead to the devel-
opment of special administrative structures and/or
resecarch facilities (see Chapter VI, p. 26). It is an
activity where the two parties to someiextent jointly

\
plan their research, the program goals," and the dis-
position of the outcomes. N :

The general nature of cooperative research is to
develop a basis for orderly flow of scientific and tech-
nical information on several levels in order td‘acquire
new ideas or accomplish a specific objective through
broader inputs, and to provide the foundation for
future technical programs.

Money may or may not change hands. Thus, in
such a program a company has a direct interest in, and
relationship to, the research at a university. It is prob-
able that work going on within the company will relate
directly to research carried on within the university.

We attempted to focus on the development of these
types of interactions because here there is the most
intimate interplay between university and industry, and
the barriers between university and industry research
systems can become most pronounced (Chapter VIi,
p. 37). Cooperative research appears to be an area
where there is much current creative movement, and
is an arca where we believe one might seek better
and more efficient uses of our resources.

All the mechanisins identified as cooperative re-

search interactions require an element of collabora-
tion, even if only at the initial negotiation phase. How-
ever, the collaboration is usually only in general terms.
One scientist suggested that the only true collabora:
tive research projects occurred when the principal
investigator at the university was also on the board, or
was an executive of the company, as in the German
model of interaction. He said that only in this way
could the scientist ensure that the development and
design work be truly integrated with the evolution of
the feasibility of a concept. developed withiri the uni-
versity. This appears to be an extreme statement, but
does characterize a difficuity in designing truly coop-
erative research interactions between unlver5|ty and
industry.

Tinus, despite the current interest and activity in
cooperative research, there are very few programs with
extensive collaboration between university and indus-
try scientists in research design and management. Out
of 284 interactions we classified as cooperative, we
believe only about 2% fall in this category of truly col-
laborative interaction (Table J3).

However, there are some recent-models of exten-
sive collaboration, particularly in the fields of bio-

technology and microelectronics. In Chapters VI, VIII -

and IX (pp. 43-46, 55-56, and 70-84), we provide

descriptions of several of these interactions. In gen-—__

eral, it is too soon to determine if these new collab-
orative ventures are significantly better than other

mechanisms in terms of val.ie or significance of out- .

comes.
The other extreme is when a company negotiates
a research contract and does not provide any substan-
tial information pertinent to the internal company
research or how this contract fits into the company’s
research strategy. This occurred in about 2-3 cases we
reviewed.
Between these extremes there is a spectrum of

" cooperation. While all mechanisins can foster coopera- -

tion, it was repeatedly stated that only those which
revolve around individual investigators develop into
true collaboration. Several interviewees siiggested that
intimate collaboration is not always good, because
each must then compromise his objectives, and the

goals of the two differing research systems become

submerged and/or diffuse. There is a fear thai with
extensive collaboration, a university professor wiii be
“bought,” and directed away from pursuing new: ave-
nues of research. One physicist warned that indusiry is
only interested in supporting a knowledge base which
is already formally conceptualized. University scien-
tists, he said, must be allowed to explore so that they
can provide the technical base of the future. In fact,
most industrial scientists do not believe that a univer-
sity scientist should focus his research too narrowly or

become involved in developmental research. On the

other hand, it is generally believed that by becoming
too involved in the environment of university interests
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in basic reseaich, the industrial scientist may lose
sight of practical solutions and research design.

5. Knowledge Transfer Mechanisms

Programs facilitating research connections through
knowledge transfer (our third category) become of
incrcasing interest as the U. S. becomes more and
more concerned abceut research coordination, innova-
tion. and the technological base of its industry.

Knowledge transfer mechanisms essentially fall
into two categories, those which are structured with

this as a primary objective and those which are not. For -

example, a seminar is held for the purpose of'exchang-
ing information and ideas (knowledge transfer), while
~ a university rescarch institute is established to do con-
tract research. However, industry contracted research
at the institute will in effect provide a network for
university/industry knowledge transfer and is a re-
scarch connection.

4. Technology Transfer—Programs to Expedite
the Commercialization Process

University extension programs in agriculture and
engineering testify to the long and enduring role of
universities in technology transfer (Rogers et al, 1976).
In difficult financial times, formally structured pro-
grams to capitalize on university research are likely to
increase because there is a sense within the university
as well as industry that opportunities are being missed.

Starting in the early '70’s,the United States govern-
ment established several special programs which were
directed at innovation and university/industry technol-
ogy transfer (Zerkel, 1972; Prager and Omenn, 1980).
They were structured to transfer outcomes of coopera-
tive ventures to a third party, or to play a role to see
that the outcomes were brought to fruition as com-
mercial ventures in and of themselves, or were inte-
grated into the technology and science base of U.S.
industry. Examples include: The DOE Industrial Energy

Industrial support of knowledge transfer mecha- - Program, the New England Energy Development Sys-

nisms is less formal and may not involve monetary
rescarch suppoit. There is generally no institutional-
ized research structure in programs set up specifically
to provide for knowledge transfer. In this study a broad

tem (NEEDS, one of NSF's cooperative research cen-
ters), the University of Utah Innovation Center, the MIT
Innovation Center, and the Carnegie Mellon Processing
Research Institute, (Chapter IX, pp. 98-99).

brush trcatment of knowledge transter mechanisms ___ Many of-these formal government technology

(Chapter 1X, pp. 85-98) is made to illustrate alterna-
tive possibilities for interactions and their relationship
to other university/industry research mechanismes.
Knowlcdge transfer mechanisms, such as consuit-
ing the exchange of people, seminars, speaker pro-
grams, and publication exchange, are key to forging
stronger research ties between uriversities and indus-
trics (sce Chapter IX, pp. 85-92). Program structure
- providing for personal interaction between scientists
appeats to be the most-éfficient means of transferring
knowledge between the two sectors. Most company
and university representatives interviewed stated that
onec-on-one communication is essential for effective

linking of academia and industry research. Furthermore

personal contacts and consulting relationships were
mentioned frequently as critical factors in the initia-

tion of university/industry research coupling (Tables 4

and 5).

Formal dual purpose program structures lead
also to informal research ties. Continuing education
programs and centralized liaison programs are knowl-
cdge transfer research interactions because the con-
tacts developed in these programs provide the ground-
work for the exchange and transfer of ideas for research
and/or for adaptation of research techniques.

Informaily structured programs of knowiedge trans-
fer were extensive and varied. Such programs, it was
sensed, were the basis of all ties between companies
and universities. Although there is no data base on
_ which to detect to what extent these informal ties have
_increased, we sensed that as the climate ior coopera-
tion and coordination becomes more positive, these
informaij interactions will increase greatly.

18

transfer programs have experienced difficulties, such
as not attracting significant company participation or
finding financial support from sources outside the
government. Technology transfer from campus to
industry has always been a difficult issue (Declercq
1979). : :

The recent extensive literature developed on es-
tablishing government sponsored technology transfer
through establishing generic technology centers (U.S.
Senate Committee on Commerce, Science and Trans-
portation, 1980; Industrial Research Institute, 1979;
Cooperative Automotive Research Program, 1980;
Mogee, 1979; Pavitt and Walker, 1976; U.S. Depart-
ment of Commerce, 1980 a&b; U.S. Department of
Energy, undated), and the subsequent failure of such
programs to materialize, highlights some of the prob-
lems in setting up successful formalized technology
transfer programs (Large, 1981; Fusfeld, H. I, R N. .
Langlois and R, R Nelson, 1981). They include com-
pany fears of antitrust difficulties and a lack of consen-
sus on how to effectively structure such programs and
allocate resources.

But with continuing concern about ‘lagaing US.
innovation there is still much interest i: developing
successful technology transfer programs. Universities
(e.g. Georgia Tech and Penn State) are beginning to
take their own initiatives.

A few have structured programs to assist professors
and/or entrepreneurs in developing new businesses.
New products have not as yet been produced but these
programs are still very young (one year or less),

Universities are also beginning to take the lead in
capitalization of their own research through more
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Initiation of University/Industry Research Interactions

Table 4

Number of Cases in Each Category

“(as derived from interview data)

tnitiator

v ';
NS 28

Prior®* Consulting
Relationships as an important
(1) Total Contributing element in
Number of Mutually Factors Initiation
Interactions University Industry Initiated Other”
General Research .
Support 34 14 16 3 1 2 2
Cooperative Research :
Support 214 . 142 33 19 20 46 43
Knowledge Transfer - °
Mechanism 42 29 12 1 0 2 4
Technology Transfer
" Mechanism 47 40 2 1 4 3 6
Total 337 225 63 24 25 53 55
{1) Total num*er of interactions = university + industry + mutually initiated and other
* Otiver includes: government, alumni, or any other third party.
** Prior relaiionships include: professor having previously worked in industry; personal or industrial contacts; etc
Table 5
Origins of University/Industry Cooperative Research Programs
(as described in interviews)
Initiator Pricr** .Consulting
Relationships as an important
(1) Total Contributing  element in
Number of Mutually Factors Initiation
'nteractions University industry Initiated Other*
Cooperative Research . )
Centers and Institutes 46 32 - 7 2 5 6 5
Grants and Contracts 78 43 17 12 6 31 28
ILP and Research '
Consortia 73 62 4 2 5 6 5
Other 17 8 6 1 2 3 2
Initiations of Cooperative Research Programs: Response to Direct Questioning
. Concerning Each of Factors Involved in Initiating a Prqject
Initiator Prior** Consulting
Relationships as an important
- (1) Total Contributing - element in
Number of Mutually Factors Initiation
Interactions University Industry Initiated Other*® . "
Government Funded Q\ .
U/| Cooperative .
(Grants and 29 16 2 9 2 N 22 10
Contracts)
(1) Total number of interactions = university + incustry + mutually initiated and other /}
* Gther includes: government, alumni, or any other third party.
** Prior relationships include: professor having previously worked in mdustrv personal or.industrial contacts; etc
19



aggressive attention to patents and through the estab-
lishment of university based licensing and brokerage
programs (sce Chapter 1X p. 101-106). -

C. Technical Fields and Differences
in Industrial Support

Industry generally supports research in scientific
and technical fields most closely allied to their in-
terests. The nature and tradition of the field also deter-
mine the level and type of industrial funding. Profes-
sionally oriented schools and departments tend to
attract greater industrial support than traditional
departments. This is most certainly tied to the com-
panies’ overwhelming motivation in supporting univer-
sity research—access to qualified professionals with
skills the company can use within one to two years
(Chapter VII, p. 34).

Opportunities for cooperative university/ |ndustry
research interaction frequently lie in subject areas at
the interface of traditional academic disciplines, e.g.,
polymer science, biomedical engineering, materials
science, robotics, very large systems integration (VLSI).
Of the 464 university/industry research ties we identi-
fied in our field study, 179 (approximately 40%) were
programs covering two or more academic disciplines
(Table 6).

A disproportionate amount of industrial support
goes to engineering, medical and agricultural depart-
ments and schools. The breakdown for total industrial
support of university research at ten universities was
approximately 60% to engineering, 10% to agriculture,
and 30% to all other technical programs. Several
administrators stated that departments or schools of
agriculture were "nickel and dimed to death.” Aithough
the total number of projects supported within the agri-
cultural school was usually much greater than in an
engineering school, the monetary support of engi-
neering schools and the size of the projects supported
were much larger.

Medical school support from industry is compli-
cated because of the large influx of NIH money and the
complexity of the schools themselves. Medical schools
and their pharmacology departments do receive large
grants or contracts' from industry for specific pur-
poses. Pharmaceutical firms contract large amounts of

_money to university medical schools to perform clin-
- jcal trials of their new drugs (see Chapter VIII, pp. 62-
63).

Of the academic sciences (biology, physics, chem-
istry, math, and the social sciences), chemistry gener-
ally receives the greatest amount of industrial sup-
port, not only contract support but also support in the
form of unrestricted money. In a questionnaire to 100
chemistry departments asking for information about
unrestricted gifts, Professor A. L. Kwiram of the Uni-
. versity of Washington, found that the unrestricted
grant total to a department averaged about $27,000
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annually. Excluding the five largest departments, the
unrestricted fund average is about $18,000 per depart-
ment. in keeping with greater industrial support of
engineering, chemical engineering departments re-
ceive three times the amount of money given to chem-
istry departments. Fifty chemical engineering depart-
ments responded to the questionnaire. The average
total for unrestricted gifts to chemical engineering
departments was about $67,000.

At one university, where chemistry, chemical engi-
neering, and biochemistry were combined into one
school, both the chemistry and chemical engineering .
departments received $150,000 each in unrestricted
gifts; and the biochemistry department, zero dollars in
unrestricted gifts. :

At most universities, there is little industrial mone-
tary support of research (for contract research or in
gifts) in departments in biology, phy5|cs and mathe-
matics (Table 6). .

Biology is usually supported thro}Jgh a basic med-. -
ical science department in a medical school rather
than an academic biology department. The Harvard-
Monsanto, the Dupont-Harvard, the Harvard-Hoechst
agreements are contracts with medical schools. Des-
pite the recent@rry of activity over genetic engineer-
ing there has beentittle_support of frontier genetic
research, cell biology, or molecular biology by industry.
Several scientists and administrators stated that they -
were in the initial stages of negotiating industrial con-
tracts in support of the "1iew biology.” Most expect that
there will be growing support in this area, as the
number of interested companies grows larger and
more stable. There are at least two new bicchemistry
affiliates’ programs attracting industrial support, and
at least three of the new biotechnology companiés are
sponsoring grants at several universities. Genetic engi-

neering research in the plant sciences:is also receiving

increasing funds from industry (e.g., from the oil and
chemical companies). Traditionally, this type of sup-
port for plant science research is.from agribusinesses
and through the agricultural schools.

Much of the ongoing research in high energy (ex-
perimental physics), astronomy, and oceanography
has not in the past been considered to be relevant to
industry’s immediate interests. Therefore these sub-
jects have not received much monetary suppoit from
industry. These fields usually require large expensive
specialized research facilities which, because of the
general nature of the research resuits coming out of
these facilities, are supported by government funds.
Yet there are opportunities at these facilities for joint
university/industry research'interactions and some
companies have taken advantage of them. Bell Lab-
oratory scientists in cooperation with university scien-
tists have made major advances in astronomy. Syn-
chrotron Light Sources at the University of Wisconsin,
Stanford University, and Brookhaven National Labora-
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Table 6
Technical Disciplines Represented in Cases Documented (N=464} in NYU Fieid Survey

Single* N
Discipline Joint**
Discipline Sub-Disciplines Included Program Areas

Engineering

General 54 36

Materials Materials engineering, materials science 18 9

Chemical 28 15

Electrical 26 17

Mechanical Mechanical engineering, fluid mechanics, ceramic engineering 6 18

Other : : ) 9 1
Science 1 5
Computer Science 28 26
Chemistry I 29 16
Physics Space physics 5 6
Biology Microbiology, environmental sciences 13 14
Biochemistry 4 4
Agriculture Agriculture, plant science, forestry 15 9
Medicine Medical sciences, toxicology, immunology, pharmacology, oncology, radiclogy 19 8
Oceanography 1 7
Mathematics 2 7
Metallurgy 2 5
Social Science 5 1
Business Economics-industrial & mineral 2 2
Geology Geophysics, geochemistry, Qeoscience 2 5
Non-Profit '

Organization 3 0
Multidisciplinary - 67
Other 14 9

* Total Number Single Discipline Programs = 286

**Joint Area Programs May Encompass Two or More Disciplines; Total Number = 179

tories (administered by an association of universities)
have all been supported and used by a number of
private companies including IBM, Exxon, Bell Labs and
Xerox. A:particularly unique university/industry/govem-
ment research interaction has occurred in the devel-
opment of the Brookhaven Synchrotron Light Source.
Here the private companies have borne the cost ($15
million) of the design and instrumentation of a num-

ber of beam lines which are available to the general .

user at least for one fourth of the beam time (see
Chapter IX, p. 85). -
Oil companies are mcreasmgly giving their sup-

port to departments of oceanography. This is tied to

* their interest in seabed exploration for oil and min-
erals. It appears that much of this support to date has
been in the form of gifts and participation in liaison
programs. There may be a great potential here for
increased cooperative research interaction and sev-
eral scientists expressed the view that such interac-
tions are beginning to occur.

In mathematics, which presently gets the least

".1’
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amount of industrial support (excluding computer sci-
ence), academic scientists suggest that there are -
opportunities being missed. In developing robotics,
certain basic geometry problems will have to be solved.
Mathematicians also-have a role in the new software
explosion. They can be essential in providing new

algorithms and in the development of new languages.

D. Current Trends of University/industry
Research Interactions

Our study indicates that there is a surge in the
volume and variety of these interactions (Table 7). Al-
though a majority of these interactions are initiated
by university scientists with an applied background or
an association with industry (e.g., either a previous
history of working in industry or continued participa-
tion in consulting arrangements), there is a wide var-
iety in the structures and functions of these joint ven-
tures. The volume and arrav of present interactions
prowde researchers not only with new opportunltles to
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diversify funding sources, but also with alternative
approaches to the conduct and design-of research
programs.

Specifically, with respect to mechanisms of univer-
sity/industry research interactions, there are several
emerging trends:

(1) Increased magnitude of industry funding >f
specific projects or programs. (However, in less than
ten instances was this of truly significant magnitude:
$1 million per year.)

(2) Increased duration of industry commitment
to university programs. -

(3) Increased efforts at collective mdustry sup-
port of university research.

(4) The s'ructuring of muiti-company support of
" university research in ways allowing active participa-
tion of company scientists in the technical aspects of
a program.

(5) The founding or redlrectlng of university asso-
ciated research institutes to conduct research pro-
grams on behalf of industry.

(6) Expansion of university activities de5|gned to
commercialize results from university research.

The outcomes of university/industry coupling are
also multi-faceted and can include spin-off companies
as well as publications and the production of Ph.D.’s
oriented to an industrial career (see Chapter VIL, p. 43).
However, in our sampling of cases, we could rarely
identify instances where a commercially marketable
product or process was an immediate and direct out-
come of a research interaction.

Because of the recent formation of many pro-
grams, it is too soon to tell if there will be a shift in
the extent of traditional outcomes, the production of
_ Ph. D.’s and publications, and an increase in non-tradi-
tional outcomes, patents and commercial products,
processes Or services.

W\

E. University/lndustr')'; Research Interactions:
A New Era

There have been several significant developments
during the past year that bear directly on university/
industry research ties. They include changes in federal
laws, policies; and regulation, and a resurgence of the
venture capital business and the interest of the finan-
cial community in investing in "high technology” busi-
ness ventures. ' v

These developments are apparently affecting the
level of activity in developing new university/industry
research ties. Our field investigation and a survey of
the relevant literature revealed a tremendous number
of recently initiated university/iidustry research inter-
actions. Of the university/industry ties where we could
identify a period.of existence to 1981 (n=463), approx-
imately 51% were currently being started or less than
three years old. Very few programs (10%) reviewed*®
have been in existence for a long period of time (20
years or more). About 8% were in existence for be-
tween eleven and twenty years, thirteen percent for six
to ten years, and 17% for three to five years (Table 7).
Scientists and administrators have stated their in-
creasing interest in university/industry support, and
perhaps this is substantiated by the large number of
new programs identified inthis study. This is no doubt
a reflection of a more favorable climate for university/
industry research interactions provided by changes in
government policy and greater public and private sec-
tor awareness of the new potential commercial value
of some areas of science, e.g., genetlcs and computer
science.

Over the next few years a major element of policy
analysis will necessarily consist of assessing the con-
sequences and implications of these new develop-
ments in the financial community, in the maturity of
certain sciences, and in policy-actions in the area of
patent laws. 1t is to be expected that these new devel-

Table 7
Numbers of University/Industry Research Interactions Existing for Various Time Periods

——

Time Periods (Years)

Types of Interactions <3 3-5 6-10 11-20 >20

All Categories of Interactions 236 80 60 37 49

» General Research Support 35 11. 3 1 2

s U/l Cooperative Research 149 7 37 17 18

" e Knowledge Transfer 31 10 5 3 7

* Technology Transfer 21 3 10 11 21
U/l Cooperative Research Programs (Selected Categories) . N

e Special Interest Liaison Programs 48 14 6 12 4

e U/l Cooperative Research Centers & Institutes 21 11 , 14 14 8

* Research Consortia 7 2 3 3 1

- General Purpose Industrial Programs 4 1 3




opments will affect the character of university/industry

rescarch ties and will bear importantly on the nature of

the newly evolving relationships. This was a subject of
discussion during many of our interviews. Such discus-
sions served to underscore our perception that univer-
sity/industry research interactions are currently in a
- state of flux. Changes in the tax code, antitrust policies,

and revisions to the budgets of major R&D agencies of

the federal government were frequently mentioned
both by company and university representatives as
being critical. The new patent law (whichiwent into
effect July 1981) provides that all federal agencies
must allow universities, along with small business and
non-profit institutions, the right to retain ownership
and patents arising from federal funding agreements.
The legislation provides unambiguous policy guid-
ance, and this allows universities to negotiate licensing
- rights with companies that partially support their
research programs. It thus provides universities. with
incentives to pursue patenting. Companies feel com-
fortabie in negotiating licensing rights with universities
particularly if they can obtain an exclusive license,
In the Economic Recovery Tax Act of 1981, two

specific tax incentives are of potential |mportance to :
university/industry research m\teractlons the incre*.
mental tax credit for industriai\gR&'D and increased -

deduction for manufacturers who donate new equip-
ment to universities. Both university and industry rep-
resentatives stated that they were unsure if in fact
these revisions would provide new monies for univer-
sity/industry research interactions. Several other bills
considered (e.qg., the Vanik and Danforth bills) were
regarded more favorably than the one that actually
passed.

A clarification of the U.S. government antitrust
policy on the other hand did appear to have significant
effect on the character of university/industry interac-
tions. There is now a greater disposition in industry to
participate in university-sponsored research consortia
(e.d.. Delaware Catalysis Center, the Case Western
Reserve Polymer Center) and in the collective indus-
trial support of university research (e.g.. the Council
for Chemical Research and a new program undertaken
by the Semiconductor Industry Association).

Among the other events highlighting potential
changes in the character of university/industry ties
were those relating to the ferment over the role of the
university in high technology ventures. A review of four
cvents occurring within the last year serves to stress
the rapid rate of change and high stakes in this area.

/

(1) In October 1980, Genentech, a spin-off com-
pany started by two university scientists in 1976,
issued public stock. They became millionaires over-
nitht,

(2) In 1980, the Harvard administration proposed
that Harvard take equity in a new company being
formed by one of its faculty members. A Iong debate
ensued on the proper role of the unlversn:y in com-
mercialization of university research. Subsequently, in
December 1980, Harvard discarded its blans for di-
rectly investing in this biotechnology entérprise. The
controversy created by the Harvard initiative tended to
obscure many other slightly less bold plans and devel-

"opments. A visit to darvard and many other schools on

\

the forefront of biotechnology research revealed that
most faculty members in this line of research are
participating in the development of new ventures.
(3) Inthe fall of 1981, Stanford University and the
University of California participated in the develop-
ment of a. unique and complex interaction involving
the establishment of a non-profit Center for Biotech-
nology Research, and in the creation of Engenics Inc.,
a for-profit arm of a foundation established by six
diverse firms to support academic research in genetic
engineering. Engenics Inc. will concentrate on develop-
ment of commercial biotechnology processes. Neither
of the universities will be a direct participant in the
non-\prof‘t Center for Biotechnology Research or in
Engehlcs but they will receive $2 million over the next
four\years from the foundation that set up Engenics.
They also expect to share in any financial success of
Engenics. Two faculty members from Stanford and one
from Berkeley are associated with Engenics. The six
firms setting up the foundation have equal portions of

~a 35% equity in Engenics. The Center for Biotech-

nology Research holds a 30% interest in Engenics and
will use profits from that interest to support univer-
sity research although not necessarily at Berkeley or
Stanford.

(4) In another development in this area also at
Stanford. 73 genetic engineering companies from
around the world signed up with Stanford for use of its
patent covering basic gene splicing and cloning tech-
niques. A gross revenue of $1.4 million for the first
year was guaranteed to Stanford by December 15,
1981 through this licensing effort.

The implications of ‘many of these new develop-
ments are discussed in Chapter X and their potential
effect on the future of university/industry cooperation
are outlined in Chapter XI. v
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CHAPTER VI

CHARACTERISTICS OF THE ACADEMIC AND
INDUSTRIAL SECTORS AND THEIR EFFECT
ON PARTICIPATION IN UNIVERSITY/
INDUSTRY COOPERATION

A. Institutional Objectives: Implications
for Research Cooperation

The functions and objectives of the academic and
industrial sectors. govern their institutional structures,
their organization and management of research, and
thus their approaci: (o0 cooperative interactions. There
are real differences between the two sectors. These
differences bring about mutual misunderstandings
which can be exacerbated by a lack of communication.
Open recognition of these differences is essential to
successful cooperation.

Academic research institutions exist prlmarlly to

educate students and to discover and extend knowl-

edge. As a consequence, freedom of communication
and publication is essential. Universities are subject
to public and peer evaluations. A university’s success
is directly related to perceived quality of students and
research productivity.

Industry exists to provide the optimum return on
investment consistent with stable growth; it does so

by producing a product, process, or rendering a useful -

service. A factor in this process is the development of
proprietary knowledge, which often necessitates that
patent protection be established. These concerns tend
. to restrict communication and publication. “"Bottom
line” considerations'are emphasized and proﬁtable
return on stockholders’ investment is a m|n|mum
necessary objective.

Industry’s approach to research and development
is ultimately governed by the view that research is a
long-term investment whose function is to provide
eventual payoff in terms of a product, process, or serv-
ice that will improve corporate performance. The dif-
ferences in corporate attitudes toward research, e.g.,
level, direction, division between basic and applied,

.
b 4

are governed by a variety of factors: perceptions of
relative importance; available capital; traditions of
dependence_on_state_oLLderal entities; and complex-

"'lty of technology required foF innevation.Life cycle

phenomena such as stability or growth of markets,
and corporate size and complexity all play a role.
Attitudes towards research in universities are gov-
erned by their educational and research missions.
Most universities start with the notion that research i

- an integral part of education and training. Both ret

search and training in their view are essential in th
pursuit of knowledge for its own sake and for the gen-
eral long-range benefit of humanity. Universities, both

. public and private, are also committed to public serv-

ice and the dissemination of knowledge. .

Universities differ in their perceptions of their
functional roles in education, training and public serv-
ice. It is their perceived mjssion which affects their
orientation and attitudes toward cooperation. Some
universities regard themselves primarily as basic re-’
search institutions, some admit to a greater techno-
logical orientation. A goal of many institutions is to
graduate professionals while others state they wish to
graduate leaders. The founding charter, motto or state-
ment of purpose of a university frequently explains its
present orientation. For example, Georgla Tech’s pur-
pose is "The advancement of scientific and technical
knowledge and achievement;” University of lllinois’
motto is “Learning and labor;” University of Chicago’s
motto is “Let knowledge grow from more to more and
thereby life be enriched;” the Stanford motto, "To pre-
pare students for direct usefulness in life.” The orien-
tation of a university to some extent will constrain or
focus the types of research interactions a university
will have with industry.

In general, despite different university orienta-
tions, university research has three goals which are
rarely in conflict with each other. They are:

(1) To train students in research techniques,
(2) To provide state-of-the-art information in fun-
damental and applied research, and

EY
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(3) " To conduct research as a source of t'nancnal
- support.

The pressure on rescarch to generate university
income permeates every level of the university. For
example, it can influence the way development money
is allocated by the central administration. It can cause
a scientist engaged in fundamental research to work
on one system rather than another. Or, it can cause a
shift in direction towards applied research.

At one majcr private eastern university, an individ-
ual doing fundamesr:tal research with Nuclear Magnetic
Resonance (NMR) chiose to work on biochemical prob-
lems related to cancer because the funding by the
Cancer Institute exceeded that available for structural
chemical problems related to energy research. This is
not a judgment on whether such influence is good or
bad, but simply that it exists.

Yet, universities usually recognize that maintain-

‘ing broadly based programs is essential to their mis-"

sion. University administrations allocate income to
help maintain scholarship in the sciences, humanities,
and the arts. They must be sensitive to those areas
that cannot be easily funded because they have no per-
ceived practical value. Net dollar'drain from income
producing units, however, can set up counter-tensions

- within the university that may cause it to challenge its
own mission and affect its capability of meeting indus-
trial needs.

The respective objectives and functions of uni-
versity and industry also affect their perceptions of
success. University value and reward systems, power-
fully reinforced by years of massive federal funding of
basic research, it is observed, have operated to show
preference for theory building over applications, anal-
ysis over design, abstraction over operations. Conse-
quently those things of prime importance to industry
frequently receive secondary status at universities.
Industrial commitment to basic research has declined
since its heyday in the '50’s and early '60's, though it
is now rising within the past five years. Purportedly
its recent commitment has been to incremental im-
provements on old products and processes (David,
1979:; Bromley, 1982).

Thus, there are important mismatches in the
respective value systems and time concerns of univer-
sities and firms and these can be intensified by a trend
‘in industrial decision-making that favors short-term,
low-risk projects (Smith and Karlesky, 1977; Nason
and Steger, 1978; Shapero, 1979; National Commis-
sion on Research, 1980).

There are, however, common grounds in the ob-
jectives ef both research systems, and there is prece-
dence for minimizing the gaps between the goais and
functions of the two systems and establishing effec-

tive linking mechanisms. There have been historical -

examples of highly productive convergences between
the two institutions. The most obvious and dramatic

convergences have been achieved in times of war. But
there are other examples of successful interactions.
in the 1930's, General Electric supported Dr. Bridg-
man'’s basic research in high pressure physics at Har-
vard University. He later won the Nobel Prize for his
work and General Electric developed a process for
making industrial diamonds.

While the interactions that exist are constrained
by the mismatches between the two systems, they are
also stimulated by the needs of each type of institution
and the way these needs coincide with the capabilities
of the other to satisfy them.

Economic need on the part of universities, as indi-
cated before, has been one recurrent pressure towards
convergence. Universities-have turned to industry and
have invented new programs that would be of interest
to industry. One such example was the development of
MIT’s Technology Plan. After World War |, the state of
Massachusetts discontinued its support of MIT. This:

school then devised a program to attract industrial

support.

tions is the production of well-trained and educated.
students. Furthermore, industries are continually seek-
ing new ideas, new Knowledge, and fundamental con-
cepts, precisely the goals of research at universities.

The differing objectives and functions of the aca-
demic and industrial sectors are reflected in their dif-
ferent organizational structures. Universities tend to
be more pluralistic. The faculty form the framework of

the organizational structure. Industry is structured for.

goal-oriented outcomes. Therefore, it generally follows
a more hierarchical, structured plan. The differences
in structure can confuse those areas where objectives
and functions of the two sectors do overlap.
Likewise, the regions of overlap of the goals and
structures of the two systems have a diversity which is
reflective of the many different goals of the institutions
subsumed within these two headings. Therefore, seek-
ing out ar.d matching two institutions with mutual
interests can be an overwhelming endeavor. .
It should be remembered that there are great var-

- jations contained within the omnibus headings "uni--

versity” and "industry.” There are more than 2,000 col-
leges and universities, and 14 million businesses, not
counting the subdivisions of corporations. Each has its
own structure and organization, and this further com-
plicates discovering areas of mutual interest. However,
to put this in more realistic perspective, the bulk of
U.S. research is indeed conducted within 20 major
research universities and 20 corporations.

In the next two sections, we review the complexi-
ties of the structures of each of the sectors. Then we
review how these differences’can affect university/
industry cooperation. In Chapter Vil (p. 47 ff) we con-
sider how differences in goals and structures within

_each sector can affect research interaction. .
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B. Institutional Structures

1. Industry Structure for University
Research Interaction

The diversity of industrial organizational struc-
tures interfacing with the university in cooperative

research produces an occasional sense of frustration ,”

when one looks for a single number to describe thg
extent of support provided by a single company for
university research, or wishes to obtain from a smgle
company representative a reasonably complete descrlp-
tion of the scope of such support and cooperatlon
throughout the company. To get a complege picture of
a large corporation’s involvement with university re-
search, data must, in principle, be obtajned from per-
haps 20 to 50 individuals within the .company, given
the many operating divisions of a General Electric or
du Pont. Nevertheless, some unc} rstanding of this
corporate structure is necessary in order to appreaate
the rlchness of interactions that/is possible between
university and industry, even /when we restrict our
interests to research. '

"~ Although the precise organizational structure
varies from company to company, there are.general
patterns and structures which correlate with the var--
ious mechanisms for résearch interaction. The basic
elements that are engéged in university relations are:

(1) Corporate ffoundatron for financial support of

external actlwty ~ charitable, educational, cultural—/ :

which may add value to the environment in which a
corporation operates but is not in the direct support
of a speuf}c business need.

(2) Corporate central laboratory, which normally

~ provides/ technical support for existing and future\ rod-

e

ucts and processes throughout the company calling
for speC|aI|zed or longer range effort, and which can
pursue investigations in new technical areas, or in
relatively basic science and engineering progra s that
cah be the source of new products and processes and
even new busmess interests. S .

(3) Divisional laboratories, wh|ch provide d|rect
support for the products and processes of a particular
division, and develop new products and processes for
the established business interests of chat division.

(4) Operating units of the corporationm which man-’
ufacture and distribute the products that make up the

" business of the corporation. (This study covered indus-

tries engaged in manufacturing or in providing tech-
nical services such as utilities. It has not been con-
cerned with the bulk of the service industry—banking,
retailing, entertainment.) '

As a reminder, a few of the mechanisms for re-
search cooperation as covered in this study are:

(1) Fellowships which are intended to be used for
research personnel by a particular technical depart-
ment or in-a particular technical area.
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(2) Research grants intended for a particular
technical department, a particular technical area, or a
particular research program. (These can include re-
search operating costs and/or equipment.)

(3) Research contracts W|th specn‘c/economlc

aims.

(ay Joint research programs :nvolvmg both uni-

‘versngfand industry activities, and usually mvoIvmg

mdustry funding of the university portion.

The above are simply highlights to facmtate dlS-
cussion in this section. The many forms that these
mechanisms can take are illustrated in the anecdotal
data of this study (Chapter 1X).

Let us consider how the principal corporate enti-
ties already mentioned engage in these several forms
of research, cooperation.

Industrial foundation support of unlver5|ty re- /

search in mo\st cases is directed toward education and
training. Some foundation directors indicated that

.because they’ ihad limited funds, they concentrated on

supportmg the schools where they hired the majority
of their. profe55|ona| staff, A few limited the giving to
areas related to their own technical interests, e.g., they
would give only to engineering schocls. And a few said

_they gave only to private schools because they felt they
" already contributed to public schools through taxes,

but many who stated that this had been company policy
in the past indicated that this was changing.

The corporate foundation will rarely support a,
project or grant for specific research. It can be the
principal source of research fellowships, justifying
these primarily because they provide for educational
needs of individuals. Nevertheless, the allocation of
fellowships is likely to be to those departments, in

. those areas, and to students of those professors per-

ceived to be relevant to the technical needs of the’
laboratories and/or of the business interests of the:
company. Thus, a mining company is not generally a
good source of research fellowships for a biology
department, nor is a pharmaceutical company a likely
source for fellowships in metallurgy.

' The corporate foundation may also be a source of

funds for a broad research area, e.g., genetics, or for ..

a research cehter or institute. I"n such instances, bene-
fits must be perceived as accruing to an entire mdustry
or all industries, and such funds would not be ear:
marked for a particular research program reqwred by
that specific company.

Any research laboratory, corporate or divisional, is’
normally free to use its own operating funds for any;
forms of university research cooperation. It is less
likely to use such funds for fellowships, since other
corporate sources can be called on, particularly when
a foundation exists. Since divisional and corporate lab-

- oratorieslare financed in accordance with the separate

-functions and needs of the respective business units,
they will each establish linkages with universities in
light of these separate requirements and opportuni-
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ties, not as a part of a coordinated corporate-wide.
master plan for supporting university research. This
is a fundamental causc for dispersal of data concern-
ing the university relations of a particular company.
Of interest to academic scientists is that a corporate
or central laboratory is more likely to conduct basic
research and be attuned to university research.

Finally, there are many operating units of a large
corporation. They may support university research on
“the-basis of either geograthy or subject matter. "Geog-
raphy” may be interpreted loosely as being a good cit-
izen of the city or region. Thus, a manufacturing or
assembly plant will support the local hospital, the local
symphony orchestra, and the local university. General
support is not included jn this study. However, when
the local university is known for a center of excellence
in a particular technical area or can make a good case
for devcloping one, the corporate unit may provide
some funds on the basis of citizenship rather than
subject matter.

But subject matter can indeed be a basis for sup-
port by operating units, and the case can be compel-
ling when a university is also close geographically. A
- manufacturing plar.t is concerned with product design
and. with specific manufacturing processes. Support
can be justified in areas that bear on productivity, e.g.,
robotics or control systems, or operating conditions,
e.d.. epidemiological research related to air and water
conditions, and on specific product desigh compo-
nents, e.g., material. The point is tat operating units
throughout a company can suppor . university research,
usually in engineering fields and :elatively short range,
but not necessarily. Such support may not be reported
or even well known throughout the company, except in
the mlelduaI accounts of that operating unit. While
corgoratlons will segregate any expenditures when
there is a tax advantage in doing so, a research pro-
gram that is expensed in the year it is paid for, and-is

therefore simply another item in the cost of sale, offers -

no such advantage. Thus, there may be a number of
independent sources of support for university research
from operating units that are not known to a central
source of corporate data.

In principle, this multitude of snurces within a
corporate structure for supporting university research
would seem to be simplified by the fact that the larger
research-oriented corporations may have an individual
or group charged formally with university-industry
relationships. Where this exists, coordination acts to
" facilitate such relations and provide support for sepa-
rate organizational units when helpful, not to take
responsibility for the totality of company actions. In
fact, the guiding principle is normally to encourage
direct interaction between the research personnel
within the company and those of the appropriate uni-
versity. and thus decentralize such arrangements.
Hence, there are usually a large number of linkages
proceeding independently throughout the technical
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.structure of a large corporation, the results of which

tend to appear within the operating budgets of the
individual laboratories or business units.

In summary, then, corporate structure leads to
multiplc ‘sources ‘of corporaie support for university
research cooperation. This makes a truly complete
picture for the scope of such interactions difficult to
obtain. _

The information gathered through interviews in
this study indicated that indeed companies use a wide
variety of mechanisms in support of university re-
search, and that industrial support can come from
many organizational units within the company. Most
industrial .representatives interviewed said that sup-

. port by their companies was decentralized, and con-

firmed that it was extremely difficult to dget an exact
figure of corporate support of university research. How-
ever, most seemed to believe that the largest funding
for support of cooperative industry/university research
came from the corporate research laboratory, and to a
lesser extent from divisional research laboratories.
Managers in operating divisions were said to be not
inclined to support university research unless they had
a specific problem to solve, because they were under
immediate pressu; = to justify their operating budgets

-in terms of output. Most company and university repre-

sentatives pointed out that the product manager is
anxious to spend money on the problems of today
rather than long-range ideas. He is not interested in
designing new prototypes. One academic investigator
thought the company would, under particular circum-
stances, provide support for a university to build a
prototype. He cited the Swan-Gans catheter as an
example. If a relationship is established with people
who make decisions and have funds, then he thought
support from industry for new products was possnble

" but difficult to obtain.

2. University Structure for Industrial
Research Interaction

Universities are far fewer than industrial firms and

are far more homogeneous. Thus the university struc-

ture for administering research is not as diversified as
the private sector. There is a faculty responsible for
research as well as education, and a central adminis-
tration (mcludlng the dean of the graduate school and
the office of academic affairs) which facilitate these
research efforts. University faculty initiate, govern,
manage and carry out research programs, and can be
regarded as the permanent officers of the university.
Such a definitive statement about faculty control over
administration is not the case at all universities, how-
ever, faculty committees usually monitor the overall
research efforts of a university. Academic research is
carried out under faculty guidance within academic
departments, at research institutes, or in specialized
research laboratories. It is very rare that a center or
institute director does not have a faculty appointment.
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The university's central administration normally
acts to coordinate administrative procedures and facil-
itate the rescarch efforts of the faculty. At many uni-
versities, there is a vice president for research who is
in charge of these activities (Tables 8 and 9). He is
responsible to a provost or vice president of academic
affairs. In those cases where there is no university
rescarch officer, it is the responsibility of the academic
vice president to oversee these matters. In a few cases,
ihe Academic Vice President and Chief Research Admin-
istrator hold separate but equal positions. Both public
and private universities have offices of development
which receive gifts only, including those. from indus-

‘try, and offices of sponsored programs which receive

funds for externally supported research with a specific
purpose./ Normally, in both public and private univer-
sities, these are two separate offices under separate
administrators and with minimal contact between the
two. The officc of sponsored programs at all the insti-
tutions we visited was under the direction of the uni-
versity official ultimately responsible for the admini-
tration of research. At one institution visited, the
Office of Sponsored Programs and the Development
Office were under the Vice President for Academic
Affairs. In another case, there was no office of devel-
oprnent per se, and all research was administered by
the Graduate Dean.

The Development Office generally receives funds
that are put in the trust or endowment accounts of the .-
universities and are applied to a general operating
budget of the university. Many gifts are restricted, e.g.,
earmarked for research, sometimes even for a specific
area of research. Fi'nds donated for industrial liaison
programs or even focused liaison programs are fre-
quently received by the Development Office. Equip-
ment gifts and loans can be administered through the
Office of Development as well as funds for research
facilities and endowed chairs.

Development Offices are structured to attract con-
tributions. Their budget is sometimes related to the
funds they attract. They must demonstrate activity..
Development office figures can be inflated. Sometimes _
there is double accounting—a corporate grant solic-
ited as part of external fund raising by the develop-
ment office may go to fill a specific research request
and therefore also be accounted for by the Office of
Sponsored programs. Foundation grants from com-
panies are not necessarily unrestricted gifts. Founda-
tion grants also come to the Office of Sponsored Re-
search. There is difficulty concerning when to classify
such an award as a gift. This is an important issue for
the university. If it is a gift, there is no tangible service

- income (overhead), and the Internal Revenue Service

does not make it clear where to draw the line. Many

Table 8
Patterns of Research Administration: Public Universities

University

Research

Development

Central Administration

Graduate School

Office of Academic Affairs

U. of Arizona
1980-81

V.P.-Research

U. of California Academic V.P.
{San Diego}

1980-81

U. of Colorado
1980-81

S.D. Campus: Spec.
Ass't. to Chancellor:
Development

Assoc. Dean for Grad.
& Research Programs,
College of Engineering

& Applied Science

Colorado State U.
1980-81

V.P.-Research & President,
CSU Research Foundation

.« r

U. of Delaware

1979-81 Research

U. of Illinois
(Urbana)
1980-82

J

Louisiana State U. V.P. Instruction and

~1980-81 Research
U of Michigan. Vice President of Research
1981-82

Michigan State U.
1980-81

V.P.: Research and
Graduate Studies
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Univ. Coordinator for

Assoc. V.P. for
Development

Acting Academic V.P.

Provost & V.P. for
Academic Affairs

V.P.-University
Development

Assoc. Dean and Assoc. Vice Chancellor for
Vice Chancellor for
Research {Grad.
Collegej Two Assistants

Academic Affairs and

Acting Vice-Chancel‘or
for Research {Campus
Officer)

Baton Rduge Campus:
Vice Chancellor for
Academic Affairs

V.P.-University
Relations and
Development

V.P. for Academic Affairs

V.P.-University
Development
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Patterns of Research Administration: Public Universities

Table 8—Continued

University

\ Research -

Central Administration

Graduate School

Office of Academic Affairs

Development

U. of Minnesota

~. 1980-81

U. of North Carolina
1980-81

North Carolina
State University
1980-82

Purdue University

V.P.-Research and Public
Service

V. Provost and Dean for
Research

V.P. Research, Dean

V. Provost and Dean’of
Graduate School

V.P.-Academic Affairs
{Central Administration)

V.P.-Academic Affairs

V.P.-Academic Affairs
{Graduate School)

Vice-Chancellor,
Development and
Public Service

V.P.-Development

V.P.-Deveiop'ment

E

Q

1980-82 Graduate School

U. of Texas V.P.-Research
1979-81 ’
Texas A&M V.P.-Academic Affairs

1980-81 {Centrai Administration)

U. of Utah g V.P.-Research

1980-81

U. of Wisconsin

V.P.-Academic Affairs
{Central Administration)
Two ASsistants

Dean for Graduate and

Research Programs

Clemson University

Research.

-

Georgia Institute of Vice Chancellor, Research

Technology

Dean of Graduate
Schooi & University

V.P.-Research
{Institutional Adm.)

Provost & V.P. for
Academic Affairs

V.P.-Academic
Development {Central
Administration)

V.P.-Institute Relations
and Development

academic administrators were concerned because

some companies are unwilling to pay overhead. Many
times these companies give their support through the
development office, which does not c¢harge overhead.
Their point is that they wish the full sum of money to
be spent on research.

At most state universities, the Development Office
is closely linked to, or is an integral part of, a univer-
sity foundation. These foundations were developed
to separate certain university activities and funding
sources from state funds and regulations. Developing
a better interface with industry was an original objec-
tive of one of the first foundatisns, the Purdue Re-
search Foundation. Several state universities, Minne-
sota, Colorado, Arizona, and others, have followed this
model. Usually these foundations work on their own in
solicitation of funds. Sometimes they will have a sep-
arate division or a unit for a specific purpose, e.g.
development of a research park. In what may be an
emerging trend, some university research foundations
have established separate entities to handle industrial
contraf:t research. One example of such a foundation
is at Texas A&M.

The Office of Sponsored Research (or Office of
Grants and Contracts) is generally responsible for
negotiating agreements for all externally sponsored
research. The patent office or attorney is usually allied -
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with this division, and it is within this office that univer-
sity research administration policies are established
and records kept. In their accounting systems, most
universities in the past have only kept records on the
immediate sources of fuads but not on the ultimate’
source. Thus, a contract from an engineering firm may
well be a subcontract from a federal contract with the
company. Furthermore, most universities do not dis-
tinguish between private foundation, industrial founda-
tion, and industrial -funds. Th:y categorize funds as
derived from federal, state, local, and private sources.
Because of the relatively small percentage of spon-
sored industrial support in the past ten years, there
has been no real need to separate it out.

There are many cases of industrially supported
research that does not flow through the normal admin-
istrative and accounting procedures. Industry gifts for
research are sometimes given directly to individual
investigators, research departments, or technical units
of universities (schools of engineering, agriculture,
etc.), centers, and institutes. This money may or may
not be processed by either the development or spon-
sored program office. Professor X will get a gift and is
also engaged in providing some professional services
for the company. This has been especially true in the
pharmaceutical area.

Occasionally, professors will set up special accounts
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where they deposit money received for consulting with
industry. These accounts may. be sepurate-from all
other accounts cstablished by the university account-
ing systems. They are frequently used as discretionary
accounts for research. One such account is the “Mer-
cury Fund” at Duke University.

The Mercury Research Fund provides the depart-
ment with unrestricted money which allows it to hire

extra research associates or send students to various

places. In one instance, an industrial hygienist was
hired to carry out measurements. Although he was
originally hired on "Mercury Fund” money, he is now

supported on contracts. This fund also allows for
faculty salary supplements of up to $8,000 or $10,000.
It has a departmental code as a university account
but, by gentlemen’s agreement, a department member
wishing to use these funds has to seek approval from
those who pay to the fund most frequently. If the pro-
fessors who make contributions leave the university,
the fund is still the university's, under control of the
department. ‘

The advantage of this fund is that it can help to
launch projects speedily, or to support projects of an
unorthodox nature. :

Table 9
Patterns of Research Administration: Private Universities

University

Research

Development

Central Administration

Graduate School

Ofire of Academic Affairs

O

ERIC
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~

California Tech.

Administrative Comm.
System; Chairman,
Sponsored Research

Dean, Three Associate

1980-81
Committee
Carnegie-Mellon -
University Deans
. 1981-83

Case Western
1979-81

Clarksor Coliege
1980-_82

Duke University
1980-81

Harvard University

Associate Director of
1980-81

Financial Systems for
F}aséarch Administration

Lehigh University
1979-81

MIT

~’V.P.-Research

V.P.-Research

Pringeton U.
1980-81

Rensselaer Poly-
technic Institute
1980-81

Rice University
1979-81

U. of Rochester
1980-81

Stanford U.
1980-81

Vanderbilt U.
1980-31

Director of Research and
Project Administration

Washington U.
1980-82

Yale University
1980-81

V.P.-Undergraduate and
Graduate Affairs

Dean, Grad'uate School
& Director, Division ot

... Research

Dean of Graduate
School

Dean, Graduate School

Dean, Graduate Schoo;
Asst. Dean, Engineering
& Applied Sciences

V.P.-Academic Affairs;
Prov. -t & Vice Provost
for R~search

Dean of Advanced'
Studies and Research

Univ. Dean o' )
Graduate Studie . ;

Dean of Gradu:ie
Studies & Research

Dean of Graduate
Schoci

Dean, Graduaie
School of Arts &
Sciences; Two
Assistants

Dean of Graduate
School

V.P. University
Development

Director of
Cevelopment

V.P.-Development

V.P.-Development

Office of Development

Executive Director of
Development

University Officer tor
Development &
Alumni Affairs
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For example, the Mercury Fund was used to

help a student do research on pneumoconiosis, a

discase of the fungs. People with pneumoconiosis,

are exposed most frequently to both silicon and

carbon. The question was whether the damage to

the lungs was by the silicon or the carbon. A student

at the university had a brother-in-law from Sri Lanka

and she thought of the idea of going to Sri Lanka to

study people who work in the graphite mines there,
because these people would only be exposed to
carbon, and not to silicen, The Mercury Fund funded

her trip to Sri Lanka. Her research showed that the

lungs of these people were filled with coal, but the

pulmonary function was normal, and she was able

to establish that silicon is the problem in pneurno-

conlosis.

Despite the difficulty in tracking some sources of
support, several scientists and administrators have
pointed out that the university system of administering
grants and contracts has evolved after thirty or more
ycars of dealing with the government agencies, and
that even if there is a large increase in industrial sup-
port, it must be properly integrated intc the adminis-
trative system. Others felt that there will have to be
some change in sponsored research administration, if
there is in fact a large increase in industrial support.
One of the reasons given is the great diversity of the
industrial firms themselves, as discussed in the pre-
ceding section and Chapter VIII. It is helpful to know
whom to contact and how to approach different admin-
istrative units. This may require speciai administrative
procedures and structures.

C. The Role of Administrative Structures and
Units in Fostering University/Industry
Relationships

On the university side, as stated in the previous
section, there is normally a clear demarcation between
the Development Office responsible for expanding the
university endowment by raising funds from corpora-
tions, alumni, and foundations, and the Research Con-
tract Office, which specifically helps develop and ad-
minister research grants. Sometimes this demarcation
can be a irustration in developing cooperative univer-
sity/industry research ventures.

In the past, there has been no barrier to industry
directly approaching individual research scientists,
with the Research Office playing a role only when
negotiating grants or é¢ontracts. Most university/indus-
try research interactions still develop, at first, between
scientists. But, at many universities, the research con-
tract office has recently been given the task of helping
to develop increased research interaction within indus-
try. Out of the 39 universities we visited, approximately
50% had industrial liaison offices or positions, and
approximeately 50% were newly appointed positions or
newly reorganized offices. "

As the perception of industrial interest in univer-
sity activities has increased, the Research Office has
become much more concerned with patenting and

vt

contractual negotiations with industry. At least one pri-

“vate southern university has made a great effort to

develop schemes for profiting from university innova- .
tion with the help of an external consulting firm. Many
university scientists feel that innovative ideas are not
getting out and finding industrial connections. Increas-
ingly, universities have hired patenting officers or
industry liaison experts who actively seek out potential
innovations and present them to industry. In Chapter
IX. we discuss the recent patenting activities of univer-
sities in greater detail. .

There are few administrative or structural barriers
to industrial interaction in the universities, but there
are perceptions of barriers (e.g., thc universities’
departmental structure, patenting, and licensing activi-
ties; see Chapter Vli). This may well change as univer-
sities seek to protect their interest in innovation. An
example is the case of the University of California,
which claimed patent rights over gene segments and
became involved in litigation with the Roche Institute.
of Molecular Biology. Despiie potential areas of fric-
tion, most contracts can be negotiated with a mini-
mum -of difficulty on the university side.

While most university research units are science
ard engineering departments, there are also signifi-
cant numbers of non-departmental centers and lab-
oratories. Many of these are multi-disciplinary and can
serve as foci for industrially funded multi-disciplinary
efforts. In a few cases, the basic science units and engi-
neering schools are cornbined into institutes of tech-
nology (the University of Minnesota, the University of
Michigan, and Case Western Reserve). Two private uni-
versities (Chicago and the California Institute of Tech-
nologdy) are organized by division rather than college.
Both of these organizational structures were seen as
facilitating the initiation of muitidisciplinary efforts, but
their existence is not necessarily tied to above average
levels of industrially sponsored research. .

‘Many believe that in order for there to be substan-
tially increas=d collaborative work between industry
and university research systems, the universities must
be able to provide the team and/or a project approach.
However, there was no relationship between the number
of multi-disciplinary units and the level of industrial
support of university research. An encouraging attitude
towards muiti-disciplinary efforts and flexibility within
the organizational units were more facilitating for
mutually beneficial collaborative efforts than the fact
that such multi-disciplinary units exist.

An important trend in universities is the develop-
ment of management structures which make it rela-
tively easy to develop collaboration with industry or
to create university spawned industrial enterprises.
These are usually related to engineering-based enter-
prises, although in future years they may increasingly
become related to molecular biotechnology. These

. structures include the establishment of buffer organi-
zations, either non-profit or profit, or institutes within
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the university in which contributions on the part of
professors and students can be made directly to the
industrial enterprise (see Chapter 1X). Examples of
these are the University of Utah Research Institute
(LURI); the Washington University Technology Associa-
tion (WUTA), headed by the Dean of the Department
of Engineering; and the Center for Manufacturing Pro-
ductivity and Technology Transfer founded at Rens-
selaer Polytechnic Institute. Such institutes or centers
can be wholly within departments and schools or totally

- external to the university. They seem to work best when

they are under direct control of no more than a few
individuals within the university structure.

There are several advantages in setting up such
institutes. For directed research, industry generally
requires a concentration of manpower brought to bear
for a relatively short time in a multi-disciplinary setting.
Gencrally, because of academic constraints, unless the
university sets up external mechanisms such as cen-
ters and institutes, they cannot respond to this kind of
industrial need.

Another advantage of separate institutes and cen-
ters is that projects can be readily terminated. The
rescarch personnel associated with such projects can
be reallocated without affecting the basic tenured
faculty pool or the academic calendar. Many universi-
ties, however, are still resistant to undertaking those
industrial research projects which are time-intensive.
They will only take on projects which generally fit into

. the educational enterprise.

ncreasingly, the central administration of univer-
sities are beginning to play a role in fostering univer-
sity/industry relations. For example, the president of
onc eastern state university is actively negotiating for
the establishiment of a research park adjacent to the
university. Presidents who have cuitivated their long
term relationships with industry are proving to be
invaluable to their constituencies. Many successful uni-
versity/industry interactions have been cultivated at
two levels—president to president and research scien-
tist to research scientist.

While industry has relatively easy direct access to
the university research base, access of the university to
the industrial research base can vary from relatively
easy to bewilderingly difficult. Very- often, it is simply
4ue tc the complexity of the corporate structure or the
lack of centralized information or a formalized chan-
nelling system, as noted in the previous section. Some-
times, the difficulty is due to the conrdentlallty assoc-
iated with an industrial laboratory.

The need on the part of industry for secrecy or
legal documents before communication of industrial
technical data or concepts can take place is again

- sometimes perceptual or traditional, or related to the

proportion of scientists in the higher management of
the industry. For example, nowhere in the United
States is industry as closely allied to the university, or

as intricately interactive, as is the chemical industry
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~ with universities in Germany. The interaction largely

resuits from a management structure in the German
chemical industry which, at the highest corporate
levels, contains individuals who are simultaneously .
university professors as well as corporate executives.
industries, as described previously, vary widely in
the structures they have developed to interact with the
universities. Large research-oriented corporations
often have the whole range of interactions described,
where competitiveness and,secrecy needs permit. In
one large petroleum corporation, for example, there is
no unique entry point into the system for a university- -
based scientist. That corporation has a constantly
updated data bank of outstanding university scientists,
and uses that both as a consulting pool and as the
basis for making unrestricted grants. Smaller com-
panies generally do not have such resources (see

- Chapter VI, pp. 48-49). Corporate administration, ob-

jectives, and structures within industries range widely
and influence university relations. £

The relation with universities is often based directly
on the way a particular company regards its own cor-
porate research interests and structured to meet these
interests. For example, two large companies in the
petroleum industry have very different relations with
universities. One focuses primarily on consulting. agree-
ments, which are highly individualized, secretive, and
very directed. The other spans the broad range of inter-
actions. The difference in this approach is in part tradi-
tion and in part the standing of the corporate research
entities in the two companies. In the company with
extensive university relations, its own research group
is relatively autonomous and concemed with new direc-
tions. In the other corporation, the research group is
a part of the operating structure of the organization,
and is more directed and responsive to short-term
corporate goals.
" In one midwestern consumer product company,
research is completely related to the marketing struc-
ture of the company. At the beginning of the decade
(1970), the company decided to deemphasize cor-
porate research. This company’s present contribution '
to university research is minimal and t:ed to product
development. Other consumer product companies
have large commitments to research and develop-
ment as well as to marketing. One such company has
recently made a significant effort to support unl\/er5|ty
research. '

Most pharmaceutical houses have extensive direct
research connections with the universities, to the point
of contracting with universities for statistical evalua-
tion of drugs in medical school patient populations,
But one pharmaceutical house is foundation-owned
and is structured to do most of its research exclusivelyin-
house. Its support for universities is primarily througn

_ fellowships and by providing adjunct faculty free of

charge to teach at local universities.
In the computer industry, most companies have
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well-developed corporate research structures. One
large computer lirm rivals the universities in the funda-
mental nature of its own research. Nevertheless, it
maintains strong ties to the university, through the

whole range of peer interactions, fellowships, ana cor-

porate giving. On the other hand, a midwestern based
computer corporation prides itself on contracting
‘most of its basic research to the universities. It does
not have a corporate research laboratory. Such large

s
Lied

differences in corporate outlook, which can be re-
flected in corporate structures and objectives, some-
times relate to the attitude of single individuals. To
what extent these factors responsible for cifferences
within industry can affect the outcome of a cooperative
arrangement is a subject for future study. We simply
note here that these factors do make a difference. We
discuss sectoral differences in_ university/industry
research interactions in more detail in Chapter VIl
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CHAPTER VII

‘THE INTERNAL DYNAMICS OF UNIVERSITY/
INDUSTRY RESEARCH INTERACTIONS °

Through the development of case histories of uni-
versity/industry research interactions and discussions
with key representatives of the university, government,
and industry research sectors, we were able to charac-
terize many of the barriers, motivations, and proc-
esses involved in forming these interactions. In this
chapter, we prescnt many of the recurring themes
related to establishing and managing these interac-
tions. We then pro.ide s,nopses of several unique
interactions. \

A. Motivations for Interactions

1. Industrial Motivatidns

Because of differing needs and structures, both
the motivations for interaction and the perceptions of
those motivations differ to some extent between in-
dustry and universities.

- Company representatives cited many reasons for
their interest in establishing research interactions
with universities. The following reasons were among
those mentioned most frequently (Table 10).

(1) To obtain access to manpower (students and
professors). :

(2) To obtain a window on science and technology. .

(3) To solve a problem or get specific information
unavailable elsewhere.

(4) To obtain prestige or enhance the company’s
image. '
(5) To make use of an economical resource.

(6) To provide general support of technical excel-
lence. .

(7) To be good local citizens or foster good com-
munity relations.

(8) To gain access to university facilities.

Access to high quality manpower is the prime
motivation underlying industry’s desire to establish

et
-

Joint university/industry research programs. Seventy-
five percent of the company representatives asked
stated that manpower was a motivating factor in their
support of university research (Table 10). Most stated

. it was the single most important motivator. Com-

panies are parti-ularly interested in access to graduate
students who are potential employees. Those indus-
tries most concerned about the current shortages in
technical manpower (chemicals, energy supply, and
electronics; see pp. 54-57, 51-53, 58-61) are among
the most vocal and active in the support of new pro-

grams for university/industry research cooperation.

Thus, science-based companies that arc expand-
ing or have-high turnover rates of technical personnel
are more likely to support university research vigorously.
For example, after considerable concern and delibera-
tion about the "manpower” crisis, Exxon announced a
program of contribution, a $15 million grant to be
utilized over 3-5 years, to 66 institutions to support
graduate fellows and’supplement faculty salaries.
Atlantic Richfield will distribute $5 million over four

years for students in science and engineering depart-.

ments in over 30 universities. IBM contributes $1 mil-
lion'annually to advanced education programs at uni-
versities. The importance of manpower to chemical
companies is seen in the following development.- The
new Council for Chemical Research (CCR) (see pp. 81-82)

~

is basing its membership fees on a formula related to

the number of chemists and chemical engineers (B. S.,
M. S., and Ph.D.) in the employ of member companies
and CCR will distribute its research funds to depart-
ments based on their production of chemists and chem-
ical engineers. :

A large portion of indusirial funding impacts stu-
dents indirectly. Direct funding of research equipment,
general endowment money, or departmental unrestricted

stipends all provide the kind of fiexibility for research -

and development critical to graduate training at the
university. : :
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Table 10

Motivating Factors for Participating in University/Industry Research Interactions as Derived from
Interviews with Scientists and Administrators at Institutions Surveyed in NYU Field Study

Motivations for U/| Interactions Cited By Interviewees

Percent of Institutions Surveyed Where
Representatives Cited That Such
Motivations Existed

Universities Compaﬁies
(n=139) (n =586).
1. To obtain access to manpower (students and professors). 33/és motivating industry 75
2. To btain a window on science and technology. 13/as motivating industry 52
3. To solve a problem or get specific information unavailable elsewhere. 13/as motivating industry 11
4. To obtain prestige or enhance the company's image. ’ " 32
5. To make use of an economical resource. 14
6. General support of technical excellence. 18/as mgtivatin§ industry 38
7. To be good local citizens or foster good community relations.* 29
8. To gain access to university facilities.** . ) 36
9. Industry provides a new source of money. This helps diversify the university's 41
funding base. )
10. Industrial money involves less red tape than government money, and the 28
: reporting requirements are not as time-consuming.
11. Industrially sponsored research provides student exposure to real world 36
research problems.
12. Industrially sponsored research provides a chance to work on an intellectually 24
challenging research program which may be of immediate importance to society.
13. Currently. some government funds are available fbr applied research, based 8 c
upon a joint effort between university and industry. - i

14. To provide better training for the increasing number of graduates going to 33

mdus'ry

15. To. gem access to company research facilities and eqmpment

23

* Cited more often by administrators than scientists.

**Including opportunities for education and training, adjunct professorships and personnel exchange.

Aithough access to high quality manpower is the
stated primary motivation underlying industry’s interest
in supporting university research, this motivation has
many nuances and can be intertwined with a firm's
additional motivations for interacting with universities.

" Thus, chemical company representatives look toward

new employees that will provide a window on new tech-
nologies which will help the company initiate new
product or process lines. Hence, they will support uni-
versity-sponsored Industrial Liaison Programs it bio-
technology to gain access to potential employees. In
another typical instance, a company has an unfore-
seen problem with a product. After consulting with' a
local professor, the company hires one of his students

. to solve the problem over the summer. Alternatively,

the company contracts with the local professor to
solve the problem and later h|res ‘the student who
worked on it

The second most commonly stated reason for a
company to interact with a university is interest in
obtaining a "window on science and t!(achnolog'." This

4 .
Q N

Aruitoxt provided by Eic:

is a high priority in rapidly changing industries such
as genetic engineering and microelectr"on'ics{ which
have recently stemmed from, or have close ties to, the

- university. For these industries, the technology transfer

cycle is very short. They:are evolving 'so rapidly that
both the university and the industry must participate
in all aspects of the cycle. Frequently, scientists men-
tioned that access to manpower and obtaining a
window on science and technology could not be sepa-
rated from each other. '

Another related motivation is use of the univer-
sity as a trial base for a new research activity. An
industrial laboratory that is considering a new area of’
research may support such research in the umverSIty,
where manpower is relatively economical, before mak-
ing a major investment on its own. For example, one
petrochemical corporation that wanted to develop its
own resources in laser physics was motivated to sup-
port a major project at an eastern private university
in order to build knowledge from which to initiate its
own program.
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Another element of company motivation is pres-

tige. This motivation was not always articulated at first. -
After considering many cases, the numerous press

announcements, and the predominance of the larger
programs_of support_at_prestigious- universities, it

research organization, the compahy is not likely to
support: this research-at a university because of pro-

- prietary concerns and time constraints.

A major petrochemical company, when ques-
tioned about what percentage of innovations over the

became evident. It was verified upon questioning com-.

pany representatives that this motivation is not insig-
nificant. Companies interested in a cooperative research
venture wishto obtain the “"best” expertise. Companies
often affiliate with major research universities because
of their eminence. Some of the well-publicized, large-
scale interactions contain a strong element of the
desire to gain esteem. Affiliate programs may also fill
this role. - : ’

Another aspect of this point is an awareness on.

the part of companies that support of " pro bono pub
lico” research is good public relations. It will enhance
their image. University researchers are happy with this
arrangement because they get the benefit of support
for research of their choice. One particularly good
example where all parties benefitted was a United
Technologies program in support of research in laser
microsurgery.

A research employee who had undergone lengthy
surgery decided that laser technology could shorten
the process and convinced the company to support
aresearch program in this area. The company which
had expertise in laser technology but no direct
interest in fields related to biomedical technology
was commended for its support.

Industry also looks to the university to solve very
specific scientific problems in which the university has
specific expertise: Large companies have well-devel-
oped networks of consultants-whom they can call, on
very specific problems, in a wide range of fields. Low
technology industries may also come to the university
for solutions to technical problems.

For example, one southern State university has
an engineering extension program that guides small
industry in the state in problems of plant siting, modi-
fication, or structure. The function of these services
is to disseminate mainstream knowledge and tech-
nology. not to generate fundamental new knowledge.
The benefit to the university of such services is often
general good will, rather than tanglble financial con-
tribution.

Finally, and far down the list of motivations for
industry and university interaction, is actual innova-
tion. We are distinguishing between new technical
advances which may be a contributor to the process of

“innovation, which industry would certainly welcome,
and the development of a usable product or process,
which is not normally expected.

Industry rarely looks to the university for technolo-

gical innovations that directly result in new products or
processes. Furthermore, industry does not support
university research as a planned stage of product
development. In fact, if a company is interested in
developing a product and must go outside its own

' needs, and/or wants, and who have the krv
background to do so, are usually found wittin the com-.

decades had been derived from interaction with uni-
versities, answered less than 10% (although some
revolutionary technical concepts had come from uni-
versity sources). Many other company representatives
agreed with this figure. Industry has, by and large, not
developed mechanisms for seeking out innovative
ideas and products stemming from the university.
However, as traditional sources of-funding dry up, uni-_

versities are beginning to desire such connectlons

with industry.

It appears natural for the un|ver5|ty, which per-
ceives itself as an idea generator, to want to exploit
ideas to support itself in needy times. However, except

_for such unique situations as gene splicing, industry

does not have high expectation of receiving a signifi-
cant number of direct innovations from the university.
The difficulty is partly one of semantics. Innova-
tion to a company scientist usually refers to the total
ﬁro’cess of generating and introducing technical change,
e.g., invention plus exploitation. A ° ‘breakthrough”
which is frequently the professor’s idea of innovation,
implies ~ totally new concept, idea, or approach to a
field, a new source of technical charige. Those who see
how to develop these “"breakthroughs” to fit society’s

pany while the breakthrough itself often emerges at
the university.

.2.  University Motivations

The reasons universities choose to interact with
industry appear to be simpler. An oversimplification
is that universities seek money. The range of reasons
is more sophisticated and includes the following:

(1) Industry provides a new source of money. This
helps diversify the university’s funding base.

(2) Industrial money involves less red tape than
government money, and the reporting requirements
are not as time-consuming.’

(3) Industrially sponsored research provides stu-
dent :exposure to real world research problems.

(4) Industrially sponsored research provides a
chance to work on an intellectually challenging re-

search prograin which may be of immediate impor-

tance to society.

(5) Currently, some government funds are avail-

able for applied research, based upon a joint effort
between university and industry.

(6) To provide better training for the increasing
number of graduates going to industry.

The strongest motivation in the university for inter-
acting with industry, far above all the others, is the
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desire to obtain funds to strengthen basic research and
graduate training, and to support the facilities that make
that rescarch possible. This is expressed in many ways,
but frequently (41% of the time) researchers state it is
important to diversify their sources of funding for basic

research and industrial money is currently helping them

accomplish this goal (Table 10). _

As government conditions absorb more of the sci-
entist's time in non-technical tasks, he is increasingly
motivated to seek industrial support. Twenty-eight per-
cent of the time researchers said they sought indus-.
trial funds to escape government red tape (Table 10).

____Once-aresearcher convinces a firm to support his

Q

research, there is usually much less detail involved in
administration of the program. More time and energy
are available for the' research itself.

Although it was not mentioned frequently as a
prime motivation for interacting with industry, twenty-
three percent of the time researchers said they sought
interaction with industrial scientists in order to use
their research facilities and equipment. Such interac-
tion may increase as equipment cbsolescence and
shortages become more severe (Berlowitz, 1981).

B. Barriers and Constraints to University/Industry ~
Research Interactions

In our discussions with both university and com-
pany representatlves given the assumption that a
university/industry research interaction was seen as
desirable by both parties, there was a consensus that
there are no insurmountable barriers to joint univer-
sity/industry research-interactions, but several obsta-
cles were outlined. The difficuities mentioned most
frequently included patent and licensing conflicts,
information dissemination restrictions, inciuding pre-
publication review requirements, and the handling of
proprietary information (Table 11).

Others have stated that there are five key barriers
which could prevent a given cooperatlve activity from

' being initiated (Brodsky, et al., 1979). These include:

(1) value Conflicts

(2) Distance

(3) Career constraints

(4) Information dissemination restrictions
(5) Patent conflicts

Table 11

‘Barriers to Umversnty/lndustry Research Interactions Derived from interviews with
Scientists and Administrators at Institutions Surveyed in NYU Field Study

Barriers to U/l Research Interactions Cited By Interviewees

Percent of Institutions Surveyed Where
Representatives Cited That Such
Barriers Existed

Universities Ccim.panies
(n = 39) (n = 56)

1. Patent conflicts (patent and licensing arrangements including .
whether or not to issue an exclusive license). 100 23
a. Patent conflicts 67 - 23
b. Legal problems 38 0
2. Information dissemination 100 43
a. Proprietary rights 74 32
b. Prepublication review 33 11
3. Institutional dift2rences 79 52
a. Differing ubjectives and goals® . 18 21
b. Differizig administrative structures®® 28 ] 13
c. Time frame differences 33 . ‘ 18
4. Personal attitudes 36/13 as a barrier to industry 16
5. Communication networks 28 5
6. Distance 23 : 20
7. Concern for research fzcility and managefnent" 21 ) kR
8. Career constraints 21 4
9. Overhead costs® 15 4
10. Decreasing federal funds 0 .4
11. Company expertise in a particular area 0 2

*Cited more often by administrators.
**Cited more often by scientists.

’ -t \.
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Aruitoxt provided by Eic:

37

46



Q

ERIC

Aruitoxt provided by Eic:

Of these, only the last two were consistently men-
tioned by interviewees as potential barriers, though
our studies indicated that this may be more a percep-
tual than actual barrier. On the other hand, the institu-
tional differences, including value conflicts, which were
mentioned as potential barriers by 79% of the univer-
sities visited and 50% of the companies visited may be
rcal barriers (see Chapter V).

University representatives always mentioned three
problems encountered wiien initiating an lndustry
research program (Table 11):

(1) Patents and licensing arrangements
{(2) Pre-publication review requirements
{3) Proprietary information

Industrial managers discounted the first two as
problems and were only half as likely to perceive the
third as a stumbling block. They repeatedly suggested
that such issues are negotiable. Many academic inves-

~ tigators who have had extensive interactions with

industry said that patents and licensing arrangeiments
are not real problems. However, both partners agreed
that negotiation between lawyers tends to bring out
the inherent differences between a company and a
university, This sets up an adversary climate, delays
establishing the interaction, and sometimes even pre-
vents it from occurring, In this study, at least twelve
documented cases were noted where legal differences
had delayed, or even prevented a collaborative re-
search interaction.

Most universities will allow a company sponsoring
research some time to review manuscripts resulting
from the sponsored research for comment to ensure
that they do not contain company proprietary informa-
tion. The pre-publication review period allowed varies
from university to- university, but it is usually for not
more than one year and, most frequently, for one to six

months (Table 12). Academic scientists conducting

Table 12
Prepublication Review Period at Universities Surveyed in NYU Field Study

University

Publication Review Time

Carnegie Mellon
Case Western
Clemson
Colorado State
Colorado School of Mines
Johns Hopkins
LRGN ottt e
Penn State
Purdue
Rensselaer
Rice
University of Arizona
University of Chicago
University of lIliN0is ... .o e
Universityof Maryland ...t e
University of North Carolina, Chapel Hill
University of North Carolina, Ralzigh
University of Utah
University of Washington ............c. .o iviiiiiiiiii el
University of Wisconsin, Madison
Washington University
University of Houston

University of Michigan
University of Delaware
Georgia Tech
Duke
University of Minnesota

Louisiana State
Stanford
University of Texas. Austin
University of California. San Diego
University of Rochester
University of Southern California
Cal Tech

Harvard

Princeton

30-60 days actually willing to delay 1 year
usually 6 mon'‘hs, but departments differ
N.A.

N.A.

none

1 month

N.A.

40-60 days

N.A.

-6 months

6 months
variable

no delay—Ferm.i institute, 1 month—Chemistry

N.A,

6 mor...is

fisher.es—~-no reviow, ¢
strictly regulztod

N.A.

departments “very strict”

N.A.

negotiated

held untl patent position clarified

negotiated but always 2 timea limit

N.A.

no delay—inst. of Yechnoiogy riegatiated—Hydraulic Lab no research
unless release in a “"timely way"”

N.A.

90 days for Cancer Bio Lab

N.A.

N.A.

90 days

6 mos.-1 year ro research without eventual pubhcatlon
no delay

1 day to 1 month

30 45 days

Note—N.A.=not available
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frontier research are very sensitive to this issue, and

are inclined to only allow a company.to review the pre-
publication for one week to one month. Since theirs is
fast-moving research, they are in a particular hurry to
publish their results. However, most university scien-
tists are generally willing to delay a publication so that
it can be reviewed for patent possibilities or, in some
cases, for the time it takes to file a patent. Their rationale
.is that publication of an article often takes place a year
or more after it is submitted.
Another difficulty from the university’s point of

view is that industrial support tends to come in small -

,short-term allotments, i.e., $10-20,000 for one year or
less. While this is not a barrier per se it does constrain
some university scientists in the effort they are willing
to put forth to solicit industrial funding for their re-
search. Government grants on the other hand tend to
be for larger amounts and longer terms (Shapley et al,
1980). Companies at least in the past have rarely been
able to make long-term commitments to university re-
search. Short-term commitments can negatively affect
the quality of a given research program. At present,
most companies appear not to' be geared towards plan-
ning for long-range basic research efforts. Some have
commented that strategic long-range planning is sorely
lacking in industry. Others suggest that science cannot
be planned, though such statements call for careful
definitions to avoid semantic misunderstandings.

In many academic fields, there appears to be a
psychological barrier to interacting with industry. The
more basic the research, the greater the feeling is that
industry will, in some way, impede the ability of the
individual investigator to follow his own perceived
optimal course. This psychological barrier on the part
of university scientists is even true, in part, for indus-
tries which have had minimum constraints on grants
and whose principal focus has been on new graduates.
This applies to chemical, petroleum, and computer
companies, for exampie. which provide grants-in-aid,
fellowships, and stiperids with little red 1ape. While pro-
fessors who have received such funds vecogitize their

- importance and value, they stiil hesitate to enter into

cooperative research programs where they perceive

that industry, through their directives, will constrain

their research. \

C. The Origins of Umversity/lndustry Research
Interactions

There are many ways to initiate university/industry
research interactions. We have noted cases where a
government official brought two partles together; cases
where the president of a company decided it would be
useful to give greater support to u|n|ver5|t|es and directed
the research vice president to develop appropriate pro-
grams; cases where industrial §cientists catalyzed an
interaction; cases where unlversity presidents and cor-
porate executives provided the |n|t|at|ve for a coopera-
tive program; cases where a product manager sought
the assistance of university scientists; cases where an
industrial scientist and university scientist, through a
joint effort, developed a program, and so on.

It is not unusual for the seeds of joint efforts to
begin in discussion at informal social affairs. One large
program can be traced back to discussions between a
university official and company official who had sum-
mer cottages next to each other. Another program is
reputed to have been started after discussions be-
tween a university scientist and corporate president

.while they waited on a gas line. Discussions at con-

ferences are also important in initiating future inter-
actions. Tables 4 and 5 summarize the different fac-
tors involved in the origins of various categories of
research interactions.

In the overwhelming maJorlty of cases, the initia-
tive to establish a university/industry cooperative
research program comes from within the university.

~ Tracing the origins of over 214 cases of university/

industry cooperative research showed that in only
about 15% of cases reviewed did the company start
the interaction (Table 13). However, there are many
instances when a company wishes to interact with uni-

Table 13

Variatiun in @ngm

s af U/l Coupllng by Categories of Interaction*

Percent (%) of Total Cases

Categories of Interaction " University as Initiator  Industry as Initiator Mutually Initiated Other**
General Research Support /«’ 41.2% 47.1% 8.8% 2.9%
Cooperative Research Support ( 66.4 15.4 8.9 9.3
Knowledge Transter Mechanisms 69.0 28.6 . 2.4 : 0
Technology Transfer Mechanisms 85.1 4.3 21 8.5
Cooperative Research

Centers & institutes . 69.6 15.2 4.3 10.9
Grants and Contracts 55.1 21.8 15.4 7.7
ILP & Research Consortia 84.9 5.5 . 2.7 ) 6.8
Other 47.1 35.3 5.9 11.8

*Expressed as a % of Total Cases in Each Category“ Where Origin is Known.

“*Includes: Gov't. Mediation, -Alumni Actions, Community Actions
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- grant from the company. Industry will work to bur%d up

versities by hiring a consultant: a knowledge trans- ‘

fer mechanism. The company then makes the choice
based largely upon the contacts and information of its
own technical personnel, and thls can serve to initiate
a continuing interaction.

As a genera! guideline, relationships between
individuals are therefore most often the informal start-
ing point for these interactions. The specific evolution
of such initial contacts into working programs can,
however, follow different paths, as discussed in the
following situations.

‘1. The Origins of a Cooperative Research
Venture

An academic investigator will frequently consult
for the company with which he desires to develop a
cooperative research program. Although he may be
the, first to propose a cooperative research program
with the company, we point out again that consulting
arrangements are most often initiated by a company.
These consultancies are then often the nucleus of a
larger university/industry research program.

Industry makes an effort to identify young, promis-
ing investigators. Frequently a company will initiate an
interaction by asking this investigator to consult in a
specific area. Then he may receive a small research

a bond of trust with this promising scientist. In tithg he
becomes more familiar with company needs anjelqter-
ests and can identify areas for cooperative research
If a good working relationship is established. mdustry
will have confidence in him and be willing to su;ﬁport a
larger cooperative effort. This confidence and sénsmv-
ity to industrial needs may also have developed because
the investigator has worked previously for mdustry In
over half the cases we reviewed, the major academic

participant had a past history of vcorking in industry..
Thus we may view the initiation of joint university/

industry programs as a two-step process:

(1) The company takes the initiative to find good
people for consultancies, and
(2) Consultants use these contacts and confi-

- dence to generate cooperative research relationships.

As interest and awareness of the value of joint

.university/industry research programs grow, there is

a growing number of instances where both university

Q

MC - "-..,’ -

administrators and company managers are providing
incentives and an appropriate climate to establish
Jomt rescarch programs. For example, the president
or vice president of Johns Hopkins or the University
of Chicago will contact top level executives at an oil
company or cosmetic firm to discuss how their interests
and capabilities match. Frequeatly they establish their
contacts through university alumni. Sometimes univer-
sity-alumni who are now corporate executives suggest

" discussing joint programs. In these cases, a two-step
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initiation pr’bcess“still exists, but may be more gen-

erally stated:
/

(1) Courtship: Exploring the feasibility of a match
between uni\/ersity scientist and company program,

(2) Marriage: Building a research relationship
through scnentlst-to sae\ tist technical exchange.

. In summary a umversrty/mdustry cooperative
research interaction is more |IR?Q{ to come about after
there has been an interaction through an informal or
non-institutionalized knowledge tra s\fer, mechanism.

2. The Onglns ‘of an Industrially Funded
Institute or Center /

A university/industry mteractloh can be the basis

for establishing a center or institute oriented toward ‘

industrial research interests or at least a definable
technical mission, e.g.. corrosion research. Several
centers (or institutes) at universities{came about in

.the following ways:

A member of the facuity with industrial ties became

_interested in a particular area of interest to industry
and he contacted five or six scientists a¢ross cam-
pus. Very frequently they participated injan Indus-
trial Liaison Program together, or the formation of
such a program was antecedent to establishing the
center. The scientists determined through their
industrial contacts that they would gain sipport by
having an institute or center providing a focus to
their work. They then made a proposal to the research

~ council or university administration.

A research council is usually an elective group and
includes faculty as well as scientific administrators.
The council considers proposals in terms of\several
criteria. The prerequisite is that the future\of the
research area will evolve, it must be a subject worthy
of ‘investigation in the future, not a transitory sub-
ject. On industry’s side, there is a desire to ‘have a
critical mass of scientists capable of doing the work.
Sometimes there is industry concern with the uni-
versity's administrative cz\pabllmes and available

research facilities.

After the un :sgg;ncnl establishes that the cén '
ter focus is in an area’of research worthy of study-
ing in depth, it must consider criteria for the center
director. This was regarded by company and univer-
sity administrators to be critical. If the conclusions

are favorable, the council recommends the forma- 7
tion of an institute or center to the university Presi-
dent. The President and the academic or research
. Vice President review the proposed center from a
\\ financial point of view. If approval is met, then the
proposal goes to the trustees and the trustees are
\hkely to concur at this point. Then it is up to the
scnentlsts to maintain their industrial contacts and
support. Formmg an advisory board of comipany
embers is one way of facnlltatmg or providing the

necessary contmulty

In\another example, this time ata pubhc university,
a s{rong faculty member suppcrted by NSF sought
to do catalysis work but needed spectroscopy equip-
ment. He convinced the university to buy sophisti-
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cated cquipment with its endowfncnt funds. This
attracted additional NSF support.Then, with the aid
of a retired company scientist, several university
L scientists, some of whom had cpnsulting ties with
industry, organized a program and asked a few high
level company research directjrs to advise them
regarding the research direction of the center. This
became the core of a highly successful industrially
funded research program.

Scveral important points were made to the uni-
Ycrsity researchers by their advisory board, as follows:

(1) Industry recolmmended emphasis on long-
riinge basic research. One company executive said,
Throw up lots of balls into the air, and the com-
panics will take home the ones they want.”

(2) They advised that the support level from
ingustry should be sufficiently high so that a com-
milment is made, and that this support should
come from someorte’s budget, not through the edu-
cation foundation. For this program, a fee of $25,000
ayear was sct, and all companies paid the same fee.

' (\3) The board suggested that they aim for twelve
member companies, but that it could not function
as a closed club. .

A critical element in the development of many of
these programs, as in the program example above,-is
- - government seed money. Most of the large, industrially
funded programs were funded, to some extent, by the
government in the beginning. Of the 220 cooperative
programs we reviewed, approximately 219 had some
government support in the first,year of operation.
Another important point in thc structuring of these
programs is that both producer and user companies
be solicited as members. -

' T~

D.“' Administration of University/Industry
Interaciions

Although fu'lnds in support of university research
- are processed in the office of sponsored programs or
the developmen'lt office in practically all cases, it is the
faculty scientist|who is responsible for management
and administration of the conduct of university/indus-
try programs. This includes final say on the program
design, project selection, and allocation of resources.
On occasion, the faculty member will also have a con-
sulting arrangement\mth the company to help manage
or give advice regardmg the company programs re-
lated to the umvgrsﬂy sponso/red research. This is par-
ticularly true in the case of programs that involve very
sizable funding levels.

Industry’s technical input mto the program is fre-
quently not through formalized channels. Rather, the
principal investigator and colleagues will solicit sug-
gestions regarding areas of emphasis from company
sponsors. They then design the research program.
Usually this is done on a yearly basis. Many times
there is no formal commitment to project reports, only
to yearly oral presentations. This is changing, however,
as is the informality of company participation in uni-

versity/industry projects, especially in the larger, longer
term projects more generously supported by industry.

Many of the industry oriented centers riow have
advisory boards which include company representa-

tives. They meeét once a year to discuss policy-and- —

programs with the principal investigator. A few of the
larger programs have two separate boards: one is a
policy board made up of industry and university officers;
the other, an advisory board composed of company

and university scientists to aid in project selection.

However, usually one faculty member, the princi-
pal investigator, still has veto power and ultimate say
about project management and research design: Sev-
eral of those interviewed have suggested that they
forind through experience that university/industry pro-
grams do not work if they are administered by com-
mittee. In one case where an attempt was made to
conduct a program ‘through committee, the program
did not begin until one faculty member was appointed
director. We heard of only'one instance where a com-
pany scientist managed a umversrty research program.
This .occurred because unlver5|ty scientists did not
have the scope of knowledge or the time to manage
this project. Usually, if a company wants a university
to be part of a larger program, they/subcontract a
specific portion to the university. Only this part of the
program will be managed and directed by the faculty
member. ‘

As projects become larger and more comprehen-
sive, this may become an issue. Many of those inter-
viewed pointed out that companies were frequently
dissatisfied with a professor managing a research pro-
gram because of his other commitments at the univer-
sity. Some have suggested that a post-doctoral student
or research associate be given the responsibility for
day-to-day program management and coordination.

However, the ultimate responsibility for research pro-
grams and the allocation of resources mll continue to

lie.in the hands of the faculty scientist.”
In industry, the ultimate responsibility for man-
agement normally resides at a level above the research

“scientist. This difference in the structure of research

managemernt in academia and industry may continue
to cause frustrations and difficultiés in cooperative
research, at least in the initial stages.

~ E. Characteristics of University/industry

Research Programs

1. Successful Programs

The most successful interactions are almost always
initiated and nurtured by a key individual who is ener-
getic and has a belief that the success of this program
is essential to his professional development. This
individual must demonstrate management capabili-
ties as well as excellence in science. Very rarely do
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programs succeed which are developed conceptually
at the top levels of university administration. There
must be enthusiastic faculty support of the program.
In several sticcessful cases, university foundations
or endowments were used to establish a program
which they tied to the university's capability of obtain-
ing government support, which was then instrumental
in attracting industrial support. Industry is much more
apt to support a program which is in place than to ini-
tiate a whole new area of research at a university.
Indeed, federal leveraging of cooperative funding
is critical to many successful programs. While the rela-
tionship between universities and corporations is of a
strictly voluntary nature, the federal government fre-
quently plays a role in influencing conditions under

which such linkages may develop. We observed several /

cases where direct grant awards to the university ca
lyzed the establishment of significant university/indus-
try cooperative ventures (e.g. the MIT Polymer froc-
essing Center, the Materials Science Center ap/Lehigh
University). Programs of support and encourégement
focused on specific industries (e.g. the role/of the gov-
ernment in the communication and information indus-
try) may also generate successful university/industry
programs. /-

- In characterizing successful interac;(ions, we would
like to point out that many of the présent significant
interactions are new. In many instan/ces, participants.
stated that it was too soon to tell {f the interactions

would stimulate further industrial éctivity, or produce ™

new and non-traditional outcomes (see p. 43, this
chapter, and Chapter V). .

2. Unsuccessful Programs

In an attempt to shed light on the difficulties of
university/industry research cooperation, the research

‘team identified a few case histories which could be

characterized as failures. These were difficult to iden-
tify because most would. only characterize a failure as

an interaction that did not occur. One such example

follows: :

The director of a research institute at a public
university and representatives of an oil company,
including the company research director, discussed
developing a solar energy research program to be
funded at a level of $1 million a year. They consid-
ered several ways Of interacting ir/{-house, or team-
ing with the university. The director of the uriiversity
research institute talked with top level technical,
legal, and management people at the oil company.
After having spent his time with them, he discovered
that the oil company was not seriously considering
funding this project. They had even talked about
such details as patent rights before the university
scientists realized that the oil company never had
any intention of interacting with the university.

Other “"unsuccessful” interactions were attributed
to lack of continued company commitment. '
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In one case a professor’s research was sup-
ported by local industry. The company supported
the program for a Ph.D. candidate, and in the in-
terim, the company licensed a product which made
the project irrelevant. The student had to find a totally
new thesis project and a new company to support
him. This is a recurring problem with thesis work
supported by a company. There is an inability to
guarantee company support for completion of the
thesis.

In another case, an aerospace company sub-
contracted research to a prestigious eastern univer-
sity and then lost interest in the project because the
government changed its funding priorities. Althcugh
the contracted research was completed, the univer-
sity scientists thought the program insufficient
because of the lack of company commitment.

Most other failures documented are those cases

where there is an expectation for success and the
resuit did not sustain this expectation.

For example, a chemical company withdrew
funds from a large research project because the re-
sults indicated that a commercially viable product
would not be forthcoming, at least in the foresee-
able future. -

‘There are several instances of university/industry
research interaction that could be characterized as

" failures because the university scientists promised

more than they:could deliver.

\

In one instance, a company gave $1 million for
a period of two to three years to a Canadian univer-
sity professor and obtained no valid data in return.
The difficulty was partly the investigator's fault and
partly the company'’s fault. If a company expects a
specific outcome from the project, it must be pre-
cise about the program design and monitor the pro-
Jject continuously. -

~The research team was rarely able to document a
case where a university/industry research interaction
had failed because the two parties could not come to
an agreement concerning patent ownership and distri-
bution of royalties. However, one investigator, at a
marine sciences institute at a public university, did
state that he had to bacik away froim one grant because
he could not come to an agreement with the company
on patents. Some universities refuse to interact with

-certain companies because of their policies on patent

rights, licensing, and publication delay. Compahies, in
some instances, do not choose to support universities
because of their policies. For years, IBM and the Uni-
versity of California system have been trying to come’
to an agreement over patents.

In summary, most unsuccessful university/indus-
try research interactions can be characterized by a
communication gap resulting from a lack of time and
effort put into building up a trust relationship between
the two parties.
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F. Outcomes of University/Industry Coupling

Data indicative of the numbers and types of spe-

cific outcomes of univusity/industry research collabo---

ration are generally difficult if not impossible to obtain.
But as an illustration of possible results of a coopera-

tive research program we provide the data in Table 14

on outcomes of selected U/! cooperative research
centers.

Most programs have produced Ph.D. students and
publications. Graduates associated with university/
industry cooperative research programs generally take
jobs in industry. As university/industry cooperative
prograims iricrease in number, there is a belief that the
number ol h.D.’s oriented to an industrial career will
increase, or at least new Ph.D.’s will be better prepared
to meet industrial needs.

University/industry research interactions yielding
specific results in the final stages of useful applicable

-results directly related to technical change are rare, if

they occur at all. However, the data gathered in our

study indicate that university/industry research pro- -

grams are not initiated with that objective in mind.
Most companies recognize the role of the university in
basic research and in training students. Their interest
is in students and access to new ideas rather than to a
specific product, process or service. Frequently, com-
panies hire students that they have, at least in part,

"sponsored in a university/industry cooperative research

program. Faculty are also hired after participation in

these programs. We documented at ieast three cases
where the director of a highly successful university/
industry research program was subsequently hired by

a company sponsor.

G. Model Interactions

The following are a few representative examples of

‘the programs we reviewed. A complete listing of uni-

versity/industry programs identified is given in Appen-
dix Il. Chapters VIII and IX prowde descriptions of
several other interactions.

Harvard-Monsanto Agreement. Under a twelve-
year agreement initiated in 1974, Monsanto agreed
to provide $23 million to the Harvard Medical School
tincluding a sizable contribution to the Harvard
endowment) to support the work of two medical
scientists engaged in basic cell research related to
understanding the growth of tumors. The agree-
ment provided for Monsanto to receive patent rights
to any useful results from a specific area of research
on a particular biolngical substance under investi-
gation by the Harvard researchers. In addition to
seeking a concrete basis for corporate growth, Mon-
santo was motivated by a desire to gain access to
Harvard’s capabilities in biological research, an
area in which Monsanto sought to increase its in-
house capabilities. The agreement reportedly places
no constraints on the Harvard researchers’ rights to
publish the results of their research.

Exxon-MIT. In April, 1980, Exxon Corporation and
MIT announced a ten-year agreement under which
Exxon will provide $8 million to support basic research

Table 14
Outcomes of Selected University/Industry Cooperative Research Centers

Twenty-Two Yr. O3 U/l Ccoperative
Research Centers Located at
Public Universities

Seven Yr. Old U/l Cooperative
Research Center Located at a
Public University

Three Year Old U/l Cooperative
_Research Center Located at a
Private University

Center 1 * Graduates * Graduates (associated with Center)

* Graduates: 267 . — B.S. 100 — B.S. 25
— M.S. 173 — M.S. 20 — M.S. 25
— Ph.D. 94 — Ph.D. — Ph.D. . 15

* Publications {in 10-13 yrs.) ’ 375 o Publications 50 e Publications 285

* Visiting Scholar ReSIdences * Visiting Scientists & * Visiting Scientists & )

{1970-1980) 12 Residences 2 Residences 13

* Conferences & Short Courses * Conferences & Short Courses 25 * Conferences & ShortCourses 34

Activities {1978-1980) 12 * Commercial Outcomes 0 * Commercial Outcomes
* Commercial Qutcomes 0 (Commercial Products) 4
) (Patents Pending) 8
Center 2 {Licenses Sold) 3

* Graduates [over 20 yrs.)
—"M.S. (directly assoc.w/

Center) 100
— Ph.D. {directly assoc. w/
Center) .
* Publications 554
* Visiting Scholar Residences
{1970-1980) 10-15
* Conferences & Short Courses
Activities
{Designated training) 400
ipeople)

* Commercial Outcomes
{products, licenses)
* Spin-Off Companies 1

hV Y]
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at MIT in combustion processes. Research is to be
conducted on the burning of coal, coal liquids, shale
oil. and heavy crude oil. The agreement provides for
MIT to hold patents to technoloqy arising from the
research with Exxon, and to share in any royaities
resulting from third-party licensing. Exxon wil! Have
a royalty-free, non-ex'usive license to use such
patents. All research resuits under the Exxon-MIT
agreement can be openly published. In announcing
the agreement, both the company and the university
emphasized the long-term nature of the commit-
ment and its emphasis on long-term, r=latively basic
resecarch.

du Pont-Harvard. in June 1981, the du Pont Com-
pany and Harvard University announced a $6 mil-
lion, five-year research agreement with the Harvard
University Medical School, under which du Pont will
receive exclusive rights to use any resulting patents
from the research. Harvard will hold title to the patentz.
The du Pont agreement is focused on genetic re-
search, an area in which the company is investing
heavily in a long-term program of building in-house
rcsearch capabilities.

Hoechst-Massachuseltts General Hospital. The
largest financial commitment for |ndustry university
resear<h collaboration is contained in a May 1981
ten-year, $50 million agreement between the German
chemical corporation, Hoechst, A.G. and Massachu-
setts General Hospital. The Massachusetts General
research program will be carried out jointly with Har-
vard Medical School in a new laboratory facility to be
financed by a separate $15 miliion gift from an Amer-
ican donor. Hoechst was considering develoning its
own research institute but apparently could 1ot find
a researcher of sufficient stature to head the effort
in biotechnology. The agreement provides for open
publication of research results, for ownership of any
ensuing patents by Massachusetts General. and for
exclusive licensing by Hoechst.

Mallinckrodt-Washington University (St. Louis).
In September, 1981, Mallinckrodt, Inc.. a chemical
company in St. Louis supplying medical products,
entered a three-year, $3.9 million research agree-
ment with the Washington University Medical School.
The focus of the research is on "hybridomas,” a tech-
nique for producing useful biological materials such
as antibodies. In keeping with the general pattern of
agreements in biotechnology discussed above, the
Mallinckrodt-Washington University agreement pro-
vides for open publication of research results, for
the university to hold title to any resulting patents,
and for the company to have an option for exclusive
use of the university patents

Celanese-Yale. In February, 1982, the Celanese
Corporation and Yale announced a $1.1 million,
three-year research contract under which Celanese
will support basic research on the composition and
synthesis of naturally occurring enzymes. Yale will
hold title to the patents’' but Celanese will pay for
the patenting and will receive exclusive rights to use
any resulting patents from the research. The Yale
researchers will allow Celanese to review their pub-
lications for up to forty-five days. Thereafter, Yale
researchers have unlimited publication rights. This
is the largest contract ever made by Celanese to a
university, according to cerporate officials, and it
is Yale's first venturc with an industrial agreement

R

of this sort. The rﬁoney will be used in part to sup-
port approximately four post-doctoral fellows.

Universlty of Michigan—Unlversity/Industry Pro-
gram In Microbliological Processes. The University
of Michigan interaction with Upjohn in microbiolog-
ical processes is part of the NSF University-industry
Coupling Prograin. Upjohn'’s contribution to the pro-
gram involves manpower and facilities rather than
monetary contributions.

A University of Michigan professor, who had pre-
viously worked in industry, was responsible for get-
ting the grant. The importance of personal contacts
is illustrated by the professor contacting someone
at Upjohn, whom he knew was interested in univer-
sity-industry cooperative research. The chairman of
his department had had contact with Upjohn pre-
viously through a consulting arrengement and so
the company 'was responsive to the younger pro-
fessor's approach. Additionally, they were involved
with another IUC program.

There was a need to find an area of overlapping
research interest. That overlap was uncovered through
a desire to develop process improvements for twc
products already being produced at Upjohn. In addi-
tion to Upjohn’'s contribution to the project, they
had already assembled information for the research
that saved the Michigan researcher a substantial
amount of preparatory research. The agreement
reached between Michigan and Upjohn granted
10% of the sales revenues generated through proc-
ess improvements to the university. Upjohn was
granted exclusive license to any patents developed
but would pay for the patent process, aithough the

actual patent would remain with the university. An = -

added feature of the agreement permitted Upjohn
rescarchers to publish along with the university
researchers.

MIT-Whiteniead Institute. A unique situation in the
development of biotechnology research programs
concerns the Whitehead Institute and MIT. Through
a $7.5 million gift from Edwin C. Whitehead, MIT
will be involved with the establishment of a $120
million research institute.

The importance of this institute concerns the
dual status that twenty professors will hold with MIT
and the Institute. Equal power over screening and
appointing these new professors and their students
will rest with both institutions. Concern exists with
regard to MIT losing control over facuilty appoint-
ments, graduate students and research directions.
The willingness to accept this situation appears to
be influenced by the expectation of shrinking fed-
eral support. )

Purdue-Computer Integrated Design, Manufac-
turing and Automation Center. The Computer inte-
grated Design, Manufaci:iring and Automation Cen-
ter (CIDMAC) at Purdue developed out of a CAD/
CAM praject with the Control Data Corporation. The
computer aided design Iaboratory (CADLAB) was

- started as a research project in computer graphlcs

and computer aided design by a professor in mech-
\

anical engineering in 1969. Ten years laier, this pro-
fessor, who had left Purdue, was on the Board of
Directors of CDC. He did consulting work for them
and later involved one of his ex-students at Purdue
in consulting for CDC.

When the company decided to go into CAD/CAM,
the decision was made to go to the university, rather
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than develop a program on their own. The program

was initiated in 1980, with a three-year grant from -

CDC for $2.8 miltion: $1.5 million for facilities and
$430.000/year for researchers. In addition, CDC

bought computer graphics and commercial quality-

software, whicn it owns but leaves at the university.
Research topics were not determined until after the
initial funding. CDC gets non-exclusive rights to pro-
grams decveloped through the project but deter-
mines the royalties on licensing.

The CADLAB is a research laboratory affiliated
with Purdue’s Institute for Interdisciplinary Engineer-
ing Studies. As a resuit of the influx of CDC money.
the Dean of Engineerirg sought the :levelopment of
a broader, much larger program; CIDMAC.

Five companies have been enlisted as sponsors
for the Center. The names of those companies will
be relcased by the school in the coming months.
Purdue is asking for $1.2 million over five years from
each company. The first year's funding will include
upfront money in the form of either cash or equip-
ment. Althcugh separate contracts were negotiated
with each, Purdue gets patent rights while the com-
panies get exclusive license. Additional funding has
come from NASA and NSF.

CIDMAC will draw upon the design faculty from
CADLAB, the Advanced Automation Research Lab-
oratory. the Laboratory for Applied Industrial Con-
trol, manufacturing and computer aided manufac-
turing research in the School of Industrial Engineer-
ing and the Business School. There will be-extensive
student involverment and the Center seeks to develop
projects that may be used as thesis projects.

Lehigh-Materials Science Rcsearch Center. The
Materials Science Research Center was the first
center started at Lehigh (1962). Important in getting
started 'was a large metallurgy development grant
from NSF for five to six years. The next step was the
initiation of an industrial liaison program in materials
science to bring industry to the university and develop
the exposure necessary for facilitating cooperative
rescarch. There are approximately twenty com-
panies involved in both the Center and the affiliates
program.

Rescarch faculty may have dual appointments to
the Center and an academic department. Thz Cen-
ter draws faculty from amongst several departments:
metallurgy. chemistry, physics and materials, mech-
anical, chemical, electrical and computer engineer-
ing. In addition, there are non-academic appoint-
ments. with the center paying 50% of the salary
and research contracts paying the other 50%

The Center has participated in personnel ex-
change. with Center personne! having spent time at
Allied Co. IBM and the National Bureau of Stand-
ards. Less than 10% of the ce'nter s support comes
from industry. Of that mdustry support, most of it

tends to be local companies provndmg funding, on-

the order of $10-20,000.

Although researchers may pursue any direction
they desire, as long as it is supporied, there are
advisory committees. As is required of all Lehigh

centers, there is_a visiting cominittee, made up of -

industry and government representatives. Addi-
tionally, there is a Materials Research Council, con-
sisting of senior faculty, providing advisory and com-
munications support. The director of the center, as
well as most of the technical staff,- have worked in

5; s
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industry,g' providing an understanding of industry’s
perspective.

Innhovation Center-University of Utah. The inno-
vation Center at the University of Utah was estab-
lished in 1978 with a grant from NSF for $900.000
over three years. The goal of the program is to assist
in the development of new companies. Between 500
and 1000 ideas are reviewed per year, arising mostly
from independent inventors outside the university.
The iritial screening process is informal. In review-
ing the submitted proposals, the Center locks for
those ideas that might lead to the founding of a
company in the geographir. area, based on an ad-
vanced technology and for a person with the capa-
bility to run the company that will eventually arise.
There is a waiting period for potential projects that
lasts 2-18 months. The second phase in the process
of fostering the development of these new technical
ver:tures consists of those steps that can be accom-
plished in six months for about $5,000. This in-
cludes prototype improvements, market research,
patent research, or performance research.

if the Inncvation Center decides to continue with
project. the next phase is finding seed capital, which
is easier to acquire for the entrepreneur associated
with the Innovation Center than on his own because
of the credibility the Center lends fo the project. If
this capital is acquired, then over the next 12-18
months the product must be produced in prototype
form, a business plan and objective written, and a
team established.

The fourth phase is the assembly of key manage-
ment and bringing the product to the commercially
ready stage. The fifth phase involves assistance in
obtaining start-up capital. .

Two companies have reached this stage of the
program. Representatives of the Center state that
its equity in the two companies will exceed NSf's
original investment within a year.

Robotics Institute-Carnegie Mellon University.
Carnegie Mellon has for the past two years operated

_the Robotics Institute, a muilti-disciplinary program

involving the computer science, electrical and mech-
anical engineering depastments. The main source
of funding for the Institute comes from Westing-
house, which is providing $1 million per year for five
years. Additional funding is supplied by Advanced
Research Projects Agency (ARPA), Office of Naval
Research (ONR), and a small Natiorial Science Foun-
dation (NSF) grant. Another sporisor is a consulting
firm headed by the chairman of the computer sci-
ence department and another professor The Insti-

,,_%1965 contract work for companies willing to

suppoﬂ\a\mijor project. The sponsors receive all
non-proprietary data-and.computer programs on a
royalty-\ree, non-excluslve basis. Bl-annual “research-
in progress” reviews are held to update sponsors
~on research activity.

Institute chjectives mclude scientific advance in
robotics science, technology transfer to industry,
and training of engineers and scientists. To facili-
tate the technology transfer, an affiliates program is
maintained.

The Institute was initiated at the behest of the
university president. The man put in charge of rais-
ing the funds had worked for Westinghouse. Right
from the beginning equipment was available from
the various academic departments. Althougl. an
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informal group of advisors exists, researchers largely
decide what they will work on. The stalf includes
full-time resecarch scientists as well as faculty with
dual appointments between the departments and
the Institute.

University of Arizona-Office of Arid Land Studies.
The Office of Arid Land Studies at the University of
Arizona has existed for sixtcen years but only for the
last two has it had any industry support. It was started
with support from the Rockefeller Foundaticn and
operated out of the College of Earth Sciences. The
Office was later moved to the Division of Interdis-
ciplinary Studics in an effort to pcol together a
multidisciptinary research team. It is important to
note that the Office is not an academic department.
Students arc considered a resource for research
clforts.

Currently, one-third of the financial support comes
from industry and the rest from the federal and state
government. Personal contacts were very important
in initiating cooperation witk industry. The major
portion of industry support comes from Diamond
Shamrock, with Phillips Petroleum just recently join-
ing the program. Strong leadership has played a
crucial role throughout negotiations on industry
irvolvement as well as particular aspects of research
agreements.

Any patents originating out of the cooperative re-
search stay at the university with Diamond Sham-
rock receiving exclusive license in return for royalty
payments. Some problems have arisen due to pro-
prictary rights but have been overcome due to the
strong positions of the industry and university rep-
resentatives. Monthly project meetings are held as
well as advisory committee input.

Rensselaer Polytechnic Institute-Center for Man-
ufacturing Productivity. Rensselaer Polytechnic Insti-
tute’s Center for Manufacturing Productivity is a uni-
que form of university/industry interaction. The
Center is solely supported by industry funding.
Started in 1979, it was initiated through the efforts
of the university vice president and dean of engi-
necring. They sought to rectify existing deficiencies
in productivity growth in manufacturing, as well as
increase university/industry interaction at the uni-
versity. :
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Although the Center is within the engineering
school. is has no faculty of its own. The key to the
program is the use of project engineers from inaus-
try that are hired at the Center for a maximum of
five years.

It is not a generic program. All projects are the
result of a specific need by & particular company
and are conducted according to contract agree-
ments. Contract costs are in addition to sponsor
fees.

The sponsors are divided into, two groups; the

- Founders Group, consisting of five companies con-

tributing $250,000, and an Associates Group. con-
sisting of five other companies contributing $10-
50.000 annually, based on the size of the firm.
Membership in the Founders Group provides a spot
on the Advisory Board, a policy making committee.

University of Washington—Ocean Margin Drilling
Program hact been a part of the proposed Advanced
Ocean Drilling Program. Initiated by the government
in 1977, the decision was made to involve the petro-
leun industry in the program. Of the 24 compz.nies
approached, only 10 made a positive commitment.
The first-year costs were shared equally between the
National Science Foundation and the industry par-
ticipants. The cost for industry was $5 million.

A Science Advisory Committee was established
with representatives from the 10 petroleum com-
panies, 10 universities that were to be involved in
the program and various representatives from gov-
ernment. A substructure was created to develop
contracts for the research program based on the sci-
entific plan developed at a conference in late 1980.

At the.end of the first year of planning, the indus-
try participants made the decision to discontinue
participation in the program. The primary reason
for the decision was due to a feeling that per com-
pany costs were too steep. The anticipated costs
were $500 million over ten years. Originally there
was an expectation that other industry sponsors
would be enlisted during the planning stage. How-
ever, this did not come to fruition. An .additional
speculated reason for their discontinued participa-
tion was that the world oil glut made it difficult for
petroleum companies to justify program expenses
with a long term profit potential. Therefore. the Dro-
gram could not meet this requirement.
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CHAPTER VilI

DIFFERENCES IN TYPES AND;!HTEHSlTY
OF COOPERATION WITHIN AND
AMONG SECTORS. ~ ~———

Successful research interaction between two sec-
tors having differing but not competitive goals and out-
looks depends on their preconceived and real degree
of complementarity and the mutual benefit to be
derived. The highest degree of complementarity be-
tween the universities and industry is clearly in high-
technology research where technology transfer is rapid
and requires close apposition both for fundamental
and product-oriented research. Current examples of
such research are microelectronics, polymer science,
materials science, and molecular blotechnology There
are indeed many joint programs in thes(e areas.

The potential for high complementarity exists in_

some universities but not in othérs, in some com-
panies but not others. Approaches to cooperation
differ according to the objectives and traditions of
each institution (see Chapter VI, pp. 24-25).

" A. Variation Among Industries

1. | Characteristics of Industrial Support

Different industries vary greatly in their attitudes
toward supporting university research and in the types
o’ programs they tend to support. This is in part a
resilt of interests rclated to their products and in part
related to the nature of their business. Specific differ-
ences among industries in their participation in uni-
versity/industry research will be discussed in Sections
A.3.a to A.3.h of this chapter.

The companies that tend to support research
interactions with_universities are frequently (N-50% of
the time)- mernbers of the Fortune 500. Mos. are
research-oriented companies and are listed in the

Business Week R&D Scoreboard. Firms listed by Busi-.

ness Week must spend at least $100 mil:lon on R&D
annually. The industries most frequently represented
in sponsoring university research spent from 2-6% of

ne

their sales on R&D. Those industries interacting less
frequen!{'y generally spend less than one percent of
their sales on R&D (Table 15).

Thiough a great many companies hire un|ver5|ty
graduates, a small percentage of the total number
interacts directly with the university by recruiting or
by expressing needs regarding the nature of educa-
tional programs. Typically, between 200 and 500 com-
panies recruit at a given campus. Only 500 companies
do any recruiting on campuses at all, approximately
0.3% of the 150,000 companies that have more than
500 workers.

Indeed there are a limited set of industries, each
dominated by a relatively few companies, that have any
significant researcn interaction with universities (Table
16). Of the 464 programs reviewed, about 292 com-
panies were involved-in thie support of over 60% of the

~“~programs documented. In these programs, about 97

differer{ companies were represer.ted more than
once. All of these had more than 500 employees. This
is about 0.06% of those companies that have more
than 500 workers, l.e., those not considered to be
small business. Additional data suggest that in the
cases where we did not list company participants, a
similar spectrum of participation exists. . .
The industriés that fund research at universities
ere, as expected, those that are more dependent on
research and development and who perform research
and development themselves: chemicals, pharmaceu-
ticals, electronics and computers, fuels, aerospace,
automotive (Table 17). However, even among those
industries, a very small percentage of their research

. and development dollar is spent in universities. Phar-

maceutical companies, for example, spend less than
10% of their R&D funds outside their walls, primarily
for clinical testing of drugs. Less than 3% of that 10%
.goes to basic research at universities. However, the
pharmaceutical industry does have extensive interac-
tions with universities, primarily through exchange of
‘research personnel and information. They provide
adjunct professors, participate in conferences and -

seminars, and invite distinguished faculty to partici-
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Table 15 . °
Research & Development as a Percent of Sales

Q

Industry Ranking 1977 1978 1979 1980 Average
L Y= T e 1] o 1= Lo - -7 3.5 3.7 4.2 s 4.5 4.0
LY o o2 1= Y3 o= J AP 19 1.4 1.2 1.5 1.8 1.5
Automotive (cars, trucks) .........coiiiieiiin. 8 2.6, 2.8 3.2 4.0 3.2
Automotive (parts, equipment] .........v. ... 18 1.5 1.4 1.5 1.9 1.6
BuildingMaterials .........ccoiiiiiiiiiiiiiin 22 1.0 1.1 11 1.1 1.1
ChemiCals ..ottt ennnns 12 2.5 2.5 2.3 2.4 2.4
CoOmMPULErS ™ ittt 1 5.9 6.0 A G.4 6.1
Conglomerates ..ot 16 1.5 1.7 1.6 1.8 1.7
(00 01 €11 0 1= - P 23 1.1 0.9 0.8 0.8 0.9
DrUGS -t e e e e e e 3 4.9 4.7 4.8 4.9 4.8
Electrical «..vuiiier ittt 11 2.4 2.5 2.8 2.8 2.6
|4 [=Tot {0 o o 10 3.0 2.6 2.5 2.9 2.8.
Foodand Beverage ..........ccoovvvivvennennnn 27 0.5 " 0.5 0.5 9.6 0.5
[TV T=] - O 29 0.4 0.4 0.4 0.4’ 0.4
Instruments (measuring devices, controls) ...... 5 4.7 4.1 3.9 4.2 4.2
LeisuUre Time ..ottt i e inenennnnnns 4 4.3 NA 4.2 4.2 4.2
Machinery (farm construction] . (............... 9 3.2 2.5 2.7 2.7 2.8
Machinery {machine tools, industrial mining) .... 17 1.7 1.6 i.6 1.6 1.6
Metalsand Mining ...........ciiiiiiiiiiiinn, 25 1.0 0.6 0.5 0.9 0.8
Miscellaneous—Manufacturing ................ 13 1.9 1.8 1.7 2.1 1.9
Office Equipment? .. ........ciiiiiiiniinnnnn, 6 4.0 4.1 4.2 4.3 4.2
Qil Serviceand Supply .... ...l 21 1.1 - 09 1.7 ‘1.6 1.3
o= o 1= QO 24 0.9 " 09 0.8 0.8 0.9
Personal and Home CareProducts ............. 15 - 1.6 1.7 1.8 1.7
Semiconductors ......... ittt 2 5.8 5.8 5.7 6.0 5.8
Services {engineering, data service leasing] ..... 0.3 D.C. D.C. D.C. —

B - - e 26 0.6 0.6 0.6 0.6 0.6
Telecommunications ...........coeveiiinennns 20 1.9 1.9 1.0 1.0 1.5
Textiles, Apparel .......oiutiiiniian e 27 0.5 0.5 0.6 0.5 0.5
TiresandRubber ... 14 1.7 1.7 1.7 1.8 1.7
(e o T To] o] o TS 29 0.5 0.5 0.3 0.3 0.4
Information Processing® (peripherals, serv.)..... 5.9

'In 1978—changed to Information Processing (computers, peripherals).

2in 1978—changed to Information Processing (office equipment).
3In 1980-—changed to Information Processing (cornputers).

“In 1980—separated from Information Processing (computers, peripherals). . z

D.C.—discontinued category.

pate in programs of varying length. They support grad-
uate students. With the advent of molecular match-
making, they are just beginning to develop a whole
range of cooperative interactions. The task of routine
drug testing, although willingly performed by some
universities, is not closely allied with the fundamental
goals of the university: Highly repetitive, not innova-

tive, and labor intensive, such research may be inap- -

propriate within university academic units.

Several manufacturing companies said- that they
preterred dealing with contract research laboratories
(e.i., not-for-profit research institutes such as SRl or
Battelle) when they decided to sponsor research out-
side their own organization. They found that such
organizations could mobilize more easily to complete
work on short schedule, and proprietary information
could be dealt with more readily. Sometimes these
attitudes are based more on perception than reality.
The differences in attitude among companies towards
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Source: Business Week annual R&D Scoreboard.

>

development and cooperation with universities were
described in Chapter VI, Section C.

2. Firm Size and University/Industry Coupling:
Differences Between Small and Large
Companles’ Programs

We have already observed that there are a limited
number of companies that have much research-related
interaction with universities and that only the larger
companies as defined in terms of employees and
annual sales tend to participate in cooperative univer-
sity/industry research programs (see Table 16). Very
‘rarely did we discover an instance of a smaller com-
pany providing funds for university research. Of the
287 documented cases of cooperative research, only
one program has been funded by a company with
sales of less than $10 million. Recently, this company
was bought by a larger food processing company.
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Smaller companies, if they interacted with univer-
sity researchers, did so by participating in knowledge
transfer programs. Even then, organizers of such pro-
grams said it was difficult to attract the interest and
participation of small companies. Several directors of

_engineering extension programs, or programs directly
sset up for smaller companies, stated that these com-
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panies came to the university only as a last resort. In
order for a program to work for the smaller company,
a university researcher had to seek out their partici-
pation energetically. '

In summary, there are several barriers to univer-
sity research cooperation with smaller companies:

(1) Smaller companies are primarily interested in
solving specific problems, many of which are not con-
sidered to be of sufficient challenge by university pro-
fessors. '

(2) Smaller companies frequently do not have the
research organization or personnel necessary to foster
technical contacts between itself and a.university.

(3) Smaller companies must husband their re-
sources. They do not have the funds to spend on aca-
demic research programs.

The exceptions are small high technology or in-
strumentation companies where corporate officers are

themselves scientists and may have begun their career
in universities. Such companies, even when they have
little liquid capital, are often interested in providing
services in kind to universities, personnel support,
internships, equipment loans, and other services.

3. Differences Among Industrial Sectors in
Collaboration with Universities and
the Modes of Interaction Favored
by Different Sectors

The motives and modes of interaction with univer-
sities of companies within each industrial grouping
are based on the specific commercial interests of the
group; tradition, and differing technology bases. Each
industrial sector is characterized by a product cycle.
How well developed the technology associated with a
given product is influences the kinds of research inter-
actions in which a particular industry engages. The
maturity of a scientific concept, the economic climate,
and serendipity all play a role in the readiness of an
industry to cooperate with university researchers. The
time must be right for cooperative commitment to
occur. ’ IR
The primary industrial groups inclined towards
research interactions with universities are, as stated
previously, petroleum, chemicals, automotive, elec-

Table 16
Summary of Companies Actively Supporting University Research

NSF Industry University Cooperative Research Program (FY 1978-81)

Ten Leading IUCR

Projects*® Value of Awards** Share of Total Awards

Performers Industrial Sector {No.) ($1.000's) (%)

IBM Information Processing 15 2,326 7.8

ATA&T (Bell Labs) Informatiorn: Processing 8 993 : 3.3

Hughes Aircraft Aerospace 6 2.491 . 8.4

Westinghouse Electrical 6 1,570 5.3

Exxon Fuel 5 721 2.4

Lockheed Aerospace 4 - 1,480 5.0

Martin-Marietta Aerospace 4 598 2.0

du Pont 2 Chemicals 3 1,449 49

‘GE . Electrical 3 914 30

Hercules Chemicals 3 811 . 2.7 /

NYU Field Study 1980 R

Eleven Leading ’ L
Participants NYU Projects*
Field Study Industrial Sector (No.)

IBM Information Processing 20

Exxon Fuel 17

GE ’ Electrical 17

Ford ‘ Automotive 15

*du Pont Chemicals 13

Xerox Information Processing 12

Burroughs-Wellcom Drugs 9 '

Chevron - Fuel 8

Boeing Aerospace 8

Dow Chemicals 8

Hughes Aerospace 8

* Some research projects have received more than one grant. These figures do not count continuation grants.

] **includes matching funds provided by other NSF Divisions.
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Table 17
Distribution of U/l Research. Interactions into Business Week Industry Groupings

Number of Firms Participating

NSF IUCR* Voluntary**
Program Aid to Education NYU Field Study
Industry FY 1978-81 - 1980 . 1980
Fa Y= o]« - o 4 2 10
APPlANCES . e e e e e none 1 . 1
Automotive ... e o 3 6 10
Biotechnology Company . ........iiiiininiiiiiiiitiiiiineeneenns none none 3
BrOKErage .......ooovieeuneneennnnnnns.l! P none ‘none 1
Building Materials .......c..uierrint it e none 1 6
ChemiCals ... e 9 29 25
CoNglomerates .. .......itiitii it e e e e 4 2 5
L07aT 1 - 1 1 T=T - none 1 1
DTUGS o e 3 7 17
EleCtriCal . e 3 5 3
EIeCtrONiCS L i e 3 1 7
Engingering ... ... e s none 2 7
Foodand Beverage ..........c.coiiiiiiiiniiiiiiiinneaennnns none 11 12
FUBl o e 6 15 26
Information Processing (computers, peripherais, office equipment) 5 4 13
Instruments  .............. N i 3 1 6
g B- U T o - ‘ none 19 T2
L E- T = Ty o 1 ) none 2
Machinery (farm construction) ........ ... . i e 1 2 6
Machinery fmachine tools, etc. ] ..................................... 1 5 3
Metals and Mining ... ittt e 2 . 11 7
Mnscellaneous—Manufactunng ..................................... " none none 5
Oil Serviceand Supply ................. et teee et none none none
Paper .........cciiiiiiild ettt e, e 1 .10 7
Personal and Home Care Products et e e 2 none ! 1
SeMICONAUCIONS ... ittt e 1 1 /’ 3
LS (= 3 4 5
TeleCommuNICatioNS ... ...ttt it i i e i e 2 4 none
- Textiles and Appare] ........ciiiiiiiitiiiiin ettt none - 3 3
Tiresand RUBDEr .........o)oeeiiisie i 1 4 none
Transportation—Equipment, Ship Building, Railroad .................. none 4 3
(0] (1173 . none 9 9

*Source: Program award sheets NSF

** Source: Council for Financial Aid to Education, CFAE Casebook (11th ed.)

tronics and computers, aerospace, food and pharma-
ceuticals (Table 17). Chemical companies have the
longest history of actively contributing funds to univer-
sity research and participatirig in cooperative research

programs. The mining and 'minerals industry, and con--
struction industry, have in the past been less inclined .

to fund or be involved in cooperative university/indus-
try programs. In general, poor capital-intensive indus-
tries find the sort of research programs conducted at
universities not well suited to their needs. Their funds
may be limite, their needs mere immediate, and tech-
nical decisions may require expensive and speC|aI|zed
equipment. -

To illustrate the differing views and modes of

university/industry research interactions in different
- industries, the following sections will present an over-
, view of such interactions within the aerospace, energy
supply microelectronics, chemical, pharmaceutical;
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mining and mineral, and construction industries. Each
is operating under a different set of financial and market .
conditions which have a definite influence on each in-

dustry’s interactions with universities.

a. Aerospace Industry <

An industry which is devoted exclusively or pri-
marily to producing aerospace products is dependent
to a great extent on the uncertainties of government
defense spending. The frequent “boom and bust”
cycles have had a negative impact on the long-range
research commitment of the aerospace industry, and
consequently. on its involvement in university/industry
research cooperation. Nevertheless, a few aerospace
corporations have maintained a continuing commit-
ment to research and, to one degree or another, most .
are involved in some type of university interaction
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involving research, usually very specifically product
oriented.

The most common research interactions between
the aerospace industry and the universities are con-

sulting by individual professors and membership in’
industrial affiliates programs or research centers, Per-

sonnel exchanges are not uncommon, most typically
involving industry-based scientists or engineers work-
ing at least part-time in universities. Such personnel
exchanges sometimes involve formal joint appoint-
ments at both institutions.

Collaboration in contract research is sometimes
discouraged because of proprietary rights. However,
corporations with a commitmerit to research, the few
aerospace firms which support their own central re-
search facilities, collaborate extensively with universi-
ties. This coliaboration sometimes extends beyond
the confines of the central research facility to other
corporate divisions.

The most common types of university/industry .

relationships in aerospace research facilities involve
government-contracted joint research projects. A var-
. ety of government funding agencies are usually involved
in supporting cooperative research projects including
DOE, AFOSR, DARPA, ONR, and NSF. Many aerospace
industry research programs have resulted from gov-
ernment-sponsored collaborations. A typical mode of
cooperation involves the industry partner as the prime
contractor and the university as the subcontractor.
This seems to be preferred by both partners. Industry
has greater control over prgject management, which it
prefers, while the university partner does not have to
handle the burdensome paperwork involved with govern-
ment contracts. Nevertheless, the paperwork required
by some agencies can be a barrier to.encouraging
grcater university/industry cooperation in govern-
~ment-contracted research. Although aerospace {irms

cite past encouragement of university participation in .
research by the Department of Defense, they report a -

recent drop-off in cooperative support from DOD fund-
ing agencies. L

Aerospace firms receive discretionary indepen-
dent research and development (IRAD) funds from the
government, based on a percentage of their federally
sponsored work. Some aerospace firms use part of
their IRAD funds to contract with university research-
crs, either as individual consultants or in university-
based projects. Such IRAD-supported university/industry
collaboration seems to be preferred over government-
contracted research cooperation because of the min-
imum of paperwork involved, especially in the pro-
posal stage. One major aerospace firm claims that a
barrier to greater utilization of IRAD for university
research is that only two-thirds of it can be recovered
as part of the overhead on federally-sponsored work.
Total recovery of IRAD funds was suggested as an
incentive for increased IRAD funding for university
research. It is not clear, however, whether such a

&7

change would encourage those aerospace firms which
only utilize their IRAD funds internally to switch some
of these funds to support university research.

Top corporate commitment is critical to the sup-
port of university/industry interactions and inay even

override the lack of a strong research facility. A typical
indicator of such a commitment was the assignment

of a top executive to the responsibility for developing
interactions with universities. One such executive indi-

cated that his performance wouid be determined by

the degree to which he is successful in increasing uni-
versity interactions. A strong corporate research facility
usually implies a strong commitment to university/
industry cooperation at the top corporate level which
goes well beyond the collaborative activities of the
research facility. However, the lack of such a facility
does nut necessarily imply a lack of commitment to
the support of university/industry collaboration. In at
least one aerospace firm, which has downgraded its
own research laboratory, corporate commitment to
university/industry collaboration appeared at least as

" strong as in firms which strongly supported their own

research facilities. i1 several other firms, the greatest
increases in research support focus on university col-
laborations. However, corporate commitiment in the
aerospace industry to increase university support
appears to be the exception rather than the rule.
Occasionally, individual aerospace firms have
pooled their resources to support university programs
which were of crucial concern to the industry. For
example, when several companies felt that there was a
need for a manufacturing engineering research pro-
gram utilizing CAD/CAM technology, and support from
the federal government was not forthcoming, the firms
themselves initiated. the development of such a pro-
gram at a western public university. The companies
established an advisory board and agreed to divide

“responsibility for providing specific components, per-

sonnel, hardware, and software to help.develop the
research program. One firm even established an en-
dowed chair. . )

It was no coincidence that the CAD/CAM program
was established in a California school. Since much of
the aerospace industry is concentrated on the West

Coast, especially in southern California, most of their

university interactions are focused in that geographic
area. This is perhaps a unique example of the impor-
tance of propinquity for a whole industry establishing
interactions with local universities. West Coast univer-

" sities develop research expertise and produce grad-

uates who are up-to-date in areas of science and tech-
nology relevant to the industry. Despite the importance
of proximity, some aerospace firms will seek out exper-
tise in universities as far away as the Northeast.

b. -Energy Supply Industry

The energy industry, as a whole, is one of the most
active participants in university/industry cooperation.
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The vast array of energy research directions is the sub-
ject of over15% of the cooperative university/industry
ventures in the sample matrix (Appendix I11). The
industrial participant’s main area of business, how-
" ever, may not be energy. An auto manufacturer and in
insurance company both conduct energy research with
universities. -
Some of the earliest university/industry interac-
tions have involved the energy industry. The longest
running interaction (75 years), a fellowship program,
involves a Great Lakes area gas trade association and
a large state university. That cooperation has accel-
erated within the past ten years.

The increased attgntion the energy industry has
given to university research capabilities has resulted
from the oil shortages experienced worldwide during
the 70’s. These shortages underlined the importance
of developing new sources of energy, whether conven-

. tional or alternative, and the need for long-range fund-
amental research. )

The dramatic increases in oil prices have had a
. mixed effect on industrial research support. The in-
- creased oil prices have helped.the fuel suppliers (i.e.,
oil companies) but have hurt the fuel users (i.e. utili-
ties). The utility companies, some of the most active
participants in the early university/industry interac-
tions, have iimited cash for research expenditure
because of the higher fuel and construction costs. For
example, a New England program established to foster
university/industry cooperation and specifically tar-
geted to the utility companies, failed in part because
of this cash squeeze. Other contributing factors were:

(1) A competition for funds with the programs of
the Electric Power Research Institute (EPRI). a collec-
tive industrial organization formed to conduct and
sponsor research; and E

(2) A hesitancy by companies to spend their own
funds on research projects when government agencies
gave the impression that they would provide support.

The utility companies in response to limited cash
and an urgent need to be up to date regarding new
technological developmeénts banded together to col-
lectively support R&D in 1972. This marked the begin-
ning of the Electric Power Research Institute (EPRI).
With the formation of EPRI, the utilities refocused on
short-term applied research expenditures. Only 7-8%
of their total research expenditure is now directed to
universities. Many universities have difficulty accom-
modating to EPRI's patent and equipment purchase
policies. EPRI often asks for the return of equipment
at the end of a project, preventing university labora-
tories from maintaining research continuity.

Another collective industrial organization formed
in' response to current energy research needs is the
Gas Research Institute (GRI), formed in 1976. GRI, a
not for-profit organization, plans, manages, and finan-
ces a coordmated R&D program in gaseous fueis and

“their use on a national level. Additionally, it manages

and -funds the cooperative research of the American
Gas Association.

GRI is supported by 197 companies on the basis
of a funding formula. Many programs are coordinated
and co-funded with government and industrial organi-
zations. '

The research program is in four major areas and
includes fundamental research. GRI contracts out all
project work to leading research organizations. Unlike
EPRI, nearly haif of GRI's program is conducted at uni-
versities, through grants and contracts. In 1980, 38
university grants were awarded graduate students for
thesis work in gas-related research. The trend of uni-
versity funding has been increasing: from $600,000 in

1979 to a projected $3.2 million in 1982.

As the large oil companies take over an increas-
ingly large share of the energy industry, they have also-
stepped in to take the place of the utilities in financing
new energy prajects. This includes the financing of uni-
versity/industry research cooperation as well as indus-
trial exploration development and research projects.
Many oil companies, of course, were already accus-
tomed to working closely with university research per-
sonnel and were highly research oriented. During the
years prior to OPEC the utilities exploited oil industry
research propensities. They often financed projects by
smaller oil companies in exchange for guaranteed
supply contracts.

Increased university/industry interaction with  :
energy supply companies also results from the shuit-
age of manpower affecting the energy industry. With
the increased efforts in oil and gas exploration and
development and alternate fuel development, there
has been an ever increasing need for geologists and
engineers. Universities have been hard pressed *>
meet these demands. The implications for the univer-
sities have been been quite significant. With the sup-
ply shortfall, salaries for university graduates have
increased ‘dramatically. Such demand for faculty and
graduate students causes immediate problems at the
universities in terms of retaining quality teaching and
research. It is becoming of increasing concern that
such a drain will result in a long-term problem for:
industry. Future engineers and geologists may be in-
adequately trained. In response to this problem, sev-
eral types of university/industry interactiuns are being
utilized; consulting, extension programs, internships,
fellowships, personnel exchange, and institutional
consulting as well as direct salary supplements.

Education extension programs have developed to
keep industry people abreast of the quickly develop-
ing technologies and issues related to the energy

‘industry. At least one of these programs is using video-

tape presentations to permit the flexibility that indus-
try often requires for retraining its personnel.

~ Institutional consulting has been an infrequently
utilized type of university/industry interaction. only two
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instances noted in all the interactions studied. How-
ever, in both of these, the industrial participants have
been from the energy industry. One of the programs
utilizes student consulting teams for short-term proj-
ects. The other has the objective of bringing consult-
ing onto campus rather than having the professor
leave campus to consult. Student involvement is re-
quired under this project.

Because of the varied nature of energy research,
university flexiblity across disciplines is particularly
important. Twenty-nine percent of the energy related
university/industry programs involve two or more dis-
ciplines. Additionally, of the 24 research-institutes,
organizational structures established to facilitate mul-
tidisciplinary research, over one-third are related to

- energy projects.

Another attribute of the energy industry's utiliza- -

tion of university/industry interaction is the non-pro-
prietary nature of the technology. Because of this,
patent rights appear to be less of a problem. There is
- a disproportionately large amount of multi-company
ccoperation in university/industry projects. Such co-
operation may occur through trade associations, re-
search consortia, or other multi-company interactions.
"The energy industry frequently utilizes joint ventures
and cross licensing agreements and is at ease with
cooperative situations when dealing with university/
industry programs. Many of the research programs
undertaken, whether involving the university or not,
are very costly and therefore companies seek to share

the costs and risks of projects. Thirty-one percent cf-

the consortial arrangements cited involve energy related
projects.

The objective of spreading the risk and cost of
developing energy related technology has resulted in
numerous instances of govermment funding of projeds.
However, several companies and universities consider
governiment involvement to be’inhibiting to the research.

Because basic research in oceanography and
geology have the most direct applications to the
industry, the energy industry is most open to univer-
sity/industry cooperation in these fields. Additionally,
with the tonger time horizon of many energy projects

_li.e., synfuels, photovoltaics, fusion), industry can iden-

tify many opportunities for the research capabilities of
“the university.

Because of the potentially Iucratlve returns from
energy projects, many companies normaily outside the
energy industry have initiated programs with universi-
ties on energy research.

Numerous spin-off companies in the energy in-
dustiy have arisen as the result of university based
research. Onc northeastern university has a program
to help these companies get started by housing them
on campus and allowing them access to equipment
and faculty. This program is not limited to energy
related companies, but so far they are the most fre-
quent participants.

“

Prbximity also appears to play an important role
for an-energy company seeking out a university re-
search partner, perhaps because of the geographical

- concentration of oil and gas. Twenty-nine percent of

the energy university/industry interaction occurs in the
southwest-south central region, where many of the oil -
and gas companies are located. Schools in this area
tend to have well developed engineering and geology
programs.

The diversification initiatives undertaken by the
large oil companies have led them beyond energy

- based technology ventures. With a tremendous availa-

bility of funds, they have stepped into a new industry,
biotechnology. Although some of the biotechnology
projects involve techniques to improve enhanced oil
recovery and production of methanol, many involve
research only indirectly related to the energy industry.
One major oil company has bought major seed com-
panies. Basic molecular biotechnology for this com-
pany will produce more than energy-related seed stock
improvements. Indeed, such companies may be the
future repositories for the many libraries of genetic
material. How they take their responsibilities towards
the world food community will have a direct |mpact on
devéloping countries.

The avenues of investment have been quite varied.
New laboratories have been developed from scratch,
joint agreements have arisen with new biotechnology
firms, and several energy companies have turned to
the universities to tap their expertise.

One such university/industry endeavor has been
quite creatively designed. A non-profit foundation was
established which holds an equity interest-along with
the industry participants in a for-profit organization.
The profits associated with the non-profit center’s
equity interest would be used' to sponsor university _ i
research. Faculty from each of two West Coast univer-

-sities are associated with this for-profit organization.

C. The Building Materials and Construction
Industry .
The building materials industry, and in particular

the associated residential construction group, has

_experienced neither significant federal procurement

nor much federal research and development support
for either basic or applied work. Analysis of the resi-
dential construction industry ifdicates that, unlike
agriculture, it has neither the constituency interested
in establishing applied research and development
relevant to their needs, nor a sound scientific basis
underneath its technologies (Quigley, 1982). This
appears to be true to some extent for the building
materials industry, though far less so. There, activity is
evident in developing new products and applications.

These industries lack a broad university scientific
base oriented to their needs, which might provide new
options for applied research and development activi-
ties. One company manager said his company looked
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to European university research programs when they

neceded basic research resuits related to company

intcrests.

Research and development as a percent of sales
in the building materials industry averaged 1.1% over
the last four years (Business Week, 1977-1980). Their
ranking in this category out of 29 Business Week
groupings was 22. However, in the Nason- Steger study
(1978), the building materials industry reported that
they spent 64% of their total research expenditures
($47M) on basic research.

Regulatory regimes strongly influence the techno-
logical advance of these industries. The response of
the building industry to reguiation has been conserva-
tive. Building codes and standards have stayed fairly
close to prevailing technologies and materials,or simple
modifications thereof (Quigley, 1982). One constraint
on change has been the position of unions, a strong
factor in the construction industry.

There would appear to be research of interest to
building materials companies at university-based mate-
rials science centers, and perhaps in CAD/CAM and
robotics programs. Of the programs we identified in
this study, approximately 1% were supported by the
building materials and construction industry. However
the importance of regulation to these industries and
the way it is interpreted tends to put them in a defen-
sive research mode. They are generally geared to favor
‘contract research to solve specific problems when they
find it useful to support research outside of their own
companies. Thus, they tend to lock toward contract
research institutes to supplement their own research
programs. Further deterrentsto the ‘support of basic
research at universities are that these industries are
sensitive to the immediate economic climate and
large fluctuations in the demand for housing and con-
struction significantly dampens incentives for innova-
tion in building construction.
~ One university research scientist interested in
developing a cooperative program with the construc-
tion industry also pointed to his difficulties and frustra-
tions on account of the atomistic nature of this indus-
try.-Several scientists and administrators involved in
the deveiopment of the NSF sponsored Furniture Insti-
tute at North Carolina State University-Raleigh sug-
gested that the difficuities in developing this program
were in large part due to the fragmented nature of this
industrial sector.

d. The Chemical Industry

The chemical producers as a group continue to
be one of the most active, if not the most active, sup-
porters of university research and training. Research
interactions between academia and the chemical
_industry has a long and respectable history (Thackray,
1982). Historically, the chemical industry has been an
innovative one, particularly in process technology

(Brown, 1981). important to this effort is research and
development, particularly basic chemical research
which can open up new areas. To this end, the chem- *
ical industry continually seeks windows on new tech-
nology. The industrial research laboratory appeared
first in chemical and electrical companies.

Research and development, including basic re-
search, continues to be an important element.of the
chemical industry. As a whole, the industry spent $5.3.
billion on research and development in 1981, and $4.7
billion (89.5%) of this was compdny funded (Research
Manazement 1981). In 1980, chemical producers spent
$4.6 billion on research and development (Chemical .
and Engineering News, 1981). Typically the industry
spends 2.4% of its sales on research and development
(Business Week, 1977-1980). In 1975, the chemical
industry spent 10.9, 37.9 and 51.2 percent of total
company R&D expenditures on basic, applied and de-
velopmental research respectively (N2son and Sieger,
1978). Among all industries, the chemicai industry
spent the largest percent of total research and devel-
opment expenditures on basic research. Nason and
Steger’s estitnate of the average proportion cf indus-
trial budgets allocated to basic research was 4.2%,
less than haif the proportion reported to be spent on
basic research in the chemical industry.

Basic research performed at universities contin-
ues to be extremely important. to the chemical industry
(Brown, 1981). There are strong historical links be-
tween industry and academic chemists. Throughout
the twentieth century, the majority of American chem-
ists and chemical engineers have worked in industry
(Thackray, 1982). In 1980, chemists accounted for
about 45% of all scientists in manufacturing indus-
tries (NSF, Scientists, Engineers and Technicians in
Private Industry: 1978-80, (1981)). Although the long
term importance of industrial employment of Ph.D.

‘themists and chemical engineers to the American

chemical community has not been researched (Thack-
ray, 1982), the large number of industrially employed
chemists suggests a partial explanation of the contin-
uing interest of chemical companies in university
research and training. ‘

The mechanisms the chemical industry uses in its

interactions with university research span all the cate-

gories we identified. ‘
The chemical industry has always been generous -
in providing unrestricted grants to chemists and chem- .

ical engineering departments (See Chapter V). During... .

the last decade, the chemicel industry had the greatest
number of companies represented each year of all in-
dustries reporting voluntary aid to education (Table 18).
Of the companies reporting that they gave voluntary
aid to research, the greatest proportion were chem-
ical producers. In terms of total dollar expenditures
on research, the chemical industry total was second to
the petroleum réfining and related industries.
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Table 18 -
‘Number of Firms in Each Industrial Sector Reporting Voluntary Aid to Education*

Year

Industrial Sectors 1970 1972 1974 1878 1980
Advertising . ... 1 1 N.A. 1 1
BaANKS « i et et e 17 19 26 . 16 17
Business Services ........oiiiiiiiiii i, 3 3 6 1 2
Chemical & Altied Products ..................... 23 24 ' 44 25 29
Electrical Machinery & Office Equipment ......... 13 14 28 15 12
Engineering & Construction .................... 2 2 5 2 2
Fabricated Metal «..................evevinnn... 5 5 8 N.A. N.A.
Food, Beverage & Tobacco ..... O 3 7 16 11 11
YT T 14 16 20 17 19
Machinery ...t e 9 4 9 8 8
Merchandising ........cooiiiiiiiii it i, 2 3 8 6 7
Mining ... 2 2 2 3 3
Paper ......... R R R 11 8 17 10 10
Petroleum Refinir;g & Related Industries ......... 15 15 23 18 15
Pharmaceuticals ..............ccvvvininiinn... N.A. N.A. N.A. 5 7 i
PrimaryMetals ..ot i, 13 12 17 13 10
Printing & Publishing ................c.oooa... 3 3 2 5 6
Rubber.......... ...l i N.A. 3 5 3 4
Stone.lCIay BGIASS . ver e 2 3 3 1 1
Telecommunications ............ccniiiinnn, 2 3 5 3 6
Textiles& Apparel . ....ccoviiiiiiiiiinennennnn. 4 5 6 5 3
Transportation ........covitiiiiiiiiinenneenann 3 4 7 4 3
Transportation Equipment ..................... 11 12 14 9 8
Utilities . ......oovvvennet, e 11 13 16 9 9
TOTAL L e e e e e 172 181 287 195 198

*Source: CFAE Casebooks 1970-1980
N.A. = Not Available

In our study, which included cases of voluntary aid
to research and contract research, the chemical com-
panies were represented in over twenty percent of the
cases we identified. Of the approximately ten existing
university/industry partnership contracts where com-
panies have committed annual sums of more than a
million dollars over a period of years, approximately
70% are sponsored by chemical companies. The par-
ticipating companies include: du Pont, Monsanto,
Celanese, Hoechst, Diamond Shamrock and the Allied
Chemical Corporation.

The chemical ind‘ijstry is a strong supporter of
generic research centers at universities in polymer sci-
ence, catalysis and materials science. Chemical com-
pany support of generic research centers may be a
reflection o, the growing complexity of the technical
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base underlying this industrial sector, and recognition
of a need to solve complex multidisciplinary research
problems. Many of the centers supported by the chemi-
cal industry follow the cooperative industrial center
mode where an industrial affiliates program is an
essential part of the continuing base of research sup-
port (See.Chapter IX, pp. 79-81). A description of a
representative sample of these programs follows:

Unlversity of Delaware-Center for Catalytic Tech-
nology. The Center for Catalytic Technology at the
University of Delaware is located within the Chem-
ical Engineering Department. There are approxi-
mately twenty companies represented from the oil
and chemical industries, each contributing $25,000/
year. .
. Personnel exchange is facilitated by industrial
sabbaticals of three to six months within the Center.
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Proprietary contracts have been undertaken at times.

Because the Center is located within the Chemi-
cal Enginecring Department, they have had to re-
strict the size of the program to maintain a balance
of departmental teaching and resecarch capabilities.
Additionally, this departmental affiliation has caused
problems when the Center sought to bring chemists
into various research projects.

There has been a certain degree of technology
transfer from the Center, but this is a secondary
consideration for the companies. They are more
concerned with access to students.

Currently, one-third of financing comes irom |

industry, one-third from NSF, and one-third from /
mission-oriecnted agencies. /

Case Western Reserve-Center for Applied Po _{1
mer Research. A new program at Case Westérn
Reserve is the Center for Applied Polymer Research.
This program is supported by a $750,000 NSF grant
over five years. Again, as in several other NSF grant
programs, the aim is to become self-sustaining at
the end of one grant period. Unlike several other
similar centers with many industrial .sponsors (e.g.
the MIT Polymer Processing Program), the university
is -sceking to get fewer sponsors to put in more
nmoney. with the fecling that this will resuit in greater
cooperation by the corporate sponsors and a better
return for their money.

The research is to be tied closely to the needs of
the sponsoring companies. The cotnpany will be in-
volved in ecach project with a project investigator at
the university and another at the company. The
companies are dgranted patent rights. So far they
have attracted four corporate sponsors to match
the NSF funding.

In addition to this Program, Case has operated a
focused liaison program for the past seventeen
years. There are twelve members at $20,000 each
per year. These funds are discretionary and are
used for equipment, seminars and seed money for
new projects. Personnel exchange, although not
widespread, has been successful, with a sabbatical
program bringing industry people to the university
and various faculty spending summers working with
industry.

The Center of University of Massachusetts-Indus-
try Kescarch on Polymers (CUMIRP)—University of
Massachusetts. CUMIRP was started in 1980 with
NSF sced money of grants of $1 million over five
years. The yearly grants decline over the time period
with the objective of achieving self-sufficiency at the
end of the five years (i.e. dependent only on indus-
trial support). Currently, there are thirteen corporate
sponsors cach at $20,000 per year. Located within
the university's Polymer Research Institute, the main
thrust of the Center is towards basic research in net-
work polymers and extended life polymers. Deter-
mination of projects is made through a steering
committec advised by a board which includes repre-
sentatives of the sponsoring companies.

The NSF is experimenting with a new approach
towards waiving patent rights by the inclusion of a
clause in the grant contract in which the university
gcts the patents and corporate sponsors get royalty-
free licenses. An allowance has been made for up
to a one-year publication delay. An important fca-
ture in the structure of the program is the separa-
tion of the technical direction from program man-

agement. There are threce stages laid out for the
NSF funding penod; a one-year exploratory start-up,
two-year theme definition stage, and a two-year pro-
gram demonstration stage.

All the members of the Polymer Science £ngi-
neering Department of the university must spend
15-20% of the time at the Center. There will also he -
adjuncts from industry.

Polymer Processing Program-MIT. The MIT-Indus-
try Polymer Processing Program is another program
begun with NSF seed money. Started in 1973 with a
five-year grant for just under $500,000, the program
managed to achieve a goal of self-sufficiency after
the NSF grant expired in 1978. This program is
directed towards polymer processing as distin-
guished from the basic polymer industry. Research |
projects center upon the manufacturing of plastic
and rubber products.

The research is carried out by graduate students
under the direction of faculty. Probiems are identi-
fied by the director, with spenscr advice and con-
sent. Technical review meetings are held quarterly
to discuss the progress and directions of the proj-
ects. The spornsors get royalty-free, irrevocable,
non-exclusive license to patents developed while
they are members. If a company wishes to use
patents developed prior to their joining the pro-
gram, it must pay licensing fees which are shared
between MIT and its corporate sponsors. Allowance
is made fo:r pre-publication delay with the under-
standing that publication must be permitted for
graduate student theses. )

Industry support is determined by a formula,
depending upon the level of the firms’ own plastics
output, of between $20,000 and $80,000.

Center for Composite Materials-Universlty of Dela-
ware. The University of Delaware’s Center for Com-
posite Materials was the first center at the university,

" created in 1974. However, it was not until 1978 that

industry was brought into the program. The aca-
dentic base was initially established through a
Unidel (University of Delaware foundation) grant of
$250,000. Over a two-year incubation period. the
Center received government grants and support.
The objectives of Center programs are to advance
composite materials technology. train scientists
and engineers, and transfer technology to industry.
There are two aspects to the program: the normal
research function and a design guide which docu-
ments the state of the art in composite materials
technology. This guide serves both to transfer tech-
nology and to illuminate gaps in the existing tech-
nology. In addition, workshops and progress reports
are issued frequently to enhance this technology
transfer. .

There are thirtecen corporate sponsors who cach-
contribute $30,000 per year. About 25% of the spon-
sors are chemical companies. The directors of the
Center sought out companies that could contribute
technically to the research at the Center. The director
and associate director both previously worked in
industry. To avoid any constraints on rescarch adlivi-
ties, government funds are kept separate from
industry-funded projects. Additionally. the university
does not seck patents in order to avoid any conflict
of intercst with the corporate sponsors.

Recently the chemical industry as a whole has
taken a very innovative step in the formation of the
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Council for Chemical Recsearch (CCR see Chapter IX
Pp. 81-82). The rationale of many participants was that
in the long run the health and even the viability of
the United States chemical industry was dependent on
the basic chemical research carried out at universities.
There was a perception among <liemical manufac-
turers that such research was seriously underfunded.
Therefore, chemical imanufacturers should foim an
organization to funne; extra financial support from
industry to the academic chemistry community. There
has been a recent change in the emphasis of the pro-
gram toward providing support for the training of grad-
uate students.

In keeping with Thackray's thesis of the impor-
tance of individual scientists in the history of univer-
sity/industry rescarch relationships in chemistry, this
endeavor had a strong leader, Mr. M. E. Pruitt, a former
Vice President of Research from Dow Chemical Com-
pany. He initiated the original proposal,fand served to
bring together the initial corps of industrial and uni-
versity representatives required to develop a consen-
sus for action.

¢. The Instrumentation Industry

The United States remained the world leader in
cxporting instruments in 1980. Shipments of scientific
and laboratory equipment continued to grow through

1981 (U.S. Industrial Outiook, 1981). Technical ad- -

vances are the essential roots of this industry. The
“instruments industry has on the average invested
4.2% of sales over the last four years in research and
development (Business Week, 1978-1981). The National
Science Foundation reports that in 1979 the profes-
sional and scientific instruments industry ranked
second to office computing and accounting machines
in terms of company R&D funds as a percent of net
sales (NSF, Science Outlook, 1981). The 1981 com-
pany funded R&D was $2.3 billion for the industry as a
whole (91.3% of total company R&D expenditures).
Figures available for 1975 (Nason and Steger, 1978)
indicate that the instrumentation industrial sector
spent 5.3, 7.7, 87.0 percent of total research expendi-
tures for basic, applied and developmental research
respectively. :

" Some resecarchers make the case that the instru-
ment companies do not invest enough money in basic
rescarch to develop new instruments and are there-
fore dependent on academics or scientists outside the
company to develop new instruments. Out of the total
interactions we identified (465) only 6 instrumentation
companies were involved, and none participated in
cooperative research interactions involving monetary
support of university rcsearch.

The technological innovative capacity of this U.S.
industry, recognized world-wide, can, however, be
related to the strength of our university system. The
conceptual basis for the instruments frequently comes

&b

from university scientists who require a unique measure- -

ment capability to solve a problem.
A recent study of 111 improvements of basic sci-
entific instruments used in chemical and biological

- research reported that, of the 44 innovative concepts

which were later incorporated successfully into com-
mercial products, 81% had been initiated by instru-
ment users rather than by instrument manufacturers.

Of these users who contributed the concepts, 72%

were employed by universities or affiliated research
institutions rather than by private manufacturing firms
or other non-university organizations (Hippel, 1978).

Indeed, an outcome of the university research can
be the joining of university persofinel with other entre-
preneurs to form spin-off companies which carry inno-
vative instrumentation developed at universities to
commercial development. Foxboro is an example of
an MIT spin-off company. Spin-off firms played major
roles in the development of such modern instruments
as the CAT scanner, state-of-the-art computer graphics
devices and a variety of medical diagnostic instru-
ments. Of the 144 spin-off companies we specifically
noted in our present study, 10 involved development
of a new instrument. We note here, however, that these
were not necessarily a direct outcome of university/
industry interactions. _

it is evident from our study and others (Berlowitz,
et al., 1980; Hippel, 1978) that university researchers
play important roles in the development of new scientific
instrumentation through its use. The unique relation-
ship between the instrumentation user to the pro-
ducer is suggested in several anecdotes presented in
this report (Chapter IX, pp. 69, 72-73).

Researchers often provide the specifications for
special features to manufacturers, or modify instru-
mentation altogether. The electron microscope was

first developed by a beginning graduate student and -
its development was continued for many years by uni- /

versity researchers. This on-going process of develop-/

ment and modification at the university level eventually
resulted in the perfecting of a very powerful tool for the
investigation of molecular structures. However, univer-

-.sities. or.university scientists frequently.receive little or

no industrial monetary support for such researchv‘or
funds in return for their efforts.

One scientist, in telling of modifications he made
on the clectronn microscope, which he published ina
scientific journal, pointed out that the instrument
companies picked up on what he had done through
their literature reviews. His research had been sup-
ported by the Department of Energy and this agency
held the patent. but did not claim royalties. He made
no money on his invention and said he did not want
to get involved. This attitude, while typical of the
past, may be changing.

A significant amount of instrumentation develop-
ment occurs at medical schools (see Chapter IX, pp.

72-73).
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In instrumentation technology development, it is
sometimes difficult to sort out the relationship of the
scientific methods or technology to the instrumenta-
tion hardwarc. This makes it particularly difficult to
determine questions of proprietary rights and free-
dom of communication. Thus, while the instrumenta-
tion company values the interaction with the university
rescarcher, circumstances may require complex re-
scarch arrangements. This may be particularly true in
the field of medical instrumentation development.

One medical researcher described a case where
he was given funds to develop a'frontier research
instrument. The company wanted no other funds
involved, in order not to jeopardize its patent rights.
Therefore, the company which owned a laboratory

assembled the equipment in that laboratory so that
it would be readily available to the university scien;
tist, and at the same time not jeopardize the com-
pany’s proprictary rights.
This was a difficult interaction for all participants.
- The university scientist expressed concern about
the speed with which he was allowed to publish his
work and how he was allowed to present his research
resu'ts. Yet he was anxious to be involved in devel-
. opment of a leading-edge scientific instrument.

in the participating medical research inslilulion/"m

The exact relationship of university and industry in
the development of scientific equipment and instru-
mentation will be the subject of a future study. But it
is our present hypothesis that personal knowledge
transfer mechanisms (university scientist participation
on company advisory boards and consultancies) and
active, aggressive marketing play the major roles, at
this time, rather than cooperative research. Part of the
aggressive marketing techniques include equipment
donation and requesting researchers to communicate
any cquipment difficulties and/or modifications. This
may change as universities and industry devise new
mechanisms for sharing instrumentation. '

One example is the recently established “People
Exchange Program” at Purdue University. These
arrangements allow university and industry scien-
tists to work together on projects of joint interest
and to learn each others’ techiques while sharing
sophisticated equipment.

Another example is the new practice of acquiring
top-of-the-line equipment such as electron micro-
scopes and computers, through debt financing and
retiring the debt through user fees (see Chapter IX,
p. 69). This may also encourage this shared instru-
mentation use.

Shared equipment use may result in new coopera-
tive arrangements and have important consequences
for equipment for development and manufacturing as
well as help the university maintain access to state-
of-the-art equipment.

Recently deep concern has been expressed that
scientific instrumentation obsolescence in research
universities and inadequate resources to replace this
cquipment may impede the unique relationship be-
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tween universities and the industrial sector. Industry
statistics indicate that in the period from 1976 to
1980, sales of instruments shifted away from the edu-
cational market.-In 1976, 18% of instruments sold
went to educational users; by the third quarter of 1981,
the figure had declined to 11%. One of the major
manufacturers of state-of-the-art high-field nuclear
magnetic resonance {(NMR) equipment states that they
have not had a new instrument order for a year. The
actual amount spent on instrumentation by universi-
ties has not kept up with inflation:-This_has resulted -
in manufacturers shifting their production away from
the type of state-of-the-art equipment which is required
for research, and which is likely to be refined by uni-
ver§ity users, and toward more routine instruments.
State-of-the-art instrumentation becomes even more
expensive as fewer units are being produced.
Instrument manufacturers as indicated above have
always participated in the production of frontier equip-
ment with little commercial prospect in order to main-
tain their ties with academic scientists and stay at the
forefront of their fields. As capital becomes less fluid

~and as universities become a smalier share of their

market, manufacturers are less likely to do so. Expen-
sive hand-made prototypes will then become even
more expensive to acquire. in addition, the transfer of
new ideas from state-of-the-art equipment to routine
product lines will be slowed and U.S. manufacturers
may lose their international competitive edge. Thus,
providing the climate to maintain university/industry
interactions within the instrumentation industrial sector
may be of particular importance for business develop-
ment and international trade, as-well as a means of
technology transfer.

f. Microelectronics Industry

i

In contrast to many other industries, research in
microelectronics has been traditionally dominated by
industry. Research and development as-a percent of
sales over the last four years is highest in the com-
puter and semiconductor industries, 6.1 and 58%
respactively (Business Week, 1978-1981). For many
firms in Silicon Valley this figure is closer to 10%. A
more detailed description of the microelectronics |
industry is given in a book by Nico Hazewindus (1982).
University scientists have always maintained ties with
this research base but, in response to a number of
factors, they arec now making greater efforts to develop
broader university based research programs. A smail
number of universities have developed multidisciplinary
centers for microelectronics research in cooperation
with firms in the industry.

There are a number of reasons why these centers
developed:

1. The rapid growth of the industry has increased
demand for graduates and a manpower short-
agedeveloped (Sce Chapter Vil, p. 34).
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The laboratory facilities at the universities-

lagged behind the state of the art, so that new
graduates were not trained in current tech-
niques.

Industrial positions seemed to attract present
and potential faculty at higher pay.

States have acted to attract high technology com-

panies strengthenmg the university structure through
support of microelectronic facilities and faculty. The
- complex technical growth in microelectronics is strain-
-.ing the resources of even major firms to pursue ail

© directions of interest,” leading to collective support for
university basic research.

The following is a brief description of the major

academic research centers in the U.S. concerned with
microelectronics:

Q
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Stanford University—Center for Integrated Sys-
tems. The Center began formal operation in Febru-
ary. 1981. Three departments at Stanford ~ooperate
in this Center—computer science, physical science
and materials science.

Sevetiteen sponsors from industry are invelved.
Each sponsor agrees to contribute $250,000 a ycar
over a period of three years for use of the facilities
and support of the educational and research activi-
tics at the Center. The sponsors receive some privi-
leges such as carly access to scientific results. A
number of policy matters remain to be decided by
the steering group of umvcrsxty and company spoh-
sored representatives; but it is agreed that the indus-
trial members can send individuals from their re-
scarch and engincering groups to carry forward
both rescarch and advanced learning activities in
the Center. Presently some members from industly
arc on campus.

In addition, the Center has obtained an $8 niillion
contract from the Defense Advanced Research Proj-
ccts Agency (DARPA) to serve as a fast-turnaround
facility for very large scale integration (VLSI) research.

Massachusetts Institute of Technology Microsys-
tems Program. Recently, MIT put forward a proposai
to increase activities in the inicroelectronics fieid.
The existing Microsystems Research and Education
Program at MIT covers research efforts in a wide

range of projects conducted in the Artificial Intelli- -

gence Laboratory. the Center for Material Science
and Engineering, the Laboratory for Computer Sci-
ence and the Researcii Laboratoiy of Electronics.
The subjects include submicron structures, semi-
conductor processing. large-scale circuit theory,
VL.SI design avtometion, /1.5 complexity theory and
integrated circui. {1C) systems architecture.

The new program wiil be centered around a new
VL.SI laboratory, featuring a computer-controlled
1ast-turnarcund processing facility for manufactur-
ing VLSI circuits. Additionally, the existing labora-
torics would be expanded to accomodate the new
rescarch programs envisaged.

The r.entral theme of the efforts will be the inte-
qration of the various efforts needed for VLSI pro-
duction. This requires a thorough understanding of
the full range of activities that constitute this proc-
ess, from semiconducting materials to systems
design. This should lead to a comprehensive effort

to manage the complexity of large -scale system
design.

MIT proposes to finance this program by means
of grants from corporations which would patticipate
in a new Microelectronics Industrial Group, either as
founding members or contributors. Several exclusive
benefits to the participants are proposed, including

a prodram for visiting industrial researchers, work- .

shops and seminars. It is expected that the VLSI
research facility will become operational in 1984.

Organizationally, a Microsystems Advisory Council
(composed of representatives from the sponsoring
industries) will assist the Director of the Microsys-
tems Research and Education Program.

-~ California Institute of Techrology-Silicon Struc-
tures Program. The Silicon Structures Program at
California Institute of Technology was organized in
1978. Initiated by Ivan Sutherland, who had been
brought to CIT to start the computer sciences
department, the program is organized as a research
consortium. The importance of industrial contacts
cannot be understated. Sutherland, in addition to
owning his own company, has worked in industry.
The plan for the program was developed with the
help of previots industrial contacts.

Five of the six companies that they nad contacts
with and asked to join did so (IBM, inte!, Xerox, Hew-
lett-Packard and DEC). The program receives sup-
port from NSF, but this did not hegin until the pro-
gram was already under way. The companies pro-
vide money and equipment (12 corporate sponsors
are presently involved, each contributing $100,000).

Several potential sponsors chose not to participate

due to the university’s policies. First, all research -

occurring at the university is rigorously regarded
as public information. Second, the university receives
all patents with the companies getting royaity-free
licenses. .

An important feature of the prograrn is the indus-

 trial sabbaticals which last from 1-1% years. Senior

company scientists teach and work with graduate
students. A company’s success is largely a function
of the quality of people they send to the university,
as weli as the ability of some program participants
to continue the line of research begun !\ the uni-
versity program when they return to industry.

The objectives of the program are two-fold: one is
to develop closer ties withindustry, and another
is technical in nature, to improvc IC design. The
program is based on exploring the techniques
developed by Lynn Conway and Carver Mead in chip
design.

The ultimate obJectwe of the program is technol-
ogy transfer. There are ties with Carnegie Mellon,

_MIT, and the University of Washington through the

software developed at Cal Tech. At this point, they
are looking to set the direction of the second phase
of the program.

University of California at Berkeley. Berkeley has
a centralized microelectronics technology facility
that is shared among many faculty members and
students from many disciplines. Its achievements in
the past have included:

— computer programs for transistor design; -~
process development and circuit_simulations

— novel device concepts, such as switched-
capacitor filters
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—  cerlain new circuit designs, such as analog-
to-digital connectors.

Recently, the Governor of California proposed
that the state support the activities of the elect Jical
engineering and computer science departments at
Bserkeley with a substantial amount of money. An
apparent objective of this proposal was to counter-

~act the activities of other states which are actively

trying to lure high-technology companies away from
California. '

A main goal of the program is to enlarge and re-
cequip the antiquated microelectronics technold i
cal facility with the necessary clean rooins and
modern equipment for lithography, processing, test-
ing-and characterization. This will give Berkeley the
necessary facilities to continue its educational and
rescarch programs at a more sophisticated level.

-~ The intention is to pursue a policy of direct access
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to the facility for as many people as possible.

Funding of the subsequient research projects would
be done cooperatively by the state and industrial
sponsors. This so-called MICRO-program (Micro-
clectronics Innovation and Computer Research
Operation) could substantially advance the size and
level of the future microelectronics and systems
activities at Berkeley.

Uniiversity of Minnesota, Minneapolis. The micro-
clectronics center at the University of Minnesota
originated from discussions between university sci-
entists and Control Data Corporation representa-
tives about solid state surface science. The univer-
sity is well known in this field (NSF established a
national center for surface analysis techniques at;
the campus) and suggested that novel techniques
might be applicable to integrated circuit technology.

These discussions led to a grant from Control
Data Corporation, later (imid-1980) augmented by
grants from Honeywell and Sperry Univac. The pur-
sose of the grant was to establish a basic research
program in microelectronics and -information sci-
ence, dncluding surface science. The Microelec-
tronics and Information Science Center (M.E.1.S.)
was established to carry out this task. Industry has
contributed about $7 million to the Center.

The Center has focused on four areas of micro-
cicctronics rescarch: software engineering, design
automalion, new device physics, and new materials
for microelectronics.

The university has first rights to seek a patent
from any rescarch coniing out of M.E.LS. Once the
university obtains a patent, the Center’s patent
policy allocates-50% of potential royalties to the
university, 25% to the college and 25% to the indi-

“vidual proféssor or student. However, in thecase of

corporale sponsors, licensing fees can be written off
the initial gift to the Center. The university will
license the patent to anyone.

The management structure that evolved after
some lime includes a management team of a direc-
tor. assisted by three associate directors. A group of
cight represenlatives from sponsors and partici-
pating departments serves as an advisory board
regarding the program and policies.

Microclectronics Cenler of North Carolina, Kesearch
rriangle Park. The goal of the Microelectronics Cen-
ter of North Carolina is to develop an educational
and rescarch activity in microelectronics that will
establish North Carolina as a nationa!l center in this

significant technology. The state has actively been

" “secking to further the establishment of high-tech-

nology industries (see Chapter X, p. 109). Earlier,

_this resulted in the creation of the Research Triangie

Institute, a non-profit R&D organization, and the
Rescarch Triangle Park, where a number of com-
panies have established research laboratories. In
this context,’an active and high-leve! university sys-
tem is regarded as a major asset, brth as a source
of manpower and research, and as an intellectually
stimulating environment.

The MCNC will be formed by the foliowing parties:

-~ five universities (Duke University, North Caro-
lina State University, Nortin Carolina Agricu!-
tural and Technical State University, Univer-
sity of North Carolina at Chapel Hill, and the
University of North Carolina at Charlotte)

— one non-profit institute (Research Triarqle
Institute).

A close cooperation will be established with the
North Carolina Community College System. The
Center will have a VLS| computer-aided design facil-
ity, which will be connected with data links to the
participating institutions. A comg.ete, modern IC
fabrication facility will also be located at the Center.

These sophisticated facilities will be used by the
participating institutions to improve and expand
their educational and research activities in VLSI
technology and systems. This will be facilitated by a
system of video links allowng specialized classes to

be shared by the different instittions.

It is expected that the universities will be able to
educaté an increased number of scientists trained
in VLSI, which may prove attractive to a broad range
of high-technology companies. Gexeral Electric has
been the first company to announce its decision to
establish a major research center for chip fabricat-
jon’in the vicinity of MCNC.

Summary of Academic Microelectronic
Research Centers

In reviewing university industry interactions, several
different areas of specialization can be distinguished.
3

tional arrungement is required.

meti.odology.

—  The research centers at the University of Min-
nesota and the University of North Carolina

provide examples of regional models.

Each of these centers is muitidisciplinary and all
except erhaps for M.E.LS, are making forceful attempts
to bring engineers and computer.scientists together.
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Stanford and MIT intend to secure a leading
position .in "VLSI-Science.” Both have estab-
lished special organizaticns to obtain that goal.

U.C. Berkeley's goal is to be a center of excel-
lence in VLS| techniques. One observer believes
- -———+that-Berkeley's center_is.more student-oriented
than MIT and Stanforc'. No special organiza-..

The activities of Cal Tech’s Silicon Structurcs
Project focus on th.: problem of VLSI design



The sophisticated integration of these centersmay. _

reflect the long traditional interactions of microelec-
tronics companies with academic research and the
~high general investment in research that i.as been
inherent to the structure and development of this
industrial sector.

a. Mining and Minerals Industry

The mining industry embodies technology through-
out its operations. It draws upon biology, chemistry,
physics. clectronics, and every branch of enginzering,.
But because it is a mature industry, perhaps second
only to agriculture, and heavily capita! intensive, its
linkages with universities are very different from those
industries such as pharmaceuticals or computers.

A mining company normally conducts the range of
activities given in oversimplified form by:

(1) Exploration—geology, geophysics.
{2) Mining—mechanical and civil engineering,
transport.

{3) Ore processmg—commmutlon flotation, biol-

ogical leaching.
(4) Production of mc.al—precess metallurgy
clectro-refining, chemical separatlons

The products are a few s:mple shapes, €.g.; ingots
and wire bars, and occasional metal powder or chemi-
cals for industrial procrsses. The subsequent steps by
which the elementary metal shapes are convertec to
products such as shcet, tube, and wire composed of a
single metal nr an alloy are conducted by metal fabri-
‘cating companies. While many of the large mining
companies are vertically integrat:'d and have fabri-
cating divisions or subsidiaries, there is a major metal
industry of independents not part of any mining com-
pany. Metal fabrication calls upon procesz metallurgy
~and the sciences related to the structure of metals
and alloys. -

In short, the mining industry or, better the metal
and mining industry, has a broad network of co.itacts
with technology generally, and with the technical activi-
ties of universities. Yet it is not considered "high tech-
nology” and it rates low in terms of its percent of sales
devoted to R&D. Let us examine btriefly the nature of

" the technical activities of the industry,-its needs and

characteristics, and the resulting impact of all this on
university interactions.

Since the products of the industry have to be
essentially identical in properties with competitors,
domestic and foreign, the principal focus of R&D is on:

(1) lowering operating costs,

{2) lowering the capital cost required to addiaddi-

tional facilities, and
{3) improving exploration techniques.

=

There is considerable activity in certain metal fabri-

cating areas to develop new products and enlarge
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marhets, as in the case of aluminuin versus steel for
containers, for auto bodies, and so on. Much of this
effort also emphasizes lower cost, thinner sheet, dif-
ferent forms of product.

Thus, the it iustry emphasizes process research.
This can fall into several categories:

(1) Modest improvements of present processes
(2) New approaches t~ present processes
{3) Development of wholly different processes.

The cost of conducting R&D obviously increases
as one gos irom category (1) to (3). Equally important,
the cost of an actual installation of a process change,
even of a pilot plant operation, increuses dramatically
frem category (1) to (3).

In practice, (hen, the metal and mining industry
stresses R&D to improve present operating processes.
New approaches may be pursued, but pilot piant costs,
can be a major barrier to implementation. And major
new systems as, for example, development of seabed
mining, require consortia of the great mining com-
panies to pursue serious efforts. It is therefore not
surprising that the internal R&D activities conducted
by the metal and mining industry are modest

But these do not provide the total plcture of tech-
nical che..ge related to that industry. The industry has
constraints related partly to capital requirements,
partly to the value added by R&D: These -constraints
are not necescarily present for suppliers and users,
as will be mentioned now.

Traditionally, many advances related to the indus-
try cor.e from suppliers, who can spread their R&D
costs over many purchasers, and for whom this R&D is
ircremental to.-other efforts. For exampie, improve-
ments in flotaiion chemistry are pursued by chemical
companies. The devziopment of huge trucks to carry .
10C-ton ore loads, permitting the elimination of rail-
cars at the niines; required maior programs on four-
wheel electric drives by the electrical equipment man-
ufacturers. Control egnipment, process equipment, to
minimize e:nvironmental problems, and advanced
instrumentation all emerge’from those supplicrs.

Furthermore. tecl nical advances in material proper-

. ties normally represent 1a¢ greater valu.e to the product

or system which uses these materials rather than ‘o
the producer of a thousand pounds or a thousand
tons. The_high-strength alioys required for modern jet
engines result from research conducted at General
Electric, Pratt & Whitney, and the engine manufac-
turers. Basic research on the electric properties of
selenium used in xerography was carried ou by the
Xerox Corporation not the mining companies which
sold only pounds of selenium for each machine.
Finally since the use of our natural resources has

traditionally been a matter of nationa! concern, we

must also consider the role of the Bureau of Mines. Its
many laboratories, located in key-mining areas of the
country, do conduct programs that can lead to lower
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cost processes for the different metals, or serve to
conduct the carly stages of greatest technical uncer-
tainty for new metals, as in the case of titanium.

It is against this broad background of industrial
and government R&D in the metal and mining industry
that we must now consider the linkages with universi-
.ies and the role of university research. This industry
is not technology driven and therefore tends to mini-
mize support of university research. Yet the modest
amount of basic research in process metallurgy at uni-
versitics is essentially the source of basic research
for the industry. Much of the early pioneering research
in flotation, the approach which makes open-pit min-
ing of low grade ores economic, was done at MIT.
Today, advances in conuminution go on at the Univer-
sity of Calitornia and the University of Utah, and so on.

The university programs are modest for the same
rcasons the company programs are modest. Process
metallurgy research past the bench stage -becomes
expensive very rapidly, and any reasonable-size pilot
plant becomes a major capital investment decision.
Even university-based institutes, such as the Minne-
sota Minerals Resource-Center, have difficulty main-
taining the infrastructure and funds necessary to
opcrate its experimental pilot plant. Whether the
industry does not want to change rapidly or dramati-
cally is not the issue. It cannot afford to do so, unless
the new structural changes resulting from acquisitions
of mining companies by oil companies change this
status.

What the industry must have is a reasonable at-
traction for the wide range of technical graduates
needed in its operations: research, engineering, pro-
duction, and so on. Despite the fact that technical
activities emphasize process improvements, the con-
version of advances in electronics, computer sciences,
chemical processes, and the like to the continual up-
grading of mining and metallurgicatl processes can be
critical to the productivity and health of the don.estic
industrv. This calls for high quality technical personnel
with bivad scicntific background who might be a*-
tracted to more glamorous-appearing industries. This
is perhaps another reason that this industry tends to
support cducational training programs (e.g. the Colo-
rado School of Mines) rather than support research
directly.

An |mportant function served by industry. SLppOl‘t
of 'university research in mining and metaliurgy is at-
tracting he interest of bright students. How many cen-
ters of excellence among mining schools should be
maintained is a critical question.

h. Pharmaceuticals

) In pharmaceuticals, as in agriculture, significant
federal monics have gone itto basic rescarch and into
the establishment and maintenance of programs to
trai 1 scientists (Grabowski and Vernon, 1982). The
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pharmacéutica! firms, as do rescarch universities,
maintain strong linkages to cngoing research at the
National Institutes of Health. The pharmaceuticai ties
are primarily through personnel exchange, personal
contacts anrd participation in scientific conferences
and advisory commiittees.

The pharmaceutical companies do very little gov-
ernment contract research. In 1980, approximately
0.4% of pharmaceutical research and development
expenditures came from government grants and con- °
tracts (Chemical and Engineering News, 1981). Al-
though drug companies have participated in govern-
~ment funded cooperative university/industry research
programs, in general, they are not enthusiastic par-
ticipants in such programs. This pattern of having
extensive outside research ties but being reluctantly
involved in outside contract or grant research (except
in the special case of clinical trials), also holds true in
general with regard to the pharmaceutlcal firm’'s inter-
action with umversnty research.

Yet this industry is very actively engaged in re-

~ search and development. The ratio of research and

development scientists and engineers per thousand
employees is quite high in the druq industry, with an
average over the past five-years of 62. In chemicals and
allied products, this ratio is 41 per thousand, while
the average ratio over ail industries is 27 per thousand
(Chemical and Engineering News, 1981). Drug com-
panies are extremely supportive of basic research,
particularly in-house basic research. Research and
development (R&D) spending among the drug com- A
panies rose from $1.63 billion in 1979 to $1.9 billion
in 1980—a gain of 16% (Chemical and Engineering
News, 1981). Average spending on R&D over the last
four years in this industry is 4.8% of sales (Business
'Yeek, 1978-1981). In T975, the pharmaceuticals spent
5.1, 38.6 and 56.3 percent of total R&D expenditures
on basic research, applied research, and development,
respectively (Nason and Steger, 1978). While the phar-
maceutical firms spend large sums oi money on basic
research in-house, figures we collected indicate that
a small percent of total R&D expenditures (0.5-1.8%)
is spent in support of university basic research. There
is a continuing compromise between the tendency of
drug companies to cooperate in basic research and to
draw back because of proprietary concerns. This ten-
sion is enhanced by the fact that in.the past a large
number of pharmaceutical innovations have derived
from external research (Mansfield. 1971), and the cur-
rent need to maintain proprietary control grows as
competition increases in the new fields of biotech-
nology. The drug companies, however, must ally them-
sclves with merical schools in order to follow govern-
ment mandated testing regimes for their new drugs.
Unlike many industries, pharmaceutical firms
-spend-large-suims:of money [or applied research and
developiment at universities (e.g. in clinical trials and
toxicity testing). The proprietary and regulatory con-
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cerns of the pharmaceutical firms are important fac-
tors in this practice.

Patents are considered by pharmaceutical ﬁrms
to be essential il a new drug is to be profitable for
the company that creates it. Indeed, the history of
the pharmaceutical industry indicates that the present
structure would have been different had the courts
ruled that antibiotics as natural substances could not
be patented (Grabowski and Vernon, 1882).

Since the cffective life of a patent in the pharma-
ceutjcal industry depends on the relationship between
the issue date of the patent and the date of the com-
mercial introduction of the product, pharmaceutical
firms tend to seek outside research help after they
have established their patent rights or when the re-

scarch is very far reme 'ed from a product. Thus, legal

protection of proprietary rights is extremely important
and hence may explain the smaller amount of coop-
crative rescarch sponsored by this industry than one
would expect from such a highly science-based sector.
In funding contracts and grant research at universities,
drug companics are frequently adamant about obtain-
ing exclusive licenses, if not patents. In our sampling
of cases, pharmaceutical conpanies were represented
in 21 of the cases, 81% of which were cooperative
research programs. There may be a growing tendency
“for pharmaceutical firms to support basic research at
universitics because of growing interest in recombi-
nant DNA technology. '
_ It is also evident that drug company participation
in liaison programs is increasing, particularly in new
biotechnology and biochemistry programs. In keeping
with the large numbers of scientists and engineers
within this industry, drug companies contribute signifi-
cant amounts of graduate research fellowship support.
Through personal contacts, the drug companies
“are very much in touch with the university research

system. The level of participation in these activities is.

probably greater for the drug industry than most other

industries. Many drug companies have 100 or more

university consultants on retainer. In comparison to
other industrial sectors, many drug companies supply
on company salary, free to the university, a relatively
large number of adjunct professors (30-75) to univer-
sity departments. '

Pharmaceutical companies sponsor many scien-
tific and technical meetings and they also send their
scientists regularly to such meetings, seminars and
workshops. It is also our observation that this tech-
nical arca.is characterized by a high degree of univer-
sity/industry sectoral mobility.

The pharmaceutical firms look to unwersntles for
screening of compounds. In 1979, screening, testing
and clinical studies took 40% of the drug industry total
R&D expenditures, while synthesis and extraction took
15.6% in outlays (Chemical and Engineering News,
1981). The exact amount spent at universities on
screening, although unknown, may be on the order of

$100 million. The amount spent on testing and clinical
trials can be estimated to be $100-300 million.

Pharmaceuticals is an industry marked by compli-
cated-regulatory-procedures, as pointed to above,
which significantly affect its cost of R&D. Several dif-
ferent company representatives pointed out to us that
the industry may spend up to 3% (a figure which is
contrary to data we received) of its total R&D expendi-
tures on university basic research, but a much larger
amount (up to 10% and consistent with figures re-
ported to us) is spent at universities on clinical trials,
in response to government regulations.

Drug compary R&D spending by U.S. firms dou-

“bled between 197 and 1980. A partial explanation is

the increasing cost ' mi cting government regulation.
Recent studies have shown that regulation has signifi-
cantly increased the R&D costs and delayed the intro-

" duction of new drugs compared to the date of intro-

»

duction with different regulatory regimes (Grabowski
and Vernon,j1982). A few scientists (from industry and
academia) suggested that basic research money had
been reallocated to research designed to meet govern-
ment regulation.

The money spent at universities for cllnlcal trials
and meeting government regulation is usually in the
form of applied contract research. However, some sci-
entists stated that these large contracts also provided
them with enough funds to continue their basic re-
search programs as well (see Chapter VI, Section Q).

B. Variation Among Universities

Universities and departments within universities
differ widely in the kind of research interactions they
will have with industry. For example, one chemistry
department far from the top, as ranked by their peers,
perceives itself as a pure. basic research department
that will only take non-contractual funds from industry.
That department considers polymer chemistry, for
example, too applied for its interests. 1t would like to
have a scientific affiliates program but is not viewed
as an elitist institution by industry. ,

Where elitism is mutually perceived, universities
generally have little difficulty attracting a wide range
of industrial funding. A president of a prestigious uni-
versity is approached directly with offers of support or
cooperative agreements. Sometimes the projection of
elitism is found grating by industry sciz ntlsts who
resent being treated as second-class citiz =1s. They will
prefer working with a university whose scif-iimage allows

it to become absorbed in the industry’s interest.

Engineering-oriented schools of comprehensive
universities with large engineering faculties are most
apt to devise practical and applied research programs
which can be supported by contract research. Indeed,
the size of an engineering school can be related to
industrial support at a university (Table 19). There is
a prevalence of interest at these institutions in devel-
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; Table19
Average. Industrial Funding of University R&D Expenditures and Average Size of

Engineering Schools Over a Period of Five Years (1976-1980)

"~ Engineering School Size* T}

Average' Average R&D Expend. Within Average Number of
University Industry Funding Engin. School Graduate Students

{thousands of $) (thousands of $) Enrolled
Massachusetts institute of Technology 6.669 67,391 ' 1.697
University of Rochester 6.639 10,962 ** 218
University of Michigan 5,031 16,650 - 1,046
Carnegie Mellon University 4,848 6,138 ' 530
Pennsylvania State University 4,610 11,297 510
Georgia Institute of Technology 3,973 22,700 893
University of Arizona 3,433 3.723 432
Purdue University (all campuses) 3,350 14,603 914
Harvard University 3.235 E 2,622 160
University of Southern California 3,143 13,373 1.173
University of Minnesota 2.855 6,648 634
University of lllinois {Urbana) 2,665 18,878 1,541
University of Wasnington 2,378 . 5,280 745
University of North Carolina {Raleigh) 2,134 6,116 _ 527
University of Wisconsin {Madison) 2,013 8,425 695
Colorado State University 1.659 8,496 384
Stanford University 1.496 22,079 1,430
Case Western Reserve 1,304 7.810 409
University of Maryland (College Park] 1,243 3.635 ' 507
University of Utah 1121 5,553 436
University of N. Carolina {Chapel Hill) 1,006 1,599 ) ‘128
Rensselaer Polytechnic Institute 968 5615 797
University of Texas (Austin] 939 8,942 898
California Institute of Technology 922 7.044 ' 330
Washington University 827 5,099 o 293
Duke University 825 1.466 92
University of Delaware : 782 2,401 221
University of Chicago 742 NA NA
Lehigh University : 713 3.885 449
Ciemson University 600 3,393 : 220
Princeton University 526 6,187 220
Louisiana State University 522 2,471, 218
University of Houston 456 1,607 660"
Colorado School of Mines b 441 * 2,659 443 .
Yale University : 439 E 2,094 78
Johns Hopkins University 363 > 967 127
Rice University 186 E 1,527 130
University of California {Los Angeles) 89 E 6,439 NA
University of California (San Diego) 0 *** NA NA

'Source: NSF, Expend)'rures for Scientific Activities at Universities & Colleges, 1975; NSF, Academic Science, 1976-1980.
?Engineering Education, "Engineering College Research and Graduate Study,” March, 1980 & 1981.

*4 year average 1977-1980
**4 year average 1976-1979
***University of California does not cotlect this information.

oping ccnters devoted to research in manufacturing,
robotics, industrial control, computer aided design,
integrated graphics, and bioengineering. A developing,
bustling, smaller institution may be well placed to
corner the market in specialized areas, using such
opportunities as a strategy for growth.

The importance of top level administrators in set-
ting the téhe for university/industiy research cooperation
and encouraging such interaction has been alluded to

- several times in this study. In several of the institu-
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tions visited, both public and private, new administrators -
had recently been hired with specific directive to foster
university/industry research ties. At one mid-western
public university, the president, a former faculty mem-
ber, stated that he had received enthusiastic response-
to a speech he had given on university/industry research
cooperation.”Although he, as a faculty member, had
not perccived any real barriers to university/industry
research cooperation, the letters he received from his
constituency indicated that many faculty membecrs
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pc'r/z/civcd otherwise. During visits with faculty mem-
_ beys at this university, reference was continually made
t()j,thL new president’s support of university/industry

rescarch cooperation;-which-was-felt to- be-a- change-

,from the previous president’s policy.

O
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Many -major universities which have a continuous
high level of industrial support have cultivated some
special interest arca. Table 20 shows the five-year
average industrial funding at the 39 universities in-
cluded in this field study. At least the first twelve uni-
versities rariked in order of industrial support have
industrially funded programs in what can be character-

ized as specially cultivated areas of research strength.
Regional economics and local industry are some-
times reflected in the educational focus of a university.

- For-example;,-the premier department in the world for

petroleum engineering is found at the University of
Texas at Austin. The most comprehensive university-
based microelectronics research program is to be
found in Silicon Valley. A major eastern university has
an excellent aerospace department which has grown
in conjunction with the local aerospace companies.
Sometimes local industry can influence the state
legislature to allocate state resources to.form an insti-

Table 20

R&D Expenditures at Selected Universities Given as Five-Year Average of Total Funding,
Federal Funding and Industrial Fundmg for the Years 1975 79

Thousands of $

5-year Average

5-year Average
Total Funding

5-year Average
Federal Funding

University Industry-Funding

1. University of Rochester 5,456
2. MIT 5,268
3. University of Michigan 4,642
4. Carnegie-Mellon 4,508
5. Penn State 3,304
6. University of Southern California 3,143
7. Georgia Tech 3.037
8. Harvard 2,705 E
9. University of Arizona 2,584
10. Purdue—all campuses 2,441
i. University of Minnesota 2,287
12. University of lllinois, Urbana 2,119
13. University of North Carolina,

Raleigh 2,075
14. University of Washington 1,792
15. University of Wisconsin, Madison 1,787
16. Colorado State 1,388
17. Case Western Reserve 1,123
18. University of Utah 1,033
19. University of North Carclina,

Chapel Hill - g 1.012
20. University of Maryland,

College Park 1.008
21. Stanford 867
22. University of Delaware 813
23. University of Texas. Austin 808
24. RPI 773
25. Washington University 769
26. Duke 742
27. University of Chicago 731
28. Johns Hopkins 670
29. Lehigh ned
30. Cal.Tech f48
31. Princeton 018
32. Clemson 462
23. Colorado School of Mines* 441 7|

34. Yale 357

35. Louisiana State University®* 344
36. University of Houstcn 340 |
37. UCLA 115 E
38. Rice 93 E
39. University of California, :

San Diego , 0

50,586 33,256
108,442 90,884
85,515 54,527
20,233 13,030
48,752 29,899
40,708 37.691
29,843 16,596
75,191 57,350 °
40,180 21,030
44,339 26,822
85,644 49,936
63,470 39,722
30,982 10,766
79.994 66,790
105,483 60,087
30,759 22,172
27.869 20,300
29,887 25,072
30,933 25,055
¥ 27,343 17,035
81,300 73,592
10,179 5,83,
53,564 33,220
'7.602 5,719
41,090 34,331
31,241 27,138
59,583 45,472
63,293 52.484
6,942 3,692
29,368 25,510
22,971 17,076
. e AB40 .. ...3898 . _ __
2,594 1,816
46.685 43,167
1~,891 10,147
7.415 1 4,872 |
57,535 .54,500
6.391 5,129
89.9")'/ 80,343

Source: NSF, Expenditures for Scientitic Activities =t Universities and Colleges FY 1975-79, Tables B-18, B-17, B 19, B-10. B-16.

°4 year averages
** 3 year averages
***approrximate

= Estimatea
= Imnuted
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tute that will serve its needs. Examples include a sugar
" institute at a southern university, a minerals resource
institute and a hydraulics institute at a midwestern

university. Such institutes are particularly prevalent

in fields related to agriculture, food and nutritional
rescarch, forestry and textiles, all relating to local
“or regional industries.

This kind of regional educational focus is less apt
to occur at the major.private universities. Regional dif-
- ferences in coupling interactions will be discussed in
more detail in Chapter X, Section B.

Both climate and opportunity for industrial |nte|-
action may differ between private and state-supported
universities. Generally, private universities have more
fiexibility in their ability to negotiate contracts, patents,
and royalties. Some states have highly restrictive rules
about industrial interactions. If institutions which are
now engaging in molecular biotechnology are not care-
ful to boffer proprietary research from state-supported
research, they can expect even stricter arrangements.

On the other hand, there are several states that -

have carefully created climates propitious and encourag-
ing to university/industry interactions, providing sup-
port to both partners to make the match, or encourag-
ing the development of industrial research parks on
land adjacent to universities. State-supported agricul-
tural or enginecring extension services are the oldest
state-supported utiversity/industry entities.

In general, intif recently, there was certainly a
greater awaren -ss of the need for industriai support at
private institut.ons for obvious reasons. Company repre-
sentatives ti.emselves said that in the past they were
more like!, to support research at a private institution,
that they ielt they already supported state institutions
throug! - their taxes; they also felt more comfortzble

with the private university's freedom to deal with the
issules of patents, royalties, publications, and proprietary
rights. "

Faculty in public institutions seem to be more

vocal about proprietary rights issues and secrecy

agreements. It was mentioned several times at the
state universities that faculty were very hesitant to
engage in large amounts of industrially supported re-
search because of these concerns. This was rareclymen-

- tioned at the private universities.

The private universities are most actively pursumg
changing their patent policies and exploring ways of
generating money through patent licensing and royai-
ties. Of the 12 patent policy revisions in the last years,
8 were at private universities (Table 28, p. 100). At least
3 private schools were in the process of organizing
new patent offices. This was happening at only one
public school. Private universities are more willing tc.
negofiate patent rights and licensing agreements {tia1
pubilic universities.

Private universities tend to respond more quickly
and directly to industrial needs, but they expect indu:«-
try to pay more. While the public university finds i dii-
ficult to respond as quickly, in general it can do the
research more cheaply.

Some 61 the most successful research universities
iri the country are those which have both large private
endowments and state funding, with the flexibitity fhiat
such a systum allows. Many state institutions have
relied on federal dollars to fund research. As feders)
dollars dry up, such institutions will find tivz.nselves
increasingly turning to industry for support, 211 fires-
sure will be on state governments to creat. i more
permissive almosgiicre. :
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CHAPTER IX

A TYPOLOGY OF RESEARCH INTERACTIONS

In this chapter, we present examples of the entire
array of current university/industry interactions. For
convenience, we have divided the interactions into four
major categories by primary objectives:

e General Research Support
e Cooperative Research

e Knowledge Transfer

* Technology Transfer

For descriptions of these major categories, see
Chapter V. In this chapter, we describe types of inter-
actions within these major categories. Table 21 pre-
sents the variety of interaction we observed in matrix

form, according to major function of support and by

-administrative mechanism, Table 2 (p. 16) lists repre-
sentative examples of the major type - uf intzractions
we observed. In Appendix 111, we list tiie research inter-
actions documented in our field study. This chapter
follows the categories of interactions listed in Table 21.

GENERAL RESEARCH SUPPORT

General research support usually consists
of industrial gifts of money and/or equipment
in support of university research. The major
objective is to provide support to maintain uni-
versity research excellence, rather than to

- strengthen research ties (see Chapter V, p. 15).

A. Institutional Gifts in Support of Research

These are unrestricted gifts to a technical depart-
ment, to a technical unit or university or college (e.g.,
engineering school, agricultural school, environmental
science institute).

1. Monetary Gifts

Monetary gifts from industry are valued highly by
university scientists because they provide the flexible

. seed money for new projects and start-up funds for

: young scientists. They also provide funds for travel to

" conferences, for temporary support of graduate stu-
dents and for bridging research contracts. Severai pro-
fessors said that "grants-in-aid” (e.g., gifts) to the
department are critical in their impact on graduate
programs. Scientists frequently stated that these funds
are worth five times their face value. There are few, if
any, othér sources of such flexible funds.

Despite these statements, there is a growing feel-
ing that unrestricted gifts or grants-in-aid 4o not pro-
mote interactions between the two sectors and, there-
fore, are not an optimum mode of industrial support
of university research. industry’s emphasis on this type
of support in the past may have been due to proprie-
tary concerns. Changes in patent laws and clarification
of anti-trust laws have changed the climate. There is
recognition that other more interactive modes of sup-
port ma_y accomplish similar purposes. There is a
growing- belief in industry that by integrating such
funds into'a more formal research structure, industry
can provide a more reliable source of funds for univer-
sity research: Creating a stable lifk. between industry
and university can allow industry interests related to
research and curricula to be more fully- considered.

Figures prepared by the Digest of Education Sta-
tistics (1979) show that, over the past 60 years, private
gifts and grants have provided a consistent but small
proportlon of the current fund income of U.S. colleges .
and universities, between 3.8% and 6.8%. However,

several scientists interviewed commented_that_ un-______

restricted funds from industry were rare and/or diffi- -
cult to obtain. Most of these gifts, they said, are small
amounts, in the $5,000-10,000 range. The largest
unrestricted gift documented in our study was for
$500,000 to-a computer science department at a pub-
lic university. This is an unusual amount for unrestricted
gifts, especially to a public university. In another case, |
a gift of $2 million was given to a department of engi- \-\
neering. Although a gift, it was designed for a research |
facility. ' i
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Table 21
A Typology of Research Interactions

General Research Support

Cooperative Research Support Knowledge Transfer

Formal Technology Transfer

A. Institutional Giftsin Support  A.
of Research

Institutional Agreements

Contract Research

. Equip. Transfer & Loans

. Grants to a Professor

. Graduate Fellowships
Support

5. Gov't. Funded U/I

Cooperative Research

1.. Monetary Gifts.

2. Eguipment Donation

3. Contributions for
Research Facilities

s WL

B. Endowment/Annuity/Trust B.

Group Arrangements
Funds :

1. Special Purpose Industry
Affiliate Programs
(Focused & Discipline

- Programs)
2. Research Consortia

1. Research Facilities
2. Endowment Chair

C. Institutional Facilities

1. Coop. Research Centers

2. Univ.-Based Institutes
Serving Industrial Needs

3. Jointly Owned or Oper-
ated Facilities &
Equipment

D. Informal Cooperative Inter-
action: Co-Authored
Papers, Equipment Sharing

A. Personal Interactions A. Product Development and

Modificatio
1. Personnel Exchanges ification Programs

2. Mechanisms for Per- 1.
sonal Interactions:
Advisory Boards Semi-
nars, Speakers Pro-
grams, Publication
Exchange )

3: Adjunct Professorships

4. Consulting

Extension Services
2. Innovation Centers

B. Institutional programs B. Univ. and/or Industry Asso-
ciated Institutions & Activi-
ties Serving an Interface

and/or Foundation for U/I

Research Interactions

1. Institutional Consulting
2. General Industry Asso-
ciates Programs

1. U/l Research Coop. &
Technology Brokering &
Licensing Activities

. University Connected
Research Institutes

. Industrial Parks

. Spin-Off Companies &
U/l Research

C. U/I Cooperation & Educ.

n

1. Univ. Serves as Source
of Graduates for Indus-
try: Internships, U/I
Coop. Training Programs

2. U/l Coop. in graduate
curriculum development;
Alumni Initiation of Re-
search Interactions

3. Continuing Education is
Utilized to Initiate
Research Collaboration:
Short Courses, Personal
Contacts

‘. Industry-Funded
Fellowships

How

D. Collective Industrial
‘Interactions

. Trade Associations
. Ind. Educ. Affil. .
. Ind. Sponsored R&D Org.
Ind. Res. Consortia

SN2

2. f._'quipment Donation

Most corporations we visited had equipment dona-
tionn programs and most of the u.uversities we visited
reccivé equipment gifts from industry.

very frequently, equipment gifts are not included
when administrators account for industrial contribu-
tion toiuniversity research. For example, the computer

——_science.department at a southern university received

a $115,000 computing system from a local computer
manufacturer. This gift was not treated as research
moriey; although that was its purpose. 1t is difficult to
deterniine to what extent this type of giving is a souice
of support for university research.

Academic scientists stated that industrial equip-
ment gifts, except under special circumstances were
not extensive. Several cases were cited where com-
paniesi donated equipment but not the money to
mainta"iin it. Many academics stated that company-
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donated equipment was useful for teaching but not for
research. Company representatives themselves al-
luded to the inadequacy of their equipment donation-
programs. This is not always the case.

Extensive industrial gifts for university research
were frequent within one industrial sector, the infor-
mation processing industry. Over 50% of the univer-
sities visited indicated that. they had réceived signifi-
cant gifts of computers or computer related equipment
and systems.

Widespread donation of other types of research
equipment is not evident, and seems to be idiosyn-
cratic. Several scientists emphasized the importance
of the problem. One investigator needed a $500,000
electron microscope for his research in materiais sci-
ence. but did not think that industry was a likely
source for it. He believed that the National Sciencé
Foundation was his only recourse for support for suc
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équipment and expressed concern that foundation
equipment funds -are becoming increasingly difficult
to obtain. University scientists in general were under-

standing of companies not being able to supply equip- -

ment in the $500,000 range, but many said that indus-
try should be able to supply equipment ranging in cost
from $20,000-100,000, but for the most part did not.

The circumstances surrounding equipment gifts

.are often complex.

In onc case, an information processing firm.
after hiring a number of top university graduates,
deccided to repay these universities in frontier re-
scarch equipment. The firm gave each of three pri-
vatc rescarch universities a system of personalized
computers. There were other motivations involved.
The donated cquipment was a tax write-off, as is all
donated equipment. Perhaps more important to the
company was that the next generation of computer
scientists would -be familiar with the firm’s new
cquiptitent and help modify it for future markets.
(Scc this Chapter, pp. 72-73). A difficulty with this
donation was that those universities not receiving
equipment accused the company of having an etitist
attitude.

Companies frequently give equipment to local
universities to upgrade research and training in an

area of direct interest to the company. Several in- -

stances were reported where a major company (espe-
cially in electronics, information sciences, or petro-
chemicals) moved to a new geographical area and
donated several hundred thousand dollars in equip-
ment to a local university to build up the university's
technical capability in fields of interest to the firm.
This was also seen as a way to foster good commu-
nity relations.

A semiconductor firm that moved to the north-
west gave the University of Washington several hun-
dred thousand dollars worth of high technology
equipment. When a.computer firm moved to South
Carolina, they gave Clemson University over a mil-
lion dollars worth of computer equipment on a dis-
counted basis. Likewise. when several high technol-
ogy companies moved to Colorado and Arizona,
they contributed equipment to local universities,
and.when a food processing company moved to a
southern state, they gave the agricultural school
gifts of equipment to help them set up a program in
food processing.

| A few universities have laboratory equment
funds to which industry contributes. .

In the engineering school at one public univer-
sity. a special committee was formed to foster proj-
ects which would be of mutual benefit to the univer-
sity and industry. This committee, the Technology
Improvement Plan Committee includes four indus-
trial representatives. The Committee solicits funds
from industry to support projects in computers and
machine- control. In particular. they solicit equip-
ment gifts, The Committee's efforts have provided
the school with a digital computer laboratory and
several additional computers and machine control
systems. One investigator commented that. although
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the Committee has been quite successful, it required
a crisis situation before industry responded.

Another mode for supplying equipment is the loan

agreement. In this, a company loans equipment to the .- -

university but retains title in order to depreciate the
value of the equipment. At the termination of the
agreement, the equipment reverts to the university.
Under certain conditions, the loan mode is a problem
to the university. The company might take back the
equipment, without which the researcher might not be
able to complete his research.

One example of a sophisticated loan agree-
ment occurred between the University of Washing-
ton and an aerospace firm. The university had a
wind tunnel that was built in the late 1930's. By
1978, it had fallen behind the state of the art. The
aerospace firm was aware that the wind tunn<' could
not meet its needs in the future. Company use was

- about 80% of the total use of this facility. A new
arrangement was structured. Thie aerospace firm
bought $1.5 million worth of software, and then
donated $2.5 million to the university under a loan
agreemient to up-date the wind tunnel facility. The
agreement helped the company provide a state-of-
the-art facility for the faculty at the university. which
then formed a stronger base for student training
and experience. The interaction made it possible to
have courses in which.the students could use the
equipment and. the company’s software programs,
and it was in the company’s interest to have the
university provide course work compatible with the
company's system.

Equipment gifts can form the nucleus, or be criti-
cal to the formulation of university/industry coopera-
tive research programs (see . 73).

3. Industrial Contributions for Research Facllities

Companies occasionally give funds to build research
facilities or buildings. Sometimes this is an outcome
of a university’s general fund-raising effort. UsuaIIy
companies contribute only part of the money neces-
sary to build the facility, and this is typical at both
public and private universities.

During the University of Michigan's sesquicen- .
tennial campaign, it was given money ($5 miilion
each from two car manufacturing companies) to
build a Highway Safety Research Institute.

In another case, the idea of building a com-
bined engineering and business school attracted

Companies contributed more than $2 million toward
building such a facility. .

In the past, several large corporations, rather than
directly interact or cooperate on research with a local
university, gave substantial foundation funds to build
research facilities. Such gifts came about because of
the linkage between local companles and a university’ s
board of irustees.

For example, a medical supply company, sev-
eral years ago, gave $3-5 million for a research build-
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ing at a private midwestern university, and then gave -

$1 million to its Institute of Radiology. More recently.

the samne university and company initiated a $3.8

million, three-year, industry-funded cooperative re-

search program.

Despite the occasional contribution for research
facilities, most said that such funds were not common,
and that since the ‘50s and '60s, most new buildings
were built with government funds. In the last ten years,
government funds have also become less available to
build research facilities. Figures from the Digest of
Educational Statistics, (1979, p. 131), indicate the
changes in industrial contribution to capital funds.
These figures show that between 1920 and 1940, pri-
vate sources form one-to-two-thirds of the capital
funds for colleges and universities. During the 1940’s
and 1950's—a period of rapid expansion—the private

source portion of capital fund receipts dropped to

between 1/6th and 1/7th of the total.

Currently, capital is tight for many American cor-
porations, or so we are told by many company repre-
sentatives. Gift contributions fluctuate with the fluidity
of capital. It is entirely possible for a company foun-
dation to pledge funds for building a university research
facility and then not be able to. meet its pledge if the
company business does not fare well the next year.

One administrator cited another difficully with the
usc of corporate funds to build facilities.

He cited a case where a company built a facility
at a university and then wanted to use the facility in
cooperation with the university for the company’'s
own research purposes. This created a difficult sit-
uation, yet to be resolved. for the university, and
a conflict of interest for many university researchers.

Endowment Funds and Annuity and Trust Funds

This section is concerned with funds given to a
department or technical unit of a college or university
which can be used in on-going general research support.

1. Construction of Research Facilities

Endowment funds donated by industry are only
peripherally related to the subject of university/indus-
try rescarch interaction. However, we did identify a few
instances where an industrial endowment provided

funds to build a rescarch facility which then later attrac-_

—tcd-adtive midustrial participation.
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For example, money originally given by the
family owners of a large chemical company to an
castern state university was used to buy equipment
and stait a catalyst program at this university.

In another case, one-third of the endowment
funds of a private university were used to build their
research facilitics in computer integrated graphics.
Both these programs are now highly successful and
industrially sponsored.

70

2. Industrially Endowed Chairs in a Technical

Unit of a Unlversity

Industrially endowed chairs car: be another source
of support for university research. The scientist who
holds the industrially sponsored -chair or professor-
ship is apt to be sensitive to the needs of that com-

pany. Frequently, he will set up meetings for company

representatives and encourage discussion of their
problems and interests. )

Many universities are actively seeking to increase
the number of industrially-endowed chaii s within their
science and engineering departments. There appears
to be a prevalence of research chairs in the area of
medicine and pharmacology. Several newly endowed
chairs have been set up in chemical engineering
departments. Despite new initiatives, most universities
have few industriallv endowed research chairs (usuaily
less than six). However, a few universities have been
particularly successful in attracting this sort of money.

Harvard has about 259 endowed chairs, (1979/80 -

academic year), 48% of which are for faculty in a tech-
nical area; and MIT has approximately 126 chairs, 55%
of which are in science or engineering. Not all of the
chairs are fully endowed. At MIT, 99 are fully endowed,
20 are career development chairs, which go to support
more junior faculty and 7 are term chairs, which must
be renewcd periodically. It was reported to us that at
1'2most universities, a fully endowed chair costs any-
where from $750.000 to $1 million, while an endowed
professorship, or partially endowed chair, requires
about $100,000 to $300.000. Thus, endowed chairs
can be a significant source of research support.

COOPERATIVE RESEARCH

Cooperative research interactions require
some degree of cooperative technical planning,
at least in the initial negotiation phase. The
major objective of such support is to strengthen
company and university research ties. All the
mechanisms presented in this section are not
necessarily always instruments for university/
industry cooperative research interactions.
There is trit:y a broad spectrum in degrec of
cooperative research (see Chapter V, p. 17). We
“présent hert ii-H52 categories of réséarch sup-
port and interaction that can, for the most part,
provide for .. . . izment of cooperative research
interaction.

A. institutional Agreeirents

Institutional agreements are instruments for for-
malizing university/industry research cooperation.
They are usually developed only after a scientist-to-
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scientist rapport has been developed. It is in the dis-

—cussions-pursuantto. the-development of these agree-
menls that some cooperative technical planning can™

take place. To a large extent, however, matters of a
non-technical nature must also be considered. Most
frequently, these discussions concern atiocation of
resources and disposition of the outcomes of joint
rescarch eftorts. These agreements must take into
account uriversity procedures and policies developed
in the university's office of grants and contracts (sce
Chapter VI, p. 29), and industry's objectives and pro-
prictary concerns. TI'hese agreements form the basis
and foundation for subsequent university/industry
rescarch cooperation,

1. Industry Funded Contract Research: Specific
lo a Research Program or Project

Contracted agreements to an individual investi-
dator denerate strong person-to-person interactions
that favor technical cooperation. They are the basis for
most university/industry technical cooperation. Over
50% of industrially supported research at universities
is by way of contracted research. Such industrial sup-
port in the past has generally been for small amounts
($20,000-50,000) on a project-by-project and year-by-
year basis. It is the specific limited nature of such con-
tracts that makes them easier to negotiate but more
susceptible to cuts. In difficult economic times, these

‘projects nay be the first to be cut off, and they are

particularly dependent on the continued presence of
onc individual within the supporting industrial firm.

1

For example, in several cases, an ongoing under-
standing was developed between an industrial proj-

cct manader and the university's scientists. Then

the industrial manager was promoted or put on a

different industrial project and the contracted uni-

versity project was discontinued.

Contracts with specific economic aims are subject
to discontinuation if it Hecomes apparent that the
potential cconomic viatuce is not sufficient to justify the
project {sce Chapter Vis, p. 42) but projects need not
have such limited aims. '

it is in contract rescarch programs that issues
reflecting the different objectives of the two parties
must be addressed (see Chapter VI and Chapter Vil),
such as those related to real academic and corporate
differences in research objectives, i1t the time frame
for obtaining and reporting results, i1 information dis-
scmination and appropriate means to ensure proprietary
advantage. Thus, in developing coniract agreements,
publication, patents and proprietary rights issues can
be thorny problems, and negotiations over rights fre-
quently delay the signing of the agreements, or some-
times redirect the scientist's wishes. In our discussions
wilh academic and industry scientists and adminis-
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trators, we sensed a real willingness to negotiate such

matters. However, a few academic scientists reported

cases where the university administration made it dif-
ficult for them to finalize their research agrerents
with industry, and in a very few instances, negotuitions
led to the total abortion of the project. Som. of the
present difficulties in negotiating contracts may reflect
the transitional state of many university policies per-
taining to industrial support of research. Many univer-
sities are presently reviewing and changing many of
these policies (e.g. whether or not they will grant a
firm an exclusive license and for what period of time).

Contracts between university and industry are
negotiated for the conduct of a broad spectrum of
research activities from basic to applied to develop-
ment work. However, in the area of applied contract
research and development, uriversities face strong com-
petition from industry, go.ernment laboratories and
non-profit research institutes, and have few compara-
tive advantages in relation to these other performers.

A new development is the negotiation of long-term
partnership contracts containing high level company
commitments to support university basic research in
return for some proprietary advantage (e.g., an exclu-

. sive license, lead time in a new research area). The

large, prestigious research universities in particular
are seeking and receiving this type of support. The pro-
totype for this kind of contract is the Harvard-Monsanto
agreement signed in 1975. Such large, open-ended
research contracts with university scientists, however,
are still rare. About eight such contracts were reviewed
in this study. Six were in the biomedical area, and two
focused on energy production and use. A review of the
literature indicates that there are probably fewer than
ten such contracts presently in existence between uni-
versity and industry research divisions. Examples
include: Mo!-; anto-Harvard; Dupont-Harvard; Hocchst-
Massachusetts General Hospital; Celanese-Yale; Mal-
linckrodt-Washington University; Exxon-MIT; Allied
Corporation-University of California, Davis.

An integral part of these contracts is the equént
contacts made between the university and ind®¥stry sci-
entists and provisions for exchanges of scientific per-
sonnel. The principal investigators of these programs
almost always have a separate consulting agreement
with the sponsoring company. In all cases we reviewed,
the scientist has had previous research interactions
with representatives of the sponsoring company. Sev-
eral company representatives said they would not even
consider such arrangements unless they knew the uni-
versity scientist extremely well. Another prerequisite
to such arrangements seems to be the desire of a
company to extend their research capabilities into new
fields.
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One stated difficulty with such partnership agree-
ments is that the expectations of both parties are
raised unrealistically beyond the normal research out-
comes. This can cause friction within the institution,
and may in fact affect the conduct of the research. .
is the publicity surrounding such agreements, because
of their newness and the substantial amounts of money
involved, that may be more of the cause of the friction
and rising expectations than the open-endedness of
the contracts.

Cooperative research agreements are thought by
many indtstry scientists to be the most capable of
contributing to the industrial innovation process be-
cause these programs provide a superior match to the
long-range time fran.e in which innovations take place.

Such programs require a consistent level and contin-

uity of funding. This requires considerable commit-
ment on the part of university and industry. The new

long-term partnership contracts suggest that at least’

~in certain fields both partners are capable of making

such commitments, Senior university scientists said
that the program continuity and consistent funding
levels provided by these contracts enabled them to
assemble unique multi-disciplinary research teams
and to hire technical personnel not directly related to
their immediate research goals. Some said it provided
them with an opportunity to circumvent departmental
structure. All emphasized the importance of continuity
and commitment to allowing pursuit of research diffi-
cult to “sell” to government agencies, or for which
there otherwise would have been insufficient time.

One assistant professor listed the following
reasons for joining such a partnership program:

(1) He liked the director
{2) He knew of the long-term industrial con-
nection.

He said that the security of the long-term com-
mitment was his “bottom line” for coming to the
university. He felt that the long-term commitment
allowed him to be more productive in research since
he did not have to spend his first year at the univer-
sity writing grants. e aiso stressed that his partici-
pation in the program provided him with access to
otherwise unavailable resources.

2. Industry Fun-ed Equipment Transfers and l.oans __

and/or Construction of Research Facilities

Transfers and loans of equipment are made to
universities as part of the ongoing process of develop-
ment and modification of a firm’'s equipment. Scien-
tists-from industry and university cooperate in the
development of this equipment and agreements are
mad" hout the outcomes.

“.wuv,uently, but not always, this research is of an
extremely applied nature.

A great number of these types of interactions
occur within redical schools.
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As onée example, the Radiology Departinent of a
private school had an agreement with a computer -
hardware company. A professor at the university,
using the company’'s hardware, deveioped a man-
agement control process for radiological imaging
reports. The university is now developing the soft-
ware for this investigator's process, and the com-
pany is building the equipment to implement it.
When the equipment is fully developed for market,
the university expects to receive money in return,
$500 per terminal for every one sold in the United
States.

The Radiology Department in the above example -
has extensive interactions with companies. They bar-
gain for equipment. For example, they identify a need
or research interest, set down technical specifications:
and negotiate with a company for an equipment grant.
In return, they help the company develop their equip-

ment j ;

In one case, a drug company gave this same
radiology department a scanner. The negotiations
for this interaction took one year. University scien-
tists talked with scientists at several companies
interested in developing scanners. The university
researchers wanted to find out which companies
were on the cutting edge in development. The uni-
versity investigators narrowed it down to four com-
panies and said to each: We will work with you in
developing your equipment if you will donate the
equipment to us. One company came forward. The
formal agreement took two months for company
and university lawyers to negotiate.

A close relationship continued betWeen the
partners for several years, as they developed the
scanners. The company benzfitted from the depart- _—
ment's use and developme:t of their equipment.
The hospital associateda with Hic usiversity was able

_to purchase equipment ai a lower cost than other-
wise because of this inieraction. But no dollars
changed hands in support of the program.

Despite these fruitful interactions, the Director of
the radiology program said he has not been very suc-
cessful in generating money from the companies to
fund activities, aside from equipment development.

In some instances, such as those cited below,
enuipment is given for general research, but the nature
of the equipment leads to particular areas of coop-
erative research and almost necessitates interaction.

The School of Agriculture at a southern public
- university has received several machines on loan. In
one case, researchers at this school were interested
in computer-baseu automatic control systems for
combines. The American Presidents Association
gave them money to conduct the study, and two
equipment manufacturers loaned them the $50,000
combine. In another instance, a company in-Nebraska
loaned the department irrigation equipment for three
years. The company then sold the used equipment
to farmers and replaced the system.at the university.
In another case, the department worked with a ccm-
pany to develop a tobacco harvester. At another
state school, a researcher was given a wet processor
vat to allow him to devclop chromotographic wet
processing procedures for textiles.
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In most cases, when the agricultural school, or the
textile school, does the modification, design and devel-
opment of a picce of equipment, it has the option of
patent ownership. But it industry bears ihe full cost for
the project, schools generally concede full proprietary
rights. At icast one southern school has conceded
such rights thouqh it is a state university. Most schools
are very careful about such proprietary arrangements
some difficuities may arise if a company wishes uni-
versity scientists to help <levelop research equlpment
for which a company patent is pending (see Chapter
VI, pp. 57-58).

Equipment transfers and support towards build-
ing rescarch facilities can be an integral part of a com-
pany’s efforts towards helping to develop a new coop-
crative research program.

Three CAD/CAM cooperative research programs
at an castern, a midwestern and a western state uni-
versity were recently developed largely through
cquipment donations. A petroleum laboratory is
being built at a private midwestern schooi through
cquipment donations from a petrochemical com-
pany. An objective of the program developers is ro-
opcerative research.

Ll

Scveral nases (8) were documented where indus-

try, as part of a cooperative research effort, helped a

university build facilities in specific research areas,

¢.g., energy and biotechnology, in order to provide a

foundation for the program.

For examiple, a pharmaceutical firm is providing
a private castern university with several million dol-
lars to build an institute of preclinical ptfarmacol- -
ogy. An cmployec of the company will be the Insti-
tute’s director. The Hoechst Chemical Company of
Weslern Germariy, as part of its agreement with Mas.
sachusclls General Hospital provided funds to build
a molccular biology laboratory.

3. Industry Funded Research: Grants
to a Professor

Grants are most frequently used to support ex-
ploratory research, or research which advances the
frontier of a particular technical discipline. This often
results from an unsolicited proposal by a professor
basecd on an original concept. The opportunity for co-
operative interaction arises if the mechanism of select-
ing the proposed research for funding provides for the
establishment of scientific contacts which lead to
future scientific interaction. For example, these con-
tacts may lcad to discussions and actions between

university and industry scientists concerning how the -

basic scicnce is related to problems of technology
relevant to.company.interests. The company’s technol-
ogy probiems subsequently may sudgest new avenues

-of basic research.

In the past. industry has not, to any large extent.
funded unsolicited proposals submitted by individuals
with whom they had no previous technical interaction.

B
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- Thirty-two of the companies visited said they -almost

never funded such unsolicited research preposals, al-
though they frequently received up to 100 per week.
This is not to suggest that industry does not support
university basic researcih programs. As noted previously,
industry, through unrestricted gifts (see Chapter 1X,
p. 67, supports research of a deneral nature with few

" strings attached. Such funds are continually used by

university scientists as seed money to explore new
research areas. Wk2n coupled with personal scientist
to scientist friendships cooperative basic research
activities can develop. We also heard of at least three
cases where a significant grant (e.g., $1 million over
three years) was awarded to university scientists and
the descaription of proposed research was no more
than a paragraph. -
Despite the above, some university scnentlsts pei-
ceive that government grants are less encumbered
than industrial furding. According to some scientists

. (particularly biotogists and hasic medical scientists

whaose funding largely comes from government grant-
ing agencies, ¢.g. NSF and NIH), government grants
are given to pursue‘research in a general area, rather
than on a specific topic as in industrially supported
research. A problem from the industrial point of view
ic. that without some mechanism for yeviewing basic
research proposals internally, it loses an opportunity
to select basic research projects in areas underpin-
ning their own interests. indeed, in the past, industry
has, for the most part, foregone this opportunity for
cooperative research interaction with university basic
research programs by supporting university basic
research programs through unrestricted gifts. A diffi-
culty for industry support of university basic research
is how to maintain or establish a cooperative interac-

tion in broadly based basic scientific research without

confining the research while ensuring maintenance of
high quality research of interest to the firm.

The quality of governrnent grant supported re-
search is thought to be controlled by peer review. This
was a frequent subject of discussion regarding indus-
trially funded research which, as noted zbove, usuatlly
makes no provision for peer review. Many researchers
in university and industry expressed some dissatisfac-

tion with the present system of peer review. it is the- ----

perception of several of these individuals that the peer
review system becomes conservative as funds for re-
search become more restricted. When there are lim-
ited funds for résearch, there may be a hesitancy to
fund exploratory research of an unusual or non-tradi-
tional nature. Furthermore, the established scientists
v > do the reviewing tend to reinforce their own expe-
riences and this can be a deterrent to fundamentally
new or innovative areas of research. One scientist ex-
pressed the view that, in earlier years, &n exploratory
grant of $100,000 to a university would, in ten years,
lead to something useful, but thought such funds were
no lorger available. “Funds for seeding speculative
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ventures in the university have dried up and have not
been replaced,” he said. Whether factual or not, this
perception was expressed on several occasions during
this study. In the course of exploring new ways of sup-
porting university/industry cooperative research efforts in
basic science, several firms have designed programs
to help redress these perceived deficiencies.

During 1980, two companies, the Dow Chemical
Company and the Procter & Gamble Company, an-
nounced trial grant programs. The objective of both
programs is to support exploratory basic research
related to areas of interest to industry. Each company
instituted an interr:al mechanism for proposal review.
In recognitic Z-owing dissatisfaction of some
scientists wi inent peer review, each company
tricd to devii -« 115 {0 address some of the criti-
cisms of prese. yovernment systems of peer review.
Both companies desired to increase their cooperative
rescarch interactions with universities.

The Procter & Gamble program began in the fall
of 1980. The company Vice President for -Research
wanted to strengthen the company’s research ties -
with the academic science community and have
them become familiar with the technical base of the
company. Company representatives from the cor-
porate research and development laboratory visited
ten universitics gave presentations, and said: "This
is the type of research we are interested in. Do you
wish to submit a research proposal to us?” Faculty
thought this approach unusual, because few com-
panies let them know their research interests, and’
most had never participated in a company research
presentation.

The company sought proposals that would
broaden the horizon of research, i.e., exploratory
rescarch proposals. They wanted to fund programs
with great uncertainty for success, but high potential
rewards if successful. They were looking for pro-
posals difficult to defend based on the present sys-
tem of peer reviews. However, this approach was
viewed as an alternative to peer review programs,
not as a replacement. They hoped to select the best
proposals through advocacy.

All the investigators in this program can pub-
lish. ‘However, the university scientists must allow
the company one or two months to review their pub-

" lications for potential patents. But the company

does not really expect that a pateint or a product will
develop out of this program. On the other hand,
the company does expect to extend the scientific -
interests and management of science within the
company to new _areas and/or opportunities. It is
also the company's objective to strengthen their
recruiting program as well as their cooperative
research interactions with university scientists.
~The Dow Chemical Company sponsored its
grant program as a result of the discussions held at
the first Council for Chemical Rescarch Conference
in 1979 (See pp. 81-82). After this meeting, the
company sct up a foundation with $5 million. The
intent was to usec these funds or the interest gen-
erated cach year i support of basic research.

The mechanisn: the company developed for
reviewing proposals was based on that of the Petrol-
eum Research Fund and other foundations, such as
Research Corporation, the Welch Fund, and NSF.
Despite the fact that they were following these other
procedures, they made an effort to aiter them in
order to speed ug: the overall process of proposal
submission and granting. They had the principal .
investigator send a preliminary proposal outline.
Company scientists evaluated it in terms of its basic
scientifl = quality and as to its worth as a potential
project. After this screening, they submitted it to
subsequent peer review and promised to answer
within three mwnths. Scientists at the company were
told not to view the proposals in terms of an oppor-
tunity for the company and to treat the proposals
with all confidentiality. Lawyers were not involved.

Before the program was a ycar old, the com-
pany was inundated with proposals and could not

. accept any more. To some extent, the company

decided that this was an inefficicnt way for a com-

pany to fund universities, but was still firmly com-

mitted to developing cooperative basic research

interactions with universities, and did iiot want to

do away with their commitient to basic science .
because they were dissatisfied with the grant pro-

gram. Now, they are looking at cther ways to support

basic research at: colleges and universities.

~J

3

The company received 88 proposals from 117

universities. They convened a Selection Committee
of company senior R&D managers to review the pro-
posals. After an initial review, advocacy developed
for about 14 proposals. The internal advisory board
reduced the number of successful proposals to
seven. The winners appeared to be those with an
encergetic champion. Edch of the 7 professors was
invited to dive a seminar. The professors came, were
exposed to the laboratory. facilities and staff, and
made friends in the process. The company sponsor
believed that if company and university scientists
interacted, the research programs would be en-
hanced and the foundations for a cooperative inter-
action would be.established. The company selected
three to be funded by the new grants prog.am. The
awards were for $40,000 each. != addition, another
two of the seven were funded by a separate division

that had a particular and immediate interest in~

these prograrns.

Although both these programs have bcen well
received within the academic and industrial communi--
ties, it is recognized that they are only small programs,
and most companies do not have the re sources at their
disposal for such programs. Even if several other com-
panics develop programs to fund basic science aimed
at developing cooperative interaction. industry could
not, with'this level of support. replace or fulfill the his-
torical role of government agencies in maintaining the
current U.S. base in basic scicnces. Furthermore,
mechanisms for proposal review arc time-consuming,.
Most company representativeés stated that industry
does no* have vast sums of moncy for funding basic
science at universitics, yet they believed that most
basic rescarch activities should be conducte at unj-

——versilics and wanted to tie their own R&D programs

into university basic rescarch programs.

§3



E

\

Q

4, Industry Funded Research: Graduate
Fellowship Support

Industrial support of graduate research can be a
mechanism for strengthing cooperative research ties.
in the past, Gereral Electric and Westinghouse had
Early Talent Search Early Awareness grants. These
were primarily grants for graduate and post-doctoral
rescarch and did not emphasize cooperative research
programs, but were often the besis for future coopera-
tive intcractions. With a large amount of money avail-
able in federal fellowship support, these funds became
diluted. In general, though, many suggested that these
were good models for industrial support of research.
Many said they would like to see this type of indus-
trial support increase. v

The followi:1 are examples of how graduate fel-
lowship support can be an integral part of a university/
industry cooperative . search interaction:

A professor in a che:iv'zal engineering depart-
ment had a consulting arrangement with a com-
pany. This company also supported onc of his grad-
vate students and funded his research through a
grant. In a.qeology department, two or three grad-
uate students were supported by oil companies. A
portion of the money. a gift, went to the research
assistants’ salaries, and the rest of the money in the
budget was itemized for supplies and travel. This
type of graduate support is not formal, it is not
exactly a grant, and it is understood that the grad-
uate student will be working on a specific arca of
rescarch relevant to company interests.

Thus graduate fellowship support can be an integral
part of a more extensive cooperative university/indus-
try program as noted above (se* also Chapter V, pp.
17-18). It is also a mech. nism used by companies
when they have limited funds to spend-on university
rescarch and wish to join their support to company
programs. Some companies find that it is a way to get
the greatest vatue for their limited research and devel-
opriient lunds.

For example, scveral companics offered to pay
the difference of a salary of a graduate assistant and
-the pay the student would get if he.were working for
the company. One company is giving a $4,000.P5.D.
fellowship supplement, and intends to give ten such
feilowship supplements. In each of these cases,
the student will spend time working on company
rescarch programs.

In another case, a textile ccinpany will fund a
graduate student in chemical engineering. The stu-
dent will work at the company research laboratory in
the summeer, and in the fall he will attend classes
and be paid $1,000 a month by the company. The
_company will have some input into the thesis topic
of the student. An alumnus of the unive:sity who is
working for the company sponsoring the fellowship,
was instrumental in initiating this program. He was
interested in relating his research program to that
going on at the university. This sort of research sup-

Lt
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port at universities seems to.be on the increase. But
it is not dependable, and requires extra efforts on
the part of the university principal investigator.

There are several new general fellowship programs
being started by companies which are not tied to a
principal investigator. These will be discussed in a sub-
sequent section of this report (p. 95).

5. Government Funded liniversity/Industry
Cooperative Research: Grants and Contracts

Government funding for cooperative university/
industry research is provided by many government
agencies, including the Department of Defense (DOD),
the Department of Commerce (DOC), the National Sci-
ence Foundation (NSF), the Department of Energy
(DOE), and others. The government-funded coopera-
tive research model has existed for some time, for
example, the government-sponsored agricuitural ex-
tension program (Rogers, 1976). During the early
1960's, the Departmeni of Commerce, through its
Civilian Industrial Technolegy Program, sponsored
programs aimed at the textile industry. In recent years,
there has been an increased effort in all government
agencies towards finding ways of using government
funds to facilitate university/industry cooperative re-
search programs.

In the traditional university/industry coupling

mode, the government, in tie role of matchmaker, - -

brings the two parties together and provides the funds
so that one institution becomes the prime contractor
and the other the subcontractor. This practice is wide-
spread, and DOD and the National Aeronautics and

* Space Administration (NASA) have used it to a consid-

erable extent. Frequent!;, these programs are tied in
with government procurement. -

For example, in the aerospace industry. where
the government is frequently the main customer, a
typical mode of university/industry research coop-
eration involves the industry partner as the prime
contractor and the university as a subcontractor
(see Chapter VIII, p. 51). A case in point is a com-
pany under contraut to the federal government-to
design & new generation of helicopters, subcontract-
ng the research to a university to develop dynami-
cally scaled models for flight simulation.

Sometimes the government brings universities
and industry together to condurt research as part of a
national effort in a particular area.

-

For example, in the past, the Departiment of
Energy has been interested in cost shared technol-
ogy demonstration programs and accompanying -
programs to help achieve the adoption of energy
conservation techniques. Accordingly. the key con-
tractors in this work are usually industrial firms.
However, in some cases, university research groups
offer appropriate technical capabilities for perform-
ing portions of the work either by themselves or in
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collaboration with an industrial partner. In one ten-
year program invoiving the-development of a solar
tower, the university was initially the prime contrac-
tor and industry the subcontractor. This reversed as
the research neared the ‘development stage.

As another example, three university groups
have DOE contracts to operate energy analysis and
diagnostic centers, which provide direct assistance
to smalt and medium size industrial plants. This is
seen as part of the national effort to encourage
energy cfficiency.

Government interest in an area critical to the
development of defense-related projects can brlng the
two partners together.

For example, switching mechanisms are impor-
tant to many DOD projects. A scientist from Tracor,
an clectronics firm, gave a talk at a conference
attended by an official of the Office of Naval Research
In his tatk.the Tracpr scientist discussed the work of
a University of Texas professor on sequence estima-
tion. The ONR ()ﬂlc_cr was intcrested and suggested
that ONKR would like to support research in the area
described. The Tracor scientist got together with the
universily scientist who had, given a course at the
company in estimation theory. They agreed to develop
a joint program in which the university scientist would
suggest approaches and employ graduate students
in the research, while the company scientists would
evaluate the approaches using classified data. The
professor had access to the company research  °
through a consulting arrangement. ONR has sepa-
rate contracts with the university and with the com-
pany. The joint research effort permits Tracor to
guide the university thinking and it permits the pro-
fessor to train students. Tracor hires most of its
ciployees from the University of Texas at Austin.

Recently, groups like NSF and DOC have been
attempting to identify through experimentation in a
varicty of modes the conditions which promote suc-
cessful cooperative endeavor. Much of this experimen-
tation has involved the cstabllshment of cooperative
rescarch centers.

Onc program, the NSF Industry/University Coop-
crative Research grant program (1UCR) was particularly
well received by most of the investigators with whom
we talked.

The objectives of the IUCR Prograin are:

(1) to strengthen the fundamental 10+, carch in
science and engineering in or.:r to en-
hance future industrial techno'::gical op-
portunities, and

(2) to improve the linkage between -
andt industrial firms.

.iversities

Cooperative industry/university reséarch pro-
posals are prepared jointly by acade mic and indus-
trial rescarchers and submitted jointly by their
respective institutions. Thus this encourag:s work

- which is jointly defined and conducte:t. Criteria for
project funding from this program arc:

(1) strong and active rcscarch collaboration
between university and indust..al research--
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ers in the performance of the proposed
project;

{(2) significant cost-sharing by the industrial
participant for the industrial participation
in the proposed research as cvidence of the
industrial relevance of the research;

(3) quality of proposed rescarch.

The administration of the program requires the
1UC resecarch proposal to be peer reviewed in com-
pctition with other proposals (cooperative and non-
cooperative) in the same area of research. These
peer review procedures are the same ones that
apply to any research proposals received by NSF.

Funds provided by NSF through the program
are not intended to substitute for funds the firm
would normally commit for research but, rather. to
provide for new and expanded cooperative research
programs with universities. NSF normally pays for
the costs of university research in the cooperative
projects. In about one-half the projects, industry
pays for their own participation, and in about one-

“half, NSF provides some funds to industry. It is cur-
rent policy that NSF will pay only up to 50% of the
industrial participant’s costs (except for small busi-
nesses, up to 90% of their costs). The rationale of
requiring industry to pay a“significant portion of
their research costs in cooperative projects is that it
ensures that the proposed research is industrially
relevant to the firm’s management.

NSF is flexible in its contracting arrangements for
this program. Of the NSF university/industry programs

~reviewed in this study, three different modes of con-

tracting were identified. In one instance, NSF funded
the company and the company subcontracted to the
university. In other cases, this was reversed—NSF
funded the university, and the university subcontracted
to industry. In other examples, NSF contracted separa-
tely with the company and with the university. investi-
gators seemed to prefer a program where both the
industry and the university had separate contracts with
NSF. ' » .
The NSF industry/university cooperative research
(IUCR) activity has grown from a program of eight
awards totalling $1.4 million in 1978 to a program of
79 awards totalling approximately $7-8 million in
1980. The initial response to the program was slow.
(Interviews confirmed the one or two-year lead time
needed to negotiate university/industry cooperative

. agreements.) But all those interviewed in our study

who participated in the IUCR program were enthusias-
tic about it. One investigator stated that without his
university/industry coupling grant. which gave him
access to industrial resources and data, he would have
been set back a year in his research.

By the end of its first four years, the program had
awarded 231 competitive research grants totalling
nearly $30 million. Grants have been provided to 79
universities to carry out cooperative research projects
with industrial researchers in 88 companies, including
many of the leading sponsors of industrial R&D in the
United States. :
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Table 22 provides a summary of industrial involve-
ment in the [UCR program, based on total population
of grants awarded through Fiscal Year 1981. Four of
the top ten industrial R&D companies, based on the
July 1981 Business Week survey, are included among
the top ten IUCR-performing companies (Table 15).
Several large companies (e.g., IBM, Bell Labs, Hughes
Aircraft, Westinghouse, and du Pont) have been actively
engaged in the IUCR program, with multiple projects
funded and total shares of the IUCR program exceed-
ing their company percentage shares of U.S. Industrial
R&D as reported in the Business Week statistics. The
lcading 100 R&D companies together account for
about 58% of the total value of I1UCR awards with the
balance of the awards going to firms that spend less
than $50 million/year on R&D. Two of the top ten
IUCR-performing companies (Hercules Chemical and
Martin-Marietta Corporation) are not included among
the top 100 industrial R&D firms. Thirteen companies

in the awards lists are formally identified as “small -

businesses”
less than 500 ecmployees). These small companies
account for about 7% of the total value of awards
aranted in the IUCR program.

Tablc 23 provides a comparable data summary
for assessing the involvement of the major “research
universities” in the ITUCR program. The pattern of uni-

using the NSF award definition (having -

versity involvement presents an interesting picture, in
which the leading research universities (as measured
by total value of R&D performed in FY 1979 from all
funding sources), are well represented, but by no
means dominate the distribution of TUC awards. The
leading 1UCR universities are, for the most part, uni-
versities with national reputatlons—but the ten lead-
ing IUCR-performing universities include. only Stanford
in common with the list of top ten research universities
in the United States. The latter group, however, is well-
represented on the list of IUCR awards—all but two of
the top 20 research universities have received at least
one IUCR award, as have 37 of the top 50. Taken
together, the top 100 research universities account for
84% of the value of total IUCR awards.

Indicative of the way many of these programs
started, one investigator described tae origin of his
NSF university/industry coupling grant in the following
manrer:

~ The professor was interested in potential uses
of gallium arsenide in chip formation. He attempted
to develop interaction with a microprocessor com-
pany, but found it difficult. He discussed his work
with conipany representative$ and scientists, but
discovered it was hopeless to initiate an inl.raction
until he developed 1 friendship with an industrial
scientist who was interested in what he we - doing
and was will'ng to put time in on the project on hus

Table 27
Distribution of IUCR** Program Into Business Week Industry Groupings

Average Industry

IUCR Program [FY 78-81)

Shares of Value R&D as a %
Firms Projects $ Awards® of IUCR Awards* of Sales
Industry (No.) (No.) (000's) (1.78-81) (1977-80)
Aerospace ........c..eiiiiiiii.. 4 13 4,326 14.5% 4.0%
Automotive (cars & trucks] ....... 3 5 722 2.4 3.2
Chemicals ...................... 9 22 4,397 14.8 2.4
Conglomerates  ...........:..... 4 8 1,423 4.8 1.7
Drugs ......oiiiiinini 3 5 665 2.2 4.8
Electrical ...........viiiii.. 3 11 2,664 8.9 2.6
Electronics ..., 3 3 +392 1.3 2.8
Fuel. ... 6 14 1,920 6.4 0.4
Computers ..., 5 22 3,161 10.6 6.1
Instruments  ......... ..o 3 3 371 1.2 4.2
LeisureTime .................... 1 1 32 0.1 4.2
Machinery {(Farm Construction) 1 1 77 0.3 2.8
Machinery {Machine Tools, etc.| 1 1 48 0.2 1.6
Metals & Mining .....o.. ... 2 2 175 0.6 0.8
Miscellaneous Manufacturing —_— —_—— — —_— 1.9
Paper ........ .. 1 2 253 0.8 0.9
Personal & Home Care Products 2 2 128 0.4 1.7
Semiconductors ... 1 1 246 0.8 5.8
Steel ... 3 5 759 2.5 0.6
Telecommunications ............ 2 9 1,063 3.6 1.5
Tires& Rubber .................. 1 1 167 0.6 1.7
Total Above ................ 58 22,999 771
Not Distributed .................. 31 6,840 22.9 —_——
GrandTotals ............... 89 165 29,771 100.0
‘Includes matching funds provided by other NSF Divisions.
*~NSF. Industry/University Cooperative Research Projects F-

ram.
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Table 23

Summary of University involvement in IUCR Program

IUCR Program (FY 78-81) Percentage Shares of Rank**
Projects (No.) $ Awards” (000's) IUCR Awards (1978-81} (InTop 100)
fen Leading IUC Performers.’
Stanford ................. 10 2.832 9.6 6
UCLA ...l 3 1,585 5.4 14
Delaware ................ 2 1,410 4.8 100
Purdue .................. 7 1,076 3.6 . 28
Rochester ................ 3 1,024 35 - 23
Florida................... 4 1,016 3.4 32
USC ... i 4 955 3.2 24
Cal.Tech ................ 2 848 2.9 41
Pittsburgh ................ 4 840 2.8 59
Carnegie-Mellon .......... 5 803 27 69

Concentraiion of Funding:
Leading |UC Universities

Top10 .. ... .0 i, 44
Top20 .............il 78
TopS0 ...t 131
Top 79 (all performers) .... 165
Leading R&D Universities
Top10 ........ e 40
Top20 ..o 60
TopS0 ... 102
Top100........ ..ot 139

12,389 41.9
18,336 62.1
26,641 90.3
29,771 100.0

6,798 : 24.2
10,768 36.4
18,971 61.8
25,853 84.2

‘Includes matching funds provided by other NSF Divisions.

°* Universities ranked by total value of all R&D performed in FY 1979 (based on NSF data).

own. It was difficult for them to develop this inter-
action formally. Such interaction was not encour-
aged by the top level company managers. According
to the professor, the way the system worked at the
company made it hard. Time and money had to bhe
Jjustified and there was a feeling in the top manage-
ment that there was no benefit to working with
somecone who would publish everything.

. However, the professor continued his interac-
tion with the scientist at'the company. Finally. the
company provided him with a small level of support,
$20,000 for two ycars. He had access to the com-
pany’'s instrument labs, and the money he received
was flexible. The professor was impressed with the
company rescarch efforts. He then proposed that
they submit a joint proposal to the NSF industry/
university coupling (IUCR) program. Their proposal
was funded. The government program is based on a
three-year interaction between the company and the
university. There arc provisions for exchange of per-
sonnel, support of three graduate students and a
post-doctoral scientist. Six researchers at the com-
pany will be involved. The professor felt that this
program was very cost-cffective for the company.
and that the NSF funding was having a very signifi-
cant effect on his interaction with the company. He
belicves that the NSF program attracted interest
within the company to his research. An important
aspect of the university/industry coupling prograin,
according to this professor, was that it gave them a
chance to address at a basic level something that is
important for the national need as well as the com-
pany's nced. Impurities in chips are a limiting
probicm for device applications. The university will
provide the company with samples that they can
test for these impurities.

The difficulty of the individual university scientists
securing access to key indusliial research managers
who can support a project, as alluded to in this anec-
dote, was frequently mentioned as a problem in initi-
ating university/industry research progrars. and was
mentioned particularly by those acadcimic =.:icalists
interested in initiating government funded ~.coperativ:
rescarch efforts.

In conjunction with *#u increascd interest of gov-
ernment in university/industry programs, extensive
debate has occurred ovzr e issue of ti.z necessity for
a government funded cov.perative research effort. One
approach is that such support is not needed becz:isc.
if industry and universitizs really developed mutual
interests, they would get together independently. Anal-
ysis of the origins of several of these cooperative gov-
ernment funded programs indicated that this is not
necessarily so. ‘

In the previous example, the difficulty of company
and university scientists eliciting formal company
encouragement for cooperative research in a program
not perceived to be of immediate interest to the com-
pany was alluded to. In several other cases, both com-
pany and university rescarchers stated that if the TUCR
program didn’t exist, then the company would not
have funded university research in that area.

In one case, researchers stated that they went to
the government because the company “couldn’t pro-
tect its own interests” and to do the research justice
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they needed additional funding and more general sup-
port.

In support ot qovertinent-sponsored university/
industry coupling programs many scientists from both
industry and university suggested that such programs
allow industry an opportunity to investigate theoretical
aspects ol their commercial interests. It was suggested.
by company representatives that participation in these
prodrains boosted the morale of scientists in industry
and they welconed the chance for joint authorship in
scientific publications. In inany government spon-
sored university/industry cooperative research pro-

Cams. including the NSF IUCR Prograin, the govern-
cent requires cost sharing. A few of the company
s esentatives interviewed said that these cost -shar-

cutirements were a significant varrier to their
i clicsy in such progdrams.

The =uechure and criteria of government spon-
sored counlimg programs affect the participants, subj-
et neiter and commitment of both partics.

Privete universities have been more active partici-

panis in the NS HUCR program than public universities.

Of the asbversitics visited by the researci: tearn, the
private universitics had 15 of the NSF university coup-
ling grants a' 9 universities in 1979, and had 26 cf the
grants at 13 universitics in 1980. The public universi-
tics had 10 NSI IUCR grants at 7 schaols in 1979, and
12 at 6 different schools in 1980.
2asic science rescarch aligned to commercia.

intcrests in fields otherwise minimally supported by
industry may be fostered bw the NSF IL'CR program. In
the first year of the NSF IUCR program, all but one or
two grants could be charzcterized as basic engineer-
ing rescarch. This was true. for the second year as well.
In 1680, aimost 50% 19 cut of 38 programs) of the
counling programs at ‘he schools the research team
visited could be chara “terized as basic science re-
scarch as apposed to ba - .c engineering research. The
information gathered in thi~ <turly indicates that very
little industrial support (appr. “.tmately 30% or less of
the tctal industriatlly supported university research)
gocs to sciecnce programs in physics, math and bio-
logy. And about 60% of industrial support of university
res.-achis inengineering. (See ChapterV, pp. 20-21.)
Thus, the . atively high leve! of cooperative research
in these areas of basic scirnce within the industry/
tniversity counling program cnuld be an inriication
that the caiitei.a of the NSF IUCR progran: serve as
incentives for industry to couple its needs to new areas
of basir universitv science. . _

~ I: "he Cffice of Naval Research Programs, where
the coupling procedures and criteria are different, and
funding is primarily through subcontracts, most of the
programs were in engineering. Eighteen of the 39
schools visited by the research team participated in 30
of the 41 university/industry programs in which ONR
participales. Fifteen programs were at 7 of the private

" schools visited, and 15 programs were &t 11 of the
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public schools visited. About 61% of the programs
w-.re in engineering. (Table 24.)

B. Group or Consortial Arrangements Fostering
Cooperative University/Industry Reseaich

Research funding for a university prograr by an
association of-companies is apparently of “rowing
interest to industry as well as universities. Such inter-
actions can include support through focused indus-
trial liaison programs, multi-company support of a
research center or laboratory, coliective industry suo-
port of research, and-an association of a group of com-
panies and universities in order to conduct research.
The growth of these types of interactions may he re-
lated to the increasing complexity and cost of scien-
tific rescarch, as well as to the recent clarification
of U.S. anti-trust laws regarding basic reseuich. (See
Cnapter V.)

1. Special Purpose Industrial Affiliate Programs
(Focused Industrial Liaison Programs.)

Focused industrial affiliate programs must bc
distinguished from institutional or general purpose,
industrial associates programs (see Chapter IX, p. 92)
tc the-extent that these programs involve a degrce of
technicai focus or cooperation by the partners in-
volved. To scme degree, this is difficult to determine
because there is a spectrum of focus. in industrial
associates programs and a spectrum of degree of
interaction. Examples of fo.used industrial liaison pro-
grams include: The Electromagnetics Propagation and
Communications Affiliates at the University of illinois;
The Metal Cutting Industrial Affiliates Program at
the University of Michigan; The Wisconsin Electric
Machines and Power Electronics Consortium (WEMPEC)
at the University of Wisconsin; The Industrial Systems
Control Program at Case Western Reserve; The Emul-
sion Polymer Liaison Program at Lehigh University;
The Optics Industrial Associates Program at the Uni-
versity of Rochester; The Geosignal Processing Indus-
trial Affiliates Program at the University of Southern
California. .

As a liaison program bec¢omes more focused and
structured around a research program, there is more
interaction between parties, and at some point they
can be better characterized as mini-research con-
sortia. Sometimes these programs naturally evolve
into research consortia. This was the case with sev-
eral industrial associates programs in the pclymer
field, and in the fields of electrical engineering and
computer science. . '

From the point of view of the university, a focused
industrial affiliates program is @ means to create stable '
industrial support of university research. From the in-
dustrial point of view, it is a chance to gain a window
on technology. have ready access to students, and play
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Tabie 24 .
Distribution of Seiected Government Funded U/l Cooperative Research Programs

!

Current ONR**

NSF [UCR* Program (FY 78-81) U/l Cooperative

Programs***
Directorate/Program —
Average Value
Grants (No.) (8000's) % of Total IUC Grants [No.!
Astronomical, Atmospheric, Earth and Ocegan Sciences . .. 5 111 1.8 2 /
Astronomical SCIiences ............ ittt 2 38 0.2 0 /’
AtMOSPNeriCSCIBNCES ... i it e 2 214 14 0
EarthSciences....... ... ... i 1 50 0.2 2
Biological, Behavioral & Social Sciences ... .............. 10 142 2.8
Environmental Qiology . ... L 2 189 0.6 1
Physio:ngy. Cellu’ar & Molecular Biology — ............ 8 133 2.2 3
ENGINGOIING ..\ v\t e e 119 174 54.9 / 25
Civil & Mechanical Engineering .. ..................... 20 187 10.1 / 4
Chemical & Frocess Engineering ......... e 62 168 ' 27.2 3
Electrical. Computer & Systems Engineering ........... 35 163 15.4 / 13
[0 13 V- N P 2 333 2.2 5
Mathematical & Physical Sciences ............. . . ...... 97 - 124 9
CREMISIY . .ot veee e e oot 24 123 1
Materials Research ..............coiiiieiuieire... 49 95 2
Mathematical & Computer Scierice ... ..ovvininnnan.. 12 144 4
PhySICS . i e 12 227 P 2
TOTALABOVE ... oiiiiiiiiiiiiiiieannas 231 129 / 100.0 41

*Scurce: National Science Foundation Industry/University Cooperative Research Program

** Source: Office ¢! Naval Research
*** Approximate time frame 3-4 years

a vole in suggesting basic researc’y efforts which will
underpin their own company rescarch program.

The forerunner of the focused industrial asso-
ciates program, or speci! interest industrial affili-
ates progranis, is the liaison program of Stanford
University. This program is over 30 years old. Here,
membership has always been at the departmental
level. At tine university, there are over 19 affiliate
programs. Each program is managed by faculty
members working in their subject discipline areas,
rather than by an administrative staff. This facilitates
a program developing along the lines of the interest
of the scientists and engineers, and the needs of
thosc industries most closely allied to it. Each
menus. compuay is assigned to a faculty member.
Thus, the emphasis is on individual contacts be-
tween the representatives of each member com-
pany and the faculty. staff, and students in the pro-
gram. A:cess to students is the prime reason why
the companies join. These programs also provide
company representatives a chance to participate in
the direction of a resecarch program, and to obtain a
window on technology. :

Most focused liaison programs provide simiiar.; -

scrvices as general associates programs. Most pro-
grams host one or more meetings on campus, provide
copics of reports, publications and resume listings,
and encourage company canipus participation. A few
programs provide for annual faculty site visits to a
company location. When this occurs, the: faculty are

/
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generally enthusiastic about the value of such visits,
and the oppbértunity they provide for closer research
ties. It is the focus on subject matter that provides
opportunities for cooperative interactions to occur
within thése programs. In many focused industrial affil-
iates programs, .affiliate. members are encouraged to
bring/technical problems of a non-proprietary nature
to thie attention of the faculty members and to outline
wh;i they believe to be the key problems in advancing
the state of the art of their fields. Thus members may

" Kave an influence on future research directions. As this

radvisory capacity becomes more formalized, to the

extent where the member companies form an advisory
board, this activity is better charagterized as a research
consortium.

A few representative examples of this cvolution
inclu‘de the Case Western Reserve Industrial Asso-
ciatels program in Polymer science. the Electrical
Engineering Affiliates Program of Stanford Univer-
sity. The Energy Liaison program at Lehigh Univer-
sity, the Geology Liaison. program Louisiana State
University. The Hydrocarbon Industrial Associates
Program at the University of Southern California,
and the Chemical Engineering Industrial Associates
program at Georgia Tech. A morc"co_mplcte descrip-

tion of this evolution is given in C'hapte.r ViL p. 40.

The membership fees' for focused industrial liai- -
son programs run atiywhere from $1.000 to $25,000,
|
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but most often the fee is approximately $10,000 per
company. Some programs are requiring commitment
ol membership lor two to three years.

The current surge of interest in industrial asso-
ciates programs indicates the extent of increased
interest in university/industry coupling, and particu-
larly in cooperative research. Of the 71 industrial asso-
ciates programs documented in this study, 35% were
new programs in existence for less than one year. Only
two of these new programs were dgeneral purpose
campus-wide industrial associates programs, and this

. type of industrial associates program accounted for

only 10% of the total number documented (Tables 3
and 7). Therefore, we suggest that the increase in
these programs is not only being viewed as a fund-
raising activity, but also as a means for creating more
stable cooperative programs of university/industry
rescarch through focusing on specific research areas.
Approximatcely 95% of these new initiatives are occur-
ring at public schools. One public midwestern univer-
sity had 28 programs, of these 29% were new programs
(one yecar or less) and 64% were up to five years old.
There are also many older successful speciat
interest liaison programs. At the universities visited,
therc are approximately 16 liaison programs that have
cxisted for longer than ten years, and 20 between three
and ten years (Table 7). Every private university visited

(17) had at least some form of a focused industrial

associates program already in existence. Of the (22)
public universities visited, no industrial associ:*z2s
programs cxisted at 6 universities, and 3 of these uni-
versities made no mention of interest in starting such
programs in the near future. Of the older programs

(greater than ten years old), about 60% are at private

universities.

Only two industrial associates:programs in bio-
chemislry were documented, both less than one year
old. and none were documented in physics, math or
biology. Approximately 80% of the programs were
within a school ol engineering. One of the oldest
special interest industrial associates programis is a
program at a private university in systems engineering
which had been in existence for 27 years.

In order to institute a focused industrial liaison
program many rescarchors noted the importance of
having a critical mass of researchers. Th /following

provides a descripti-n of the initiation of/a cur.ently
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well-established special interest industfial affiliates
program. - : ’

K

This prograni, an industrial affiliates program
in polymer science, was initiated by a professor of -
macromotecular science at a-private university.

- The professor made the point that in trying’
to enlist companics, he had o, seek out “enlight-
encd” rescaich dircctors. Many at the companies
appr: ached were those he had consulted for at
sonic ooint. The other C()niba'lics were proximate
to the university. Additionatly he had worked for

DuPont and thereby understood the needs and per-
spective of industrial managers. Important in estab-
lishing the program was the willingness at the
university to make an investment. This was accom- -
plished through the applicatic.n of Ford Foundation
funds which-had been made available for develop-
ment of endineering at the university. The professor
cmphasized the importance of critical. mass in stait-
ing a program. When he got the companies to join
that critical mass barely existed.

2. Research Consortia

Research consortia can be characterized as spéci-
fic mission programs organized to ensure that the
generic or mission-oriented research will be carried
out. A key to the development of many successful
research consortia is an industrial affiliate program. ;
Affiliate programs have led to very successful indus-.
trially funded consortial research programs in polymer
science, micro-electronics, robotics, and computer sci-
ence (including computer graphics and compuiter-
aided design and computer-aided manufactqr’ing).
(See Chapters Vil and VIlI, pp. 44-46, and 55-36,,59-60).
Many new initiétives are evolving in the biotechnology
area. A primary element of the successful development
of these rescarch consortia seems to be thaf the indus-
trial affiliates program allowed a leader),t(’; evolve, and
the program naturally developed through the give-and-
take of personal contacts between the industrial asso-
ciates members and the universit.& scientists. (See
Chapter VII, pp. 41-42.) 4

Less successful are those cor(sortia put together
by a group of organizations, or 9/group of people who
organize programs bypiecing}hcir interests together,

/ rather than letting their interactions evolve. During the

evolutionary procesys/, researghers find mutual areas of
interest ‘and complement )/f capabilities. /
When large consorti /ére directed by committees
and are accompanied y high admini- -ative costs,
they tend to be viewed with skepticism by university
scientists and industrial icientists. Such programs
have been particularly prevalent in the fields of energy
and environmental science. Presently, there are initia-
lives to establish several such programs in the micro-
clectronics field. The complexity of these subjects
requires vast resources, and thus there is a rationale
for such programs. However, of four committee-run '

consortia reviewed, sponsoring eneray related research,

‘none was viewed as successful in iacilitating univer-

sity/industry cooperative research by those scientists
asked, who had a chance to participate in these pro-
grams. The problem may have t ‘en related to prot
gram organization and managei:icnt. Coordination of
effort in these programs often depended on informal
meetings for exchange of information, and there was
no central facility on which to focus the program.

A new initiative taken by the chemical industry
may prove to be a successful model for initiation of .
large consortial research programs,
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This collective industrial action was initiated by

a well-respected former vice president for rescarch
At a chemical company. He was interested in up-
grading technology ot the company and wanted to
stimulate longer-range research, Out of his concern

" about engineering and the loss of innovation in edu-
cation in the United States, he attended three qov-

crmment sponsored conferences on our declining .

technology: after cach meeting, all the participants
went home and nothing was done. He decided to do
something. He organized a meceting of the divectors
ol rescarclrand the deans and heads of engincering
and chemistry - paranents for about $300,000,
donated by his own company. At the conference, he
asked well-known chemists to speak in the maorming,
aulin the afternoon, he held an open session. The
open session was critical at this first mecting. A
large number ol investigators with whom this initia-
tive was discussed said that the meeting's niost
important outcome was the opening up of channels
of commumnication between university and industry
scicntists., '

At this first meeting, the attendecs set up a
Steering Connmittec, which chose a task force. Equal
numbers of representatives from industry and uni-
versity sat on cach of these committees. NSF to
some extent, encouraged the initiation of this activ-
ity by hanving the Director of NSF give a talk at this
first conterence. and in agrecing to support the uni-
versity people for their participation in the task force
sct up to explore the mechanisms of cooperation.

The task force focused on the possibility of sct-
ting up a rescarch consortium of chemical compa-
nies and universities. They detgrmined the goals
and objedtives of such an organ/ization, and made
their proposal to a second I'(l'gc conference of
industry and university chemists and chemical engi-
ncers, At this second conference, the attendees
decided to form the Counicil for Chemical Research.
The central issues then became:

(1} should there be a central fund for support

of tniversity rescarch and, if so,
12y how should the money be distributed?

A third mccting was held in the fall of 1981. A
central fund of new money for basic rescarch or
cducationwas established. The recommended divi-
sion of fees tor membership were: a company will
give 25% of the membership fee to the central fund
ol the Council for Chemical Rescearch, and the other
75% of the fee will be spent on direct company fund-
ing of university programs. However, a company

could still be a member of the Council for' Chemical ~

Rescarch without paying. into the central fund. The
membership of the Council for Chentical Researc
is to he made up of anybody who wants to join. The
cost to a company depends on the number of com-
‘pany chemical engineers and chemists, There will
be a premimm of 4 times for Ph.D.s, c.q., if they set
the, fee at $100 for cach bachelors degree chemist
or chemical engineer the fee for cach Ph.D. will be
$400. Presently, CCR has decided that they will dis-
tribute the central fund money according to a formula
based on the number of Ph,D.s a chemistry or chem-
ical engineering department. produces.

As of March 1982, CCR had 100 university mem-
bers and 27 company members. The organization
expedds to have a total of 40 convpany members by
April 1. 1982, To date, (March, 19¢2), pledges to the
central fund exceed '$3 million,
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The benefits of establishing research consortia
such as CCR can be considerable. The founders of the
CCR expect that transfer of technology and new ideas
should occur more readily, that there should be in-
creased opportunity for industry exposure to break-
throughs from the university, and that CCR should
foster stronger research programs that integrate aca-
demic pursuit of basic science with engineering.

C. Institutionat Facilities

Centers, institutes, and research facilities furnish
means for coordinating programs to attract industry.
They can provide equipment in a central location. Our
studies on university/industry research interactions
suggest that certain targcted research centers (Stan-
ford Center for Integrated Circuits, University of Dela-
ware Catalysis Center; Laboratory for Laser Energetics,
University of Rochester) are particularly efiective in
attracting industrial support. Often thesc specialized
laboratorics and cenfers are formed especially to meet
industrial needs and concerns (e.g., Center for Manu-
facturing Productivity, RPI; Minerals Resources Re-
scarch Center, University of Miinnesota; Center for Bio-
technology, Stanford University).

The centet concept brings focus to research and
this may facilitatc cooperation with industry. The
centers need not necessarily be physical entities, but -
they must serve as a focus, provide a piece of equip?
ment. or provide coherence for related research effor| s
conducted in a general arca. Many believe that the
center and institute structure is a transitional struc-.
ture between the typical university environment and
the outside, or external world. Their administrative
structure is viewed as making possible a better inter-
face with industry. (See Chapter VI, Section C.)

.. At some universities, a substantial amount of
rescarch is done in centers or institutes, and fre-
quently the predominance of industrial support is at
centers or institutes. (Libsch, 1976.) Several successful
industrially sponsored programs have occurred where
a center is formed in conjunction with an industrial
liaison program. (Sce pp. 31-32.)

We reviewed 89 centers and institutes which had
somic form of industrial support. Of these, 76% can be
characterized as U/l cooperative research centers, .
cleven werce newly planned institutes, and six were
about one year old. About 50% of the coopcerative re-
scarch centers werc less than three years old (Table 7,
p. 22). By far, the greatest number of cénters or institutes
interacted with industry through contracted research.

A ncw feature of the industrial support of many of
these newer centers is multi-company support, includ-
ing companics from scveral industrics.

For example, one materials science center
has support from producer companics including~
Duront, Celanese, Hercules, OQwens 'Corning-Fiber-
glas and user companics including Ford. General
tlectric, General Motors, Rockwetl International an
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PPG Industries. A catalytic research center has both
oil company and chemical company support, and a
polymer processing program has support from the |
automotive industry, the information processing
industry, instrumentation companices and the chem-

ical industry.

For the most part such centers attracting wide-
spread company support are addressing areas of
rescarch that cut across and might prove fundamental
to scveral industries. Thus the concept of industry sup-
ported “generic research centers” which conduct re-
scarch that cannot be captured by individual firms is
beginning to ame well established or gaining ac-
ceplance in some areas.

Most centers and institutes reviewed had a combi-
nation of state and federal government, industrial and
some university support. Only one center was com-
pletely supported by industry in its initiation and its
subscquent maintenance or operating funds. One
principal issuc concerning centers and institutes is the
ealent to which they are aligned with a department.
{See Chapter VI, Section C, p. 32.) Of the centers
revicwed, thosce centers closely associated with a
department seemed to suit industrial needs of access
1o students more closely and cause less iviction in the
academic environment.

1. Cooperative Kesearch Centers

Cerlers having associated industrial affiliate pro-
grams where member companies serve in an advi-
sory capacity regarding the direction of research can
be characlerized as cooperative ind strially funded
centers.

Examples of such centers include: The Scismic
Acoustic Laboratory at the University of Houston;
Hydrocarbon Resecarch institute at the University of
Southern California; Center for Futures Rescarch at
the Universily of Southern Califorr .a; Center for
Applied Polymer Rescarch at Case Western Rescerve;
Center for Surface and Coating Research at Lehigh
Universily; The Materials Science Center at Lehigh
University: The Materials Rescarch Laboratory at
Penn State: The Center for Microelectronics at Rens-
sclaer Polylechnic Institute (RPI); The Center for
Manufacturing Productivity at RPl; and The Center
for Integrated Graphics at RPI.

In over 90% of cases reviewed (68). these centers
had agreed to provide theiv sponsors with royaity-free,
nonexclusive licenses. -

The use of this mechanism of approach to univer-
sity/industry rescarch secems to be gaining enthu-
siasm, but ils prevalence is relatively new. The older
cooperative centers interact with industry through con-
tracts, and frequently do not have the associated affiliate
programs. Furthermore, the older centers tend to be
oriented toward a specific industry and receive support
from companics within an industry.

Over 50% of the industrially funded cooperative
centers (centers which have . industrial affiliate pro-

Y

grams associated with them) are less than five years
old. A distinguishing factor of many of these new
centers is they receive multi-company support from
several industries. Further, these centers tend to be
located at private universities, e.q. 14 out of 20 centers
reviewed. ‘ ' ;

Cooperative funding of generic technology cen-
ters, such as was proposed by the Department of Com- -
merce, was not viewed with enthusiasm by any of the
companies interviewed. One: problem here seemed
to be the lack of a mechanism to build strong ties
between individual investigators at the universities and
industry. :

Cooperative research centers, such as those funded
by NSF, have been written about extensively. (National
Science Foundation, 1981) Examples include:

The Polymer Processing Programm at MIT, the
Furniturc R&D Applications Institiitc at North Caro-
lina State University (Raleigh). The New England
Encrgy Development System (NEEDS), The Ohio
State Welding Center, and The Computer Graphics
Center at Renssclaer Polytechnic Institute. Within
the past year, two new centers were established. The
University/Industry Center for Robotics at the Uni-
versity of Rhode Island, and a Center for University |
of Massachusetts Industry Research on Polymers
(CUMIRP) at the University of Massachusetts-Amherst.

In helping to establish such research centers, NSF
provides sced money to aid the center in commencing
its research program. The objective is to encourage
industry to join the program and provide increasing
support. After a period (hopefully five years) it is ex-
pected that companies will be responsible for the com-
plete support and financial operation of a center. The
MIT Polymer Processing Program is now completely
supported by fndustry. The two new centers are being
eslablished with considerabile initial company support.

The cooperative university/industry centers ex-
periment is designed to explore the feasibility of uni-
versity/industry linkages that will morc closely couple
the capabilities and products of academic research to
the production sector of the economy. The identifica-
tion of the circumstances that encourage the creation
and maintenance of strong, self-sustaining linkages is
the overriding objective of the NSF program. Thus,
individual grants are structured through cooperative
research agreements with the quantitative and qualita-
tive goals that include the attainment of sufficient
financial support from industry to continue without
subsidy. In this broad framework, NSF is trying a variety
of concepts. Of the several such centers reviewed in
this study, one had reached the point where it was
solely supported by industry, and most others were
successfully attracting industrial support. The most
critical factor in developing such ¢enters seems to be
an energetic leader with a sensc of direction. One
center reviewed was not successful.

!
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The rcasons given were as follows:

{1 there was no strong facuity leader,

(2) the prograni was structured by administrators
first. and faculty second,

{31 the approach of the program was too broad,

{4) the industrial sector this center served was
extremely fragmented.

Scveral academic scientists associated with the pro-
gram sugdested that rather than approach a number
of companics, they should have worked with one or
two companies. This assumes that others would have
followed suit as they saw useful results from one or
two companies’ interaction with the university.

2. University-based Institutes Seruing
Industrial Needs

- Centers characterized as university-based but
scrving industrial needs most often are supported
through substantial government funds as well as
industrial contracts. Most oi these institutes are firmly
established. Many have significant support from state
governments. Of those reviewed, ali had been in exist-
ence for more than three years. University-based insti-
tutes (or centers) serving industrial needs tend to be
cstablished at public universities. Of about 20 such
centers or institutes reviewed, only 4 were at private
universitics. Frequently, these institutes are initiated
after local industry puts pressure on the legislature to
allocate state resources to form an institute to serve
their needs. These institutes most often receive indus-
trial support or interact with companies classified
within one industrial sector. Such institutes are par-
ticularly prevalent in fields related to agriculture, food
and nutritional research, forestry and textiles. These
tend to represent important natural resources and in-
dustrial activity of a given region, hence the emphasis
within the public institution. Because of the regional
focus, propinquity of interested companies, and the
strong public scrvice mandate of the institutions
where these institutes tend to be located, they provide
a strong base for cooperative research activity.

Historically, an important model is the agricul-
tural institute (c.g, the Swine Producers Research

Institute at the University of Wisconsin, the Food and
Nutrition Science Institute at the University of Minne-
sota, the Institute for Plant Development at the Univer-

sity of Wisconsin, and the Animal Husbandry Institute .

at Colorado State University), which has been critical
to agricultural development and received great sup-
port from state and local government as well as com-

panies. Critical to the functioning of many of these -

institutes has been a close relationship with the U.S.
Department of Agriculture Laboratories. Laboratories
or centers directed toward the interests of the mines
and minerals industry (e.g., the Department of Metal-
lurgy and Mectallurgical Engineering at the University of
Utah, the Earth Mechanics Institute at the Colorado

84

_‘T;' “

School of Mines) which have had close relationships
with the Bureau of Mines serve as additional examples.

A typical example of this sort is the Mineral
Resources Research Center (MRRC) of the University
of Minnesota. MRRC was established as the Mines
Experiment Station, a service of the School of Mines
analogous to the Agricultural Experiment Station.
Minnesota is a state of vast mineral wealth and iron-
bearing ores have been an important source of
revenue for nearly a century. In the early days, any
individual or company could bring a problem to the
Mincs Fxperiment Station and research could be

" done free. it was at MRRC that the taconite process
was dcveloped that made possible the profitable
recovery of low grade magnetic ores from the Mesabi
Range. h

In the 1970’s, the Mines Experiment Station
underwent reorganization and became the Minerai
Resources Research Center. The Institute has a pilot
plant which enables the researchers to separate
theoretically possible processes from those that are
tect:nically feasible. The pilot plant is one of the few
located at educational institutions in the United
States. TR o

The minerals industry is showing particular
interest in mechanisms for better control over feed-
ing ore into plants, in grinding processes, etc. The
MRRC pilot plant is equipped with computer controf .
devices to monitor such processes. Altliough indus-
try has continually benefitted from the Institute and
participated in Institute activities in the past com-
panies have tended to regard it a service, a place
where they can contract research aimed at solving
a technical problem, rather than a center for basic
mining rescarch. This may be partly due to the
structure of the mines and minerals industry (seé
Chapter VIII, pp. 61-62), and partly due to histori-
cal reasons concerning the origin and development
of the institute. However, there are indications that
the attitudes of the industry may be changing:

3. Jointly Owned or Operated Facilities
and Equipment

Jeintly owned or operated facilities are rare. The
research team saw none that were jointly owned. How-
ever, there were a couple of instaices where a facility
was jointly operated, or at least jointly used. Usually
such programs are based on a unique facility or ex-
pensive equipment. One such facility is the Laboratory
for Laser Energetics at the University of Rochester.
This was described in an earlier report (Brodsky et
al, 1979).

Another example is a shared research facility at a
private midwestein university administered through
their Chemistry Department.

The university originally established the facility
seven or cight years ago through funds obt~ined
from industry for the purchase of the cquipinent.
The equipment is housed at the university. The
facility is open to industry on a fee basis. Companics
pay a fee to join, and in addition, pay a fee cach
time the equipment is used. The fee for industry is
higher than for departments at the .university. An
administrator at this university stated that this way
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of funding the program is a double-cdged sword. If -
the university raises the fees to be able to buy new
cquipmaent, or heep the equipment in top condition,
they will close oul some usars who actually depend
on the use of the facility. Furthermore, it they raise
the rates, this might be considered by the Internal
Revenue Service as creating unrelated income. How-
ever, since it is very expensive to maintain and operale
this cquipment, balance must be established, Accord-
ing to this administrator, this mode of industrial
support is not really a long term solution, because
it companies really want the equipment, they will
buy it.

A unique cxample of university/industry collab-
oration in the usc of big research facilities has devel-
oped at Brookhaven National Laboratories. (Teich,
1981.)

A rescarch facility known as the National Syn-
chrotron Light Source (NSLS) which began opera-
lions in the tall of 1981 has been built at Brook-
haven National Laboratories (BNL). In order to be
able to equip fully the more than forty experimental
sites at the facility, a unique organizational plan was
developed.

Two categorics of users were established. A
number of beam lines have been design:.d and
instrumented by a class of users called “Partici-
pating Rescarch Teams” (PRTs). These PRTs have
paid for and sct up their own instrumentation in
return for exclusive usage of their beam line for up
to threc-quarters of its scheduled time over a period
of three years. The remainder of the Beam time and
the cquipment must be made available by the PR”s
to general users, and the PRTs must assist the ges-
cral users in setting up and conducting their experi-
ments and, it mutually desirable, collaboraie with
them. These “genceral users,” who make up the
second category of users, also have access to the
other beam lines and irstruments built by NSLS
staff and intended for general usage.

In order to achicve a “critical mass” of scien-
tific and technical skills, as well as usage needs, the
NSLS management has encouraged potentiat users
to join lorces in sctting up PRTs and shorter-term
experiments, In several instances, thesc joint efforts
involve both university and industry tcams. One
group on the ultraviolet ring, involves collaborators
fron Brookhaven, State University of New York, Uni-
versity of Pennsylvania, and Xerox Corporation.
Another. an x-ray beam fine, involves scientists from
1M Corporation and MIT. Since the facility is so
new, it is stilt too soon Lo judge how well these
arrangements are working,

D. Informal Coopcralive Interaction: Co-authoring
Papers, Equipraent Sharing, Information
Sharing, ctc.

During our interviews, cooperative interaction
without the exchange of money (informal cooperative
rescarch) was not alluded to frequently. Yet, we are
aware that such interaction does occur, particularly
with industrial scientists froni companies that have
large basic research cfforts (e.g., IBM, Bell Labora-
tories, Xerox, G.E. and United Technolodics). At a few
industrial laboratories, we witnessed university scien-

{

tists using company laboratory equipment and <o-
opcraling with the industrial scientists. Such coopera-,
tive interactions are difficuit to document systematically.
The following anccdote is presented to illustrate what
such an intcraction can entail.”

A scientist, upon returning to a large high tech-
nology company alfter spending a few years teaching
at a university, was introduced to the chairman of the
physics department at a local university. They devel-
oped an immediate rapport. It turned out that they
h-~d been acquainted previously. They had similar
rescarch interests and began a dialogue on scien-
tific matters. They continued to do so and this fed
to cooperation in rescarch for seven years. Several
co-authored papers have come out of this program.
The company scientist helps supervise graduate
students. He cventually received an appointment as
a visiting professor. The academic scientist uses the
company laboratory and he now has a consulting
relationship with the company. The company scien-
tist moved some ol his own equipment to the uni-
versity. He feels that this interaction has provided
him with a mechanism for participating in new re-
scarch with minimum commitment of his time. The
interaction enhances his own company program.
Although the company scientist is not in a position
to give the academic scientist a grant, he can pay
for scrvices and issuc work orders. The academic
scientist uses this money to support graduate stu-
dents. Furthermore, this interaction provides a base
for obtaining government grants,

KNOWLEDGI TRANSFER

Knowledge transfer can occur through a
varicly of mechanisms, some of which have .
knowledge transfer as their main purpose, and
some which do not. They are frequently an
esscntial clement to the development of coop-
cralive rescarch intcraction. (See Chapter Vv,

p. 18.)

A. Personal Interactions

Personal interactions between university and com-
pany scientists arce particuiarly critical in helping to
initiatc large cooperative imiversity, industry rescarch
programs. They involve both formal and informal pro-
grams that may or may not have scientific or technical
knowledge transfer as their primary purpose. In a
survey (Picasd, 1981) of 128 MI'l Industrial Liaison Pro-
gram members, and former members, company con-
lacts were asked Lo choose which seivices provided by
the ILP Program were most uscful. Choosing from a
list of 26 spccific services, company contacts ranked
most highly the personal intcractions with the faculty.

1.  Perssonnel Exchange

Personnel exchange between univeeeities and
companics can be an iimportant means for cxtending
personal interactions. The practice of persomnel ex-
change is implemented both through formal and in-
formal programs that inctude: visiting professorships,
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post-doctorals, travel overseas, assignments at univer-
sitics engaded in high priority research, consultants,
company seminars by visiting scientists, participation
in intensive workshops, and lectures by company sci-
entists. _

A majority of individuals contacted believe that
personnel exchange, when it occurred was a fruitful
interaction. However, there were no extensive or formal
university/industry exchange programs at most insti-
tutions visited. : “

Invéstigators in over 30% of the schools visited
mentioned they had participated in personnel ex-
change to a small extent, or knew of other individuals
who had. All stated that this was not a large or signifi-
cant university/industry rescarch interaction. Most
indicated that few scientists come from companies on
a temporary basis to conduct research at universities,
but when it occurred, it was a success. These cases are
usually instances where a company sends a man for

- retraining and pays his salary and fees.

Q
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Scveral cases were reviewed where company sci-
entists were paid by the company while spending time
at a university research laboratory.

For example. one drug company pays the salary
of a scientist who works two days a week at a south-
ern public university and threc days a week at the
company rescarch faboratory. .

In another case, the chemistry department at
Duke University provided space for personnel from
a chemical company. The company paid rent for the
space and in retirn a new and relatively inexperi-
enced company employee was supervised by a faculty
member. The university benefits from the rent and
the interaction. This is a unusual interaction but
other similar cases were documented.

The mobility of scientists at one information proc-
essing firm is a prime example of informal exchange.

Each ycar, approximately 150 visiting scientists
from IBM spend time in another research site. About
half of these opportunities are within the United
States, and half are abroad, primarily in Curope. The
company employces who participate frequently
spend time at other laboratories belonging to the
company. or in universities. The non-employee par-
ticipants arc often post-doctoral students who come
to a company laboratory for varying amounts of
time. The arcas of emphasis for these exchanges
include: memory storage, input-output analysis, laser
-physics, computer architecture, software and com-
puting services.

Universities occasionally establish informal ex-
change prodgrams with local companies.

In one nrogram, a faculty member worked at a
local company while two people from that company
came to the university to conduct research in mech-
anicai and metallurgical cngipecring. This program
was a mixed success. Those/who came to the uni-
versity from industry brought an industrial research
approach which served to broaden exposure of
faculty and students. However, the professors who
went to the company came back with a questionable
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new outlook. The university mostly sent young facuity
to industry, whereas experienced engineers came to
the university. This may have been the basis of
some difficultics that arose. Despite the benefits of
the program, according to one scientist, it was pain-
ful to operate. The experiment went on for three or
four years, but stopped when the department head
Jeft. This underscores another aspect of the mixed
success of the program. The program originated
because the head of the university department put
pressure on his friend, the company vice president.
This sort of program, established purely on a per-
sonal basis, is quite subject to the mobility of the
leader.

Sometimes personnel exchange emanates from
an opportunity to participate in a consulting arrange-
ment.

In one interesting case, a genetic engineering
firm moved to achieve close proximity to a large
public university with excellence in biomedical and
agricultural research. A molecutar biologist at the
school has worked out an agreement whereby haif
his time is spent at the commercial laboratory and
half at his university laboratory and teaching. This
arrangement required difficult negotiations about
tenure and conflicts of interest, and these issues
still have not been fully resolved.

In another instance, four geneticists from a
midwestern school of genetics arranged to spend
one day per week at a local bioengineering firm. In
this case, the university was concerned that there
would be no facuity left to teach if they did not allow
such an arrangement. Now, there are difficulties in
arranging schedules and ensuring the absence of a
conflict of interest.

A large number of scientists interviewed said they
would favorably regard improving formal programs of
personnel exchanges and would welcome new oppor-
tunities to participate in exchange programs. Indus-
trial sabbatical programs are of increasing interest to
both university and industry scientists.

At one public university, the chemical engineer-
ing department, with a large industrial program,
decided to stop teaching short courses, because
they were too time-consuming, and instead, spon-
sor industrial sabbaticals at the university. This was
well received and two chemi-al companies sent sci-
entists for three to six months. The university would
like to enlarge this program and feels that it has
worked out well. O:ne participating scientist from
Ohio, after receiving a brief indoctrination in the
formatl part of the program, immediately started
“hands-on research” and working with students.
This experience helped him in his new position at
the company. The company paid for the whole term
of his university sabbatical. The university depart-
ment chairman stated that the reverse has not
taken place, l.e.. a university professor had not yet
gone on sabbatical to industry.

The emerging interest in facilitating personnel
exchange is indicated by its incerporation into several
new university/industry research programs. Person-
nel exchange is an increasingly popular element of
many university/industry cooperative research centers.
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‘Industrial scientists coming to si)end time and do

rescarch at the university is an integial part of the Cali-
fornia Institute of Technology's Silicon Structuré Pro-

‘gram, the Computer Science Program of the University

of Washington, the Catalysis Center of the University of
Delaware, the Polymer Program of Cuse Western Re-
serve, and other similar programs (see Chapters VI,
VI and Scction on Cooperative Research Centers in
this chapter). A feature of several of the new university/
industry partnership agreements (e.g., Celanese-Yaie,
Hoechst-Massachusetts General Hospital, Diamond

Shamroch-University of Arizona, see Chapter Vil) is a

provision for a limited number of industrial scientists
to spend time at the associated university laboratory.
During the tenure (7 years) of the Harvard-Monsanto
agreement. there has been cnntmual short term ex-
change of scientists. - . -

Several company rcprcqenmtw&, intervieved strled
that as a result of a professor’'s work at the (‘)mpdny

during the summer, cooperative. rescarch p*oqrams

had been established with the professor's university.

Frequently, personnel exchange is accompanied by

cquipment gifts or loans and, in.a few instances, per-
sonncl exchange depended on avallablllty of unique
cquipment facilities. Such interaction is pariicularly
viable when a large rescarch company and r.search
university arc in close proximity to one another. Rarely
are there inslitutionalized programs for sharing facili-
tizs. The basis for such interaction is normz:ly per-
sonal contact. At a large public northwestern tuilver-
sity, university scientists frequently use facilities at
nearby acrospace and pulp and paper research lab-
oratories. Industrial scientists use facilities at thi~
uiniversity, such as the wind tunnei. This type of inter-
action is particularly dependent upon geography.

On a more formal basis, General Electric Com-
pany has several programs of interest.

Coolidge Fellowships. Each year, up to thre=
thut normally iwo ) of the company’s senior scien
lists/engineers are named by a council of peers a.,
Fellows. This award conveys inter alia the right to
spad up to one year working on a project of their
own chowsing, at any site worldwide. The company
provides i financial support for travel, living and
salary during this period, Upon coempletion, the
award recipient returns to his previous position,
without Toss of seniority. salary growth, or other
fringe bhenefits.,

Visiting Keseairch Fellows. To facilitate the
reverse exchange, the company has established this
program to atltract outstanding scientists and engi-
necrs to spend three months to one year at a Cor-
porate K&t laboratory. These individuals are nomi-
nated by ine Corporate R&D technical staff. Most
often, they select people who can stimulate new
rescarch arcas or bring needed fresh ideas into ,
existing programs. Twenty-four such Fellows have
been named to date, and five are currently in place.
The company pays salaries, travel costs and certain |
benelits. Only a few other large corporations. includ-

Aruitoxt provided by Eic:
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ing onc aerospace firm, have sitnilar formal.visiting
professor programs.

Visiting Research Scientists. This is a relatively

new program designed to bring young, promising ¢
* faculty members to laboratories for intense discus-
sions on problems of common interest. The stay is
shert-term, generally two weeks, and the company
pays all thc expenses. .

Several investigators identified certain difficuities
with personnel eachange. The primary problem is dis-
ruption of family life. Secorid, if a company is having
econoniic problems, it is difficult to justify this type of
program. Third, if the subject area is in the high tech- -
nology field, or a fast-moving field of science, it may
create a problem for the untenured university scientist
to be out of contact with his department chairman, and
it is also diificuilt for the industrial scientist to be out
of contact with superiors. Eachi may be missing oppor-
tunities for advancement. Therefore, if such programs
are institutionalized, a scientist must be assured-of
returning to a research program keyed to his fesearch
at the host institution, and he must be assured of a
position equivalent to or better than what he left. A few
university scientists expressed concern that the facuity
member, after working in industry, would be tempted
to remain there by a large salary offer.

Most agreed that any workable large formalized
exchange prbgram would have to be flexible in the
length of,exchange. Most felt that one to two months
/as a reasonable length for a good and fruitful interac-
tion, but that one year was too Iong for those con-
cerned about career development

o

2. Mechanisms for Stimulating Personal Interac-
tions: Equipment Lending, Advisory Boards,
Seminars, Speakers’ Programs, Publication
Exchange

Other practices of fostering pers: al inte’ract’ions,
such as participation on advisory boards, :',eminars,
speakers’ prograris, publication exchange and ad-
junct professorships, were pointed to as/activities
which could lead to greater cooperation between uni-
versity and industry researchers, buf their fole in the
actual dcvelopment of such programs was/difficult to
evaluate. One mechanism, the cocktaii party, was re-
peatedly nientioned” as having established personal
contacts which lead to research interacti(')ns. .

Several universities said they held special con-.

* ferences about half of them sponsored by industry, to

attract more formal industrial support/in a specific
arca. MIT recently organized a Cheinical Sciences
Industry Forum to promote increased commumcatlon
between the parties. Ten companies are sponsoring
this activity. . -

Many said the adwsory councnls typlcally associ- -
ated with engincering and agricultural schools and
institutes of technology are useful in providing infor-
mation about current industrial concerns, and allow-
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ing industrial input on research directions and curri-
culum development. The councils can also help in the
solicitation of funds from the ledislatures and/or get-
ling equipment tor the university. However, most could
not document large industrial grants or contracts aris-
ing out of industrial participation on these councils.
Such things arc difficult to document, but at least one
instance can be cited where an advisory council im-
proved university/industry research interaction.

The «hemistry department at the University of
California. san Dicgo, established a formal indus-
trial advisory commitlee in 1977, because the fac-
ulty recognized the isolation of the department from
industiy. In& . ion, the department hired a person
lo develop industrial relations. As a result of these
activities, they increased their industrial funding by
over 50%. Conununications developed between the
department and industry, and «: - industrial recruit-
ing job placement program was cstablished. The
coordinated activities of the indust.ial liaison officer
and advisory committee helped stu-nulate technol-
oqy lransier. The department was ab! - to forge tics
with from 36 to 48 rescarch-oriented o nipanies. In
three years, they established four grac..:te fellow-
ships sponsored by industry, and attracted an in-
dustrially sponsored Faculty Development Award.

In a casc mentioned previcusly, the advisory
comniittee of a public university’s clectrical engdi-
ncering department anticipated a crisis sitnation in
manpower for the 1980's. They were able to attract
cquipment difts and rescarch suppont for the depart-
ment from industry (sce Chapter IX, p. 69).

A recent development arising from the surge of
new bioengineering firms is that university molecular
biologists and geneticists are being asked to partici-
pate on the technical scicnce advisory boards of these
companies. We sensed that a majority of these scien-
tists at major research universities in this field had
alrcady made a ¢commitiment to participate on such
boards.

One plant molecular biologist had recently
heen asked by 9 lo 10 companies to be on their
*cchnical advisory boards. The investigator finally
dedided to sit on one board becausc the company
wats receptive to his advice Lo support activities of
interest to him but beyond his own available time or
funds. According to this investigator, a desirable
outcome of his participation on the board would be
unrestricted funds for the support of post-doctoral
rescarchers and graduate students.

University  Dbiochemist and organic chemist
participation on corporate boards has a long history at
drug companies. Several other large resecarch com-
panics, especially in the electronics field, also said they
had scientific advisory boards compaosed of university
scientists. These boards help ensure that they do not
lose sight of new directions, and that they keep up
standards of excellence in their rescarch programs.

For example, one teleconmmunication company
has a scientists advisory board of 12 top level aca-
demic principal investigators who visit two times a
year, These professors are on a retainer (they are

paid on a yearly basis). Twice a year, industrial sci-
entists present their rescarch results and new rescarch
directions. The object is to keep the company scien-
tists on track, make them aware of pitfalls, and keep
thm apprised of new rescarch developments which
may affect their work.

Technical advisory boards composed of industrial
scientists, formed to address speciiic university re-
scarch programs, are less frequent, but a few large
research projects were reported to have industrial
sleering groups. In some cases, the companies also
fund the research, and in others, they serve mainly as
advisors and critiquers of the faculty research.

3. Adjunct Professorships

Adjunct professorships car. provide a solid base
for continuing knowledge transfer between universities
and companies. Many research departments said they
had at least one or two adjunct professors in their
departments. Drug companies supplied a large num-
ber of adjunct professors to many universities, and to
a lesser extent, chemical companics provided person-
nel for professorships (see Chapter ViII). in the Re-
search Triangle area, one drug company supplies over
27 adjunct professors, or part-time professors, to sur-
rounding universities. In rnany cases, especially where
the professional is an adjunct professor at a major
research university and froir a major company, the
company pays his salary and donates his'time to the
university:.

Within engineering schools, adjunct professor-
ships arc increasing because of the faculty shortage
and influx of students. However, these professors
usually just teach and do not participate in research.
There are exceptions.

In one case, half of the departmental faculty
were adjunct professors, and most participated in
rescarch programs. This same university main-
tained a practice of hiring retired high level exccu-
tives from local companies on a part-time basis.
Both of these factors were important to develop-
ing the sensitivity of this school’s scientists to indus-
trial needs, and in fostering the establishment of
severai large and successful university/industry
cooperative ventures.

Many company scientists expressed a desire to
hold adjunct professorships. The opinion was expressed
frequently that universities should be more open to
appointing scientists from industry as adjunct pro-
fessors. A university policy of severely limiting adjunct
professorships could be a barrier to university/indus-
try research cooperation. One private university havihg
stfict rules regarding adjunct professors had a history
over the past decade of infrequent university/industry
cooperative research interactions and lower than
average industrially sponsored research programs
based on percent of total rescarch expenditures.
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4. Consulting

The critical element in initiation of cooperative
aniversity industin research programs in over 34% of
lhe cases where this gquestion was asked directly was
lhe consulting practice of those who developed the
programs, usually the program director and active
participants (Table 5 p. 19). Prior relationships which
frequently involved some degree of consulting werc
important factors in 76% of these cases. Interviewees
specifically mentioned cons.ilting as being important
in aboul 20% of the total number of interactions
reviewed (Table 4, p. i9). The rclationship between
consulting and an awareness of industrial interests is
further underscored in a recent study by Roberts and
Peters {1981) at MIT. They found that profcssos
reporting commercial ideas were much more likely to
be involved in consulting with business or government
than were those who did not report ideas.

Consulting policy utilized by tiie universities inter-
viewed, present a wide variety of attitudes and objec-
tives {(Sce Table 25). Objectives in fostering consulting
can vary from providing professors with a mecharmism
to supplement their income, to providing a conduit for
bringing industry resecarch projects to the university,
to maintaining a communications network between
the university and industry. Perhaps most critical is the
aim of providing for increased ability to expose and
quide students to carcer paths within industry. Thus
consulting can relate to the fundamental objectives of
the university ‘or both education and research.

Some schools have special programs to promote
consulting activity by the facuity and others have a
hands-off attitude, and still others frown upon consuilt-
ing as interfering with faculty teaching and research
responsibilities, without crediting any positive relation-
ship to these functions. Those not familiar with indus-
trial needs and support scem not to recognize its real
importance in eslablishing links necessary to develop-
ing large and stable industrially supported programs.

Many belicve a degree of university guidance is
necessary. This occurs both through encouraging uni-
versity scientists to find “proper projects,” as well as
establishing a policy on the pcrmlttLd frequency of
constulting.

Several department chairmen were concerned about
the types of projects a professor took on through his
consulting activitics. They did not believe that it was in
the best interests of the university to have the pro-
fessor's time taken up with problem-solving not related,
or peripherdl, to the professionat developmeit of the
faculty member.

The most common policy on consulting frequency.
found in 62% of the schools with available informa-
tion, is to permit one day per week consulting. Two
public universitics had a policy of allowing two days
per month, and one private university said that their
policy was 13 days a quarter (Table 25.) In some uni-
versities, the policy varied on a school-by-school basis.
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Most scientists said professors rarely added more than
$10,000 to their salaries through consulting activitics.
Most schools, especially the private schools, are quite
informal about their requirements for reporting on fac-
ulty consulting. Typically, they are only interested in
the frequency and not the monetary reward. Reporting
consuiting activity is usually voluntary, cxcept at a few
stale universities. Of the schools providing this infor-
mation, only 56% had formal reporting procedures.
These were infrequently rigorously enforced.

Most of the schools interviewed did not discuss
the fee structure for consuiting. However, of those who
did, the daily fee ranged from 0.6% to 2% of the aca-
demic year salary. The total annual compensation per-
mitted ranged from $8-15,000. A formal reporting pro-
cedure was the only means of enforcing the guidelines.

Thus it is not surprising that concrete data on
the level of consuilting at universities is particularly dif-
ficult Lo obtain. No one interviewed feit that these privi-
leges were being extensively abused, and most stated
that only 10% or less of their facuity consuited at the
maximal allowable rates. The results of our field study
are consistent with a 1965 study of the University of
California, indicating that only 30% of their facuity,
primarily in medicine, engineering and social science,
had some consuiting activities during that year, and a
1973 report by the American Councit on Education,
which found 48% of university and college professors
performed some sort of consulting service (Perry
1965; Baer, 1973).

The popularity of consulting can be associated
with certain academic fields. 1t was frequently stated
that consulting in business schools is at a much higher
level than in either engineering or science schools or
departiments. In the technical units of a university, con-
sulting activity is most prevalent in the engineering
departiments due to the applied nature of that disci-
pline. In engineering schools, especially where ties
with industry are already in place. consuiting activities
may even be taken into consideration at the time of
promotion, all else being equal. In these schools, there
is frequently a general fecling that enc’s excellence as
an engineer is somewhat substantiated by his demand
as a consultant. One engineering professor stated that
if a professor did not have extensive consulting activi-
tics, he was suspect because he was not then cogni-
zant of real-world propiems. .

All company representatives interviewed said they
make usc of university consultants. Most high technol-
ogy companies, especially chemical and drug com-
panics, have rosters (some arc computerized) of uni-
versity consultants they have used in the past or are
using presently. During any onc year, the larger com-
panics (having sales of over $150 million) are not likely
to usc more than 125 university consultants. Rep. -
senlatives for several of the companics in our sample
said that on the average they spent about one half
million dollars annually on academic consultants to
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Table 25
Consulting Policy and Activity as Reported in Interviews Buring NYU Field Study

Consulting
University # of Days Use/Abuse Formal/Informal Compensation
Carnegie Mellon 1 day/week 1 instance of abuse informal N.A.
Case Western N.A. encouraged as part of informal N.A.
industrial liaison program
Clemson 2 days/month average use 9-10 days/ N.A. N.A.
year, pressure for less
Colorado State infrequent except tor no abuse formal N.A.
Business School
Colorado School of
Mines infrequent N.A. reporting not pushed N.A.
Johns Hopkins 1 day/week through liaison decentralized N.A.
programs
Lehigh 1 day/week through liaison formal through liaison programs
programs
Pennsylvania $ ‘e 1 day/week spin-off companies formal N.A.
Purdue variable N.A. informal N.A.
Rensselaer N.A. N.A. N.A. N.A.
Rice 1 day/week through REDDI formal through REDDI up to 1.5%
of academic salary per day
University of Arizona N.A. Env. Res. Lab—no con-  N.A. N.A.
sulting in area of research
otherwise institutional
consulting
University of Chicago variable N.A. informal N.A.
University of illinois 1 day/week 2 days/ N.A. formal N.A.
mnnth Chemical School
University of Maryland N.A. N.A. N.A. N.A.
University of North
Carolina. Chapel Hill variable often initiated through formal N.A.
recruiters
University of North
Carolina. Raleigh N.A. university first allegiance  formal N.A.
University of Utah 2 days/month no abuse N.A. N.A.
University of Washington 1 day/week Dept. of heavy use by engineer-  informal N.A.
Oceanography ing, “abuses in one dept.”
University of Wisconsin,
Madison N.A. important in engineering  N.A. N.A.
Washington University most do less than 1 day/  through Wash. U. Tech-  informal annually 10-15% of salary
week nology Association
University of Houston 1 day/month : =2mistry abuse noted in one unit.  formal N.A.

University of California,

Consulting in Public Pol-
icy led to research

University of Michigan N.A. Inst. Soc. Res. faculty not  decentralized 5% moninly salary/day
permitted to consult,
. permanent relationships
have developed
University of Delaware N.A. N.A. formal N.A.
Georgia Tech permit 1 day/week i1stitutional consuiting formal N.A.
1 day/month.average 50% of engrg. fac. concult.
Duke N.A. some consult through formal allow $8-10K annually
- Mercury Res. Fund
University of Minnesota 1 day/week encouraged by Hydraulic  informal N.A.
Lab. One instance of
potential abuse.
Louisiana State 1 day/week average 1 Potential abuse in two formal-Business Sch.- N.A.
day/2 weeks units. informat
Stanford 13 days/quarter seek awareness of real N.A. N.A.
world problems
University of Texas,
Austin 1 day/week 25% of faculty formal usually $2-3K/year

San Diego 1 day/week unwritten small amount due to no central reporting N.A.
norm geography system but annual state-
ments required
University of Rochester N.A. N.A. N.A. N.A.
University of Southern
California N.A. N.A. N.A. N.A.

Cal Tech infrequent a few do 1 through Ind. Liaison informal none for faculty in Ind.
day/week. Contradictory  Program Liaison Program
information.
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Table 25—Continued

Consulting Policy and Activity as Reported in interviews During *+’

-+d Study

Compensation

A,
\.

P

‘where from $8 per hr.
to »3000 per day

E

RIC

Aruitoxt provided by Eic:

Consulting
University #of Days Use/Abuse Formal/infor
Harvard 1 day/week N.A. N.A.
Princeton 1 day/week abcut 80% of faculty N.A.
involved-same 80% who
do research.
UCLA 1 day/week N.A. N.A.
MIT 1 day/week Eng. Dept.-group incorp.  must report consulting
themselves as consults. arrangements, days
& hired someone to run  involved, client.
the company.
Yale 1 day/week none informal

M

N.A.

Note—N.A.=not available

their company. This suggests that on the average, by
consulting for onc company. a professor could add
$5.000 to his annual salary.

Industrial scientists and administrators said they
usually initiated interactions with consultants. The pri-
mary means leading them to consultants were perusal
of the scientific literature, recommendations of their
professional staff, which in many cases led them to
former professors or employees, participation in work-
shops, seminars and conferences, and through com-
pany recruiters at universities.

Several universities have set up mechanisms to
generate consulting opportunities efficiently for their
faculty.

At Rice University, an enginecring design and
development institute (REDDI) was established as
an internaf applicd research institute. REDD1 brought
consulting onto the campus. it cstablished the fre-
quency of consulting permitted, fee standards and
other reporting information. REDDI policy allows
student involvement in all projects. Proprictary
rights and publishing agreements arc negotiated
through this Institute. While projects may be under-
taken on a confidential and proprietary basis, the
publication of scholarly works, where appropriate,
is encouraged.

Companies come to the institute with their
problems and the Institute secks opportunities for
faculty participation. Faculty may charge a profes-
sional fee up to a.maximum of 1.5% of their aca-
demic year salary per day. The Institute charges a
7% surcharge on the salary consulting agreements.
Part of this surcharge is given to the University's
gcneral operating budget, and the rest is used to
opcrate the institute. This arrangement provides
additional support money, support groups and
cquipment.

At Washington University, St. Louis, a similar
program is being cstablished, Washington Univer-
sity Technology Association (WUTA). Its goals sim-
ilar to the above-cited example, are to supplement
the salaries of engincering faculty and to formalize
faculty consulting research activitics in applied
engineering rescarch. WUTA is somewhat different
than the former Institute in that WUTA is a for-profit
corporation.
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University liaison programs often provide oppor-
tunities for consulting. At times, these programs direct
industry to faculty. helping to establish consulting
arré..gements. At other times. consultancies provide
the impetus for a company to establish an ongoing
relationship with the university by joining the liaison
program. Liaison programs which have, as a part of
their services, trips of the faculty to company sites and

. also actively encourage company representatives com-

ing to campus, are patticularly good programs for fos-
tering the initiation of consultancies. In most liaison
progranis, there is a consensus about what constitutes
an informal discussion between a faculty member and
company representative, and what constitutes a formal
consulting arrangement. A first half-day visit between
a company representative and industry scientist is
usually regarded as a service of the program. When
there is any longer degree of interaction, the company
and the professor are encouraged to enter into a con-
sulting arrangement or agreement.,

A number of universities have established central-
ized listing of all research interests and activities by
faculty. Thus industrial firms may come to the univer-
sity with a particular problem and see immediately if
the university has people with the required capabili-
ties. This referencing system may be used for contract
work as well.

An important issue related to consuiting activi-
tics is to determine when do such activitics create a
conflict of interest (see Chapter X, p. 113). As men-
tioned carlier, faculty must maintain a balance between
their outside consulling activity and iheir university
obligation to teaching and/or research. Frequently,
attempts are made to combine these activities by uti-
lizing students to assist the consulting projects as at
the engincering and design development institute.

A second issue involves the use of university facil-
ities for outside consulting. Here again, the univer-
sitv policies vary widely. Allowing the use of facilities
serves as a drawing card for many companies, and
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thereby increases university/industry interactions. On
the other hand, this might bring the university into
direct competition with small consulting and labora-
lory businesses. This is a special concern at state
universitics.

A third issue concerns the attempts by one com-
pany, in the view of a university administrator. to
monopolize a university’s faculty in a particular area.
A slriking examiple is the actions at one midwestern
state university, of a company putting the university's
top four molccular geneticists on retainer, which in the
view of some has resulted iri cutting off others from
utilizing their knowledge and advances. Through pro-
prictary restrictions, this could cut off not only other
companics from thesc scientists’ work, but aiso thz
students of the univer-ity.

B. Institutional Prcgrams

Thuese mechanisms of knowledge transfer are
defined as formal programs designed to contribute
primarily to information exchange between universi-
tics and industry. Frequently, they serve as a broad-
basced information exchange providing a window on
new scientific and technical developments.

1. Institutional Consulting

Institutional consulting was described as a mech-
anism of university/industry research interaction at
only four universities of the 39 visited by the research
teami. Only in two instances was there a formal institu-
tional consulting program. In each of these cases, the
program involved a faculty member and a group of stu-
dents who worked on an industrial problem. in both
cases, the problem-solving was done at the company
site. Both of these cases can be characterized as an
educational program to acquaint students with real-
world problems, rather than as a research program.

An example is a program conducted at Yale
University. In.1973-74, graduate students at that
institution’s chemistry department participated in a
nove! student consulting team approach to basic
rescarch problem-solving. Engineers at Texaco’s
Rescarch Center at Beacon, New York, identified
problems of interest to the corporation which the
student team analyzed. Although the program was
devised more as a training exercise for the young
chemists, the interchange sparked more systematic
contacl than is ordinarily generated by many faculty
consultations. Researchers at both ends of the uni-
versity/industry spectrum gained knowledge of the
olher's research capabilities and expertise.

Still another program which has gencrated a
longterm consultative relationship js the MIT School
of Chemical Engineering Practice, established in
1916, which operates two “Practice Schools”—ane
at General Electric’s plastics and silicon production
facilitics at Albany, New York, and the other at Oak
Ridge National Laboratory (opcerated under contract
to the U.S. Department of Energy by Union Carbide’s
Nuclear Division). This school integrates classroom
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experience and practical work by providing MIT swu-
dents with a four-month, intensive industrial re-
search-oriented internship away from the university.
but under the direct supervision of MIT facuity
members. The curriculum is based on key industrial
problems. The host company benefits from the fre-
quent consultation efforts of visiting MIT faculty and
its recruiting efforts are facilitated by the presence
of students at the company. The Practice School
operates much as a small consulting company, with
student groups working intimately with host plant
staff in solving problems. The resident faculty cn-
sures that assighments are of significant educa-
tional benefit to cach student and that assignments
resull in a major contribution to the plant opcra-
iion and/or to the understanding of a phchomenon
of professicnal sighificance.

2. @eneral Industrial Associates Programs

There is a growing feeling that institutional gen-
cral purpose industrial associates programs are not
beneficial to either university or industry partners in
research. At least five schools visited by the research
team mentioned that they had initiated general indus-
trial associates programs within the last ten years that
had failed. Most company representatives were not
enthusiastic about general industrial associates pro-
grams, although they usually belong to one or two pro-
grams of that nature.

The reason generally given for this dissatisfaction
is that they are too broad and generai. so they do not
attract attention and commitment. General industrial
associates programs are not designed to foster or to
fund collaborative research. They offer loose support
and links to several elements of industrial inierests
in the production of curricula, students and research.
Universities usually organize these programs as a
means of obtaining unrestricted funds from industry.
Unrestricted funds, as stated previously, are extremely
important to university scientists and administrators.
Frequently, the money is used for the support of grad-
uate students. At least one new large general indus-
trial associates program is being initiated solely for
this purposc.

At least 31 of the 71 industrial associates pro-
grams documented in this study can be characterized
as general industrial associates programs. Eight of these
were campus-wide programs. The largest campus-wide
program had 265 member companies and gznerates
over $4 million for the university.

Two private schools have had very successfil gen-
eral purpose industrial associates programs for over
30 years. However, the point was made several times
that these schools are already focused and therefore
the general purpose industrial liaison program works.

The membership fee for a general industrial asco-
ciates program is usually about $20-30,000. However,
there are some programs which cost considerably less,
from $1,000-5,000. Consequently, the services pro-
vided to industry are also considerably less. However,
one engineering industrial associates program at a
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public university charged only $5.000 in fees, and the
school was still able to provide what several company
representatives characterized as one of the best annual
in<lustrial associates symposia they had attended.

A dilenima expressed by many university adminis-
trators was whether or not to keep industrial associate
membership fees sufficiently low so smaller com-
panices could join, or to charge more and have fewer
company members and a more claborate program.
Several schools are experimenting with fees based on
a perecent of sales, or at lcast with a differentiated fee
structure for smatll and large companies.

Schools with successful industrial associates pro-
grams generate from one to four million dollars annuaily
through these programs. Less successful schools gen-
crate approximately $100,000-200,000 in their liaison
programs. Each of the successful schools Las active
and cnergetic liaison representatives (the smaller
school has two to three, and the larger. fifteen) who
run the program. The jobh of the liaison officer is to
arrange programs and facilitate linking the professor
and the company. A iiaison officer is usually an indus-
trially experienced graduate engineer. Each liaison
officer is assigned a group of member companies for
which he/she is responsible. Each officer is also as-
signed the responsibility for monitoring the activities
of scveral departments, laboratories and centers at the
university. The officers visit key company personnel to
ascertain their interests and needs, alert the company
to rescarch patents ana educational opportunities,
and arrange host visits of company personnel to the
campus.

If the program is to be successful, the officer also
frequently visits with faculty to ascertain their research
needs, alert them to industrial research needs and op-
portunitics, and arranges faculty contacts with mem-
ber companies on campus by telephone or by travel to
company sites. In addition, the officer provides for
discussions between company representatives and
iaculty. The service provided to industry also includes
sending member companies a directory of current
research, mahing available important university publi-
cations and reports, and giving short courses, sym-
posia and seminars.

A gencral industrial liaison program is particularly
uscful to a company when it is interested in obtaining
a technical overview of a new area. Schools with large
and diversified rescarch programs are usually the only
institutions that can provide in-depth, broad spectrum
overviews in a sufficient number of areas to make it
worthwhile for the companies to pay high membership
fees. Companies who regarded a particular industrial
liaison program to be useful understood that they
must imake active use of the program and attend sem-
inars and symposia on the campus. Many companies
supporting such programs rcccognize that they are
rcally giving support to general technical excellence.
A company is usually dissatisfied with such a program

if it expects to get something very specific for its mem-
hership fees.

C. University/Industry Research Cooperation
and Education

Education is the central activity of universities and
thus industry support fcr research is inextricably
related in many ways to that educational mission.
Some of the more central relationships of education
to university/industry research cooperation involved
the following:

1. Universities Serve as the Source of New Science
and Engineering Graduates for Industry: Fellow-
ships, Internships, University/Industry
Cooperative Training Programs.

The most prevaient motivation for industry coop-
eration with university is based on the need for quali-
fied science and engineering graduates. This need
exists not only for Ph.D.s, but also at the baccalaurcate
level where the numbers required are much greater. In
times of economic decline and at times when thereis a
personnel oversupply. these interactions become crit-
ical for the student as a guide to make contacts and to
help direct their job-seeking.

Graduate students. The personal relationships
established between industry researchers and univer-
sity faculty help provide one path of access to grad-
uate students as potential employvees. The research
relationship can provide industry researchers direct
contact with graduate students, e ;pecially those at the
doctoral level, since these stud. nts typically are in-
volved in carrying out sponsored research. From the
perspective of the university, industry support of grad-
uate research assistants is most welcome. Graduate
assistants generally become familiar with research
problems of interest to the industrial sponsor, espe-
cially if they are working on contract research. The
students, in turn, can be evaluated as potential em-
ployees of the sponsor. Therefore, it is not at all unusual
for a graduate student working on an industry spon-
sored research project to work for the sponsor upon
graduation. Hiring such graduates offers great advan-
tage to industry, since costs of recruiting, and initial
on-the-job learning are reduced. if not eliminated.
Moreover, the employer has already had an opportu-
nity to evaluate the performance and capabilities of
the new graduate, thereby increasing the likelihood of
hiring individuals who will pursue successful careers’
in the company. Thus, industry support of graduate
research assistants is perceived as cost effective, not
only for its own sake, but also for its recruiting potential.

Undergraduate students. Whereas the contact
established with graduate students is often a direct
outcome of research interaction, such is not generaily
the case with undergraduate students. However, indus-
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try has a continuing concern with the need for upgrad-
ing and updating university curricula so that the grad-
uates are prepared to utilize the latest scientific and
techinical knowledge. Such upgrading and updating
typically enhance the research capabilities of the uni-
versity. This is accomplished through mechanisms
such as equiprnent grants and personnel exchange.
Upgrading the training and education of students can
involve the loan of experts by industry to a university
on a short-term basis to acquaint faculty and students
with recent technical advances.

A case in point is the acrospace industry which
perceived that new engineering graduates were not
keeping up with CAD/CAM technology. and proceeded
to develop a university program on the undergrad-
uate and graduate level. This program was devel-
oped primarily through the initiative and coopera-
tion of several acrospace firms who sent industry
personnel to work at the university, donated appro-
priate hardware and software, organized the semi-
nars, cstablished fellowships and even endowed a
university chair at the University of California, L.os
Angeles. This program also involves faculty and
graduate students on research projects, thereby
enhancing the rescarch capability of the university
in a new cmerging technology.

In another case, a private university used its
endowment funds and NSF seed money to rebuild
their instructional laboratories and also build a re-
scarch center which subsequenily attracted a large
amount of industrially supported research. Thus,
from having an original purpose of developing their
undergraduate curriculum, the university ended up
at the leading edge of technology with a highly suc-
cessful, industrially supported research program.

In a recent initiative, two new biotechnology
companies and a public university are developing a
certificate program (BS and MS degreces) in applied -
molecular biology. The companies invoived will sup-
port a scholarship for a st: dert in the program and/
or help support seminar £ peakers connected with the
program. They will also have company staff present
occasional lectures or demonstrations. Some stu-
dents may serve as interns at the company. In the
long term, they hope that joint rescarch projects
will develop out of this program.

Minority students. Another reason for industry’s sup-
port to a university is to increase the representation of
minority graduates in science and engineering. Stich
industry programs have concentrated on selected uni-
versities with large minority student bodies. Sorne pro-
grams have extended to the graduate level and have
transferred high technology capabilities from industry
to those universitics. This has resulted in enhancing
the research capabilities of selected institutions. In
some instances, federa! government support has been
instrumental in developing comprehensive plans of
this type. However, industry initiative has typically pre-
ceded government support of such programs.

An cxample of snch an initiative is given by
the efforts of an acrospace company’s corporate
rescarch laboratory in establishing solid state clec-

. tronics rescarch capabilities at two eastern minority
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institutions. For three-and-a-half ycars begianing
in 1976, the company invested over $800,000 in
capital equipment and rescarch program sponsor-
ships as weli as approximately $400,000 of indirect
support through services provided to the two uni-
versitics by the company science center and univer-
sity personnel from a highly respect.:d engineer-
ing school. As a result of the advanced capabilitics
established at both universities, they were able to
obtain over $1.5 million in solid state electronics
research grants with almosi a third of the funding
from NASA. These research capabilities were inextri-
cably related to the establishing of a Ph.D. program
in clectrical engineering at one university, and a
strong masters degree curriculum at the other. One
of the two universities is now a member of a consor-
tium of universitics and several companies which is
developing the Micro-Electronics Center of North
Carolina.

2.  Doctoral Graduates of Science and Engineering
Cwrricula Initiate University/Industry Research
Cooperation: Alumni Initiation of Research
Interactions

In some cases, doctoral graduates who are em-
ployed in industry may serve as key links in initiating
cooperative research efforts with their former univer-
sity. The familiarity of these graduates with the capa-
bilities and interests of their former professors and
with the needs of their employers makes them highly
desirable as initiators of university/industry research
collaboration. It is not uncommon for a former grad-
uate student to call his major professor and propose a
joint research effort.

Cne professor of chemical engineering attrib-
uted his large amount of industrial support directly
to his former graduate students. These were his per-
sonal contacts.

In anothker instance, a former student was so
intent on having the professor work on his com-
pany's problem that he wrote the proposal for the
professor,

Many company represéntatives said they frequently
identified their consultants through an employee’s
recommendation of his former professor.

3. Continuing Education is Utilized to Initiate and
Reinforce Research Collaboration: Short Courses,
Personal Contacts

The use of continuing education programs by
universities has occasionally served to stimulate inter-
est by industry in collaborative research participation.
By means of short courses, seminars or workshops,
industry participants are introduced to the university's
capabilitics and new areas of science and technology.

This approach has been utilized by one professor
to obtain industry sponsorship for a highly success-
ful rescarch program focusing on new technology
for the petrolcum industry. Possible industry spon-
sors were invited to participate in short courses at
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the professor’'s initiative. Out of the short courses
came wide industry support of his resecarch program.

Morcover, continuing education can be utilized to
maintain the interest of industry in supporting univer-
sity rescarch. Short courses, workshops and seminars
can be wtilized as knowledge transfer mechanisms to
keep industry sponsors abreast of the latest develop-
ments in university programs. Such knowledge trans-
fer mechanisms are included as a benefit to the con-
tributors of some industrial associates programs and
provide feedback for participants in industry spon-
sored research programs and centers.

4.  Industry Provides Funds for Graduate
Fellowships

Company foundations have long provided general
fellowship support to certain schools and certain
departments. Support for graduate fellowships was
given by the 83 companies reporting such information
in the Council for Financial Aid to Education (CFAE)
Casc Book (11th editicn).

For cxample, a fellow of an acrospace firm at a

to work on a thesis and be able to conduct that work
as part of the company duties.

Therefore, industry can share in the direction of
the research project. These types of programs arc
rarc. A unique aspect of this program is that it was
initiated by a university. Such programs. unlike
cooperative research prograins, arec most often
initiated by industry.

In another case, a Scholars program sponsored
by a large aerospace and electronics firm at an
castern public utiiversity was initiated two years ago
by the chairman of the board of the company in order
to attract graduate students to systems engineering.
It is a work/study program where the Scholars are,
first of all, employees of the company. As such, they
receive full salary and full employee benefits while
in the program. There is a fifty-fifty mix between
cxisting company employecs and those newly re-
cruited by the company and the university. Sixty
percent of the Scholar's time is spent working at the
company’s research laboratories. The remaining
40% of the time is devoted to instruction and re-
search. The MS degree is earned within two years.
The goal of the program is for the student to con-
duct research and write a thesis related to the tech-
nology interests of the company sponsor.

western private university joined the faculty at the
school and became a consultant to the aerospace
firm. As a result of the consulting relationship, he
helped develop cooperative research contracts with
DARPA and ONR funding in which the university sub-
contracted to the acrospace company.

~ The recognition of a shortage of graduate stu-
dents and faculty in fields such as engineering and
computer science, due largely to demand within the
private sector, has resulted in an attempt by industry
to increase sponsorship of university fellowship pro-
grams in these fields.

Trade associations also provide general fellow-
ships to specific technical units of a university.

A case in point is a midwestern public univer-
sity’s 75-ycar program with a midwestern gas asso-
ciation. This association is subscribed to by all the
powcr and gas companics in the state.

Cascs of general fellowships designated to a spe-
cific technical department were numerous. While this
is not support for a specific project. the intent is that
research will be conducted in a certain area. Many
investigators expressed the wish for a greater number
of such fellowships.They do £t in with the primary moti-
vations of industry, the production of well trained grad-
uatc students. These funds usually are not confining
in the eyes of the professor.

An element lacking in general fellowship pro-
grams is an interplay in the planning of the research,
but this does not riecessarily have to be the case.

In the new intern program at one private univer-
sity, the target group is people in their late twenties
or thirtics. The intern student and the company
enter into a formal contract agreement. The com-
pany agrees that:

(1) their employec can have a onec-year leave of
absence to go to school;

One of the most significant of such attempts is
that by the Exxon Foundation, which is providing a
total of $15 mi:iion to support one hundred doc-
toral studernits at sixty-six colleges for thrce years,
and a supplement of $20,000 annually to a hundred
departments of engineering and allied programs for
the support of junior faculty to keep them from
bzing lured away by industry. Clearly, not all univer-
sitics are being assisted, and even some of those
receiving these awards need more funding to over-
come the impending crisis in engincering educa-
tion. It remains to be scen whether attempts such
as those of this corporation will be cffective in at-
tracting graduate students and faculty to schools of
engineering iand science, and if they can be success-
ful in fostering research programs morc relevant
to industrial interests.

Also in an attempt to keep faculty at the univer-
sities, another petrochemical company is consider-
ing the cstablishment of a program which will pro-
vide a forgiveable loan to a junior faculty member
who agrees to work for four years in an academic
position. The loan is for $40,000. For each year up
to four years, $10,000 will be taken off the loan while
the professor stays in an academic position.

Collective Industrial Actions in Support
of University Research Programs
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(2) the company will provide a person to serve
on the Ph.D. committeer and

(3) when the person comes hack to the com-
pany, he/she will have an assignment within which

i a

The role of trade groups in fostering university/
industry research interactions is largely an untouched
subject. Shapero (1979) stated that before World War
1, most industrial support of university research was

164

95



via lradc associations. Yet an NYU survey indicated that
trade group support and interest in sponsoring tech-
nical university research is relatively recent. Currently,
of the 30 trade associalions studied, 12 (40%) funded
no university rescarch (Table 26). There are about
7.000 trade groups in the United States, cach serving a
targel industry on matters of common concern (National

Trade and Professional Associations of the United States -

and Canada and Labor Unions, 1981). We describe the
total aclivity of these trade groups and/or industry-
wide rescarch activity as collective industry support of
rescarch. In order to discuss the ways in which these
industry dgroups interact with universities in the area of
technical research, it is convenient to divide them into
four categories:
* Trade associations

Alfiliates of trade associations (mainly founda-
tions)

Independent research and R&D organizations
affiliated with a university

Industrial rescarch consortia.

Of the 22 industrial sectors covered, 5 did not
fund technical rescarch on university campuses through
one of the above means.

1. Trade Associations

A lrade association is defined by the American
Socicty of Association Executives as “a non-profit
ordanization of business competitors in a single indus-
try, formed to render a number of mutual aid services
in expanding that industry’s production. sales and em-
ployment.”

The headquarters of a typical trade association
functions as a sccretariat for a wide range of commit-
tees and councits which will carry out the woik of the
primary operating units, these units are cither perma-
nent or formed on an ad hoc basis. Staff pcople
responsible for their operation are permanent, while
committee members, drawn from the supporting com-
panies, volunteer to serve. The organization of a trade
association is the key to tracing connections with uni-

versity technical research. The most common arrange-
ment consists of operating units created by function.
These generatly cover arcas of governmental affairs,
communications, finance, lcgal issucs and technical
needs to the industry. A few associations, such as the
Rubber Manufacturers’ Association, are organized
along product tines, and there is no central research
budget or committee. Therefore, their interactions with
university technical rescarch are dispersed and the
overall levet of such activity difficult to assess.

The technical unit of a trade association can cover
a varicty of areas. It can operatc as a central agency for
gathering, compiling and disscminating statistical
data on industry-wide economic and market research;
it can work for the improvement of product and indus-
try classifications; it can decal with testing and stand-
ardization of the industry’s products and processcs; or
carry out a combination of these functions.

Standardization often accounts for much ' of a
technical unit’s work, and as such, warrants some dis-
cussion. A standard is a definition of a product or pro-
cedure in terms of certain features, and standardiza-
tion is the process of reaching agreement on the form
and content of such a definition. Many associations
work on the development of voluntary standards in
their ficld, a practice challenged in 1980 by the Fed-
cral Trade Commission. Work in standardization typ-
ically includes literature scarches and collection of
broad-based industry input on the standard under
review.

Anolher aspect involves testing to determine
whether a product or process meets the standard.
Tesling equipment and procedures are continually
being improved. Pertinent to the subject of university/
industry rescarch interactions, the testing facilities of
scveral trade groups are located on university cam-
puscs. Although the level of technical research in-
volved in testing may be low, students are trained in
techniques, thus gaining practical, industrially-oricnted
expertise.

Only a few of those organizations surveyed are
involved in technical research on any significant scale.
Some exceptions are, the Motor Vehicle Manufacturers’
Association, the American Petroleum Institute, and the

Table 26

Three Categories of Trade Groups Surveyed and their Current Funding of University Research’

Fund University Research

Category Yes No No Response
Trade Association . ......... ... e, 13 12

Research Affiliate ............. ... ... ... ... 5 - 2 1
Independent Research or R&D Organizations ...... 8 0

‘Ot these. five have no technical research

'The level of funding has not yet been ascertained in every case. but the fact that they do fund university research to some degree has

been determined.
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Anrica Gas Association, all three of which sup-
pored \ell-regarded programs as testitied to by inter-
viewees i this ficld study.

2. Affiqates of Trade Associations

For jhosc trade associations serving industries
wilh hegq,y techinical requirements, a common practice
is ty Set p aseparate foundation or corporation which
acls Wyt as its research arm. These affiliates quatify
foriax quemption under Section 501(c)(3) of the Inter-
nal Revgpue Service Code. The requirements are that
they be grganized for scientific purposes, that no part
of jpeir et carnings go to the benefit of any individual,
that no substantial part of their activity consists of
profadypda. or attempts to influence legislation, and
that tth play no part in any political campaign.

An gxample of this type is the Bituminous Coal
Researqy, Inc., formed in 192:3, as the research arm of
the Natjgnal Coal Association (established in 1917).
Its resqgreh center has laboratories for equipment
deClopyent and chemicals research. In 1980, Bitumi-
noys Gyl Research, Inc., allocated only a very small
portion to universities of its substantial research
budQet. This was explained by the steadily declining
caitbuy cffort in coal research over the past 20 years.
Opportnitics arc provided to students to perform
che ity research in its laboratory.

3. Incygpendent Research and R&D Orgarnizations
Afyated with a University

A fyw industries are served by independent R&D
ingtituty,s which provide a pool of advanced science
and tee nology for companies to draw upon. Within
this greyup. some coordinate their research role with
the 1'cSponsibiIity to provide a professional and man-
agerial pasc for their industry.

As 4 consequence of a dual focus on education
and reyearch, this type of organization has success-
fully ingegrated the traditional interests of industry
with? thyyse of the university, often perceived as incom-
patible,

There are three prominent examples of such insti-
tuesin he United States: The Institute of Paper Chem-
isiry. the Institute of Gas Technolody. and the Textile
RegQaryp Institute.

The nstitute of Paper Chemistry (tPC) is an out-
Sy ding example of a unique partnership between
ind | stry and academia. Aflitiated with Lawrence Col-
ledy, in Wisconsin, the Institute of Paper Chemistry
way estabtished as an independent, privately sup-
pored cducatignal institution, devoted to cducation
ancy research in the natural sciences and engineer-
inq jIs acadcinic programs lead to the MS and Ph.D.
degyees. Each student reccives a fellowship stipend
angy full tuition fees from the nstitute. Upon grad-
uaty, the students usually take positions in the
pitkyer and puilp industry, often in R&D arcas. Since
its .stablishment fity ycars ago, the Institute has
maydculated 838 students.
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A special feature of this program is the tech-
nical and research experience gained in industry
during the summer term. This experience acquaints
the student with industrial processes used in dif-
ferent regions of this country and abroad.

Support for the Institute is derived from four
sources: annual dues from United States producers
of pulp. paper and paperboard: contract research
performed by the staff on a non-profit basis: scholar-
ship and fcllowship difts; and miscellancous sources.
in 1980, the budget was $10 million.

The Institute provides the industry with a co-
operative rescarch facility dedicated to solutions of
technical and scientific problems of the industry
through fundamental and applied research of long-
term interest, as well through developmental proj-
ects. Research directions arc guided by a Research
Advisory Committec. made up of nine senior com-
miitee executives who meet regularly with the Insti-
tute administration and staff.

The Textile Research Institute (TRI) in Prince-
ton, New Jersey. had a 1980 budget of $1.3 million.
It provides the textile industry with an independent
rescarch facility, focusing on fundamental scientific
principles in the physical and engincering sciences
concerned with polymers, fibers and textile systems.
TRY's aim is to carry out basic research without los-
ing sight of industrial relevance. Guidance for the
corc rescarch program is provided primarily by the
Rescarch Advisory Committee, composed of 21
senior managers of textile companies. :

The training aspect of TRI's program ccnters
around a cooperative effort between TRl and the
Dcpartment of Chemical Engineering at Princeton
University. The students awarded TRI fellowships
undcrtake thesis research on a fiber or textile-
rclated topic. This program involves both students
and faculty in the TRI effort to serve as a bridge
between industry and academia, and to oricnt scien-
tists and engincers to fiber and textile science and
technology. In 1680, five research fellows and two
undergraduate students at Princeton University
were associated with the Textile Research Institute.’

The sources of revenue come from general sup-
port and grants, industry supported rcsearch, gov-
ermment supported research, and publications.

The Institute of Gas Technology (1GT), affiliated
with the linois Institute of Technology, was set up
in 1941, modeled on the Institute of Paper Chem-
istry. It serves American companies involved in the
production, distribution and utilization of gas and
its by-products, and its budget was in excess of $30
million in 1980. Besides the laboratory, its research
capability includes the Energy Development Center,
which has three production plants. There are about
100 active projects per yecar, both in fundamental
and applied areas. Contract research is routincly
undertaken.

The educational programs offered provide grad-
uate decgrees in gas technology. There is also an
undergraduate option in gas technology available
to engineering students. Since 1941, IGT has pro-
duced 25 Ph.D.s, 113 masters degrees, and the under-
graduate option has been taken by 204 students.

Those interviewed who had participated in a pro-
gram at one of these Institutes (IPC, TRI, IGT) felt that
their interactions had been professionally valuable.
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However, in several instances, a question was raised
concerning the impact upon the host university. One
professor stated that there was absolutely no impact
on the host university research program. The research
capabilities of such institutes are constrained to some
extent by their constituencies. As science moves in
ncw directions, these institutes find it difficult to
respond. One company representative stated that his
firm had decided not to renew their institute member-
ship because they had to invest their limited funds
clsewhere to gain expertise and access to new devel-
opments in biotechnology. Presumably this is an issue
currently challenging the major institutes mentioned.

4. Industrial Research Consortia

Several other independent industrial sector R&D
organizations can be characterized as industrial re-
scarch consortia funding university research. One
example described below is the Council for Tobacco
Research. Two others, the Gas Research Institute and
the Electric Power Research Institue (EPRI) are described
in Chapter VIIl. Another exaimple, and a new initiative,
the Council for Chemical Research was described in
this Chapter (pp. 81-82) under the heading coopera-

tive research because it is established through the
actions of both university and industrial scientists.

The Council for Tobacco Research is an indc-
pendent organization drawing its financial support
from dues of its member companies, representing
tobacco drowers, manufacturers and warehousers.
Although it does research of ultimate use to the
industry, it docs not contract work for the industry.
No rescarch involving tobacco itself is done, nor
does it have any product testing capabilities.

The 1980 budget was $6.5 million, of which $6
million was given to faculty at university medical
schools. Its research emphasis is on etiofogy or
pathogencsis of non-germ diseases such as cancer,
cmphysema and cardiovascular ailments. The work
is carricd out principally through universities. No
work is supported on treatments or cures.

There is a continuous planning process for
determining its research program. This begins typi-
cally with contract from someone seeking to apply
for support. A proposal for a three-year study is sub-
mitted and screencd by a Council Executive Com-
mittee for relevance. If positive, a formal proposal
is requested. These are assigned ) the proper sub-
committec for the Scientific Advisary Board. Pro-
posals selected are reviewed over a four-day period
at an annual meeting of the nine-member Scientific
Advisory Board. The staff determines the appro-
priatc level of budget allocations and proposals are
awarded within these limits. A visiting committee
from the Council follows the work in progress, and
the results arc published in the open literature. A
rescarcher is typically awarded one or two renewals.

The researchers used to be chosen from the
ranks of those promising scientists without suffi-
cient credentials to obtain support from large fund-
ing agencies. With the cutback in government re-
scarch support, however, those applying are apt to
be established researchers.
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Several other industries (e.g., the mining and min-
erals industry, the semiconductor industry) are review-
ing the possibilities for collective industrial support of
basic research. All view academic research as an inte-
gral part of any collective industrial action.

TECHNOLOGY TRANSFER

Programs structured with a view to capi-
talizing on university research or integrating
technological resus of university research
into private sector programs or commercial
products can be characterized as technology
transfer mechanisms. (See Chapter V, p. 18.)

Such programs are designed to:

(1) address specific research problems of
a company. or

(2) give technical assistance to compa-
nies in need of developing new pro-
duct lines, or

(3) provide technical assistance in the de-
velopment of a toially new business, or
hielp entrepreneurs initiate their own
high technology companies, or

(5) provide technology brokerage and li-
censing services.

A.  Product Developn.znt and Modification Programs

1. Extension Services

The extension service programs point to the fact
that the current interest in policies dealing with univer-
sity/industry interactions is only the latest manifesta-
tion of a recurring theme in the United States. The
Morrill Act of 1862 establishing land grant colleges
was intended to dewvelop and relate higher education
to industrial economic performance. This act provided
the mechanism for the establishment of agricultural
extension and engineering extension at many state
universities. The first engineering experiment station
(EES) was established by the University of lllinois in
1903. The lllinois EES was to do for industry what the
agricultural experiment stations did for farmers. There
was a concerted drive to get federal support for univer-
sity based engineering experiment stations that built
to a peak in 1916 when it failed in Congress. By 1937,
38 engineering experiment stations had been estab-
lished at land grant colleges using university and state
funds.

Extension services are essentiaily used as a means
of bringing technical assistance to small companies cr
helping industry develop in a rural area. They consti-
tute a service rather than a mechanism to facilitate
cooperative research. However, they do establish a net-
work of industrial contacts and make the universities -
who participate more sensitive to industrial needs.
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2.  Innovation Centers

Al innovation centers, emphasis is on the process
by which innovaticn oceurs and entrepreneurial activi-
tics arc stimulated. Innovation centers are a means of
helping entrepreneurs to develop their skills througt:
prototypes to the point where they can start their own
company. (Sce Chapter V11, p. 45.)

in 1973, the National Science Foundation under-
took a five-ycar experiment designed to promote
invention and entrepreneurship in American society.
The Foundation established several innovation cen-
ters. The first three were at MIT, Carnegie Mellon Uni-
versity, and the University of Oregon. Table 27 lists
cxamples of innovation centers in the United States.

The major goal of these centers is the initiation of
an academic program to.train and facilitate the work of
young inventors and entrepreneurs. Enthusiasm for
such centers scems to have waned in the last few
ycars. However, the innovation centers have partici-
pated in the creation of over thirty new entrepreneurial
ventures, a thousand new jobs, and have generated in
excess of $6 million in tax revenues. (NSF, Industrial
Program Grantee Conference, 1980.) Over 2,000 stu-
dents have participated in the programs. Because of
the long term nature of the innovation process, it is

difficult for one to judge fully-those centers in terms
of any substantive contribution to innovation at this
time. One innovation center reviewed in this study
served primarily as an educational facility and catered
to the needs of student’s who wanted to develop an
idea. At two other innovation centers, the focus was
on the developed entrepreneur. It is clear that the
most successful of these programs had an extremely
active, energetic and knowledgeable director. Exten-
sion services and innovation centers are important
ways the university can function in industrial develop-
ment of its surrounding area.

B. University and/or Industry Associated
Institutions and Activities Serving
as Interface and/or Foundation for
University/Industry Research Interactions

There are many institutions associated with a uni-
versity that are not directly related to university/indus-
try research interaction, but play a role in facilitating
the integration of university research into the indus-
trial innovation cycle. Likewise, many institutionalized
activities such as technology brokerage and licensing
affect the structure and functioning of this integration.

Table 27

Examples of Inncvation Centers

American Center for the Quality of Work Life
American Productivity Center, Inc.

Center for Productive Studies

Cornmittee on Productivity (AIIE)

Innovation Center
Laboratory for Manufacturing and Productivity

MDC. Inc.

PENNTAP
Productivity Council of the Southwest

Productivity Information Center (NTIS)
Productivity Research and Extension Program
Quality of Work Life Center for Central Pennsylvania

Quality of Working Life Program, University of illinois
RP| Center for Manufacturing and Technology Transfer

Center for Entrepreneurial Development ....... ...t
Center for Government and Public Affairs .......... ..o
Center for Productive Public Management ..............cc.ooven

Center for the Quality of Working Life ..........c.cooiiviiennnns

Experimental Center for the Advancement of Invention and Innovation
Georgia Productivity Center ............ooiiieiiiiiiiiiiiaiaeas
Harvard Project on Technology, Work, and Character ............

Institute for Productivity ... ... i e e

Management and Behavioral Science Center ....................

Manufacturing Productivity Center ...

‘aryland Center for Productivity and Quality of Working Life ......
Massachusetts Quality of Working LifeCenter ...................
Oklahoma Productivity Institute ...,

Productivity Center, Chamber of Commerce of U.S. ..............
Productivity Center, Northwestern University ....................

Productivity Institute, Arizona State University ...................

Purdue ProductivityCenter ..........covvieiiirieanencisne

Quality of Work Life Program, Wayne State University ............
Quality of Working Life Program, Ohio State University ...........

South Florida Productivity Center .........oehviihiiniriennscens
Texas Center for Productivity and Quality of Work Life ............
Utah State Center for Productivity and Quality of Working Life .....
Workin Americalnstitute, InC. ... ..o

Washington, DC
Houston, Texas
Pittsburgh, PA
Montgomery, AL
New York, NY
Washington, DC
Los Angeles, CA
Norcross, GA
Eugene, OR
Atlanta, GA
Washington, DC
Cambridge, MA
Hato Ray, Puerto Rico
Cambridge, MA
Philadelphia, PA
Chapel Hill, NC
Chicago, IL
College Park, MD
Boston, MA.
Stillwater, OK .
University Park, PA
Washington, DC
Evanston, IL
Los Angeles. CA

~ Washington, DC
Tempe, AZ
Raleigh, NC
West Lafayette, IN
Middletown, PA
Detroit, M!
Columbus, OH
Champaigi. IL
Troy, NY
Miami, FL
Lubbock, TX
Logan, UT
Scarsdate, NY
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1. Technology Brokering and Licensing Activities

Site visits during the course of this study yielded
information on industrial and university viewpoints on
patents issucs. To further investigate the level of activity
and interest in technology brokerage and licensing on
campus, two surveys were conducted. The first dealt
with university patent administration mechanisms and
internal division of income derived from royalty bear-
ing patents. Information from this survey is presented
in Table 28.

The cther survey sought information on iwtal royal-
tics reccived by certain universities in recent years and
is discussed below (p. 105).

Increased interest in patent matters is apparent
from the significant number (20) of those universities
involved in the first survey (38) undergoing patent
policy revision. Only six universities had current patent
policics that were more than five years old. Most of
these revisions are not only in response to the patent
legislation (Uniform Patent Act) which went into effect
July 1, 1981, but also reflect an effort at.many uni-
versities to encourage invention by increasing the
rewards to the inventor, and to modify their adminis-
trative procedures in handling patents. As federal
funds for rescarch have declined, initiatives have
increascd within the university system to generate
their own research money, and many universities have
pressed forward in capitalizing on their opportunitics
for patents.

a. Patent rights.

In general, inventions, innovations, discoveries
and improvements made with the use of university
facilitics or services, or during the course of regularly
assigned dutics, arc the property of the university, and

.

can be used and controlied as to secure an equitable
benefit to the public, the inventor and the university.
A notable exception to the obligatory assign-
ment of rights by the employee to the university is the
procedure followed by the University of Wisconsin.
Their patent policy states that the university "does not
claim any interest in employee inventions.” Upon re-
quest, the Wisconsin Alumni Research Foundation
(WARF), a separate not-for-profit corporation serving
the university, will review any invention disclosures of
any university employee or student to determine if it
will accept assignment of the invention. If assignment
is accepted the inventor will receive annually 15% of
any net royaliies deriving from licensing arrangements.
Universities, in general, claim no rights to those
patents which are owned by third parties pursuant to
sponsored research agreements, or those resuiting
from independent work or permissible consulting
activities without the use of university facilities.
Government sponsored research terms of the
Uniform Patent Act are as follows: A university or a
small business has the right to elect to retain title to
inventions made in the course of government spon-
sored research. Exceptions are made in three instances:

(1) operation of government-owned research
or production facility;

(2) exceptional circumstances determined by
the agency (stringent documentation is required from
the agency and is submitted to the Controller General
to curb abuse by the agency):

(3) when necessary to protect the security of
the government intelligence or counter-intelligence
activities.

if the university abandons the patent prosecu-
tion, all rights revert to the inventor. However, some

Table 28

Patent Administration and Royalty Income Distribution of Selected U.S. Universities

Year of Deduction by Patent Patent Matters Univ. Income
Policy Institution Royalty Division Institution Management Handled By Goes Towards Comments
1977 U. Arizona Of net income: PMO Individual re- Fund for Promo-
Inventor: 50% of sponsible for tion of Research
1st $10.000; discoveries and - establ. in each
25% over inventions unit.
$10.000
1980 U. California  Of net income: 15% for O/H Internal System Board 1st considera-
System Inventor: 50% plus deduc. for of Patents tion given to
UC System: 50% cost of patenting promotion of
& protection of research
patent rights
1977 U. Chicago PMO Office of VP for  Divisional When rights relin-
UPI Bus. & Finance research quished to
activities inventor, "normal
process of aca-
demic publication
will be utilized for
benefit of scholarly
& gen. public”
\)4‘ a0 1 09
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and Royalty Income/Distribution of Selected U.S. Universities
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Deduction by Patent Patent Matters Univ. Income
Year Institution Royalty Division Institution Management Handled By Goes Towards Comments
U. Colorado Of 60% of net PMO Office of Patent  See royalty div.;
which UPI allows: Primarily UPI  Adm. sifts dis- Patent Royalty
Inventor:  25% closures; Univ. Fund goes to
"lab 25% Patent Comm. res. & education
"dept. or {10}; Chairman-
admin. unit 25% Dean of Studies,
University Patent Reps from 4
Royalty campuses; Ex-
Fund 25% officio member
{incl. Patent
Adm.)
Under Cornell Of net income: Direct expenses Internal. Cornell Research:
Rev. Inventor: 15%  expenses PMO Research Preference to
CRF: 85%  CRF-$350 fee Foundation orig. unit
1979 U. Delaware Inventors options: Direct expenses  Internal University If univ. relin-
1. Ilnventor 1/3  + 15% of direct PMO Coordinator for quishes rights
Approp. expenses to Research & inventor de-
adm. unit 1/3  cover overhead velops it, any
Res. Off. 1/3 income must be
shared with univ.
2. Inventor-1st {after inventor’s
$5,000, then expenses are
inventor 20% deducted). on the
Adm. unit40% basis that in-
University40% ventors’s share be
This division not less than
holds until net royalty split
income is under univ. funded
$30k when inventions.
terms in Option
1 take over
1979 Duke Net: Direct expenses Internal Office of Patent General ‘ und
1st $10k PMO rarely Administration
Inventor 35% used {estab. 1979)
" lab 65%
$10-50k
Inventor 35%
"lab 45%
Univ. 20%
Above $200k
Inventor 15%
”lab 15%
Univ. 70%
1978 Georgia Tech Inventor: 1st Direct expenses Internal: Institutional $250 to inventor
$1,000 + 50% Office of Con- Patent Commit- for services
of net income tract Adm/ tee (incl. member rendered in
Georgia from GTRI) providing tech-
Tech. Res. nical documenta-
Institute tion in filing
Under Harvard Of net income: Direct expenses internal Committee on Faculty & aca-
Rev. 1st $50k of processing Patents and demic dept. of
1975 Inventor 35%  patent Copyrights inventor for re-
University 65% search by in-
2nd $50k ventor. Next
Inventor 25% $67,500-'2 as
University 75% above: 2 general
Over $100k use by inventor's
Inventor 15% dept. Remaining:
University 85% divided between
faculty & central
university
Under Johns Hopkins Current: {net) Direct expenses Internal Patent
Rev. Inventor  25% Administration
1969 Proposed
Inventor 30%
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Tab!e 286—Continued
Patent Administration and Royaity Income Distribution ot Selected U.S. Universities

Year Institution

Deduction by

Royalty Division  Institution

Patent

Management

Patent Matters
Handled By

Univ. Income

Goes Towards Comments

U. Houston

Under U. lllinois

Rev.

Lehigh

Under
Rev.

U. Maryland

Under MIT

Rev.

U. Michigan
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. Inventor

Of net income:
Inventor 50%

Of net income:
1st $50k

50%

2nd $50k
inventor 35%
Over $100k
Inventor 20%

Of net income:
Inventor 50%
University 50%
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Inventor 15%  Any litigation
costs negotiated

with Res. Corp.
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1st $50,000
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Inventor  15%
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VP for Res.
Eqpt. Fund40%
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Corp.

100% to research
fund. Inventor’s
field of activity
given preferential
treatment
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Deduction by Patent Patent Matters Univ. Income
Year Institution Royalty Division  Institution Management Handled By Goes Towards Comments
Under Rens:elaer Of gross income: Internal Patent Review General Fund
Rev. Polytechnic Inventor  15% PMO Committee
Institute
Cur- Rice University inventor share PMO Otfice of Ad- Not active re:
rent negotiated case vanced Studies patents
by case & Research
1980 University of  Of net income: Direct axpenses Internal NONED Corp. 2/3: Inventor's
Rochester Inventor 50% PMO {wholly owned Dept.
University 50% sub. of Roch. for 1/3: Inventor's
patent mgmt.) college for
educ. or res.
1978 S.U.N.Y. Ot gross income: Internal Technology SUNY Research
Inventor 40% Transfer Office Programs
1980 Stanford Of net income: 15% of grcss +  Internal Office of Tech.
University Inventor 1/3  direct expenses Licensing
"Dept. 1/3
University
Royalty
Income
Fund 1/3
Cur-  Texa" A&M Of net income: 15% tor admin- Office of Patent
rent inventor 50% istrative costs Administration
Unit responsible + legal fees for
forinven. 50%  patent
processing
1981 U. of Texas Of net income:  Costs of patent- Internal Patent Office 1st to defray
0-85,000 ing & licensing PMO expenses of
Inventor 75% Patent Office,
System 25% then for research
by unit where
invention was
made
Late U. Utah - Of net income: Direct Internal Utah  U.R.F. purchases Support of re- University Patent
60's Inventor 40% of Res. Founda- services of direc- search & educa- Office may award
Cur- tirst $20,000; tion tor of University  tion {1st priority- up to $1,000 to
rent 35% of next Patent Office to  operation of inventors for
$20.000; 30% manage patents  Patent Office their aid in devel-
thereafter oping info. to help
patent prosecu-
tion.
1972  Washington Of net income: No more than Internal Vice Chancellor  Educational & Rights rest with
University Inventor 50%  50% for Research & Research inventor, subject
{max.) Patent Coord. programs to “shop rights™ if
Univ. Balance Patent Advisory done with univer-
Committee sity funds &/or
facilities.
Cur-  University of  Of net income: 15% service Internal Patent Office Account for
rent Washington 1st $5,000 PMO Research
as of Inventor 100%
1981 Next $15,000
11969} Inventor 50%
Over $20,000
Inventor 30%
1975 U. Wisconsin  Of net income: Internal Vice President & WARF returns
Inventor 15% Chancellor, Wisc. 15% of income
Wisc. Alumni Alumni Research from inventions
Res. Found.85% Found. and investments
for research
Under Yale U. Split what PMO Internal Patent Review
Rev. allows 50/50 with PMO Committee

inventor
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institutions put up barriers, such as requiring a share
of the royaltics or publication of findings. Many, how-
cver, put no conditions on the release.

b. Patent administration.

In informal discussions with university patent
and rescarch administrators, it was found that many of
the patent policies were under study or revision. Ques:-
tions such as the following were being addressed by
school officials.

(1) Is the patent policy up to date, or should
it be revised?

(2) Is the division of royalties between the uni-
versity and inventor equitable, and sufficiently encour-
aging to the inventor?

(3) Who should retain the rights to the
patent? Should the university relinquish the rights to
the invention and under what circumstances?

(4) At what stage and from what funds should
the patent office overhead and other expenses be taken?

(5) Under what office of the university should
the patent administration lic, and what administrative
officials in particular should have final say on a deci-
sion involving patents?

(6) Docs the university have an adequate in-
ternal capability to manage patent development? If
not, should it be improved or should the university use
the services of an external patent management organi-
zation?

In general, patent royalties to universities from
inventions of their faculty members are an increasing
potential souirce of income. To date there has been
some lack of consistency of handling this source of
revenuc and disposition of the revenue itself. Further-
more, with increased fees for domestic patents as well
as the high costs of obtaining foreign patents, the
issties and expenses must be considered with care. In
most universities examined, such detailed debatz
among administration and faculty is being pursued.

Many universitics have agreements with external
patent management organizations (FMGs). These were
generally viewed with dissatisfaction by many univer-
sity administrators and scientists. It was often stated
that these organizations are not sufficiently aggres-
sive is sceking out patent and licensing opportunities.
Scveral administrators also stated that they did not
believe these organizations were receptive to their
neceds. These views can be interpreted as expressions
of the belief that opportunities have been missed. We
note that we did not conduct a separate survey of
patent management organizations and their interac-
tions with university scientists.

Increasing numbers of universities are developing
their own internal capabilities for patent management.
In our aforementioned survey of 38 universities, 17
use internal means exclusively for managing patents,
and 7 use both internal means and PMOs (Table 28).

Although having internal management capability is a
very expensive proposition, it does allow the university
to own patents which would formerly have been assigned
to a PMO. It is huped that internal management will
provide an opportunity to get’ a return on investment
sufficient to have a significant impact on university
rescarch prcgrams.

¢. Division of royalty income.

In general, there are two situations in which an
inventor who is a university empioyee can earn royal-
ties. The first case is that in which an invention arises
from externally funded research, where the overhead
is adequate to cover university expenses. Royalty
income divisions are negotiated as part of each con-
tract or grant, and the sponsor’s terms are controlling
in the matter of limitations on the inventor's share.
Some universities Meported that they make every effort
to have the sponsor follow that division of royalties
specified in that university's patent policy. Some con-
tracts with companies were found to allow for no pay-
ment to the inventor. Under the Uniform Patent Act, a
patcntable idea arising from government funding, par-
tial or total, must include a percentage for the inventor.
The terms for division varies with government agencies.

The second case is that in which the invention
arises from research supported by univers..y funds on
university time, or using universit facilities, and when
the patent has been executed internaily. tlere, the divi-
sion specified in each university’s patent policy is con-
trolling. Although there is wide variation among univer-
sities in relation to royalty income schedule, our survey
showed that 15 (7 private and 8 public) out of 38 univer-
sitics surveyed offer (in varying increments) at least
50% of net royalties to the inventors.

Data on the division of royalties by individual
universities is also given in Table 28.

d. Patent income management.

State and private universitics have established
independent research foundations for the.purpose, in
part, of facilitating the patenting and licensing of uni-

. versity developed products and processes (e.g., the

Wisconsin Alumni Research Foundation of the Univer-
sity of Wisconsin, the Cornell Research Foundation,
Inc.. and the California Institute Research Foundation
of the California Institute of Technology).

The Wisconsin Alumni Research Foundation is
the most well known example of this type of arrange-
ment. It manages income generated from inventions
and investments on behalf of the University of Wiscon-
sin, and rcturns 15% of the total income annually to
the University of Wisconsin for support and administra-
tion of research. (Note that the generation of funds
from inventions comes from a few very highly success-
ful patents.) These funds are primarily used to aid
young investigators, support teaching assistants. and

J 04 1
e SUE L

Aruitoxt provided by Eic:



E

Q

provide sced moncey for new research projects and
programs.

e Levels of total income received from patents.

In order to collect data on the level of total
patent income received by universities during FY-1979
and FY-1980, a list of schools thought to reccive the
largest amounts of royalty income was developed. No
prior tabulation of such data exists, and thercfore,
personal judgments were used as a first guide to this
neglected arca. Candidates were suggested by patent
andd rescarch admiaistrators, as well as by officials at
the National Association of College and University Busi-
ness Officers and the Socicty of Patent Administrators.

Information concerning the annual amount of
income from royalty bearing inventions was requested
from 36 universities, both public and private. Responses
to date number 25, a 69% response rate. These initial
results for 1980 and 1981 are shown in Table 29.

Of the 25 respondents, 3 had not yet tallied
thicir 1981 amounts. Two of these may account for the
decrcase in the lowest class from 10 in 1980 to 7 in
1981, as their income was well down toward the lower
end of the range, and is not cxpected to distort the
agaredgate sumes.

Indicative of a trend is the aggregate amount in
cach year: $7.316,915 in FY-1980, and $9,178,276 in
FY-1981, which represents a 25% increase even with-
out completed taltics.

. Altitudes towards prepublicaticn review and
patent ownership.

Most companies view the interest of universities
in patents and licensing as healthy. They would rather
negotiate these matters than leave them undecided.
Many regard faculty awareness of the importance of
patenting before publishing a prerequisite to a joint
collaborative vesearch ‘effort. All the aspects of this
issuc, however, are not resolved. Every university vis-

ited was concerned with the issue of prepublication
review rights of the industrial sponsor. Companies
believe that they should have the right to review pub-
lications coming out of their sponsored research for
inadvertent disclosures of company proprictary infor-
mation and for potentially patentable ideas. Most sci-
¢ntists do not object to this review for patent poten-
tial. The debate centers around the appropriate length
of time for such a review. :

Generally, a company feels comfortable with the
university owning a patent, particularly if the university
is willing to provide an exclusive license for a certain
time period. Many (7 out of 8) of the new university/
industry partnership agreements in biotechnology
grant exclusive iicenses to the sponsoring company
(see Chapter VI, pp. 43-44). However, companies
do not always require an exclusive license as a condi-
tion for significant commitment to research coopera-
tion with a university (e.g., Exxon-MIT, see p. 43).
The company participants in most of the cooperative
research centers reviewed (90%) did not require exclu-
sive licenses in return for their participation. A large
number of these centers may be characterized as
focusing on research related to process technology
(e.g., combustion processes, polymer processing). In
these areas of research the exclusive license may not
be as important as in areas of research where the out-
come may be a new drug or agricultural product. While
university policies and the mechanism of university/
industry interaction will affect negotiations concerning
patents and licensing, a company’s wiltingness to
accept the university stance may be related to the tech-
nology basc and structure of the industry to which the
company belongs. (See Chapter Vill.)

A few company representatives rcegarded this
new interest in patents and licensing as a threat
to their own interests. One company reprepentative
stated he would not want his company to enter into a
coopcerative research activity with a university that was
actively pursuing patents. He regarded such universi-
tics as among his competitors.

Table 29

Frequency Table
Total Patent Royalties Received by Sample of Universities—1980 and 1981’

Gross Income

Frequency
1980 1981

0—S 99.999
$100,000—5199.999
$200,000—5299,999
$300,000—5399.999
$400.000—5499.,999

Over §500.000

TOTALS

e
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b

'One major university reports an aggregate total of income from inventions and investments. The part of this attributable to inventions has

nnt been separated. and therefore cannot be reflected in this tabie.

‘The 1981 tallies of 3 universities were not yet available.
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2. University Connected Research Institutes

The body of organizations under discussion may
best be described as separately incorporated units
that scrve as legal entities for administering spon-

* sored research and related programs for their parent

Q
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universitics (Table 30). Although the articles of incor-
poration confer independent status on them, they are
in fact interdependent with, and under varying degrees
of contro! by, their host universitics.

Ambiguity of name and purpose makes university
connected research organizations difficult to identify.
variously called institute, foundation or corporation,
cach candidate must be examined carefully to see if it
fits the operational definition one has in mind. (In
this discussion, institute will serve as the generic
term.) Each university prescribes for its institute a
special mix of activities which typicaily changes as it
cvolves.

The university-connected research institute is
most commonly associated with pubiicly supported

schools {Danicls, et al, 1977). These universities

must operate under the restrictions piaced upon them
by their charters and further constraints imposed by
their state legislaturcs. This situation does not provide
a flexibitity of operations attractive to industry spon-
sorship of rescarch. Yet, a strong program of spon-
sored rescarch is critical to carrying out the aim of
educational and scientific exceilence at the graduate
level. Thus, major research universities must often
devise means for flexible operations.

The mechanism of the university-connected re-
scarch institute has been used by a number of public
universitics for the administration and/or the devel-
opment of industry sponsored research programs and
the concept is under active consideration by other uni-
versities, spurred in part by the current government
encouragement of university/industry research inter-
action. A general statement of the purposes served by
scparation between a public university and a not-for-
profit corporation in its service is that the state is
responsible for the basic support of the university,
while the institute’s funds directly or indirectly help the
tax dollar accomplish morc by allowing for the provi-
sion of services which public monies cannot fund or
are insufficient to fund.

The institute provides a way of minimizing many

of the constraints imposed by state government con-
trol mechanisins, and thereby allows the university to
respond to sponsor requirements for efficient per-
formance of research. For example, within the univer-
sity, the research process can be impacted adversely
by requirements for competitive bidding for research
equipment, by policies relating to the hiring of research
personnel, by limitations on travel funds, faculty con-
sulting time and faculty salaries, and by possible dis-
continuity of funding,

There are also controls within the university on
the content of research projects and development of
research resuits. For example, the institute may take
on programs outside the areas of standard academic
programs, such as those involving security clearance,
and enterprises of a commercial nature. Currently, the
institute is being recognized as a means of facilitating
patent commercialization through licensing.

Besides minimizing state government impediments
Lo research, there is another role that the institute can
perform. As the size and volume of research projects
increase, specialized attention over and above the uni-
versity's regular academic and administrative proce-
dures is required. The institute can develop the capa-
city to handle large, sometimes long-term programs. It
can also organize muliti-disciplinary research teams
when necessary, and can control which projects grad- -
uate students work on. '

Beyond these functional reasons for an institute is
the potential psychological benefit. The traditional
issues which divide university from industry can better
be negotiated one step removed from their traditional
bases and, perhaps most important, removed also
from the public arena in which a public university
functions. One public university in this survey is re-
viewing the possibilities of funneling most or all of
its industrial contracts through a university associated
research institute. This university hopes that this
will facilitate the administration of large industrially
funded projects. o

A university-connected research institute can func-
tion somewtiat like a private contract rescarch insti-
tute with these added benefits:

(1) The institu”.e is backed by an educational pro-
gram and a fundumental research program reflecting
awareness of scientific frontiers. '

Table 30

Examples of University-Connected Research Foundations

Purdue Research Foundation

Indiana University Foundation
Texas A&M Research Foundation

Ohio State University Research Foundation

University of Kentucky Research Foundation
Research Foundation of the State University of New York
Research Foundation of the City University of New York
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Established

1830
1936
1936
1944
1945
1951
1963
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(2) It has university faculty available as consul-
tants on its projects, and it can also contract with the
university to pertorm basic rescarch of particular
interest. :

(3} The institute can draw on the pool of graduate
students enrolled at the university, and often the cost
ol doing research in this environment is less than at a
private contract.rescarch institute.

{4) An intangible, but important factor in com-
matiding sponsor interest, is the reputation and credi-
bility that a great U.S. research university has worldwide.

In summary, it appcars that universitics with a
scparate research and development institute can be
particularly attractive to outside sponsors and may
develop into being an important buffer mechanism in
university/industry rescarch interactions.

In 1980, the National Commission on Research
published a report on industry and the university,
Developing Cooperative Research Mechanisms in the
National Interest. A key recommendation states:

“The commission recommends that universi-
tics examine their administrative structures and
policies relevant to cooperative resecarch arrange-
ments with industry. Such rescarch arrangements
should facilitate cooperation while protecting the
academic rescarch environment. Universities should
also examine their patent policies and be sure that
they have the staff capable of identifying and pursu-
ing patent opportunities.”

This can be interpreted as support for the con-
cept of the university-connected research institute
which acts as a buffer in university/industry resecarch
interactions.

3.  Industrial Parks

The industrial park model has been developed at
scveral major campuses to improve relationships be-
tween rescarch-intensive companies and sponsoring
universitics who rent space for corporate activities.
According to one prior study which described the
highly successful Stanford University Industrial Park:

“The results in terms of encouraging faculty
consulting and entreprencurship, industrial staff
cnrollments in university courses, and the use of
industrial scientists as university lecturers arc gen-
crally considered to be significant stimuli to tech-
nology transfer.” (Baer, 1977).

Interviews at companies in the Stanford University
Industrial Park, and with Stanford University profes-
sors, substantiated the results of that study. However,
most industrial parks are gencrally not significant
stimuli to technoloqy transfer.

Appendix 1 presents several examples of univer-
sity associated industrial rescarch parks.

Of the 39 universitics visited in our field survey,
14 universitics had owned or associated themselves
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with industrial parks. Of these parks, only 4 can be
characterized as successful in terms of stimulating
technology transfer. However, even in these cases, the
prescnce of the park, in and of itself, did not neces-
sarily strengthen university/industry research pro-
grams. The presence of the park in successful cases
did facilitate technology transfer through providing
space for companies arising out of university research
programs. In at least three of the more successful
parks, the presence of the park in close proximity to
the university may have helped provide a climate for
the general acceptance of university/industry research
programs. Those universities associated with parks
tended to have stronger programs of universiwy/indus-
try cooperative research. For further discussion of
industrial parks, see Chapter X, pp. 109-110.

4. Spin-off Companies and University/
Industry Research

Companies that spin off fron1 university research
programs tend to have an initial formal research
association with the university which includes sharing
of facilities and hiring of graduate students. As the
companies become more directed towards producing
a product, they become more isolated from university
programs, and at this point have little money to fund
them. Only in the cases where these companies are
highly successful do they return their attention to the
university and contribute substantial funds to univer-
sity resecarch. In order to ensure that the university
derives an optimum return in these instances, many
are considering the possibility of the university taking
cquity in the spin-off company in lieu of royalties.
(See Chapter X, pp. 110-112). Universities are trying to
calculate which would bring in more to their research
programs, an originat 5% royalty from university patents
licensed to a spin-off company, equity in the company,
or reliance on the company’s philanthropy and gifts.

Excluding engineering consulting firms, most
university administrators could only recall one to
three spin-off companies coming from university re-
search programs. However, three universities said that
they could point tc over 100 spin-off companies, and
another three could point to 25 to 30 such companies.
Appendix [l presents a few examples of spin-off com-
panies reviewed in our field study.

There is certainly an untapped potential in provid-
ing mechanisms which would facilitate the collabora-
tion between the research programs of these new.
companies and university research programs. Several
universities are currently looking into a variety of pos-
sibilities, including programs of technical assistance,
providing “incubator space” for the new companies,
and mechanisms by which a university can integrate
its research into programs of cconomic development.
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CHAPTER X

THE SIGNIFICANCE OF CURRENT
ACTIVITIES AND EFFORTS TO
COORDINATE UNIVERSITY AND
INDUSTRY RESEARCH

This chapter summarizes several recurring themes
and debatc’s regarding university/industry coupling. The
material presented is based on our observations and
interpretations after our wide range of interviews and
a review of the current literature.

A. Opportunities for Growth

Current discussions of university/industry research
interactions might imply that this idea was discovered
de novo in 1978. Our studies document that there is a
history of continuing and fruitful interactions. The
present emphasis, however, is somewhat different, for
reasons indicated in Chapters IV and V.

The enthusiasm with which this subject was treated
by all who were interviewed, however, indicates that
focused interest in university/industry coupling is long
overdue. One university president stated his belief that
industry support of university research is an unexplored
margin for the university in general. Many agree. But
recently there has been a rising chorus of caution from
both university and industry representatives stating
that although interest in this subject is long overdue,
it can be vastly overestimated in importance. It is
necessary to maintain a sense of perspective about
university/industry research interactions. Edward E.
David, Jr., President of Exxon ReSearch and Engineer-
ing Company, a strong supporter of university and
industry scientists interacting together in research,
has in many recent speeches said that it is impossible
to expect industry to fill any large funding drop by the
federal government (David, 1981).

Companies do intend to draw more direct ties to uni-
versitics, but resources are limited, and they already
support the university research endeavor through
taxes. It is important to remember that industry has
to pursue a direction which strengthens its own-long

108

term interests, and the university must pursue a direc-
tion based on its function in society. These directions
can intersect but to a limited extent. Only the govern-
ment has lhe resources and network capabilities to
monitor the complex U.S. research system and ensure
that we have a broad technical base. Industry's ap-
proach to research is strategic. For example, there are
relatively few technical fields, e.g. computer science,
electrical engineering, polymer science, molecular
biology, genetics, chemical engineering, receiving
major industrial support at universities. Industry’s
technical effort is targeted, similar to the approach of
government mission-oriented agencies. However, the
government must support research in the national
interest and maintain a technical base that will provide
for national security. Thus, the government has a man-
date to support broadly based research. While there is
room for growth in university/industry coupling gen-
erally, and particularly in fundamental areas, broad
based research support will undoubtedly continue to
flow primarily from federal sources.

There are conditions today that may indicate
some degree of change (see Chapter 1V and V). One
new factor is that the number of science-based, tech-
nologically-oriented industries has grown. This pro-
vides greater opportunity for university/industry coop-
eration. As the older, more mature industries see this
occur, two options can arise:

(1) Actions can be taken tc adapt the new tech-
nology to the existing business.

(2) Business plans can be based on the potential
of high technology for stimulating new business direc-
tions and the role of university/industry interactions in
stimulating and producing technical change.

While most agree that increased university/indus-
try coupling will be beneficial, there is active discus-
sion of the effects of this on both institutions. Some of
these considerations and concerns are discussed in
this chapter. (See Section D.)
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Despite concerns, many groups (public and pri-
vate), in rccognition of the economic potential of sci-
ence basced industries, are actively seeking to forge
new bridges and linkages between academia and the
private scctor. Many of these activities are regional.

13. Regional Variations and Activities in
Cooperative University/Industry Ventures»

Regional and state activities continue to feature
research programs related to their economies and
natural resources. Thus at state universities in the
northwest (Washington, Oregon) and middle Atlantic
{North Carolina) there are excellent forestry products
institutes. There are significant textile programs in
Georgia and North Carolina. Petroleum engineering is
well supported at the University of Texas, Austin. The
Great Plains states (e.g., Wisconsin, Minnesota) have
well supported state programs in food and agriculture
and so on.

Currently, an increase can be noted in the tempo
of state and regionally supported development activi-
ties involving academic and industrial cooperation.
States significantly involved in such activities include
Arizona, California, Colorado, Georgia, New Jersey,
New York, Michigan. They are seeking to take advan-
tage of recent advances in the fieilds of microelec-
tronics, genetic engineering and robotics. These activi-
ties are also, to a great extent, in response to concern
about lagging U.S. innovation and productivity, as
these apply to local industrial activity. States in eco-
nomically depressed regions, regions where the pre-
dominant industrial base is mature (e.g., the steel.
heavy machinery, and automotive industries) are par-
ticularly interested in the creation of new jobs through
fostering the development of new high technology
start-up companies. In most of these activities, univer-
sity administrators and researchers, as well as private
sector representatives, are playing active roles.

North Carolina has provided exceptionally dy-
namic lcadership over the last decade in fostering
cconomic development through university/industry
coupling. The Science and Technology Board, under
the direction of Governor Hunt, has been responsible
for mapping the state’s strategy in these matters,
developing the Research Triangle Park, and lately
the development of a microelectronics and biotech-
nology center. The State appropriated over $27 mil-
lion_in 1981 to the microelectronics activities.

- Several other states have also established special
groups to foster regional university/industry coopera-
tion and economic development.

One such institution is the Pennsylvania Sci-
ence and Engineering Foundation (PSEF) founded
in 1968 with appropriations of $8.2 million to use as
sced funds in nurturing Pennsylvania’s economic
position through technological innovation. The PSEF
is located at Penn State University. During its exist-
ence, it has attracted $68.3 million from industry,
local governments, and the federal government in
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support of applied science and engineering projects
(PSEF, undated). PSEF has been responsible for,
among other things, the developmen’ of a new
capacitor material.

Recently, New York State established a new
cnarter for the state’s Science and Technology
Foundation, giving that organization a key role as
promoter of technologically oriented activity. As part
of this initiative, the state and foundation have
recently been active in exploring new forms of uni-
versity/industry cooperation.

New Jersey is taking substantial initiatives in
this area. They are proposing a program of $8.7 mil-
lion to foster university/industry cooperation in
technological innovation.

In Wisconsin, Michigan and Minnesota, special
organizations (Appendix 111} have been established
to foster regional economic development through
high technology development and university/indus- :
try cooperation.

In Pittsburgh, Pennsylvania, U.S. Steel. Carnegie
Mellon and the University of Pittsburgh formed a
committee, the Ad-hoc Committee on Cooperative
Research, with objective of establishing cooperative
research projects between the participating univer-
sities and local industry. The idea for a regional
approach came from the president at Carnegie
Mellon. The universities are represented by the
deans of the respective schools of engineering.

The deans put together an inventory of re-
search capabilities and current projects. From this,
prospective industrial sponsors can determine pos-
sible areas for research cooperation. To date the
companies participating in the program include U.S.
Stecl, Westinghouse, Alcoa, Gulf and PPG. with cur-
rent projects in combustion and coal utilization
research. The interactions have developed as indivi-
dual contract research programs despite the initial
goal of developing an umbrella grant. Although the
initial goal has not been realized, the committee
still holds this to be a possibility for the future.

In Michigan the technology-based industry com-
mittee, in cooperation with the University of Michi-
gan, sponsored the Michigan Technology Fair in
April 1981. One of the fair's objectives was to create
a climate that encourages the pursuit of high tech-
nology. The event showcased advanced industrial
technology and state-of-the-art scientific research
being carried out in Michigan.

Many of the above mentioned activities have the
long term goal of starting or expanding university
research parks.

For example, in Madison, Wisconsin for Research
(WFR) Inc., a private, not-for-profit joint venture was
created for the purpose of assuring a permanent basis
for cooperation between academic and economic
interests for the long range benefit of the state, univer-
sity and WFR members. Charter members (including
16 companies) contributed $2,000 each. The organiza-
tional approach is to establish a formal channel or
clearing house for information and ideas that will lead
to more activity and more contracts between the uni-
versity and private industry. It is their hope that the
long range net effect of this activity will be the estab-
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lishment of a research park designed to draw high
technology companies to Wisconsin.

Many other universities (Yale, RP, Princeton, Uni-
versity of Texas, Austin) are currently interested in
expanding existing parks or developing new parks (see
Chapter iX, p. 107).

Universities have many reasons for wishing to partic-
ipatc in the development of these parks. They include:

(1) An investment that will generate new funds for
the university. -

(2) Providing incubator space for spin-off com-
panics emerging from university research.

{(3) A mechanism for preventing "brain drain” and
underemployment by providing jobs which will require
skills appropriate to a university graduate.

(4) A mechanism by which the university can
maintain the “campus environment” in the surround-
ing arca.

{5) A mechanism for fostering joint university/
industry coopcrative research programs.

University participation in the development of
these parks continues to rise as universities become
increasingly interested in capitalizing on their research.

C. The Role of University Research in
New Business Development

There were numerous reports in 1980-81 of new
ventures emerging from research conducted in univer-
sity laboratories, or of new high technology enterprises
enlisting outstanding university professors for their
staff or their board. or of large corporations giving a
major grant to a university for the conduct of a broad
research program. These developments have been
co:pared to the development of Route 128 around
Roston with ties to the MIT-Harvard complex; the
growth of electronics in Silicon Valley that began with
some distinguished graduates of Stanford University;
and the seemingly unlimited flood of venture capital
into high-technology companies in the 1960’s.

There are many points in common between today’s
new business developments and those of the past 25
years, but there are also important differences. The
differences are fundamental to the relations between
universities and industry that will evolve in the years
ahecad.

They are as follows:

(1) The technical base for new business has shifted
in emphasis. Many of the earlier developments were in
semiconductors. Today's emphasis is on biotechnol-
ogy and data processing. Obviously, new businesses
are emerging from a range of technologies, but the
technical pattern today is different from yesterday.

{2) The geographical pattern is more diffuse.
There is widespread sensitivity to the commercial
potential of new technology and an availability of ven-
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ture capital for exploitation. When the Route 128
phenomenon was reviewed in the Charpie Report of
20 years ago. it noted the receptiveness of the finan-
cial community in such key centers as Boston and San
Francisco. as compared to other cities. These differ-
ences seem to have lessened considerably.

{3) There is far greater maturity in industry today
regarding the processes of industrial research, i.e., for
the integration of R&D into the business planning and
operations of the corporation. The possibility of devel-
oping major new business interests from technical
advances within the corporation or via a small start-
up company outside the corporation is now consid-
ered a standard business mechanism, not an unrelated
speculation.

{(4) The technologically-based new business devel-
opments of 15 to 25 years ago were often geared to
markets deriving from the needs of military and space
programs. Or at least, the technical developments
were related to those progranis. Thus, some R&D sup-
port and, perhaps, some procurement might have
come from federal sources during the initial phase of a
new venture. Today, this is not as frequently the case,
and the new developments must survive under tradi-
tional private-sector ground rules almost from the
start, in contrast to the public-sector involvement of
the past.

{5) Prior to 1970, the university research system
was in a high-growth period, relatively well-financed
from the increasing federal budgets for R&D, and fairly
stable with regard to overall student enrollment and
cost structure. This has changed drastically in the past
10 ycars. While federal R&D support has not declined
in absolute amounts, the cost structure of universities
has deteriorated generally and thus weakened their
ability to offer growth opportunities for research sci-
entists based on the traditional income from, and
needs of, the student body. In brief, the university sys-
tem requires additional and stable sources of income.

Thus, there is a new set of ingredients for univer-
sity-industry relations in new business development.
There is a consciousness on the part of corporations
as to the potential for integrating university research
advances into current business planning. there is
an availability of funds from many sources. and the
financing activities are geared to the private sector
economy. Further, the universitics are relatively more
sophisticated, demonstrably more aggressive. and
looking for new sources of funding.

The traditional mechanism by which universities
have received income from the commercialization of
their rescarch output is through patent licensing.
There is great variation among universities as to their
practices regarding the ownership of these patents or
the assignment of righis to the research professor
(Table 28).

As long as the numbers of patentable ideas were
limited. the royalty income often insufficient to cover
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patehl ¢posts, and the university financial affairs in
reagOnagple batance, there was insufficient reason for
unyersiyies o reorganize their patent management
proc Cdtyes. Scaltered examples of significant returns
existed. guch as the royalties received by Rutgers from
the Wik gman patents on streptomycin. But even this
wily < Qi from Waksman, since the policy of Rutgers
way Lo qov patent ownership to stay with the faculty.

The,ye was a chicken-and-egg quality about the
Svsten i the tirre, The income was too modest to jus-
tify the juvestiment in the sales and market develop-
migrtthy,t might serve to increase the income. This
stimulayd the activities of third-party brokers, such
as (e Rgsearch Corporation and, more recently, Uni-
vargity Bjtents, These groups could provide commer-
cia) Qpgrtise and cover the patent costs.

l)“ﬂng the 1970's, universities began to turn their
atter oy, more sharply to the potential of income from
pate il jjeensing. Their financial situation became
worse, ypd the increasing activity of patent brokers
magy haye aroused the interest of universities in the
oppOryyities for greater income. Thus, more univer-
sitics hegan to assign active patent development
regp onyjbility to their own employees. What might
sty as » partlime assignment often became a full-
lime paygition for one or more people in the larger
resg@rcy, universitjes.

The growth of these activities led to a more in-
teng il“craction between university and industry on
the Sul)\jccl of commercial cxploitation of university
reseaity,, An important feature was the increasing
presenge of individuals at universijties concerned with
obig initm incomce from research, and who served as a
bujfer hc'twccn the traditional facuity values and those
of (it iy dustrial world.

The increased attention to patents and licensing
actiyiy, yd the ingreasing importance of royalty income,
led tO yjiversity Considerations to share in the resuit-
ing busjpess. Furthermore, the publicity that accom-
papitd ommercial ventures in biotechnology by com-
payi€s N ch as Cetus and Genentech, with the dramatic

evigéncy, that sizahle investments were available from _

privAte bprtics, the stock market, and major corpora-
tiopS, Quarantecd the attention of universities. The
coprhiegal potential of recent advances i biology
ary Congidered to be so substantial that corporate
stryClings and financing have been established while
mlléh oy (he scienee and tcchnology is still in the devel-
opptent stage. This necessitates close relations be-
twethi g new companies and the rE—:sc_archers respon-
sihje foyy the advances, who are often members of
unjy' sy faculty, These same faculty members are
alyg esyyblishing mere formal rejations with the new
coprhatyics as consultants, as officers, or as directors.
Ang in ypany cases, the individuals have left the uni-
\‘Cl‘_c;i“‘:\ 1o work for the new ventures.

'l'his ferment of activity involving university re-
scar<h gnd faculty, plus the presence of investment

and the potential of future income, has caused the uni-
versity to consider new mechanisms by which the uni-
versity system itself can become involved directly in
the growth of new business ventures.

Universily ownership of business is not new. Any
major university fund or endowment may have stocks
in its portfolio. This, of course, is simple investment
without involvement. At one period, New York Univer-
sily owned the Mueller Spaghetti and Macaroni Com-
pany, a rather extreme form of investment, and unrelated
to university functions except as a source of income.

Presently, we are in a period of exploration with
regard to the role of universities in new business devel-
opment. There is a very considerable effort going into
the expansion of traditional mechanisms for univer-
sity/industry research cooperation, and the growth of
new institutional devices that might lead to even more
satisfactory relations for the generation and transfer of
rescarch. There is additionally a new look by universi-
tics at the possibility of deriving continuing and sub-
stantial income from the ultimate commercial values
rclated to these arrangements.

One approach is the use of third-party mecha-
nisms. This is analogous to the patent broker for
licensing, but now the university would have a partici-
pation in this third-party structure. The functions per-
formed by the new organizational structure are:

(1) To create a neutral buffer between the contin-
uing faculty activities necessary for the operations of a
university and the business dealings with the private
sector for commercial development of resecarch,

(2) To provide professional expertise required for
these activities,

(3) To provide continuing income for the univer-
sity, and

(4) To offer an effective structure with which in-
dustry can communicate and negotiate.

This third-party structure can take many forms. A
recent announcement from California (Time Magazine,
September 28, 1981, p. 63). describes the establish-
ment of a non-profit Center for Biotechnology Research,
with participation by faculty of Stanford and the Univer-
sity of California. Commercial development arising
from this research will be pursued by a new company
calied Engenics. Funding of the Center will be from pri-
vate corporations, and the Center itself will oun 30% of
Engenics. The companies will own the remainder.

One can easily conceive of similar structurcs
being established by a group of universities, by a single"
major university in conjunction with an investment
bank, and any number of public-private combinations.
Several universitics indicated they were considering a
number of such possibilitics, especiaily those which
would cause minimum disruption to the educational
and research structure of the United States. This sit-
uation should stabilize during the 1980’'s, and the

result may be more effective conversion mechanisms
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from rescarch to commercialization to the advantage
of both university and industry.

Another approach is the investment in or the
establishment of university based resecarch parks as
discussed in the previous section. A few universities
are establishing or assisting in the development of
programs to provide entrepreneurs (including entre-
prencurial faculty) with technical assistance and with
help in business planning,.

It is unclear at this moment exactly what are the
optimum mechanisms for university participation as
an cquity owner in new business development, and if
this could be a major new phase of university growth.
Other effective approaches may be more suited to the
university structure and its role in society.

D. Emerging Concerns

Table 31 lists 15 issues that were brought up at
various times during our interviews. Although most
were not mentioned more than 25% of the time by
cither company or university representatives, some
have significant implications for present research
systemis. Interviewees varied extensively in the way they
characterized what they considered to be legitimate
concerns regarding university/industry research inter-
action. However, several themes were identified.

in.discussing the development of university/industry
rescarch interactions, concerns related to matters of
academic freedon. and research quality were contin-
uatly articulated. Those conversant with the status of
university/industry connection, or those who had an
intimate involvement with a specific issue suggest scv-
cral additional concerns. They include: credibility, con-
tinuity, and commingling of funds.

Still other concerns were identified after inter-
views with those involved in joint programs, study of
the evolution of many case histories, and discussions
with key individuals. They include: conflict of commit-
ment, preservation of the academy. and the impor-
tance of exploratory research. The following is a short
sypnosis of particular aspects of concern flowing from
cach of these issues.

1. Academic Freedom

Freedor: and flexibility are the rubric of U.S. aca-
deme. They are viewed as the cornerstones of the suc-
cess of our university system. Those who consider
themseclves protectors of academic institutions have
suggested that any changes in the status quo could
destroy the delicate balance developed to preserve
these institutional qualities. Such discourse occurred
when there was a vast increase in federal funding of
university research in the 1950’s, as it does now when
a significant increase in industrial sponsorship is
expected.

Indeed, flexibility and the climate of freedom to
cnquire is essential to the development of new fields
and new knowlcdge; they are critical te the vitality of
university research. The concept of academic freedom
includes freedom to expiore new subjects, to publish
without delay or political constraint, and to allocate
one’s resources and time to what the principal inves-
tigator secs as most productive for his research.

The National Commission on Research, in its’
report on industry and the universities, suggested that
the university might face certain constraints in these
arcas through participation in cooperative rescarciy

Table 31

issues Concerning University/Industry Research Interactions Derived from
Interviews with Scientists and Administrators at institutions
Surveyed in NYU Fie!d Study

Issues !dentified

Percent of Institutions Surveyed
Where Representatives
Identified These Issues

Universities Companies
(n=39) (n=56)
1. Basicvs. appli@dreSEarCh ... ... ittt 26% 16%
2. Academic freedom: Conflict of interest and/orcommitments .............. ... o 23% 0%
3. Shou'd university take equity in@ company? ... ... 23% 0%
4. 'mportance of key individual {project director. dean, department manager or chairman, etc. 23% 14%
5. INdUStry VS. UNIVErsSity PAY SCAIES .. ..\ trntte i 21% 2%
6. Government role @S iNterMEAIANY .. ... cvvt it e ire e aatime e 18% 11%
7. Tax potcy/incentives .. ........c.oi it PP 18% 23%
8. Industry grants smaller than governmentgrants ...............cooriiariinirerentnne 15% 0%
9. Ability of small firms to compete with large firms for access to university resources ........ 15% 4%
10. Multi-disciplinary nature of cooperativeefforts ... 15% 5%
11. Restrictions on public UNIVErSItIes . ..... ... . o 13% 1%
10, PRI FRVIBW & o vttt et ee ettt e e e e et 8% 9%
13. Commingling of industry and government funds in support of university research ......... 5% 0%
14. Credibility 0f (@ UNIVEISItY .. ...\ttt e e 3% 2%
15. Collective industrial supportand anti-trust regulations ...........c.ooiiiiiiii e 0% 4%
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relationships with industry. They suggested that uni-
varsities could be influenced on research direction
and publication rights from these relationships, which
serve as inducement for universitics to become in-
volved in more apptied and development-oriented pro-
grams. This debate deals with potential outcomes,
which have not been evident to date in the expanded
activity for university/industry cooperation.

such issucs arc being recognized and discussed
by many universitics around the country as expecta-
tions rise that a greater proportion of their research
will be supported by industry. Rather than suggesting
that concerns for academic freedom and flexibility be
obstacles to changes in the status quo, universities
diligently are attempting to develop new guidelines for
faculty involvement with industry that will not compro-
mise their exibility or academic freedom.

2. Conflict of Comumitment

Resolving issucs related to academic freedom can
be fairly straightforward, but there are also cases where.
there is no clear answer, Situations involving conflict
of commitment are examples. Such issues are em-
bodied in the following situations:

A principat investigator has a new graduate
student who is particularly good in a ficld he knows
will be of interest to a company with which the pro-
fessor has a consulting relationship. The professor
obtains feltowship support for this student from
the company. The professor and the company de-
vise a program for the student’s thesis rescarch,
foltowing which the company gives resecarch support
to the professor for this program. Other resecarch
conducted by the professor in a related field is sup-
ported by the federal government. The professor
maintains his consulting contract with the company
and it is through this arrangement that company
proprictary information is handled. Yet some of this
information is relevant to the student's thesis.

In another situation, several rescarchers at the
same university in the same academic department
are advisors to different companies, while their
rescarch support is from the federat government.

These types of arrangements are not new and
have certainly been handled adequately in the past.
But. as the diversity of rescarch support increases.
such situations may become exceedingly complex and
more prevalent than in the past. It may not be possible
to ignore the complications of such activities. At the
same time, it does not seem fruitful to simply prevent
them.

Several universitics have forimed ad hoc commit-
tees Lo discuss these activities and in some instances
monitor them. A few universitics have set up guide-
lines for dealing with such situations. For many univer-
sitics, such guidelines are new and therefore not proven.
Harvard University's policy divides situations that may
present conflicts of interest into three categories:

(1) Activities that are clearly permissible. These
include consulting arrangements that do not detract
unduly from university objectives. :

(2) Activitics that should be discussed with chair-
man or vice chairman on extramural activities. These
include situations in which a professor directs students
into a research area from which he expects to derive
financial gain. '

{3) Activities which present serious problems.
These include:

a. Situations where a faculty member assumes

_executive responsibilities for an outside organization

which would create conflicts of loyalty, and

b. Situations where a substantial body of re-
search that could, and ordinarily would, be carried on
within a university is conducted elsewhere to the dis-
advantage of the university.

in our opinion, the dialogue preceding estabtish-
ment of useful guidelines may be strengthened by
opening up discussions to all parties involved, includ-
ing industriat research scientists and managers.

3. Openness of the University

It is our observation that industrial grants or con-
tracts, even the very large ones, generally do not cause
a conflict of commitment or interest, nor do they
necessarily foster an air of secrecy. Some scientists
have always been secretive about their research. This
may stem from a desire to be absolutely correct or a
desire to be the first to discover a breaktiirough. We
found no evidence that industry sponsored research
within the university system increased this secretive
behavior. When the situation is otherwise, ¢.g. where
there are strong incentives for a professor to begin his
own company, or become involved in the operations of
a start-up company with potential high returns, secrecy
inay be a problem. However, the majority of professors
involved in such activities stated they were very careful
about separating their commercial activities from their
university research.

4,  Commingling of Funds

Maintenance of-diversified funding sources is crit-
ical to the health of university research. But this can
lead to complex situations as presented in the above
section.

Commingling of funds can becorne a particularly
thorny issue when a company has negotiated an exclu-
sive licensing arrangement with a unive:sity for patents
deriving from the company-supported program. Com-
panies can make a good and justified case for an ex-
clusive license when they give significant amounts in
support of a research program. Without an option for
an exclusive license there is little incentive for a com-
pany to take the steps necessary to commercialize a
product.
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Difficulties may arise when the research equip-
ment used in an industrially sponsored program has
been bought under federal contracts, as is often the
case, or if the federal government is still providing
partial support for a university scientist’s research
program which also receives industrial support. To
further complicate matters, another company may be
supporting the research program of a colleague with
whom this scientist has collaborated in the past and
with whom he presently shares research equipment.

Sorting out who owns what could also arise in a
simpler case where several companies are supporting
a generic research center at a university, while” they
have separate agreements with professors at the center.
This can lcad to complex questions of proprietary rights
if a patentable discovery results from this work.

5. Objectivity and Credibility

University researchers and administrators are
agaressively looking for new ways to fund university
rescarch. Among these options being actively consid-
cred arc programs for commercialization of university
rescarch and programs to foster university/industry
cooperative research. Both these new thrusts require
that universities review present policies regarding
patents, licensing, publication, and outside activities of
faculty. As the universities alter or modify policies to
mcet the needs of new programs for research funding,
the academic reputation for impartial analyses may be
croded in the university’s quest for funds. Indeed, this
can present a problem to the university itself for the
credibility that is established by the university’s objec-
tive stance is a major asset universities have to offer
as a third party.

The importance of university objectivity to those

. interested in the credibility of the outcomes of spon-
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sured research and the potential for such interactions
to evolve into large programs is suggested in the fol-
lowing example:

The University of North Carolina, Chapel Hill
(UNC) operates the occupational Health Sciences
Group, which is a unique effort of union, company
and university institutions to conduct research
aimed at protecting the health of workers. It origi-
nated as a partial condition for settiement of a labor
management dispute. The labor unions required that
the rubber companies sponsor research on worker
health outside of their own companies. They specifi-
cally required that the research must be credible.
Of the six companies involved, four sponsored re-
scarch at UNC and two at Harvard. The program was

" initiated in 1970.

Prior to this program, UNC had little university/
industry interaction which was important to the
unions. Because UNC is a public university, it en-
gages in no proprietary research.

The initial step taken under the program was
the collection of worker health data. It is from this
data that the research program developed. The
companies gave advice, but the university designed
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the program. Proposals for research projects were
submitted to the union occupational Health Com-
mittee for approval. Then contract agreements were
signed with the university. The average funding for
the program was $1 million per year including
overhead.

The university conducted two-to-three-day sci-
entific critiques to discuss the research progress. In
addition to the Department of Environmental Sci-
ence and Engineering, the business school was in-
volved in the data gathering aspect of the program.

A new program as a follow-on to the rubber
‘company sponsored program is developing with 18
phosphate companies located in Florida. This comes
at an opportune time for UNC, since the rubber com-
panies are phasing out their involvement.

A university must consider several aspects of this
question of credibility:

(1) The capability of university scientists to be objec-
tive must be preserved through enabling researchers
to diversify their funding sources. This is important for
industry and government when they need data and
interpretations in response to law and liability suits;

(2) In an effort to generate their own funds, uni-
versities may create situations where their efforts are
directed toward a tangible end rather than maintenance
or creation of a body of knowledge and toward training

~ those who can transfer it to users.

The question is how to devise the appropriate
rules and policies for attracting or creating these new
sources of income without endangering the university
asset of credibility. Once again, the answer lies in an
estimate of balance. There is a certain level of directed
research, industry or government oriented, in which

" universities can engage. Each university must evaluate

that level for its own circumstances.

6. Choice of Research Topics and Types of
Research Activity

Much has been made in the literature of the
possibility of industry “buying” university scientists.
In their report on university/industry cooperative re-
search relationships, the National Commission on Re-
search suggested that increased industrial support of
university research would be an inducement for univer-
sities to become involved in more applied and devel-
opment oriented programs. They thought that this pos-
sibility could lead to some neglect of university basic
research and teaching programs. We also suggest that
this is a possibility, but point out that mission-oriented
government research which has increased at univer-
sities in proportion to government sponsored basic
research over the last few years poses the same difficul-
ties. Industry-sponsored research differs philosophically
from mission-oriented government sponsored research
in that the general rhetoric and economic criteria are
different. Commercial utility is the issue, rather than
national security or national interest. However, in each
case, the university scientist must relate his research
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intcrests to the missions of the sources of support.

This issuc is really part of a much larger issue,
namely, the future of the research university (OECD,
1981). How a scientist chooses his topics of enquiry
and sceks support for them must be put within the
context of the obligations of the research university
lo socicty. There are different views on what these
obligations arc and how to proceed once they are
established. The changing role of science and tech-
nology in socicty will most likely affect university
rescarch subjects and the proportion of basic to ap-
plicd research conducted at universities and sources
of funding for university research. This may have future
implications for university structure.

Most researchers when asked were uncertain or
unable to state what they believed the ideal mix of gov-
crnment/federal/state/industry/university support of
rescarch should be. In our discussions with company
scientists and administrators, they stressed their belief
that neither the university nor government should be
involved in development. Practically all stated that
university scientists should concentrate on basic re-
scarch. This is a clear contradiction of the belief of
many university scientists that industry desires more
applicd activities at the university.

At this time, we point out once again that there is a
continuous spectrum from basic to applicd research,
and what is one organization’s applied research can
be aiicther’s basic research. This was very evident to
us in our field study. It is true among universities and
industries, as well as between the two sectors. A vice
president at a leading eastern university said that at
onc point he was trying to characterize applied re-
search at his university. He went to what he thought
would be the most likely place to find it, the derma-
tology department. Scientists there were very upset
because, in their view, they were conducting research
on extremely fundamental problems. This situation is
even more evident in references to engineering research
versus the physical sciences.

Government funds for non-mission oriented re-
scarch areas are limited. In the past, the Department
of Defense provided funding for very general research
areas. After the Mansfield Amendment, which required
the Department of Defe‘nse to restrict support of re-
“scarch to those areas directly related to defense, these

“general funds were no longer readily available.

We have observed that industry is in fact more
likely than government to contribute unrestricted
funds for research. These are basic research funds
which can be used for exploratory research (see p. 67),
or as seed money to develop new program areas (see
p. 73). Furthermore, in the several cases investigated
of large, long-term contractual arrangements between

a company and a university the programs were primarily -

mission-oriented, but, according to the principal inves-
tigators of the programs, there was considerable lee-
way to explore new research areas, and frequently

& b

unrestricted funds are incorporated into the grant.
Thus industrially-sponsored research is not neces-
sarily more directed or applied than government spon-
sored research.

However, the bulk of direct industrial support
of university research is in the form of smaller, short-
term contracts ($50,000-100,000) for directed re-
search. This type of interaction does restrict the choice
of research topics, just as do most government re-
search contracts. Once again we note a significant por-
tion of government sponsored academic research is
contracted and mission-oriented. Yet several govern-
ment agencies fund unsolicited proposals, while com-
panies generally do not.

7. Exploratory Research and Seed Money

The complexity of today’s science often prectudes
the randomness with which scientific questioning was
often identified in the past. Serious researchers today
may not be able to afford to ask many wide-ranging
questions. Yet, there is still a need for exploratory
research.

Many industry scientists, as well as university
scientists, are concerned about present opportunities
for exploratory research. At least two large research-
based firms have initiated significant programs to
foster exploratory research at universities. Industry’s
interest in giving seed money to support new ideas is
not necessarily new. The significance of these two pro-
grams is that the companies sought exploratory re-
search in areas they deemed to be important (see
Chapter IX, pp. 73-74).

8. (Japs in Communication

A number of professors were interviewed who
received little or no industrial support. While they were
not specifically negative towards industrial support,
they held the opinion that industry had no interest in
what they were doing, or that what they were doing was
of no immediate value to industry. Therefore, they had
not considered seeking industrial support. Further-
more, they were unsure how to approach industry. To
some extent, this perception of the lack of immediate
relevance of their research to industry is correct,
Many science-based companies are quite comprehen-
sive in their attempts to keep themselves apprised of
research related to their interests. Through technol-
ogy scanning activities, industry discovers those in the
university community doing research of interest to
them. They develop contacts with these individuals
and may even ask them to be consultants. Industry
will send recruiters to those campuses they believe are
training graduates of interest to the company. These
recruiters will talk with professors and determine who
might be doing research of interest to the company,
then bring the information gathered back to the com-
pany scientists.
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Despite the extensive networks developed be-
tween university and industry, both parties still express
a belict that opportunities are being missed. Many
stated that new collective industrial actions to support
university rescarch, such as the Council for Chemical
Research, are a major step to facilitate communication
(sce Chapter 1X, pp. 81-82). University scientists in
particular were concerned about establishing a perma-
nent mechanism to match academic research interests
with companies. Some suggested that there should be
an information clearinghouse. Several thought that the
trade associations or professional societies could play
a more active role in facilitating communication be-
tween the two sectors.

Company scientists were not as concerned with
being unaware of rescarch opportunities as they were
with being misunderstood. They expressed more fre-
quently a concern with a gap in understanding with
regard to the attitudes of the professors, rather than
a gap in communication per se.

9. [Equity

The increcasing awareness on the part of universi-
tics, that conscious efforts to derive income from uni-
versity rescarch may be worth the efforts, has caused

_several universities to consider seriously active owner-

ship of some portion of a new business development
arising from university research.

Equity participation by a university in a new busi-
ness development arising from university research
could in fact provide a source of income that is related
to university functions. But this raises very serious
questions concerning the status, treatment and re-
cruitment of faculty whose work might lead to such
commercial exploitation. The efforts required for a
typical university faculty to act effectively along these
lines are considerable. Equally disturbing is the pos-
sibility that universities would act to inhibit research
publications pending evaluation of commercial poten-
tial. There is a further basis for disruption if the desire
for commercial exploitation ever became a factor in
accepting graduate students. There could conceivably
be limitations on foreign students who could return
to other highly industrialized countries with the latest
state-of-the-art in biology or microelectronics, and
there could be barriers to students sponsored by cor-
porations which are competitors of a major sponsor
funding particular areas of research. There could
be a temptation for universities to take this so seri-
ously that they become involved actively in the com-
mercial development process itself, and participate in
decisions concerning markets, financing, and busi-
ness planning. :

Considering our discussions with university repre-
sentatives, this is very unlikely at the present time. But
the above concerns have been voiced by both com-
pany and university representatives.
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E. The Significance of Current University/
Industry Coupling

Despite the vitality of the university/industry sys-
tem, we have no evidence contrary to previous figures
indicating that industry in total provides a very small
percent of direct funds in support of university activi-
ties. Even if you add corporate philanthropic funds des-
ignated for research to those given in direct support of
research, most universities (80%) receive less than
10% of total university R&D expenditures from indus-
try (Table 32). There is room for general improvement
in cooperative research and some industrial sectors
may have underutilized the university as a resource
(Tables 17 and 15, pp. 50,48).

Dialogue between academia and industry has in-
creased and there seems to be greater discussion of
their common interests and problems as well as their
respective individual goals. This has apparently led
to a greater irequency of professional contacts be-
tween the two sectors. Because of the importance of
prior contacts in the initiation of cooperative research
programs, (Tables 4 & 5, p. 19) this opening up of
communication channels may be extrer:icly important
for ensuring stable growth of cooperative ariivity between
university and industry scientists in the future.

In fact, there are extensive connections between
industry and academia. But this is not true for all
industries (See Chapter VI11.) Furthermore, although
there is a wide spectrum of companies that interact
with universities, there are very few who do so on a
significant scale and a continuing basis (Tabie 16).
Currently, as well as historically, the most active indus-
trial group in all forms of university research support,
and particularly in cooperative research interaction, is
the chemical industry (Table 17, p. 50. See also Chapter
VIiI, pp. 54-57.) In order to increase university inter-
actions with some industry sectors, programs which
address the structure and/or science base of the
industry must be developed.

It is not clear whether external stimulus is neces-
sary for current activity in university/industry coupling
to continue or expand. We have seen that some degree
of federal support can be helpful, and has been critical
in many instances. However, the partners themselves
have been the key elements in successful program
development. Government, as a facilitator, can ensure
that there is an appropriate climate for cross-sector
networking, and may provide circumstances for in-
creasing contacts between the two sectors. The signi‘i-
cance of the many new university/industry programs
may be that new channels of communication have
been opened not that they are helping overcome tight
federal fiscal policics.

Decline in federal funding for basic research can-
not be fully compensated for by industry. The U.S.
research system would be strengthened if university
and industry could mutually agree to cooperate in
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An Estimate of Industrial Support of University Research Expenditures 1980*

Table 32

Total Estimated

Corp. Res.
Est. of Industrial Est. Total Corp. Support
Corporate R&D Support Res. Support Expressed as a
Corporate Voluntary Aid Primarily Incl. Gifts Total Percent of Total
Voluntary to Educ. going Grants & Contracts University R&D University R&D
University Al to Educ. to Research & Contracts (Col's 2+3) Expenditures Expenditures

——————— (Number in Thousands of Dollars) — — — — — — —
Carnegie Mellon University ......... 5,124 382 5,010 5,392 29,308 18.4
University of Arizona . .............. 19,796 6,755 5,923 12,678 69,095 18.3
University of Maryland ............. 5,409 3,936 2,263 6,199 39,917 15.5
Colorado School of Mines .......... 2,573 200 497 697 4,510 15.5
Pennsylvania State University ... .. .. 4,056 2,658 7.842 10,500 71,840 14.6
University of Rochester ............ 3,670 192 7,869 8,061 65,845 12.2
University of Southern California . ... 7.178 1,522 7.462 8,984 74,304 12.1
Lehigh University .................. 1,999 8 1,076 1,084 9,413 11.5
University of lllinois . ............... 5,246 5,924 3,404 9,328 83,274 11.2
University of Houston .............. 3,493 802 602 1,404 12,628 11.1
Georgia Institute of Te “hnology . .... 3,044 55 6,243 6,298 56,653 11.1
University of Michigan ............. 10,409 5,854 6,145 11,999 111,316 10.8
Massachusetts Institute of

Technology ........ovvvievinn. 16,191 6,102 11,402 17,504 163,566 10.7
Louisiana State University .......... 7,015 4,324 1,267 5,591 53,058 10.5
University of Delaware ............. 1,855 976 702 1,678 16,746 10.0
California Institute of Technology ... 4,992 2,144 1,993 4,137 43,259 9.6
Rensselaer Polytechnic Institute . ... 4,765 0 1,394 1,394 14,824 9.4
Purdue University ................. 3,651 933 4,756 5,689 61,765 9.2
Case Western Reservé University ... 4,774 1,822 1,790 3,612 40,688 8.9
Harvard University . ................ 16,137 3,192 3.995E 7,187 100,901E 7.1
University of North Carolina,

ChapelHill ..................... 2,771 1,028 1.370 2,398 38,924 6.2
Colorado State University .......... 3,604 23 2,505 2,528 40,678 6.2
Clemson University ................ 980 0 1,126 1,126 18,366 6.1
Rice R 2,497 20 467 487 8,029 6.1
University of Minnesota ............ 7,083 2,472 4,352 6,824 119,065 5.7
Stanford University ................ 3,034 3,215 6,249 113,120 - 5.5
University of Texas, Austin ......... 6,355 2,416 1,237 3,653 78,621 4.6
University of Wisconsin ............ 6,080 3,658 2,615 6,273 138,227 4.5
Duke Uriversity ......... e 5,222 856 779 1,635 39.066 4.2
Princeton................... ... 3,051 669 423 1,092 27,821 3.9
University of California.

Los Angeles [UCLA] ............. 6,461 3,119 NA 3,119 88,934 3.5
Yale. ..o 4,600 1,160 582 1,742 71,446 2.4
University of Chicago .............. 5,653 579 402 981 58,436 1.7
University of California, San Diego .. 4,765 NA NA — 14,824 —
John Hopkins University ........... 3,657 NA B NA — 253,204 —
University of Washington ........... NA NA 3.830 — 111,858 -
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Table 32—Continued
An Estimate of Industrial Support of University Research Expenditures 1980"

Est. of
Corporate
Corporate Voluntary Aid
Voluntary to Educ. going
University Aid to Educ. to Research

Washington University ............. NA NA
North Carolina State University ..... NA NA
UniversityofUtah ................. NA NA

(Number in Thousands of Dollars]

Total Estimated

Corp. Res.
Industrial Est. Total Corp. Support
R&D Support Res. Support Expressed as a
Primarily Incl. Gifts Total Percent of Total
Grants & Contracts  University R&D University R&D
& Contracts (Col's2+3) Expenditures Expenditures

1,029 — 59,379 —
1,800 — 42,725 —
851 — 31,175 —

SOURCES OF INFORMATICN:

NSF: Academic Science R&D Funds FY 1980. Table B-16
CFAE 1980-1981. Voluntary Support of Education
CFAE data tdpes and discussions with CFAE representatives

* Excluding capital gifts

the feasibility and developmental potential of basic
concepts.

Academic science and engineering, in fact, is not
a productive force (see Chapter Il), it is a pursuit for
understanding, and as such calls for exploration of
a wide variety of alternatives. The productive force
relates to the mechanisms of screening these alterna-
tives after their characteristics have been better revealed.
Industry, in some sense cannot be expected to fund
broadly-based exploration, but it is of great value to
industry to be able to tap into this exploration. Indus-
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try can and should be able to fund the screening and
testing of alternatives.

It is our judgment that there are no insurmount-
able barriers to university/industry cooperation. But
the issues must be addressed carefully and non-
negotiable items (freedom to publish for universities
and proprietary information for industry) must be fully
understood. The interests of each party must be
placed on the table immediately. Understanding the
useful boundaries of these interactions is critical to
successful outcomes.
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CHAPTER XI

THE FUTURE OF UNIVERSITY/INDUSTRY
RESEARCH COOPERATION

This study was intended to provide information
rather than recommendations. Nevertheless, our sur-
vey led us to identify a number of subjects which
appcar to form the principal areas for discussion,
action and change in the years ahead. The emergence
of these topics—some we would call call opportunities,
others concerns or issues—does indeed constitute a
major development in the broadening research re-
lationships between university and industry.

In this section, we attempt to set down the nature
of these subjects from the collective perspective of the
informed observer with knowledge of both university
and industry objectives and needs. Our primary con-
cern is with the optimum role of university/industry
cooperation in our society and the factors which affect
this.

A. Changes in Government Funding

There are a number of key relationships between
government funding of university research and/or
training, and research cooperation between university
and industry. The simplest, of course, is that a decline
in government funding for a particular area, or even a
perceived decline, can be a powerful stimulus for ini-
tiating university actions to attract industry attention.

Lower government funding across the board will
reinforce the pressures for university/industry coop-
cration, and will increase the role of the private sector
in attracting research efforts to particular areas and in
guiding career patterns for graduates. Such responses
will presumably extend the role of the university in its
contributions to society and to economic growth. -

These contributions, however, require a minimum
stable base of university research capabilities—faculty,
facilities and graduate students. To a large degree, the
government has provided support for this base and
the broad spectrum of science, basic and applied, that
is nccessary for the long term national interest; in-
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deed, no realistic expectation exists (David, 1981) that
industry can support that base by replacing govern-
ment funds.

Even in areas of science where the private sector
can reasonably be expected to support a larger pro-
portion of the research cost, the government will most
probably continue to provide for the underlying tech-
nical infrastructure of university research capabilities. .
Industry's willingness to strengthen university research
cannot be interpreted as being a commitment to pro-
vide for the basic university structure. In fact, if govern-
ment funding drops too drastically, the present system
for universitv/industry cooperation itself would very
likely be ieopardized.

What must be the minimum research base at

universities, and what is the appropriate mix of fund-

ing sources? The approximate current level of $6 bil-
lion annually in total R&D conducted at universities,
with about $300 million funded by industry, may not
be sacrosanct in either absolute amounts or as a -
proportion of the national R&D expenditures. Never-
theless, even if industry funding were to rise to, say,
$600 million annually, the effectiveness of that sup-
port to achieve scientific progress and graduate train-
ing would still require a substantial base of university
research. But there must be some level below which
there would be serious damage to the long-range
stability and productivity of the research enterprise.

in summary, industry funding itself is based upon
the cxistence of a stable university research com-
munity, and this in turn depends today on a substan-
tial level of support from the federal government. The
precise level of that support is arguable, but a con-
sensus as to an approximate range of this support,
and the mechanisms by which it is provided, appears
essential to the strength of university research in gen-
eral, and to the encouragement of university/industry
cooperation. .

There is a second issue. Even if research funding .
is not cut, it is likely that there will be substantial shifts
in government funding so that a larger proportion of
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these funds will come from mission-oriented agencies,
for cxample, the Department of Defense. Such shifts
can be large cnough to affect the direction of univer-
sity rescarch for many years to come. These changes
can affect future university/industry research coopera-
tion both directily,and indirectly by influencing the
carcer choices of graduate students.

Finally, as a third issue, there is the effect of
decreased governiment support upon other programs,
spccifically student aid and fellowships. Although
largely beyond the scope of this study, it can be
obscrved that, just as industry support is based upon
a stable university research community, there is an
obvious dependence of that research community upon
a financially sound total university system. Further-
more, cooperative research arrangements are often
attractive because the university has a highly talented.
relatively inexpensive graduate student work force
upon which to draw (Chapter Vil, pp. 34-36). The sta-
bility of the total system is clearly a fundamental
concern for future industry/university relations.

B. Commercialization of University Research

There is an increasing sensitivity on the part of
universitics—faculty and administration—to the op-
portunity for obtaining income from the commerciali-
zation of university research. Universities have evol-ed
a moderate source of income over the years from
licensing of patents based upon this research (see
Chapter 1X, pp. 104-105). Expansion of these activities
at many research oriented universities has taken place
in recent years and may be leading to increased in-
come (Table 29, p. 105).

A significant development lies in considerations
related to some form of university equity participation
in new ventures derived from university research. Such
demands arc producing debate within the university
system itself concerning its structure, objectives, and
value systems (see Chapter X, pp. 110-112).

Concern about finances creates a steady pressure
for universitics to move towards activities providing
new sources of income through commercialization of
university research. The changes in government fund-
ing incrcase this pressure. Additional stimulus comes
from the concern for attracting and holding faculty in
financially lucrative fields such as biotechnology and
computer sciences, and in the search for new mech-
anisms to permit this. Further impetus comes from
the several dramatic examples of new ventures in the
field of molecular biotechnology. which have attracted
large amounts of financing from corporations and
investors.

~The debate within the university centers on how
the university can obtain added income from partici-
pation in commercial ventures while maintaining its
integrity and basic values. Serious questions arise con-
cerning research priorities, criteria for selection of
faculty, selection of graduate students based upon crit-
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eria related to uitimate commercial interests, effect
of secrecy in research on community interaction and
information dissemination, and thc possibly damag-
ing effect on university/industry 1. lations of university
equity participation in new ventures.

There is presently a sense of experimentation
concerning mechanisms for a university role in new
business development from licensing through equity.
An integral aspect of this experimentation is the
growth in research institutes or other structural enti-
ties in which commercial linkages can be pursued
without disrupting the university structure (see Chap-
ters IX and X, pp. 106-107 and 110-113). Whatever the
outcome of this experiinental period, the future uni-
versity approach to commercializing its research will -
set an important boundary condition for cooperation
with industry.

C. Instrumentation and Research Facilities

The condition of the physical infrastructure of
university research is both a cause and effect of rising
research costs. Modern research depends upon ad-
vanced instrumentation, so that the capital cost per
researcher is increasing. Yet the budget limitations of
the university research system has led many research
administrators to hold back on modernization in
order to maintain their research staff.

The strengthening of this physical infrastructure
is a critical issue today, and will remain so. It affects
both the training and research objectives which are
sought by industry in its relationship with universities.
The adequacy of university research facilities can serve
to stimulate or discourage industry cooperation.

These circumstances give rise to the complex issue
of how a university should allocate a fixed amount of
research resources. The steady increase in fulltime
equivalent professional personnel engaged in R&D
activities at universities since the mid-1970’s (cf, Sci-
ence Indicators, 1978) has been coupled with the
growing concerns about the obsolescence of research
facilities and equipment valued at over $10,000. A case
can be-made that research “productivity” at universi-
ties could have been increased by spending more
money on instrumentation and using fewer research
personnel. Yet, if actions had been taken along these
lines, they would then conflict with two other factors:

(1) The principal research personnel at universi-
ties are generally teaching faculty members. Therefore,
changes in research personnel will affect the univer-
sity educational structure as well,

(2) Administrative constraints and regulatlons on
the allocation of funds may not feave the university
free to apportion them in order to obtain the optimum
distribution between research personnel and facilities. -

» These issues suggest several topics for censidera-
tion.
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(1) Identifying means to earmark funds for re-
scarch facilitics and instrumentation.

(2) Determining ways to provide funds to selected
rescarch institutions for the maintenance and opera-
tion of instrumentation. Constraints on the allocation
of the resources for instrumentation and facilities
highlights the need for the creation of rational priori-
tics of investment among the many research arcas,
and adequate assessment of the desired level of uni-
versity research capabilities relative to specific indus-
triat scctors.

(3) ldentifying the appropriate mechanisms for
cncourading shared instrumentation.

An example of the difficulty of finding up-to-date
instrumentation in universities is in the field of micro-
clectronics. Research facilities in the private sector are
far superior to the general level of those at most uni-
versities. Imiplicit in this situation is that the universi-
tics cannot be full partners to industry in this rapidly
developing industry where the U.S. must fight to keep
its competitive edge. Furthermore, students will not be
trained on state-of-the-art instrumentation, nor will the
university be able to maintain appropriate cadres of
facuity willing to forego lucrative industrial positions.

Two mechanisms to improve the university’s abil-
ity to function in microclectronic technology involving
industry arc opcrating, and may serve as examples for
other ficlds. One is a more conscious effort by both
university and industry to identify equipment within
industrial laboratories that can be given to universi-
tics. There are difficulties with this approach, however,
and this will still not equal the most advanced indus-
trial facilitics, but can be a marked improvement over
éxisting university capabilities (see Chapter IX, pp. 68-69).
A sccond mechanism is the effort to concentrate activi-
tics requiring specialized research instruments and
facilitics at rescarch centers connected with universi-
tics (see Chapter VI, pp. 58-60).

D. Changing Requirements for Technical Personnel

We are in a period of extreme personnel short-
ages in particular arcas, and anticipate continuing and
emerding shortages in others. Simultaneously, there is
poor demand and underemployment in some tech-
nicat disciplines. This situation defines several issues
related to the nature and extent of university/indus-

- try cooperation.

The work of this study has already emphasized
that the primary objective of industry in its interac-
tions with the university system is the production of
new graduates (Chapter VI, p. 34). Current and antic-
ipated shortages may scrve to focus this objective
more sharpty.

The demand for technical personnel has been
cyclicat in the past. with peaks in World War 11 and
from the late 1950's to 1970, followed by sharp drops
after the Korcan War and in the early 1970's. And
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individual fields of science and technology have had
their own ups-and-downs relative to other fields, ap-
pearing almost as short-term perturbations within the
general cycle of supply and demand. Some fields of
biology. e.g.. dentistry, are in little demand today while
deneticists are in critically short supply. Particle physi-

- cists do not have the employment opportunities open

to solid state physicists.

It is necessary to determine which aspects of the
technical personnel situation are transient and which,
if any, represent a long-term problem. The solutions to
the problem depend on this analysis.

Industrial demand for technical personnel ap-
pears to be affecting the traditional university struc-
ture in two ways:

(1) Fewer doctoral candidates: graduates in com-
puter sciences with bachelor’s or master’s degrees are
going directly to industrial careers, with a smaller pro-
portion than expected going on to a doctorate. This
diminishes the pool of those pursuing advanced re-
search and/or those available as future faculty.

(2) Drain of advanced university personnel: in
both computer sciences and genetics (as well as some
engineering disciplines), both faculty and new doctoral
graduates are turning to industrial positions. This
drain to industry raises critical questions about the
resources available for training needed future grad-
uates and maintaining the desired research base at
universities.

The problems are well-identified today, which is a
first step towards solution. It is a healthy sign that
they are being raised in as many articles and talks by
industrial representatives as by university presidents.
Such concerns will be a principal focus for university/
industry relations for the foreseeable future. They will
call for constructive experimentation, some of which is
alrcady taking place.

Concern for graduates has already influenced the
rules for funding distribution of the new Council for
Chermical Research, .1 university/industry collabora-
tion being formed by the chemical industry. The orig-
inal intent was for industry to commit annual funds on
the order of $30 million for support of basic research
in an NSF style, that is, in response to research pro-
posals from universities. The most recent proposal for
distribution calls for the allocation of funds to major
research-oriented universities in proportion to the
number of masters and doctoral level graduates pro-
duced (Chapter IX, p. 82). One cause for this shift is
the concern that the organization should not unduly
influence the direction of university-based research, but
the shift is also a recognition of the growing problem
of turning out needed graduates. .

Another approach is the recently announced pro-
gram of the Exxon Corporation to provide $15 million
towards augmenting the salaries of junior faculty and
providing student fellowships in particular depart-
ments of selected universities. The objective is pre-
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sumably to decrease the gap between university and
industry salaries to a more acceptable level, not to
climinate it, in order to encourage faculty careers in
critical areas.

We have noted in this stucy a desire for increas-
ing use of such mechanisms as the loan of industry
personnel to universities (Chapter IX. pp. 85-87). Use
ol junior faculty in summer programs within industry,
or in consulting, are other methods being pursued
as much to provide additional income as for fostering
the specific research involved.

Direct approaches, such as industry providing
supplemental money and manpower to universities,
may be expected to expand in the near future. If the
problem continues. however, different structural ap-
proaches will be necessary. For example, Dr. Omenn
(1981) has suggested that the creation of university
associated centers may allow engineering schools to
hire “clinical” faculty similar to the medical schools
who are allowed to continue their “practice” {(e.g.con-
tract work). Presumably, this could provide an opportu-
nity for professionals to sustain high salaries while
also teaching, and for students to have access to the
Jatest industrial knowledge.

E. Control of the Export of Technology

This is a sensitive issue with broad ramifications,
most of them well beyond the scope of this study. Yet the
issues touch at the heart of university/industry inter-
actions, namely, graduate education and research.

There is a continuing concern with the overt trans-
fer, as well as the inadvertent leakage, of advanced
technology having military significance to potential
adversaries. The issues are:

(1) How to separate technology of military impor-
tance from technology of commercial importance,
particularly when there is considerabie overlap. and

(2) How to decide when a strategic military advan-
tage can be maintained and/or improved by secrecy
and compartmentalization as against free access that
will expedite advances by the entire research estab-
lishment of the U.S. and friendly nations, as well as
unfriendly ones.

Some of the most advanced research in micro-
clectronics is being pursued at university research
centers such as Cornell’'s submicron facility, MIT, and
Stanford. There are significant percentages of foreign
graduate students in these centers and in other ad-
vanced research programs. Any attempts to control,
and hence to restrict, these graduate students would
obviously impede such research. Further, foreign grad-
uate students constitute an important percentage of
the hirings by the microelectronics industry, which
has been complaining of acute shortages.

It is clear that extension of export controls to
graduate schools would have adverse impact on re-
search and on the production of graduate students. A
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broad definition of military concern would impair the
ability of many industries to hire qualified graduates.
There would be far more serious consequences if
student access were limited based upon concern over
the U.S. international competitive status, not only in
electronic products but in biotechnology or any other
technically-based industry.

This is not the place to analyze the basis for any
restraints on graduate students, or to demonstrate
cause-and-effect relationships leading to technical
superiority in either military or commercial fields.
There is much emotion and insufficient understand-
ing. It does. however, appear obvious that much of
our advance in university research today is dependent
on foreign graduate students,and that these students
are in turn providing a necessary resource for U.S.
industry. Any serious disruption of this process will

. be an equally serious obstacle to university/industry
cooperation.

F. Collective Industrial Activities

We have referred to the concerns faced by univer-
sities, and hence by industry, with regard to shifts and/
or declines in government funding, inadequacy of
research instrumentation, and loss of faculty in critical
areas. Among the possible approaches to easing these
difficulties, although not a complete solution, is steadily
increasing collective industrial activity in support of
research.

This collective activity is peculiarly American, quite
different from the activity of European trade associa-
tions. While almost every U.S. industry has a trade
association, only a modest number support research
(Chapter IX, pp. 95-98). They operate typically through
small grants to universities and other research institu-
tions out of a total budget on the order of several
millions of dollars. Only a very few industries collec-
tively support research laboratories, such as the Tex-
tile Research Institute at Princeton. Of course, clusters
of individual companies have combined to support
research institutes or centers (see Chapter 1X, p. 82).

In recent years, there have been a number of init-
iatives by different industries to act collectively for the
support of research on a much greater scale. The larg-
est of these is the Electric Power Research Institute
(EPRI), started in 1973 with a 1980 operating budget of
$217 million. Next largest is the Gas Research Institute
(GRYI), initiated in 1976. Its 1980 budget of $84 million
is planned to increase to $140 million by 1983, primarily
to complete particular development programs being
cancelled by the Department of Energy. These two
organizations represent the clectric and gas utility
industries respectively. (See Chapter Vill, p. 52).

In the earlier discussion of changing require-
ments for technical personnel, we mentioned the cur-
rent effort within the chemical industry to establish a
Council for Chemical Research. '
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Another recent initiative has been taken by the
Ssemiconductor Industry Association (SIA). A com-
mittee ol the SIA is coordinating an industry-wide
commitment to provide about $25 miliion annually
for support of university-based R&D. The money is
intended to cover a spectrum from scientific studies
to process resecarch. Most, perhaps all, of its funds
will go to support a few of the university research
centers emphasizing some aspect of microelectronics,
a substantial number of which are now in existence,
with others apparently being planned over the next
few years,

A different version of these collective efforts ini-
tiated by industry is the industiy-oriented institute ini-
tiated by the university which is supported by several
companics from different industries (see Chapter IX,
p. 82).

There are several issues related to these collective
industry actions. First, the clear intent is to use col-
lective action to supplement, not replace, support of
universily rescarch by the individual companies. How
best to do this, and how to maintain ties between the
individual companies and the appropriate university
personnel are subjects for continuing attention. In any
cvent, it could provide an increase of total industry
funding of university research of perhaps 30-50% of
the funds now provided by individual corporations.

The second issue is what role the government
might play as different industries collectively increase
their own support of the science and engineering
relevant to their needs. If the trend continues for col-
lective industry action to identify and support relevant
needs in a mission-oriented field, much of the justifica-
tion for support of the mission-oriented research by
the federal government would seem to diminish. The
government might then intensify its support of the
strong dgeneral infrastructure of basic science and
technology. (Fusfeld, Langlois and Nelson, 1981).

The third issue centers on the fact that collective
industry actions will inevitably strengthen particutar
arcas of basic science and engineering, and very prob-
ably particular departments and universities. Industry
is free to concentrate its spending on the most appro-
priate institutions in its fields of interest without
political pressures. If sufiiciently concentrated, such
funding will have the same impact as the defense-

rclated research of the 1960's when, for example, the -

very specific development of Materials Research Cen-
ters supported by the Advanced Research Projects
Agency (ARPA) of the Department of Defense helped to
produce the strong university centers of that science
today. The 'scveral centers that the Semiconductor
Industry Association may choose to support in micro-
clectronics will very likely be the leading centers in
this ficid. Further, the programs they pursue may well
advance more rapidly than others in the field of micro-
clectronics.

The overriding issue, as we consider these new
mechanisms which increase industry support of uni-
versity research. is how to insure that these added
new cfforts provide balance and new inputs into our
technical base. The total level of industry support for
the foreseeable future witl be such that increased uni-
versity/industry cooperation will certainly bring about
technical change in selected areas. The federal govern-
ment through its cotivening and information gathering
capabilities may furnish avenues for sustaining an ap-
propriate balance.

G.  Non-University Training

There appears to be increasing activity in initiat-
ing or expanding programs intended to provide some
form of organized advanced education that do not
involve the participation of a university. We are not
considering a routine program for new industrial em-
ployees to become adept with a particular facility, or a
gencral internship to become acquainted with com-
pany or research operations. Neither are we consider-
ing courses given under university controt at an indus-
trial site.

We refer in this section to those courses orga-
nized within industry, trade associations, or profes-
sional societies which are intended to advance the
technical background of individuals. These can fall
into a number of categories, including the following:

(1) A particular subject that would add specific
knowtedge in a new field for current employees, e.g.
fiber optics. :

(2) A formal set of courses that would permit
existing technical employees to kecep abreast of new
advances in their own field, or provide the basis for
converting to a new field.

(3) A formal set of courses for new employees
that would bring them currerit with the theoretical and
experimental state of the art in industry, assuming this
was more advanced than their previous university
training as, perhaps, in computer sciences.

(4) A formai degree-granting program run by a”
company or industry for either current employees who
wish to advance themselves, or potential new employees
required by the company or industry. For example,
the General Motors Institute is certified by the State of
Michigan to grant bachelor degrees. More recently, the
Wang Computer Company established the Wang Insti-
tute, with the intention of granting advanced degrees.

The first two categories have been common over
the years. They address questions about obsolescence
of individuals or the decline in rclevance of technical
fields. While thesc problems are often solved with the
coopcration of nearby universities, they may indeed
be organized by a company or industrial organization
in order to tailor the material to the knowledge avaii-
able within that company or organization.
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G. The second lwo categories, however may take on
more significance in terms of the ability of universitics
to deliver scervices in rapidly advancing high technol-
oqy industry ficlds. To some extent, they address the
questions of personnel shortages in these fields, of
loss of faculty that could teach these subjects in a
university, and of the university lagging behind indus-
try in the use of the most advanced research facilities
in actual knowledge. If the problems engendering the
apparent growth in industrial training programs (see
Chapter 1X. pp. 93-95), are short-term, the issue and
the mechanisms will disappear or at least level off to
find a modest place in our technical structure. If the
problems remain, or ceven if the mechanisms remain
at a high level as a continuing feature of technical
training, then a new set of questions arise for the
university, and for the university/industry cooperation.

Theve are clearly opportunities for training out-
side the university structure that can complement the
universily's role. Occasionally, industry is at the van-
guard in developing exploratory or innovative teaching
programs that can point the way to new initiatives for
the university. The growth of such external programs
should at least stimulate both analysis and introspec-
tion by universities in examining their optimum role
in socicty gencrally, and with regard to industry in
particular.

t{. Internal Structure of Universities

The primary and unique function of the univer-
sily is to provide students with a broad range of
degree-granting disciplines and curricula. A principat
additional function, particularly within the graduate
schools, is the pursuit of research. In the graduate
schools, the interdependence of these two university
objectives, education and research is critical.

Although industry interacts with universities for
the same objectives and with the same order of priori-
lics, its own structure and organizational approach to
rescarch is different than that of a university (see
Chapter VI, pp. 26-31). One can reasonably expect that
some organizational structure within the university is
optimum for the objective of encouraging and improv-
ing the effectiveness of such interactions. It seems
cqually reasonable to expect that this would not be the
same structure which is optimum for the traditionai
internal operations of the university. The issue raised
as a factor in future university/industry cooperation is
whether and how to modify the university structure to
maintain the strength and integrity of its basic func-
tions while attempting to meet changing external con-
ditions and internal pressures.

There are many structural aspects Lo a university.
Among the more important are:

(1) Grouping of scholars by disciplines, with aca-
demic administrators responsible for traditional dis-
crete schools.
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(2) Appointments bestowed by departments.

(3) Tenure granted by faculty within a depart-
ment, generally tied to teaching obligations and tuition
income.

These elements have evolved with the growth of
the modern university. They are at the heart of the
freedom and objectivity of scholarly research, they
encourage and strengthen individual research and
they should tend to produce a conservative financial
base and create barriers to fads in either training or
research.

Unfortunately, they also form disincentives to
interdisciplinary research, which focuses on a mission
or objective that may call for coordination of contribu-
tions by many disciplines. Yet that is precisely the
essence of industrial research. industry relates its
technical needs to business planning in terms of pro-
ducts and processes, and sets technical priorities in
terms of properties and specifications, not scientific
disciplines.

This is hardly a fatal defect. But it is a factor, an
“impedance mismatch,” that detracts from maximiz-
ing university/industry cooperation. This constraint
works in two ways. First, the university scientist does
not see the overall problem facing industry. The indus-
trial research manager must decompose the broad
objective or problem into its scientific components, so
that the component matches the research interest of
the academic researcher. Thus, the university researcher
may miss the opportunity to contribute to a broader
issuc than that within his immediate specialty. The
whole may in fact be greater than the sum of its parts.
and the university researchier may not be exposed to
this broader picture. :

Second. from a highly pragmatic viewpoint, indus-
try can assign value more easily to a mission or objec-
tive than to a research component. Increased funding
might be available more readily if the university system
could approach industry on this basis. This would not
have to take the form of shifting from basic to applied
research. It would, however, change the emphasis from
the independent scientist doing undirected basic
research to greater emphasis on scientists coop-
erating in what we would term directed basic research.

This brings us back to our initial remarks opening
this section as to how far the university structure can
or should be modified. Obviously, the university sys-
tem is not in existence to provide the best possible
match for industry needs. If it does not maintain its
strength and freedom for independent scholarly re-
secarch, then it has lost its uniqueness. The issue
before the university is to be aware of the interdis-
ciplinary approach inhcrent in industrial research and
explore its own flexibility to meet this.

This exploration is evident in the creation of re-
search centers and institutes to form a type of matrix
structure at some universities. Where these institutes
are within a well-defined department or school. they
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tend to lack the broadest attributes of a mission-
oricnted structure. Where they are free of this con-
straint, there tend to be strains between those per-
sonnel on rescarch appointments to the institute and
the traditional department appointments. These are,
in short, problems to be resolved.

This last item relates to the question of tenure
appointments and criteria. While there has been steady
growth in university personnel engaged in R&D since
the carly 1970's, these do not normally represent
career opportuiities unless tied to teaching programs.
This is a critical structural question for the universi-
ties. particularly in areas of shortages of teaching per-
sonnel. If industry were to make substantial funds
available for research in particular areas, but the uni-
versities could not make tenure-track appointments,
there would probably be little change in the research
capabilitics of the universities. '

1.  Conduct of Large R&D Programs

One mechanism for university/industry coopera-
tion is their mutual participation in large R&D pro-
grams. In the past, these have arisen in the public
sector, with such examples as the Manhattan Project
or the Apollo Program. It is conceivable that other
large programs can arise more closely related to pri-
vate sector plans, but possessing substantial pubtic
interest. These might include activities in the energy
field, ¢.g., synthetic fuels, or a major cooperative
effort in robotics.

Whatever the subject matter, opportunities can
arisc where many institutions must work together
toward a planned- set of objectives. These programs
will very likely require that some efforts be devoted to
basic resecarch, although these will, by definition, be in
the realm of “directed basic research.” Thus, in the
-carly developments in ato ic energy, it became essen-
tial to know more about the effects of radiation on
solids, about the theory of diffusion processes, about
meta! flow processes at high rates of deformation, and
so on. The common element was that these advances
in basic knowledge were important to the funding
agency and to a wide spectrum of the technical com-
munity, not simply to the researcher.

The urgency of war, or the broad acceptance of
socicty's commitment to land a man on the moon,
were sufficient to overcome the disincentives of the
university departmental system with regard to two
operational characteristics:

(1) The university accepted, through an adminis-
trative officer or senior faculty member, responsibility
for program management for a “package” that encom-
passed different units within the university, and in
some instances units external to the university.

(2) University rescarch programs were geared to
objectives that meshed with those of a broader system.

";d\ L9 u

There is presumably no reason why such involve-
ment by universities in future large-scale research pro-
grams directed toward industrial interests could not
occur. However. it is very likely that new programs
would be initiated and managed by industry. The mix
of government funds and private funds would depend
on the program.

Such programs would fall in between a public sec-
tor program such as Apollo and a major effort by a
single large corporation. There would be some form of
consortium or cooperative effort, and there could be
an important role for university research. The new
initiatives in collective industry programs (e.g., SIA,
CCR) could be the forerunners of such programs.

The issues here relate partly to the structure of
the university, partly to the philosophical approach.
The university research participants would be part of a
“team,” and objectives would be worked out coopera-
tively in the best sense of a broad attack on a scientific
problem.

The willingness and the ability of a university to
participate in large research programs could be an
important factor for future university/industry coop-
eration. Even more, it could be a mechanism for the
university to contribute substantially to major systems
for techpical change in our economy. But it will surely
require the type of adaptations within universities
called for in the Manhattan Project. Finding a realistic
niche for that approach in the university structure can
be an important challenge.

J.  Sources of Technical Change

A fundamental issue to consider is the role of uni-
versity research in bringing about technical change in
our society, and the related question of the contribu-
tion of univeisity basic research to the flow of basic
research from all sources. A realistic appraisal of
future university/industry cooperation must be based
upon an understanding of the importance of university
research to current industry operations, near term
plans, and longer range interests.

Technical change takes place over a broad and
relatively continuou's spectrum. We normally describe
this “from left to right” in terms of basic research,
applied rescarch, development, design, testing, and cn
through the manufacture of products, installatior of
processes, or delivery of services. This is convenient
for the purposes of description, but should not be
taken as the necessary, or even the most common,
chronological order or cause-and-effect relationship.
The stimulus for basic research and for new scientific
concepts often arises from problems encountered in
practical uses of technology (Fusfeld. 1976). Further,
development of advanced instrumentation may be a
necessary stimulus to such research.

One general truism, however, is that technical
activities at universities focus on basic research, while
those in industry focus on applied research and devel-
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opment. Nevertheless, there is actually a distribution
ol activitics in each sector, though obviousiy skewed.
And this skewed distribution becomes an interesting
factor in university/industry rclations. Specifically, the
fact that universitiecs engage in many applied research
activitics, and that industry does pursue some basic
rescarch programs, must be understood to avoid an
over-simplified view of the functions pursued by each
sector, and hence of the factors underlying future
university/industry interactions.

The university uniqueness and internal reward
system derive from its basic research activities. Yet
there arc necessary peripheral efforts that involve
instrument development, preparation of computer
software and, in the engineering schools, process
design and pilot plant operations. Thus, the university
can indced present a broader interface for coopera-
tion with industry if it so desires. We expect and hope
that the present spectrum of university objectives will
be evident in a multitude of approaches. Universities
can package more interdisciplinary programs should
that decision be made compatible with their internal
structure, and some may choose to present a wider
array of services, provided this would not distort the
university function. Industry wouid respond positively
to the increcased points of contact according to indi-
vidual company objectives, provided these were pre-
sented in addition to, not in place of, university status
in basic rescarch.

Perhaps a more significant feature resides in the
conduct of some basic research activities by industry.
This must be viewed in the context that major indus-
trial firms conduct those technical activities necessary
to support present business interests and provide a
basis for planned growth. Where such activities call
for seme allocation of resources to basic research,
this is donc. The point is that industry tends toward a
self-sufficient balance, allocating all resources in some
appropriatc proportion to each other, including tech-
nical activity, and including within that basic research,
where appropriate.

Thus, to carry out any current business pian, a
corporation does not need outside basic research,
such as might be performed at a university, although it
does nced well-trained, capable university graduates. If
it needed such research activity, if the corporation’s
current business plan depended on it, then such activity
would be pursued internalty or, when economic, exter-
nally at the initiation of the company. Our studies shnw
that the latter case accounts for a very small ; ropor-
tion of industry-funded research at universitizs.

However, corporations wili normally want i !.ave
basic rescarch pursued at universities, and are more
and more willing to support this activity. But it is ab<o-
lutely critical in the evolution of university/industry inter-
actions for universities to appreciate this distinction.

Technical change is introduced into economic use
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by industry. For the most part, this is accomplished
through a purposeful industric! research structure.
This research structure is immmersed in a sea of sci-
ence and technology with which it maintains close -
contact, and from which it extracts new concepts and
necessary technical data. A very important contribu-
tion to this "sea” is the university. But the total input
comes from all universities, U.S. and foreign; all un-
classified outputs of government laboratories, U.S. and
foreign; and ail published or publicly available science
and technology from private corporations, public and
foreign.

Given this complex and dynamic system, the uni-
versity is in the position of contributing basic research
that is both essential yet diffuse. It maintains the ad-
vance and quality of the scientific base, and possesses
collectively the highest probability for stimulating
wholly new directions. But these values raise the level
of our technical “sea” to the potential benefit of all
who draw upon it, hence minimizing its competitive
value to a single cornoration.

The future paths for university/industry coopera-

.on will depend on the way that each university and.
corporation perceives the essentia! role of the univer-
sity. Hence, it can be expected that many varieties of
interaction will persist and develop. The preceding dis-
cussion, perhaps more philosophical than called for in
this study, was intended to prepare the background for
a somewhat obvious, but often misunderstood, con-
clusion.

There is considerable opportunity for universities
to work more closely with industry in research, to move -
from a position where the university satisfies wants to
where it satisfies necds. We speak in the short term
scnse, since a long term need may be considered only
a short term want. In brief, the university can develop
morc of a partnership relation, adding greater imme-
diate valuc to its technica! activities. The compromise,
of course, is fairly evident. As the university moves
closer to a partnership with industry, more resources
can become available, but the university inevitably
relinquishes some of its unique capebilities for unre-
stricted exploratory research and freedom of action.

There are no absolutes, and the issucs become
one of degree and common sense. There is little free-
¢Hm in the absence of resources. Thus, each university
st work out the degree or partnership to achieve
adcquate linkages and resources. Too close a partner-
~ip with industry can be bad for long term growth,
but too little can prevent the university from providing
its optimum contribution.

The primary requirement, therefore, is not 30
much increased partnership, but increased under-
standing of each other’s role. That is the ultimate basis
for a healthy strengthening cf university/industry co-
opcration.
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APPENDIX 1

List of the ninety-six institutions visited in this study
(universities, companies and others).

University Sample
Public - Private
‘ Great Lakes Area
Purdue University Case Western Reserve
University of Illinois University of Chicago
University of Michigan
University of Wisconsin
Southeastern

Georgia Institute of Technology

Southwest & South Central

Louisiana State University Washington University (St. Louis)
University of Texas (Austin) Rice University

University of Houston

Colorado State University

Coulorado School of Mines

Middte Atlantic

University of Delaware Johns Hopkins University
University of Maryland Lehigh University
Pennsylvania State University Carnegie Mellon University
Clemson University . Duke University
North Carolina State U.(Raleigh) Princeton University
Urniversity of North Carolina
(Chzpel Hill)

Northeastern

University of Rochester
Rensselaer Polytechnic Institute
Harvard University

MIT

Yale University

Northwest & Great Plains

University of Minnesota
University of Washington

California & the West

University of Arizona Stanford University

University of California University of Southern California
(San Diego) California Institute of Technology

UCLA

University of Utah
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Aerospace
United Technologies
Lockheed
Boeing
Fairchild Industries
Appliances
Singer
Automotive (cars, trucks)
General Motors

Automotive
(parts, equipment)

TRW

Building Materials
Johns Manville -
ldeal Basie Industries
Chemicals

Monsanto

E. I. Dupont de Nemours
& Co.

UOP Inc.

Dow Chemical

Diamond Shamrock Corp.

Allied Chemicals

Conglomerates

Rockwell International

Containers

American Can

Drugs

Burroughs Wellcome
Alza Corp.

Merck Sharpe & Dohme
Upjohn

Electrical

General Electric
Westinghouse Electric

Industrial Sample

Electronics

Tracor, Inc.
Ampex
Varian Associates

Food, Beverages

General Mills, Inc.

Fuel

Exxon
Shell
SOHIO
AMOCO

Information Processing:
(computers, peripherals)

Hewlett-Packard .
Honeywell

Control Data Corporation
1BM

Information Processing:
(office equipment)

Xerox
Bell Laboratories
Fisher Scientific

Instruments (measuring
devices, controls)
Foxboro
Perkin Elmer
Leisure Time Products
Eastman Kodak Co.
Machinery
(farm construction)

American Hoist & Derrick

Machinery (machine tools,

industrial, mining)

Cincinnati Milacron

1

Metals, Mining
Aluminum Co. of America
Miscellaneous
Manufacturing
Borg Warner Corp.
3M Company
Ceramatec
Qil Service Supply
Dresser Industries
Hughes
Paper
Crown Zellerbach
Personal & Home Care
Products
Procter & Gamble

Semiconductors

National Advanced Systems
Intel
Signetics (Philips North
America)
Steel

U. S. Steel

Telecommunications

Communications Satellite
General Telephone &
Electronic Corporation

Textiles

J. P. Stevens

Tires, Rubber

General Tire and Rubber Co.

Tobacco

American Brands
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Research Contract Business

Mathematical Sciences
Northwest

Genetic Engineering Co.

Genex

Additional Site Visits

Software & Computer
Graphics

Evans and Sutherland

Technical Services

Terratek
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Research Institutes

Electric Power Research
Institute

Scripps Clinic and Research
Foundation

Carnegie Mellon Research
Institute

Government Agencies

Office of Naval Research
National Science Foundation
National Institutes of Health



APPENDIX 1
PROTOCOLS FOR SITE VISITS
The following are examples of the types of questions
asked during our interviews of administrators and sci-

entists at companies and universities surveyed in this
study.

NSF Study: University/Industry Research Interactions

Protocol for University Site Visit

Our objective is talk to key individuals involved in university/industry research interactions. We are interested in
talking to those people responsible for initiating such interactions and those conducting research in the programs
generated. Therefore, our visits shiould include discussions with appropriate administrators and heads as well as
directors of and participants in joint university/industry programs.

General Questions

1. a.

What do you perceive to be the problems and/or benefits that would result from university/industry
research programs?

Which of these barriers is the most difficult to overcome and which of the benefits is the most important in
encouraging university/industry research interaction?

2. Do you prefer to participate in a federally sponsofed program, an industry sponsored program, or an industry
and government sponsored program? .

3. a.
b.

Would you like to see an increase in joint university/industry programs?
What is the ideal mix of industry and government support of university research?

4. Do you compute overhead in an industry sponsored program in the same manner as you compute it for a
government sponsored program?

5. Describe the most outstanding type of interaction your institution (or you) has had with industry. (Consider the
following in describing the program: initiation, structure, goods 2nd ouicomes)

Questions for directors of university/industry research programs and participants in such programs

1. Describe the sequence of events which lead to the establishment of the program.

0

a

a. Did the program begin because of industry or university initiatives?
b.

Did the government play any role in the initiation of the program?
Who spedcifically was responsible for starting the program?

What was his/her (their) position in the participating institution(s) and how much time did it take to estab-
lish the program?

To what extent did previous cooperative activities (e.g., consuiting, personnel exchanges) affect the initia-
tion of this program?

How were participants (both individual and institutional) selected?
What effect did the proximity of the companies involved have on the establishment of the program?

. What processes were involved in establishing the program? Consider the following in describing the evolu-

tion of the program: formation of advisory committee, delineating patent rights, new facility construction,
geography, travel time and cost, prior relationships, needs and benefits, barriers and constraints.

. What were the most important factors and critical incidents in bringing about this cooperation and in pro-

viding for its continuation?

How long has the program been in existence?
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9.

What were the specific objectives/goals when the program was establfshed; were they achieved?

How is the program structured and administered?
. What are the specific arrangements for staffing and administration?

a
b. What is the program’s relationship to the university administrative system?

0

What is the research management structure?

A

What is the number of decision-making levels?

e. What are the roles of each partner in deC|5|on making relevant to the determination of the project’s budget,
staffing, changes in goals, etc.? ‘

What were the resource commitments arranged between partners?
a. What are the funding commitments?

b. Who is involved in the program and what is the mix of faculty, students, research scientists, and administrators?
What were the problems/barriers and benefits/needs which governed the establishment of this program?
What policies served as incentives or disincentives for your participation in this program?

How much time do you spend on the prograrii?

What rewards did you expect to receive as a result of your participation on this program? What rewards did
you actually receive?

What do you see as the outcome(s) of these joint ventures?

Questions directed toward administrators
1.

a. In what type of university/industry research interactions <ues your university (department) engage?

b. What is your reason for participating in this type of interar tion?

a. In what types of university/industry research programs do you prefer to participate?
b. What is the reason for your preference?

Which types of interactions do you think are most beneficial to tne university, to the company, to the depart-
ment, to the individual participants involved? : '

What are the policies and practices of the university (your def+ u.ient) that serve as incentives or disincen-
tives to establishing joint university/industry research progr. 5? :

a. What are the formal and informal channels of comr . ication between your university (department) and
industry in the vicinity of the university (and U.S. industry in general)?

b. What effect does location have on your establisning or maintaining channels of communication?

c. Does the character of industry in the vicinity of your university affect the research that goes on at the university.?
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NSF Study: University/Industry Research Interactions
Protocol for Industry Site Visit
Our objective is to talk to key individuals involved in university/industry research interactions. We are interested in
talking to those people responsible for initiating such interactions and those conducting research in the programs
generated. Therefore, our visits should include discussions with appropriate administrators and division heads as
well as directors of and participants in joint university/industry programs.

General Questions

1. a. What do you perceive to be the problems and/or benefits that would result from un'iversity/industry
research programs?

b. Which of these barriers is the most difficult to overcome and which of the benefits is the most important in
encouraging university/industry research interaction. '

2. Do you prefer to give money to a university research program sponsored solely by your company, sponsored
by several companies, or sponsored by industry and government? :

3. a. Would you like to see an increase in joint university/industry programs?
b. What is the ideal mix of industry and government support of university research?

4. Describe an outstanding research interaction your company has had with a university. (Consider the following
in describing the program: initiation, structure, goods, and outcomes.)

Questions directed toward administrators

1. a. In what type of university/industry research interactions does your industry engage?

b. What is your reason for participating in this type of interaction?

2. a. In what types of university/industry research programs do you prefer to participate?
b. What is the reason for your preference?

3. Which types of interactions do you think are most beneficial to your company, to the individual participants
involved.?

4, What are the policies and practices of your company that serve as incentives or disincentives to estab-
lishing joint university/industry research programs?

5. a. What are the formai and informa’ channels of communication between your company and universities in
the vicinity of your zempany (and U. S. universities in general)?

b. What cffect does location have on your establishing or maintaining channels of communication?

Questions for dircctors of university/industry research programs and participants in such programs
1. Describe the seqguence ot events to the establishment of the program.
Did the program begin because of industry or university initiatives?

a.
b. Did the government play any role in the initiation of the program?

N

Who specifically was responsible for starting the program?

a

What was his/her (their) position in the participating institution(s) and how much time did it take to
establish the program?

e. To what extent did previous cooperative activities (e.g.. consulting, personnel exchanges) affect the initia-
tion of this program?

f. How were participants (both individual and institutional) selected.?

4 ‘
o
>
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A
.

h.

J-

What effect did the proximity of the universities involved have on the establishment of the program?

What processes were involved in establishing the program? Consider the following in describing the evoiu-
tion of the program: formation of advisory committee, delineating patent rights, new facility construction,
geography, travel time and cost, prior relationships needs and benefits, barriers and constraints.

. What were the most important factors and critical incidents in bringing about this cooperation and in pro-

viding for its continuation?

How long has the program been in existence?

What were the specific objectives/goals when the program was established; were they achieved?

How is the program structured and administered?

n

c

a. What are the specific arrangements for staffing and administration?
b.

What is the program’s relationship to thz company’s management structure?
What is the research management structure?
What is the number of decision-making levels?

What are the roles of each partner in decision-making relevant to the determination of the project’s budget,
staffing changes in goals, etc? '

What were the resource commitments arranged between partners?

a.

b.

What are the funding commitments?

Who is involved in the program and what is the mix of faculty, students, research scientists, and administrators?

Wwhat were the problems/barriers and benefits/needs which governed the establishment of this program?

What policies served as incentives or disincentives for your participation in this program?

How much time do you spend on the program?

What rewards did you expect to receive as a result of your participation on this program? What rewards did
you actually receive?

What do you see as the outcome(s) of these joint ventures?



APPENDIX 1l
SAMPLE MATRIX

The following matrix is a sampling of university/industry research interactions
documented at the institutions visited in this study. It is not meant to be an
exhaustive list of university/industry research interactions, but does contain most
ofthe significant research interactions of these institutions with companies.
(See end of Appendix for footnotes)

NORTHEASTERN

R&D Public/ Mechanism of No. of Years
Rank Private  University Industry Program Name Discipline Interaction** In Existence*
23 Private University of Exxon, SOHIO, Laboratory for Laser Physics, Aero- Government-industry 11 years
Rochester GE, Northeast Energetics space, Electrical funded coogperative
Utilities ) & Chemical research laboratory
Engineering (jointly used facility)
Xerox, Gleason PADL Program Mechanical & Ind/Gov't funded 8 years
Ward, GM, Boeing, Electrical Engi- U/l cooperative
Kodak (& others) neering (CAD) research (grants)
Abbott, Allied Institute of Optics Optical Industrial funded 53 years
Chemical, Owens- Engineering cooperative research
lllinois, Xerox, center, contract re-
TRW (20 search & industrial
companies) affiliates (focused}
General lonex Additions to Tandem Physics Gov't funded U/I Time Limited
Corporation Accelerator Facility cooperative research
at U. of Rochester {grant) 2 years®
for Ultra Sensitive
Particle Ident.
Xerox Computer Science Computer Equipment discount 7 years
Science
Industrial Park Muitidisciplinary Industrial park New
Miles, Cullers, Bacillus Subtilus Medicine Industry funded U/I 9 years
Bayer, Dow Fermentation cooperative research
(contract-grants)
Drug Co., Optics Industrial Optical Industrial affiliates 5 years
Chemical Co., Associates Program Engineering {focused)
Consumer
Product Co.,
Conglomerates
126 Private Rensselaer United Tech- Center for Manu- Engineering Industry funded U/I 2 years
Polytechnic nologies, GE, facturing Productivity cooperative research
Institute GM, Boeing. center
Norton, Kodak,
Cincinnati
Milacron, Fair-
! child Republic
IBM, Evans & Center for Inter- Computer Government/ 3 years
Sutherland, active graphics Science, Industry funded U/I
Hewlett-Packard. Engineering cooperative research
Prime Computer center
(& 20 cos.)
IBM (& 8 cos.) Center for Engineering Industry tunded New
Microelectronics Science (VLSI) cooperative research
center
Raster Tech., Inc. Industrial Park Multidisciplinary Industrial Park New
Testamatic Corp.
& others
8 Private Harvard Monsanto Harvard Monsanto Life Sciences Partnership 6 years

O

ERIC

Aruitoxt provided by Eic:
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(contract)
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O

RIC

Aruitoxt provided by Eic:

Northeastern—Cont.

R&D Public/ Mechanism of No. of Years
Rank Private University Industry Program Name Discipline Interaction In Existence*®
Seagram & Sons  Alcoholism Program  Medicine Grant 1year
Biogen Molecular Biology Spin-off co. 3 years
Mutual Research Diffusicn Flame Chemistry Government funded Time limited
Corporation Energy Transfers cooperative research 1 year*
Hoechst Molecular Biology Medicine Partnership New-time
Laboratory {contract) limited
(10 years}
Harvard School of Environmental Industrial affiliates 1 year
Public Health— Health {focused)
Industrial Asso-
ciates Program
DuPont DuPont-Harvard Molecular Partnership New
Agreement Genatics - {contract)
1 Private MIT MIT Industrial Multidisciplinary Memkership on Ongoing
Visiting Committees. Advisory or Gov-
erning Boards
Bayer Bayer Professor- Chemical Endowed chair 5 years
ships engineering
Laboratory for Muitidisciplinary Research consortia 4 years
Manufacturing
Productivity
10 Companies MIT Chemical Chemistry Seminars—Informal Recent
Sciences/industrial discussion
Forum
30 Companies Engineering intern- Engineering Education-training 3 years
ship program internship
50 outside Undergraduate Muitidisciplinary U/! Cooperative 12 years
organizations research opport. training program
program ’
Cooperative program Electrical research internship Ongoing
engineering, (Summer employment)
Computer science
Center for the Health Environmental Gov't/Industry 2 years
Effects of Fossil Fuel science & funded cooperative
Utilization Toxicology U/1 research center
{grants-contracts)
National Magnet Physics & University based 20 years
Laboratory Engineering institute serving
industrial needs
(contract/
subcontract)
25 Companies Center for Energy Social Science Industrial Aftiliates 5 years
Policy Research (focused)
19 Companies Center for Informa- Computer industrial Affiliates 7 years
(users & vendors]  tion Systems Science (focused)

58

Allied Chemical
Corp.

1BM

Perkin-Elmer
Corp.

‘.‘r'

Research

Theoretical Studies
of Polydiacetylenes
& Polyacetylenes

Instrumentation of
an X-ray Beam Line
at Nat'l. Synchrotron
Light Source,
Brookhaven

Laser-Generated
Etching of Semi-
conductor Surfaces

Materials science -

Materials
Science

Chemistry

147

Gov't funded U/l
cooperative research
(grant)}

Gov't funded U/
cooperative reszarch
(grant)

Gov't funded U/I
cooperative research
(grant]

Time Limited

2 years*®

Time Limited

1 year*

Time Limited

1 year*®




O

Northeastern—Cont.

R&D Public/ Mechanism of No. of Years
Rank Private University Industry Program Name Discipline Interaction In Existence*
Exxon Eftect of Bulk Lqd. Chemical Gov't funded U/I Time Limited
Corporation vs. Gas Phase on engineering cooperative research o
Selectivity in the (grant) 1 year®
Fischer-Tropsch Syn.
Pratt & Whitney Powder Metallurgy Materials Gov't funded U/I . 4 years
, science cooperative research
(grant)
General Electric Ceramic Materials Gov't tunded U/! 4 years
Transparencies science coop. res. (contract)
Electronics Microelectronics Engineering Industry-government New
industries funded cooperative
research center
Rolls Royce Energy Engineering Government-industry 4 years
funded cooperative
research (contract)
Bolt, Beranek & Military science Math, Gov't funded coop. 2 years
Newman. Inc. Engineering res. (contract)
Exxon Exxon-MIT Combustion Partnership 1 year
Energy (contract) Time limited
(10 yearsj
ITT, GM, Xerox MIT Polymer Proc- Engineering, Government & 8 years
(12 cos.) essing Program Chemistry, industry tfunded
: Matls. Sci. cooperative
' research center
Computer Innovation Center— Engineering Innovation Center 8 years
Control Corp., MIT
Hertra Inc.
265 companies MIT Industrial Multidiécipnnary Industrial associates 34 years
Liaison Program (general)
EPRI, GRI Energy Laboratory Engineering, University based 10 years
Science Policy laboratory serving
industrial needs,
trade assoc. support,
(contracts)
A.D. Little, GE, MIT School of Chemical Industriat extension 64 years
Union Carbide Chemical Engi- Engineering
neering Practices
Texaco Career Development  Chemical Endowed Chair 1% years
Term Chair Engineering (partial)
Flow General Biotechnology Biology Ind. funded coop. New
res. (contract) 5 years
Many Companies MIT Technology Multidisciplinary Industrial Park 19 years
Square
Whitehead MIT-Whitehead Developmental Industry/Foundation New
Foundation Institute Molecular funded research
Biology institute
24 Private Yale Miles Laboratory Institute of Medicine University based 1 year
University Preclinical institute serving
Pharmacology industrial needs
(facility sharing)
Texaco Yale/Texaco Chemical Institutional Time Ltd.
Engineering consulting 2 yrs.
{ended)
AVCO Everett Theoretical Investi- Physics Gov't funded U/i Time Limited

ERIC

Aruitoxt provided by Eic:

Research
Laboratory

gation of Electron
Impact Excitation
Processes

148

cooperative research
(grant)

1 year*®
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Northeastern—Cont.

R&D Public/ - Mechanism of No. of Years
Rank Private  Universily Industry Program Name Discipline Interaction In Existence®
Celanese Composition and Biochemistry, Partnership 3 years
Synthesis of Molecular (contract}
Enzymes Biology
Yale Associates Multidisciplinary Industrial associates New
(campus-wide
program)
Olin Corporation,  Science Multidiscipiinary Industrial Park New
City of
New Haven
MIDDLE ATLANTIC
R&D Public/ : Mechanism of No. of Years
Rank Private  University Industry Program Name Discipline interaction In Existence*®
105 Public University of Qil & Chemical Center for Catalytic Chemical U/l cooperative 3% years
Delaware Cos. (Approx. Science & Engineering research center
20-23 cos.) Technology Industrial affiliates
CE, DuPont, Center for Com- Mechanical U/I cooperative 7 years
Hercules, Ford, posite Materials Engineering research center
Corning (Approx. Industrial aftiliates
13 cos.)
Chevron & Other Institute for Energy Photovoltaics University based 9 years
Cos. (Approx.7) Conversion institute serving
industrial needs
(contract)
Information Computer Aided Computer Equipment gift New
Ser ce Co. Design Laboratory Science and Program
Engineering
IBM Distributed Electrical Industrial funded Time limited
Computing Engineering cooperative research 2-3 years ' |
(contract} (ending)
DuPont UNIDE| Foundation Multidisciplinary Endowment 32 years
Foundation
13 Cos. Symposia Chemistry Symposia Time limited
Conference Recent
Ocean Engineering Oceanography & Industrial Aftiliates New
Liaison Program Engineering {focused)
Intel Fellowships Computer Undergraduate New
Science, Micro tellowships
processes
Wyeth Labs Chemistry Chemistry Equipment gift (mass 2 years
du Pont spectﬂophotometer
~..
Sohio, DuPont, Chemistry Chemical Persannel Exchange 1 year —.!
Stautter Engineering T~ e
; ~ ™~
15 Private Johns Biospherics Venture Program Env. Science. NonProfit 2-years
Hopkins Biology. Eng. Organization
Bristol Myers Center for Oncology  Basic medical Unrestricted gift 5 years
sciences Time limited
Siemens, GE. Radiology Program . Radiology- Equipment donation 3-5 years
Picker. Pfizer, Computer ;
Phillips AN Sciences ! j
Institute of Scrap Cinter tarwﬁdaterii_a_l_;f ~University based -1 year '

o 40

ERIC

Aruitoxt provided by Eic:

Iron &% Steel

‘.Résearch
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Middle Atlantic—Cont.

R&D Public/ _ Mechanism of No. of Years
Rank Private  University Industry Program Name Discipline Interaction In Existence®
Exxon Research Systematic Develop.  Chemistry Government funded Time Limited
and Engineering of New Organic U/l cooperative 1 year*
Conductors research {grant}
Applied Research Defense Mathematics, Fi. Government funded 4 years
Laboratory Mechanics cooperative research
{contract)
Chemical Sys. Education Biochemistry Government funded 3 years
Lab. cooperative research
{contract)
Oil & Chemical Biotechnology Biology, Eng. Technology transfer New
Co. Exxon, Institute Medicine center
Union Carbide (cross-discp.}
Fairchild Fairchild Projects Grants Time limited
New
Burroughs- Burroughs-Welicome  Oncology Endowed Chair '30 years
Wellcome Prof. of Oncology
A. Benzone Interferon Basic Med. Contract Time limited
Science {5 years)
46 Public University of Fairchild Fairchild Scholars Elec. & Communi- Industry funded 3 years
Maryland Industries Program cations, Engineering cooperative training
program
Genex Bethesda Certificate Program Molec. Bio., Industry/University New
Research Labs in Appl. Molecular Biochemistry, cooperative training
{BRL} Biology Bioengrg. program
Many SciComplex Biotechnology Industry Park 1 year
& Electronics
Koppers Co. Chemicals, Wood Microbiology, Government funded 5 years
Preservatives Biology, cooperative research;
Chemistry (contract)
Physical Collision-Induced Chemical Government funded Time limited
Sciences Inc. Emission and Light Engineering U/l cooperative 1 year*
Scattering in High research (grant) :
Pressure, High
Temperature Gases
du Pont Manufacture of Biochemistry- Industry funded Time limited
Interferon genetics cooperative research (2 years)
(contract)
CcDC Computar System Computer Industry/university New
Design & Science cooperative training
Manufacture program—equipment
transfer
16 Public Pennsylvania Various small Penn. Tech. Asst. All Extension services 16 years
State U. compan.es Program (PENNTAP) technology transfer
AICHE Data Book Project Chkamical Personal Interaction- 10 years
Engineering publication
Bechtel, other Fellowships Engineering Fellowship New
cos.
GE, Bethlehem Material Research Materials Industry/university 20 years
Steel Laboratory Science cooperative research
center
Many Office for Indus. All Innovation center 1 year
Research and
Innovation
Ceramics Liaison Materials Industrial Affiliates New
Program Science, {focused)
Engineering
Geology Liaison Geology Industrial Affiliates New
Program {focused}
141
(&) : Lam

ERIC

Aruitoxt provided by Eic:
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Middle Atlantic—Cont.

142

ERIC

Aruitoxt provided by Eic:

R&D Public/ "Mechanism of No. of Years
Rank Private  University Industry Program Name Discipline Interaction In Existence*
GE Electrical Eng. Electrical Industrial Affiliates New
Industrial Affiliate Engineering (focused)
U.S. Steel Metallurgy Ind. Metallurgy in Industrial Affiliates 10 years
(& 156-20Co.) Coop. Program College of Earth (focused]
& Min. Science
Coal Cooperative Several Depts Industrial Affiliates 2 years
Program in College of (focused]
Earth & Min.
Science
130 Private Lehigh 4-5 companies Center for Surface & Chemical Eng. Industiy funded 10 years
Coatings Research Chemistry, cooperative resaarch
Metallurgy center
Energy Resea:ch Engineering, Industry funded 3 years
Center Science . cooperative research
center
Air Products, Materials Science Metallurgy, Industry funded 19 years
Bethlehem Steel, Research Center Materials cooperative research
Leeds, DuPont, ’ Engineering center
AFCO, Northrop,
American Stand-
ard, Instrument &
Control (approx.
20 cos.)
Biotechnology Chem. & Civil Industry funded 1 year
Center Engineering, cooperative research
Chemistry, center
Biology
Institute of Metal Metallurgy Industrial affiliates 11 years
Forming (IMF) Materials (focused)
Engineering
National Printing Color Associates Chemistry Collective industrial 35 years
Ink Trade assoc. Chemical support (grants}
Engineering
General Electric Heat Transfer in Civil & Government funded Time limited
Rotating & Curved Mechanical cooperative research 1 year®
Ducts Engineering (grant)
Bethlehem Steel Materials Science Materials Industrial affiliates 18 years
(& approx. 20 Science (focused)
cos.)
20 companies Computer Asso- Computer Industrial affiliates 6-7 years
ciates Program {focused) )
(CAP)
Energy Product & Energy Liaison Muitidisciplinary Industrial affiliates 3-4 years -
Equip. Manufac- Program {ELP) {focused) :
turers, Energy
Users {Approx.
20 cos.)
20 Companies Emulsion Polymer Metallurgy, Mat. Industrial affiliates 5 years
Institute Liaison Science, Chem. (focused)
Program Eng., Chemistry
Thermo-Fluid Mech & Chem Industrial affiliates 3 years
. Liaison Program Engineering (focused)
4-5 Companies Center for Surface Metallurgy, University/industry - 10 years
and Coatings Chemistry, cooperative research
Liaison Program Chem. Eng. cente”
Biochem Liaison Biochemistry Industrial affilites 2-3 years
Program {focused)
5 companies Freezing Coal Multidiceiplinary Government-Industry- New
Program . University Crntract
(Res. Consortium)
oy b
ey "



Middie Atlantic—Cont.

R&D Public/ Mechanism of No. of Years
Rank Private  University Industry Program Name Discipline Intera’ ‘‘on In Existence®
Fairchild Engineering Fellow- Solid State Fellowsh/Endowed 5 years
Foundation ship Program Phys. & Engrg Chairs/Equipment/
Facility
64 Privete Carnegie Exxon, Xerox, P ocessing Research  Process Govt. funded U/I 10 years
Mellon Alcoa, Ford, Institute Engineering coop.res. (grant]
Westinghot'se
Westinghouse Robotics Institute Computer Industry/university 2 years
Scierce cooperative research
center
Mobay Chemica!/ Mobay Professor Chemistry Endowed Chair 5 years®
Alcou CMU-Alcu.. Chem. Engrg. Personnel Time limited
Exchanae exchange 3-5 yrs.
(ended)
Qil Co Catalysis Lab Chem. Eng. Equipment Time Limited
(5 years)
EIA (small Environmental Env. Eng. Contract Time limited
synfuel co.) Engrg. recent
Gulf Research Civil Engineering Civ. Eng. Grant Personnel Time limited
Exchange recent
(Also the U. U.S. Steel, Aicoa, Ad Huc Committee Combustion & Contract Research 1 year
of Pittsburgh) PP&G, Westing- on Coop. Research Coal Utilization
house, Gulf
Many Carnegie Mellon Multidisciplinary Contract Research 68 years

Institute

Institute

Westinghouse Investigation of Electrical Government funded Time Limited
Electrical Breakdown Engineering U/l cooperative
in Vacuum reseasch (grantj 1 year®

1BM Statistical Design of Flectrical Government funded Time Limited
Integrated Circuits computer & U/l cooperative

systems eng.

research (grant)

1 year®

Digital Equipment  Facility Development  Computer Equipment discounts Time Limited
Corp. & artificial Intel. Science
Knowledge Repre- 5 years®
sentation
Xerox Personal Computing  Computer Personnel exchange Time Limited
Program Science & equipment donation 5 years*
Many Center for Multidisciplinary Innovation center 8 years
Entrepreneurial
Development
Koppers (& 3 Cooperative Masters  Civil Enigmeering Personnel Exchange New
Cons.Eng. firms) Degree Prog. :
91 Public Clemson Poultry Assoc., Agriculture Agriculture Extension Services 6/ years®
University Tobacco Co., Extension
Food & Food
Pkg., Grain Co.
Westvaco Nitrogen Fixation Forestry Industry funded U/! Time Limited
Program cooperative researcn
icontract) 1 year
American Mechanical and Mechanical Institutional 3 years
Hoechst, Caterpil- Manufacturing Engineering consulting
lar, Alcoa Fdn., Systems Design
Duke Power,
John Deer~ Co.
J.P. Stevens Textile Science Engineering Gifts and Industry 29 years
funded cooperative
research
Diamond Biologically active Microbiology Industry funded Time Limited
Shamrock factors coop. res.-contract New

143
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Aruitoxt provided by Eic:
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Middle Atlantic—Cont.

R&D
Rank

Public/
Private  University

45 Public North Carolina

State U.
(Raleigh)

52 Public University of

144
)

ERIC

Aruitoxt provided by Eic:

North Carolina
(Chapel Hill)

Mechanism of

No. of Years

rock, GTE Labs

Fell wships

153

Industry Program Name Discipline Interaction In Existence”
DuPont Chemical Waste Forestry Gov't.-Industry Time Limited
Contamination funded coop. res 1 year
Trade Assoc. Woven Fabric Center Textiles University based New
institutes serving
industrial needs
Hooker Flame Retardant Textiles Research consortia Time limited
Chemicals, Program, ETIP 8 years®
USDA, Textile Progr. (ended)
Mills
Renky Co. Irrigation Program Agricul. Eng. Equipment loan Time Limited
{irrigation) (3 years)
DEC Computer Graphics Elec. & Comp. Equipment grant 1 year
Research Program Engineering
6 Companies Clemson Park Multidisciplinary Industrial park 16 years
American Soy- Computer controlled Computer Equipment loan Recent
bean Assoc., grain combine Science (1-2 years}
Sparry & New
Holland
Several Research Triangle Multidisciplinary Industrial park 22 years
Park
Furniture Mfg. (6) Furniture R&D Engineering Govt. funded U/I 8 years
Applications Inst. coop. res. center
Neuman Acoustic Laboratory Mechanical & Government-industry 11 years
Machine Co. Aerospace funded research
Engineering (contracts)
Sun Oil, Teras Minerals Research Engineering Government-industry 10 years
Gulf, Owens Laboratory funded research
Corning, Moisture Center
Controls Systems
(& others)
Pullman-Woodex, ERSD Engineering Industrial extension 25 years
IBM, Handcore,
MidState Tile
Many Research Triangle Multidisciplinary Research institute 21 years
Institute {contract]
Many TUCC Computer Reseaich institute 16 years
Science
Many Triangle U. Multidisciplinary Development Co. New
Recombinant DNA
Co.
GE Microelectronics Engineering & State-govt. funded 1 year
Center of N.C. Comp. Science U/I coop. research
-B.F. Geodrich Transport and Chemical Govt. funded U/I Time Limited
Relaxation in Glassy  Engineering cooperative research 1 year*
Polymers (grant)
DEC, iBM, Lock- Graphics . Computer Industry funded Time limited
heed, Daniel Science cooperative research New
Fluor
GE Microelectronics Engineering & State-govt. funded 1 year
Center of North Computer U/1.cooperative
Carolina Science research
DuPont Chemistry Chemistry Gift Several
years
Lithium Corp. Lithium Iron Chemistry State-govt. funded Time limited
of America Conductor U/l coop. research 1 year
Diamond Sham- Summer Research Chemistry Fellowship Recent
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Middle Atlantic—Cont.

R&D
Rank

Public/
Prvate

44 Private Duke

65 Private Princeton U.

University

Mechanism of No. of Years
Industry Program Name Discipline Interaction In Existence”
Rubber Co., Occupational Health Environmental Industry funded 11 years
Phosphate Co. Sciences Group Health Sciences cooperative research
Wkers. Unions
IBM Computer Graphics Computer Unrestricted gift Time limited
Sciences new
Many Research Triangle Multidisciplinary Industrial park 22 years
Park
Many Research Triangle Multidisciplinary Research institute 21 years
Institute {contract)
TUCC Computer - Research institute 16 years
Science
Many Triangle U. Multidisciplinary Development Co. New
Recombinant
DNA Co.
GE Microelectronics Engineering & State-govt. funded 1 year
Center of North Computer cooperative research
Carolina Science
Many Industrial Associates  Engineering Industrial associates 1 year
A.D. Little DUMAT All Private Non-Profit 1 year
Licensing Co. {(PMO)
FMC Post-doctoral Chemistry Personnel exchange Time limited
Chemistry Program 2-3 years
Many Research Triangle Multidisciplinary Industrial park 22 years
Park
Many Research Triangle Multidisciplinary Research institute 21 years
. Institute fcontract)
TUCC Computér Research institute 16 years
Science
Many Triangle U. Multidisciplinary Development Co. New
Recombinant
DNA Co.
FMC, Mobil Chemical Screening Chemistry Industry funded 1 year
Chemistry, Dow, Program coop. res. {contr.}
Bayer
Shell Inter- Man under sea Biomedical Govt.-industry funded 2 years
national, Ocean- activities sciences U/l coop. res.
eering Int'l. fcontract)
Data General Computer science, Electrical Unrestricted gift Time limited
engineering Engineering recent
Weyeriiauser Mercury Fund Medicine, Unrestricted funds Ongoing
(& others}) Public Health 5 years
GE, Burroughs- Power Electronics Electrical Equipment gift & New
Wellcome Program Engineering Fellowship
Local Companies Health Care Systems Medicine For Profit Corp. 10 years
Monsanto Physico-Chemical Materials Government funded Time Limited
Studies of Rodlike Science cooperative research
& Semi-flexible {(grant) 2 years
Chain Polymers
Burlington, J.P. Textile Research Chemical Industry funded 40 years
Stevens (& other Institute Engineering cooperative research
textile center-cooperative U/|
companies) training program
Bell Labs Fiber Optics Electrical Industry funded U/I ‘Time Limited
Engineering cooperative research 11 years
f{grant) jended)
154 145
-
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Middle Atlantic—Cont.

R&D Public/ . Mechanism of No. of Years
Rank Private  University Industry Program Name Discipline Interaction In Existence*®
United Tech. Energy Engineering Government funded 3 years
Research Center combustion U/l cooperative
research [grant)
Prudential Solar Energy Energy & Grant 22 years
Insurance Co. Environmental
Science
Dow, Amoco Engineering Engineering Grants Time limited
research
Amoco. Tenneco. Center for Energy Engineering Gifts Time limited
Conoco. GM,
Ford. others
Mobil Several line items Engineering Indusiry funded Time Limited
coop. res. {grant} (Syrs).1yr
Prudential Princeton Forrestal Multidisciplinary Industrial park 6 years
Insurance & Center
others
Grumman Aerospace Program Mechanical & Facility sharing: 3 years
Aircraft, other Aerospace contracts
aerospace Cos. Engineering
SOUTHEASTERN
R&D Pubtic/ Mechanism of No. of Years
Rank Private  University Industry Program Name Discipline Interaction In Existence*®
38 Public Georgia Tech. Small Companies Engineering Engineering Industrial Extension 50 years
Experiment Station Service
Many Fracture & Fatigue Chemical Industrial Aftiliates New
in Metals Engineering (focused)
J.P. Stevens {& Textile Engineering Engineering Industry tunded (U/I Time Limited
Approx. 60 other [Textile) cooperative research but Eng.
Cos.) Georgia {equipment donation) Dept. in
Textile Mig. Existence
Association 40 years
Many Corporate Liaison Multidisciplinary Industrial Associates New
Programs (general)
Prime, IBM, HP. Partnership Program  Information & Equipment donation 18 years
DEC, Ungerman, Computer
Bass, Network. Sciences
Loftec
Protessional Co. Technology Park Multidisciplinary Industrial Park
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Many

Many

Many

Georgia Power

Whirlpool

IBM

Atlanta—University
of Georgia Res. Park

Georgia Tech
Research Institute

Advanced Tech-
nology Develop-
ment Program
[ATDP)

Video Instruction
Program
Protessorship

Protessorship

Protessorship

Multidisciplinary

Multidisciplinary

Muiltidisciplinary
Electric Power
Mechanical

Engineering

Computer
Science

135

Nonprofit Organization

Innovation Program
(Technical Assistance
Program}

Continuing Education

Protessorship
(partially endowed)

Professorship
(partially endowed)

Protessorship
(partially endowed)

20 years

40-50 years

New

1year [new}
New
New

Time Limited
{5 years)
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GREAT LAKES AREA

R&D Public/ Mechanism of No. of Years
Rank Private University Industry Program Name Discipline Interaction In Existence”
29 Public Purdue U. cDC CAD/CAM Research  Computer Indus. funded coop. Time limited
Project Science research (contract] 3 years
12 Companies Herrick Labs Mech. Eng. & industry funded 23 years
Agriculture cooperative research

12  Public University of
Illinois

Abbott
Laboratories

BGS System. Inc.

Hughes Aircraft

Many

U.S. Steel, Inland
Steel Honeywell,

Shipboard Con-

trol Systems

Caterpillar,
J. Deere,
Int’'l. Harvester

Corning Glass
Works,
Weyerhauser

5 companies

NASA, USDA,
NSF, Reyes
Paper Co. {&
Other Paper &
Qil Cos.)

NIH, NCI, Indiana
Elks and
Companies

Many

6 Food & Paper
cos.

Texas
Instruments

DuPont

Structure & Function
of Bacillus
Thuringiensis

Operational Analysis
of Queueing Phen.

Kinetics of Phase
Transitions

Industrial Affiliate
Program

Industrial Affiliate
Program

Industrial Affiliate
Program

Purdue Research
Foundation

Industrial Associate
Program

PLAC-Purdue Lab
for Applic. of
Indus. Control

Fellowships in
CAD/CAM

Fellowships in
Engineering

Computer Integrated
Design, Manufac-
turing & Automa-
tion Center
{CIDMAC)

LARS-Laboratory
for Applied
Remote Sensing

Cancer Research

Center

“Peopies Exchange”

LORRE-Laboratory
of Renewable Re-
sources Engineering

Collaboration in
Field Effect
Transistors

School of Chemical
Research

{'f, foae o

Biochemistry

Computer sci.
& engrg.

Materials Science

Computer
Science

Chemistry

Materials
Engineering

Multidisciplinary

Electrical
Engineering

Computer
Science

Computer
Science &
Hydraulics

Engineering
Chem Engrg.

Computer
Science,
Mechanical &
Electrical
Engineering

Electrical
Engineering.
Agriculture,
Geosciences |

Medicine

Multidisciplinary

Chem., Agric.,
Biochemistry,
{food sci.)

Chem. Engrg.

Electrical
Engineering

Chemistry,
Chemical
Engineering

156

center

Govt. funded U/I
coop. research
{grant)

Govt. funded U/I
coop. res. (grant)

Govt. funded U/|
coop. res. {grant)

Industrial Affiliates
{focused}

Industrial Affiliates
{focused}

Industrial Affiliates
{focused)

Industriar Park

industria! Affiliates
(focused)

U/t Cooperative
Research Center

Fellowship

Feliowship

U/l Cooperative
Research Center

University-based
institute serving
industrial needs

University based
institute serving
industrial needs
(contract]

Equipment sharing

University based
institute serving
industrial needs
{contracts)

Industry funded
cooperative research
{grant]

University-based
institute serving
industrial needs
Unrestricted gifts

Time Limited
1 year®

Time Limited
1 year®

Time limited
2 years®

1 year

New

1 year

50 years

2 years

10 years”

1 year

3 years

1 year

16 years®

5 years

Recent

3 years

Time Limited
3 years

51 years
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Great Lakes Area—Cont.

R&D Public/ Mechanism of No. of Years
Rank Private  University Industry Program Name Discipline Interaction In Existence”
Rockwell Avalanche Photo- Electricel Government funded Time Limited
International diodes Using Engineering U/l cooperative 1 year*®
Quarternary Alloys research {grant)
for Fiber Optical
Comm. Sys.
Martin Marietta Formation & Reac- Civil & Government funded Time Limited
tivity of Tricalcium Mechanical U/l cooperative 1 year®
Silicate & Dicalcium Engineering research (grant)
Silicate
Effects Electromagnetics Engineering Govt. funded U/} 6 years
Technology Inc. Natural Resonances coop. res. (contract)
Power Industry Electromagnetics Electrical industrial Affiliates 3 years
Propagations and Engineering (focused,
Communications
Affiliates Prog.
Chemistry Industrial Chemisiry Industrial Aftiliates New
Associates (focused)
IBM, GE. Hitachi, Physical Electronics Electrical Industrial Aftiliates 13 years
Hughes, Honey- Industrial Affiliates Engineering (focused)
well, Texas, Inst. [PEAP)
{& approx. 50
other co.)
Caterpillar, John Fracture Control Multidisciplinary Research consortia 8-10 years
Deere, GM, Program
International
Harvester {10 co.)
4-5 Power Com- Industrial Power Elactrical Inoustrial Affiliates 2-1 years
panies Program Engineering {focused)
Dow Chemical Cooperative Chemistry Research contract Pending
Research
cDC Computer Based Computer U/] Cooperative 21 years
Education Research Science Research Center
Laboratory (CERL; (contracts)
Coal Industries Strip mining Agriculture, Research Consortia 2 years
reformation Civil Eng.. Env.
Studies
IBM, American Research Board Agriculture Gifts Recent
Can, Amoco. Program Engineering
Argo Starch, Science
Standard Corning
Products
IBM, Alcoa, United Electrical Materiais Ceramic Research Contract 6 years
Technvlogies Program Engineering
Local Companies  Allerton Park Multidisciplinary Research Park 35 years
{gifts) ‘
American iron & Engineering Engineering Contracts-4 projects Recent
Steel Institute, Research projects
Trade Assoc.
Owens lllinois, Plasma Display Computer Contract, Licenses 14 years
1BM Band Science
7 Public University of GM, Ford, intl. Highway Safety Engineering University based 10-12 years
Michigan Harvester, Good-  Research !nstitute institute serving
rich, Dunlop, industrial needs
Motor Vehicle
Mig. Assn.
148 .
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Great Lakes Area—Cont.

R&D Public/ Mechanism of No. of Years
Rank Private  University Industry Program Name Discipline Interaction In Existence®
Dow Chemical (MERRA] Michigan Engineering Research consortia 6 years
Co., Env. Energy & Resource
Research Institute Research Association
of Michigan,
Michigan Con-
solidated Gas,
Detroit Edison,
others
Upjohn 'Pharmacology Center Pharmacology University based 11 years
(medicine) institute serving
industrial needs
Allied Soybean Senescence Plant science Contract grant Time limited
2 years
Upjohn Studies & Appl. of Chemical Govt. funded U/I Time limited
In-Situ Extraction Engineering cooperative research 1 year®
in Fermentation (grant)
Processes
Ford Motor Molecular Con- Materials Science Government funded Time limited
Company formation of Polymers - U/l cooperative 1 year®
by Small-Angle research (grant)
Neutron Scattering
Prudential Life, Organizational Social Science University based 30 years
IBM, GM, Detroit  Behavior Program institute serving
Edison, Nabisco, (Institute fcr industrial needs
Merrill Lynch, Social Science)
W.W. Mutual
Insurance, United
Parcel Post
uoPr Wolverine Il Project Chemical Contract, gift Time limited
engireering consulting 2 years old
(ended)
GM, Ford, Metal Cutting Engineering Industrial affiliates 3 years
Eaton Corp. (focused)
DeVilbiss, Robotics Industrial Engineering, Industrial affiliates New
Cincinnati Affiliates Computer (focused)
Milacron ’ Science
6 Companies Micro-electronics Electrical & Industrial affiliates 6 months
liaison program computer (focused)
engineering
Bendix, Bechtel, Michigan Tech- Multidisciplinary Technology transfer, 2-3 years

Park David
Ford

Consumer Power,
Detroit Edison

Many

20 Companies

Bendix

nology Council

Phoenix

Extension Courses

Institute of Science
& Technology

Macro-molecular
Research Center

Division of Research
& Development Adm.

industrial Devel-
opment Div.

Bendix Update

Nuclear Energy

Engineering
Multidisciplinary

Chemistry,
Chemical
engineering

Muiltic'.sciplinary
Multidisciplinary

Business Engi-
neering, Comp.
Science

158

Industrial Dvipmnt.

Research facility .
(research reactor]

Industry funded
cooperative training
(multi-client contract)

University based
institute serving
industrial needs

Industrial Affiliates
(focused)

Technology transfer
Innovation Center

(Technology transt.)

Continuing Education

22-23 years

Recent

22 years

8 years

19 years”

New

3 years
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Great Lakes Area—Cont.

R&D Public/ Mechanism of No. of Years
Rank Private  University Industry Program Name Discipline Interaction In Existence*
Bendix, GM, Videoprogram Engineering Continuing Education Recent
Ford, Burroughs
Wellcome
Michigan Gas Gas Research Chemical Eng. Fellowship 75 years
Association Program
30 companies Electronic Warfare Engineering Research Cornisortia Time limited
15 yrs
{endedi
Consumer Power  Great Lakes Environmental Contracts 10 years®
Indiana Electric Programs Science
13 Companies Greater Anri Arbor Multidisciplinary Industrial park- 21 years
Research Park started by gov't and
university
Burroughs Fellowship Program Pharmacology Fellowship Recent
Wellcome
EPRI Steam Generation Nuclear Contract 3 years®
Modeling Engineering
CcbC Technotech Computer Technology transfer Recent
Science
IBM Equipment Loans Computer Gift Time Limited
Science recent
TRW Chemistry internship  Chemistry Internship Recent
Burroughs Personnel Exchange  Medicine Personnel Exchange Recent
Wellcome Personal contact
Burroughs Training Grants/ Medicine, Training grants/ On-going
Wellcome, Fellowships Pharmacoiogy Fellowships 2 years
Hoffman- -
LaRoche, Phar-
maceutical
Manuf. Assoc.
Foundation
DuPont Supplemental Chemistry Fellowships Recent
Fellowships
American Soybean Research Plant Science Conlracts Recent
Soybean Assoc.
SRDC, Syncom, TIP Committee Engineering Equipment? grants 3 years
Hewlett-Packard
I1BM, TRW, Texas
Instruments,
Eaton
Bell Labs, Sandia Fellowships Engineering Fellowships On-going
{20 years)
2 Public University of WARF All NonsProfit Corpora- 54 years
Wisconsin tion Licensing (PMO]
i University/industry All Technology transfer, 19 years
research program Liaison program
(UIR) ’
Local Companies Industrial Park Multidisciplinary Industrial Park New
Many Wisconsin for Multidisciplinary Industrial Develop- 1 year
Research ment Org.
Many . Wisconsin Non-Profit Research foundation 36 years
Foundation Organization
Many Wisconsin Alumni Non-Profit Alumni Foundation 120 years
' Association Organization
Food Producing Food Research Agriculture University based 15 years

o0
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Great Lakes Area—Cont.

151

R&D Public/ Mechanism of No. of Years
Rank Private  University Industry Program Name Discipline Interaction In Existence”
Trade Assoc. Swine Producers Agriculture University based Recent
Research Institute institute serving
industrial needs
Texas Electronics Engineering Govt. funded coop. 3 years
Instruments research {contract)
Many Engineering Experi- Engineering Extension services 77 years
ment Station :
Tactile Sensory Computer Sci. Industrial affiliates 2'% years
Research Consortia Mech. Engrg. {focused)
{robotics)
Materials Science Materials Science Industrial affiliates 1 year
{focused)
Microelectronics Electrical Industrial affiliates Y2 year
Engineering, (focused)
Computer Sci.
Engineering
Polymer Science Chemical Industrial affiliates Y2 year
Engineering {focused)
Rheology Mechanical & Industrial affiliates 2 year
Civil Engrg. {focused)
Agrigenetics, Genetic Engineering Mofecular Biology Personnel Exchange 1 year
Cetus Program
Foundry CAD/CAM Program Engineering Industrial assoc. 2 years
industries Mech. & Ind. consortium (focused)
20 companies Wisconsin Electric Engineering, {Focused) IAP 2% years
Machines & Power Electrical consortium
Electronics Consor- Engineering
tium (WEMPEC)
54 Private Case Western Philips Polymer Industrial Macromolecular Focused industrial 17 years
Reserve Petroleum, 3M Affiliates sciences liaison
Dow, Celanese,
Goodrich, Ten-
nessee Eastman,
IBM, Diamond
Shamrock, Borg-
Warner, Shell,
Sherwood Ander-
son (12 cos.)
35 Companies Control of Industrial Mechanical, Focused industrial 27 years
Systems—Systems Electrical, & liaison
Control Chemical
Engineering
Many Case Institute of Engineering & University based 12 years
Technology Science institute serving
industrial needs
Gould. Inn. Formation & Control  Metallurgy Government funded Time Limited
of Compacted Cast cooperative research 1 year®
Iron (grant)
Case Chemical Eng. Chemical Industrial affiliates Recent
Industrial Affl. Engineering {focused)
Industrial Council Industrial Industrial affiliates Recent
Economics (focused)
SOHIO Petroleum Chemistry, Equipment donation New
Laboratory Chemical
Engineering
Laboratory equip- Academic Unrestricted gifts 3 years
ment fund science &
engineering
ir;{’)) A



Great Lakes Area—Cont.

R&D Public/ Mechanism of No. ot Years
Rank Prvate  University Industry Program Name Discipline Interaction In Existence”
Analytic instrumen- Chemistry Jointly operated 7-8 years
tation facility facility-equipment
sharing
DICAR Energy Research Chemical Not-for-profit 4 yea::
Program Engineering corporation
Dow, Celanese, Center for Applied Macromolecular Government funded News
Hydron Labs, Polymer Research sciences, U/ cooperative
B.F. Goodrich Chemistry, research center
Chem. Eng.
Many Case Associates & Multidisciplinary Industrial Liaison 10 years®
Case Investors
Many University Circle Muitidisciplinary industrial Park 15 years
Research Ceriter
19 Private University of Oil Co. Energy-Mineral Physics, Government-industry 3-5 years®
Chicago Resources Analysis Science funded cooperative
*Group research {grants)
Oil Co. Atlas Project Geophysics Government-Industry 3-5 years®
funded cooperative
research (grants)
Hughes Development of New  Physics Government funded 3 years
High-Resolution U/l cooperative
Scanning lon Micro- research (grant)
probe
Many Industrial Relations Multidisciplinary Conference Time limited
Conference Recent
Sohio Physical Sciences Physical Sciences General gift Recent
Grant
ARCO Professorship not yet determined Grant Recent
NORTHWEST AND GREAT PLAINS
R&D Public/ Mechanism of No. of Years
Rank Private  University Industry Program Name Discipline Interaction In Existence*
4 Public University of Honeywell, Center for Micro- Chemistry, Research Consortia 1 year
Minnesota Sperry. 3M, CDC electronics and Computer
|and others) Information Sciences Science,
(MEIS) Elec. Eng.
General Mills, Agricultural Experi- Agriculture Contract, Affiliates 96 years
Pilisbury (& other ment Station and Fellowship
food cos.) Extension Services -
Iron Ore Co. and Mineral Resources Civil and Mineral University based 58 years
Engineering Research Center Engineering institute serving -
Contractor Co. (MRRC) industrial needs
Engineering Con-  St. Anthony Falls Enginéering- University based 43 years
sulting Firms Hydraulics Hydraulics institute serving
(e.g.. EBASCO] Laboratories industrial needs
Many Institute of Engineering & Industrial Liaison 2 years
Technology Science (Partners Program)
Chemical Co. Chemistry Chemistry Unrestricted qift Ongoing,
(grants-in-aid) recent gifts
Many Leukemia Research Medicine Corporate Foundation  Ongoing
Program Gift Prog., 10 yrs.
Recent gift
Company con- Applied Math Mathematics Endowed Chair New
nected gift Institute

12
Q 2
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Northwest & Great
Plains—Cont.

R&D 2ubiic/ Mechanism of No. of Years
Kank Private  Umiversity Industry Program Name Discipline Interaction In Existence’
Many Minnesota Well- Multidisciplinary Tech. Transfer, Ind. New
spring {(Minnesota Development Org.
Inc.)
LOL, Pitlsbury, Endowed Chairs Food Science Endowed Chairs New
Carlisle, General
Mills
Many Minnesota Non-Profit Research Foundation 19 years
Fourdation Institute
General Mills, Food, Science and Agriculture University based 9 years
Pillsbury {& other Nutriticn Department department serving
food cos.| industrial needs
Several Cos. Institute of Agricul- Agriculture University based 7 years
ture, Forestry & institute serving
Home Economics industrial needs
Electrical Engineer- Electrical Industrial Affiliates New
ing Industrial Engineering (focused)
Affiliates
Local bioengi- Dwight Institute of Genetics Consulting New
neering firm Genetics
5  Public University of Intel, DEC, Regional Northwest Computer Research Consortia & 1 year
Washington Honeywell, VLS! Design Science _ Personnel Exchange
Boeing, Tektronix, Consortium
John Flake Mig.,
Microtel
Physio-Control Center for Engineering & Ind/Gov't. Funded 7 years
Bioengineering Medicine U/l coop. research
(grants-royalties)
Weyerhauser, Forestry Program Forestry Gov't funded U/I 15 years

ERIC

Aruitoxt provided by Eic:

Crown Zellerbach
(28-30 paper cos.)

Math Sciences
Northwest

10 Petroleum
Cos.

25 Co.

Boeing

Weyerhauser

Polar Research
Lab

10-15 Cos.

Hawlett Packard,
..el, Fairchild,
Texas Inst.,
Physio-Control,
Boeing, Honeywell,
Tektronix

(Nutrition)

Controlled Fusion
Program

Ocean Margin
Drilling Program

Washington Pulp &
Paper Foundation

Wind Tunnel Facility

Optimal Mgmt. of
Chum Salmon Based
upon Estuarine &
Nearshore Carrying
Capacity for Out-
migrating Juveniles
in Hood Canal

Arctic Environment

Chemical Engineer-
ing industrial
Affiliates

Electrical Engineer-
ing Affiliates
Program

Math, Physics
Engineering

Oceanography

Forestry

Engineering

Biological and
Ecological
Applications

Environmental

Chemical
Engineering

Electrical
Engineering

162

cooperative research
{jointly used research
facilities)

Gov't funded U/I
cooperative research
(contract)

Research Consortia
(government, univer-
sity, industry)

Research Consortia
(ed. oriented)

University based
institute serving
industrial needs

Gov't funded U/I
cooperative research
(grant)

Gov't funded U/I
cooperative research
(contract)}

Industrial Affiliates
(focused)

Industrial Affiliates
(focused)

Time Limited
2 years’

New {discon-
tinued)

14 years

2-3 years

Time Limited
1 year’

5 years

5 years

2 years

153



Northwest & Great

Sample Matrix

Plains—Cont.
R&D Public/ Mechanism of No. of Years
Rank Private  University Industry Program Name Discipline Interaction In Existence*
29 Cos. Industrial Affiliates Engineering Industrial Affiliates 5 yearc
5 Cos. Computer Science Computer Industrial Affiliates 6 months ;\
Corporate Liaison Science {focused) [
Program Do
Mechanical Mechanical Industrial affiliates New C
engineering engineering {focused} i
Civil engineering Civil engineering Industrial Affiliates New
liaison program {focused)
Department of Oceanography Industrial affiliates New
Oceanography {focused) :
Liaison Program ;

Dom. Sea Farms, Marine Net Pen Fisheries Government-Industry 3-5 yea}s

Inc. {subsidiary of  Culture of Salmon —genetics funded cooperative ;

Campbell Soups, research {contracts- :

Inc.) grants} :

j
CALIFORNIA AND THE WEST
R&D Public/ Mechanism of No. of Years
Rank Private University Industry Program Name Discipline interaction In Existénce*
6  Private Stanford U. Hewlett Packard, Stanford University Many Industrial Park 30 yéars

Xerox, Varian, Industrial Park i

Syntex, Alza, :

EPRI, etc. . !

Many Industrial Affiliates Many (23] e.g., Industrial Affiliates 30 years
biochem. elec. (20 focused programs]  to new
eng.

3 Drug Cos. Morioclonal immunology Industry funded U/I New

Antibodies cooperative research
(contract]

HP, Xerox, Bell Center for Integrated Engineering/ Industry funded U/I 1 year

Labs, 1BM, Intel, Systems Comp. Science cooperative research

Fairchild center

Qil Co. Endowed Chair Chemical Endowed Chair New
Engineering

118 Co. (incl: HP, Video program Engineering Continuing Education 13 years

IBM, Lockheed,
Sandia, Liver-
more Labs)

Lockheed Missiles
and Space Co.

Multiplexed Holo-
graphic Reconstruc.
Methods for 3-Dim.

Elec. Eng., Comp.
Science

Gov'l. funded U/I
cooperative research
(grant)

Time L'mited
1 year*

Structures
John Deere & Investigation of Civil & Mech. Gov't, funded U/I Time Limited
Company Multiaxial Fatigue Engineering cooperative research 1:year*
{grant)
RCA Fundamental Stud‘ies Materials Science Gov't funded U/I Time Limited
of Cements cooperative research 1 year®
{grant) :
1BM Discrete Event Math and Com- Gov't. funded U/I Time Limited

Systems Control

Methods for Com-
puter System
Stimulation

Intelligent System
for Analysis of
Acoustic Signals

puter Science

Math and Com-
puter Science

cooperative research
{grant)

Gov't funded U/I "~

cooperative research ;

{grant)

%

/

1 year*

Time Limited
1 year®

o 15 o
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Calif. & The West—Cont.

R&D Public/ Mechanism of No. of Years
Rank Private University Industry Program Name Discioline Interaction In Existence*
Xerox Theory of Coop. Materials science  Gov't. fund=d U/ Time Limited

25 Private University of
Southern
California -

Nielsen Engineer-
ing and Research,
Inc.

Honeywell, GE,
Elec. Boat (G.D.),
Hughes Channel
Products (with
Penn St.)

Hercules

Koppers, Mead,
GF, Elt Technol-
ogies, Bendix,
Maclaren Power
& Paper

Arzo, Dow,
Chevron, Occi-
dental, PPG, Shell,
uorP

Hughes Aircraft

TRW

EPRI, Power Cos.

14 Co.-TRW, GE.
Union, PG&E,
Exxon, Starkist,
S. Cal Edison,
L.A. Dept. ot
Water & Power

Phenomena in
Supertluid Systems

Fluid Mechanics

Transducer
ceramics

Revers. Oxygen
Electrode: Collab.
Search for New
Catalysts & Phys.
Textures

Center for Biotech.
Research

Hydrocarben
Research Institute

VLS| Computing
Structures

U/l Coupling
Program

Power Engineering
Program

Inst. for Marine &
Coastal Studies

L.A. Veritas Seismic Geosignal Process-

Prcsrs.,
McAdams, USGS,
Exxon, Cities
Service, Getty,
Geo-x-Systems,
Lid., Roux,
O’'Connor Assoc.
Inc., Amoco, Shell,
Chevron, Teledyne

OMARK (Mtg.,
Co.), Alcoa,
Exxon

Dynamics
Technology Inc.

Dr. L. Kroko
Laboratories,
Texas Instruments

GE, Compshare,
Dynamic Science
Inc.

ing Program

Center for Laser
Studies

Particle Motion in
Turbulent Boundary
Layer

Gallium Arsenide
Micro-Tunnel Diodes

Pharmokinetic
Comp. Modeling for
drug delivery

-

63 A

Engineering

Materials Science,
Physics, Elec. Eng.,
Chemistry

Chemistry

Molecular
Biology

Chemistry

Elec. & Comp.
Engineering

Elec. Eng.

Elec. Eng.

Biological &
Environmental
Sciences

Electrical
Engineering

Applied Physics

Civil and
Mechanical
Engineering

Electrical
Engineering

Medicine

cooperative research
(grant]

Gov't. funded U/I
ccop. res. (cuntract)

Gov't. funded U/I
cooperétive research
(coniract)

Gov't. funded U/I
cooperative research
(grant}

U/1 non-profit
cooperative research
center

U/1 coop. res. center/
Ind. liaison (focused)
contracts

Gov't. funded U/I
cooperative research

Gov't. funded W/I
cooperative research
grant}

Contracts

U/l Coop. research
center/Industrial
affiliates program

Industry funded
cooperative research/
Industrial Associates
(focused

University based
institute serving
industrial needs
{contracts}

Gov't. funded U/I
cooperative rasearct:
(grant)

Gov't. funded U/
cooperative research
(grant}

Equipment
development

164

1 year®

7Time Limited

Time Lir .4
5 years

Time Limited
2 years®

Nev:

4.5 years

Time limited
1 year*

On-going
73 years

e
5 years

2 years

7 years

Time Limited
1 year*®

3 vears
(expirad)

8 years
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Calif. & The West—Cont.

R&D Public/ T Mechanism of "No. of Years
Rank Private  University Industry Program Name Discipline Interaction In Existence”
Oil co., insurance  Center for Futures Social Science U/l coop. research 10 years
co., banks, aero- Research center/industrial
space co., drug liaison (focused)
co., information
processing co..
(approx. 60 cos.)
Many School of Engineer- Engineering Industrial associates 5-17 years
ing, Industrial (fucused)
Associates
Texas Impurities in Device Electrical Government funded 5 years
Instruments Type Semi- Engir.zering cooperative research
conductors (grant)
56 Private California Inf. processing Silicon Structures Computer Research Consu.tia 2 years
institute of cos., (1BM, Intel, Program Science
Technology Xerox, HP, Bur-
roughs, Fairchild,
DEC, iviotorola,
Sperry. Univac]
57-60 Cos. Industrial Associates  Multidisciplinary i+ dustrial Associaies, 34 years
General
Hercules Rev. Oxyg. Electrode Chemistry ‘Gov't. funded U/ Time Limited
Collab. Search for cooperative research 2 years
New Catalysts and (grant)
Phys. Textures
Union Carbide Flow and Heat Civil and Government/univer. Time Limited
Corp. Transfer in Granular  Mechanical funded cooperative 1 year®
Media Engineering research (grant)

IBM, Intel, Bur- Design of Silicon Math and Comp. Government funded Time Limited
roughs, DEC Structures Science cooperative research 2 years”
{grant)
Hughes Research  Electronics Engineering Government funded 3 years
Labs cooperative research
(grant)
Chemical Cos. Catalysis Program Chemistry, Chem. Industrial Affiliates New
Eng. (focused)
American Petro- Project 6—Study of Chemistry Grants (graduate 40 years
leum Institute the composition of research)
petroleurn
Merck Vesicle Formation Chemistry Grant Time Ltd.
2 yrs (ended)
DuPont Genetic Engineering Genetics Grant 1 year
Ford, Exxon, ENERGY Project Multidisciplinary Unrestricted gift 3-4 years
Tenneco, Chevron
Chevron Chemical Engineer- Chemical Professorship 1 year
ing in Energy Science Engineering
Xerox. Hewlett Chip Fabrication .omputer Research Consortium Time limited
Packard and Design Science 2 years
13 Public UCLA Lockheed, CAD Engineering & Industry funded U/I 1'% years
Hughes, North Appl. Scienc: cooperative research
American Rock- Comp. Science (Equip. donation and
well, Northrop student support]
Aerospace & oil Industrial associates Engineering Industrial Assocs. 4 years
cos. (approx. 29) (focused)
Hughes Aircraft Highly Nonlinear Physics Gov't. funded U/I Time limited
Phenomena & research cooperation 2 years®

Physics of
Confinemc at

(grant)

12
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Calif. & The West—Cont.

R&D
Rank

Public/

3  Public UCSD

43 Public University of
Utah

32 Public University of
Arizona

RIC

Pivate  University

Mechanism of

No. of Years

Industry Program Name Discipline Interaction In Existence”
Drug co. Crump Institute for Medicine, University based 1 year
Medical £ngineering Biomedical institute serving
' Engineering industrial needs
Tobacco Indus- C cer Research Medicine Grants Ongoing-
tries, Trade Recent
Assoc.-Council
for Tobacco
Research
Chemical cos. Industrial Adviso::’ Chemistry Gifts 4 years
(Shell, Chevron) Committee
Oil co., biomed- Scripps Industrial Oceanography Industrial affiliates 14 years
ical co., pharma-  AssCTiates Engineering (focused)
ceuticals, mining
cO.. power co.
(approx. 12-16
cos.)
Oil cos. (many) Chancellor’s Multidisciplinary Industrial Associates New
Associates {general)
Amatek-Straza Upper Ocean Frontal Physics, Gov't. funded U/i 4 years
Corp. Studies Electronics, cooperative research
Oceanography (contract}
Ceramatek, Utah Research Park Muitidisciplinary Industrial Park 16 years
Tetratec
R .
Many UURI Research Multidisciplinary Contract research 9 years
Institute institute
‘Aany (approx. 17 Solution Mining Engineerin~ Conference Time limited
€os.) Program Mining and -recent
Minerais
Boeing. Univac, Techrical Liaison Ccllege of Industrial Associates 1 year
Genl. Inst. Bur- Program Engineering
roughs faparox.
7 cos.)
Kennecott, Ccomputer controlle:  Mines, Minerals Government/industry 1 year
AMAX, Exxon, processing fc- funded U/l Cooperative
City Services, mining research Multiclient
Fammond Mining, contract
Bethlehem Steel,
Chevron, Allis-
Chalmers, Rex-
nord, Kogpers
{approx. 10 cos.)
Brunnel Life Utah Innovation Multidisciplinary Innovation Center 2'2 years
Systems Weath- Center
ercasters (new
cos.|
Genl. Inst., Boeing, Microelertronics Electrical Contracts Recent
Burroughs- Lab . .. _......... .. _Enginezring
Wellcome
Chevron Energy Program Coil. Engrg. Coil. Gift New-1 year
Mines & Mineral
Stds.
Diamond Sham- Plant Sciences— Biology. Plant University based 2 years
rock, Philips Office of Arid Land Science institute serving
Petroleum, etc. Studies industrial needs
(Contract to center)
Coca Cola, Disney, Environmenta. Biology—Env. University based 13 years
Kraft, FH Prince Research Laboratory institute serving
(Shrimp Project] industrial needs o
[contracts)
Many Division of Industry Science and Not for profit New
Cooperation Engineering within foundation
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Calif. & The West—Cont.

R&D Public/ Mechanism of No. of Years
Rank Private  University Industry Program Name Discipline Interaction In Existence”
12 Cos. Engineering Ind. Electrical - Industrial Affiliate 2'2-3 years
Affiliate Engineering (focused)
2 Cos. Optical Science Optics Industrial Affiliate 2 years
Industrial Affl. {focused|
G.D. Searle, West  Seed Development Plant Science, Industry funded 1 year
Plant Sciences Program Agriculture cooperative research
- {Multiclient Contract)
New Business Tumbleweed Project  Plant Sciences University based 2 years
institutes serving
industrial needs
(Tech. Transfer|
Motorola Correlation of Elec. Materials Science Gov't. funded U/I Time Limited
Active Defects in cooperative research 1 year®
Silicon Wafers with |grant)
Structural inhomo-
geneities in As-Grown
Crystals
SOUTHWEST AND SOUTH CENTRAL
R&D Pubiic/ Mechanism of No. of Years
Rank Private  University Industry Program Name Discipline Interaction In Existence”
33 Public Louisiana Oil Companies Applied Carbonate Geology Industrial affiliate 4 years
State (18] Research Programs (focused)
University
American Sugar Audubon Sugar Engineering University-based 5 years
Cane League Institute institute serving
industrial needs
Lumber & Remote Sensing and  Engineering University based 2-4 years
Minerals Co. Image Processing institute serving
Laboratory industrial needs
Chemistry Industrial Chemistry Industrial Affiliates New
Affiliates {focused|
Computer Aided Computer Industrial Affiliates New
Design Science (focused|
Digital Electronics Electrical Industrial Affiliates New
Engineering (focused)
Control Processors Engineering Industrial Affiliates New
{focused|
Exxon, Shell, Environment, Energy  Geology, Government funded 2-5 years
Chevron, Maobit Oceanography cooperative research
(contracts}
Communications, Oceanography, Government funded 5 years
Remote Sensing Engineering cooperciive research
(contract)
Local Chemical Siva Buiiding Business, Gift Time Limited
& Qil Co. Engineering 3-5 years
Chemtech Chemistry. Spin-oft Co. 25-30 years
Env. Science
West Payne Chemistry. Spin-off Co. 5-10 years
Env. Health
Synmet Organic Spin-off Co. 3-5 years
Chemistry
Petroleum Eng. Petroleum Government/Industry New
Blowout Training Engineering funded coop. training,

School

internships, gifts from
industry
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Centrat—Cont.

R&D Pubhc/

Rank Private  University

17 Public University of
Texas {Austinj

123 Public University of

Houston
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Mechanism of

No. of Years

Industry Program Name Discipline Interaction In Existence*
v
Tenneco, Gulf, Geology Training Geology Fellowships
Superior Oil Program
Oil Co. (& others) Joint Oceanographic  Geology Research Consortia 53
Institute
Construction Co., Engineering Civil Petroleum Contract (Industry 2 years
Oil Co., API and government)
Mobil, American Marine Sciences Oceanography & Industrial Affiliates 15 years
Smelting Co. (& Institute Ocean (focused)
approx. 30 other engineering
gas & oil cos.|
Bristol Meyers, Eli Drug Dynamics . ~dwcine Phar- University based 8 years
Lilly, Hoffman Institute maceuticals institute serving
LaRoche, John- industrial needs
son & Johnson
Texas Computer Science Computer Gift New
Instruments Program science
Rousseau Chemistry Chemistry Professorship New
Tracor. Inc. Military Science Math, | Government funded 2 years
Engineering cooperative research
{contract)
Bendix Corp. Military Mathematics Government funded 3 years
(with University (Surveillance) cooperative research
of North (contract)
Carolina)
Oil Cos. (15-20) Enhanced Oil Chemical Industrial Affiliates 9 years
Recovery Engineering {focused)
Association of Center for Engineering Government-industry 8 years

American Rail-
roads, GM, Ford,
Federal Railroad
Administration,
EPRI

50-100
Companies

Many

93 companies

Many

Oil Co. (& others)

Texas Atomic Re-
search Founda-
tion (& other
energy cos.}

Gulf, Exxon,
Mobil (& approx.
40 other oil &
gas co.)

McDonnell-
Douglas and others

Electromechanics

Structural Engineer-
ing Laboratory

Geothermal Program

Bureau of Engineer-
ing Research

Mining Program

Senior design
program

Gulf Universities
Research Consortia

Fusion Research
Center

Seismic Acoustic
Laboratory

Energy Laboratory

o

-~

LN
y

Civil Engineering

Engineering

Engineering
Multi-disc.

Earth Science
Petroleum
Engineering

Nuclear Eng..
Mat'ls. Sci.,
Biomed. Sci..
Mechanics

Energy & Environ-

mental Science

Engineering &
Applied Sciznce

Geology. Engi-
neering. Com-
puter Science

Engineering
{Solar). Coal
& Synfuels

funded cooperative
research center
(contracts]

Seminar

Gifts & Government
funding

Technology transfer
Research Adminis.

Industry funded
cooperative research

Training and education
internship Senior
Design Projects

Resear:h Consortia

Geervinent-Industry
funded cooperative
research (gifts)

Industry funded
cooperative res..

Personnel exchange &

Industrial affiliates

University based
institute serving
industrial needs
{contracts)
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Time Limited
-recent

New

71 years

New

New

16 years

New

4 years

10 years
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Southwest & South
Central—Cont.

R&D Public/ Mechanism of No. of Years
Rank Private  University Industry Program Name Discipline Interaction In Existence"
Gulf, Exxon, - Center for Public Social Science Consulting/Gift 1 year
Maxwell House Policy Account
Shell Ability of men and Social Science Contract New

39 Public Colorado
State
University

191 Pubhc Colorado
School of
Mines
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Hewlett-Packard,
Kodak

Chrysler, GM,
American Motors,
Ford

Many

Many

Many

|deal Basic Indus.

Eii Lilly, American
Cyanimid,
Upjohn, Ciba
Geigy. Merck

Boeing, Bechtel.
Sandia. McDon-
nell-Douglas,
Johns Manville

Trade Assoc. (&
others) Exxon.
Libbey-Owens,
Ford. GRI, EPRI.
AMEX Foundation

Local Cos.

Steel Companies.
e.g.. ARCO Steel

WR Grace. ARC,
Rocky Mountain
Engineering

Coors Engineer-
ing, Johns
Manville

Johns Manville,
Gas Processing
Assoc.. Phillips
Petroleum

Mobil Oil

U.S. Steel

women to handle
offshore oil drilling

Graduate Assistant
Fellowships

-~ Auto Emissions

Control Laboratory

CSU Alumni
Foundation .

CSU Foundation

CSU Research
Foundation [CSURF)

Cement Dust Project
{Feedlot research)

Feedlot research

wind Engineering
Program (Part of
Fluid Dynamics &
Ditfusion Lab.)

wind Engineering
Research Council

Industrial Park
Steel Cooperative
Program

Energy & Materials
Field Institute

Welding Institute

Research on Natural
Gas Hydrates

Synfuels Research

Oil Shale Institute

Earth Mechanics
Institute

Multidisciplinary

Environmental
Science

Multidisciplinary

Multidisciplinary

Multidisciplinary

Animal Science,
Agriculture

-

Agriculture

Civil Engineering

Civil Engineering

Multidisciplinary

Engineering

Mineral
economics

Metallurgical
engineering

Chemical and
Petroleum Refin-
ing Eng.

Chemistry.
Geochemistry

Chemical
Engineering.
Chemistry

Mining.
Engineering

163

Grant—campus wide

Research Consortium

Mon-Profit
Organization

Non-Profit
Organization

Technology brokerage

Contract

Contract

University based
laboratory serving
industrial needs
(contracts)

Technology transfer,
Advisory group.
Consortial assoc.

Industrial Park

Personnel exchange
& U/I cooperative
training program

Workshop-Technology
t-ansfer

Government funded
U/l cooperative
research (grant-
contract]

Contracts, grants, &
personnel exchange

Contract

University based
industry serving
industrial needs

Contribution of
equipment

Time limited
-new

New

8 years
9 years
40 years

Time Limited
2 years
{ended]

Time limited
2 years’

16 years

11 years
22 years
6 years
3 years

9 years
2 years

Time Limited
2'% years

New

7 years



Southwest & South
Central—Cont.

R&D Public/
Rank Prvate  Umversity

28 Private Washington
University

146 Pnivate Rice
University

* Approximately

Delmar

Monsanto
Company

Central
Microwave

Charles Evans
& Assoc.

McDonnell
Douglas

American
Hospital Supply

Mallinckrodt

Varian, Georgia
Pacific

Exxon. Cxwv (&

local *: uston
Co.j
McDaonnell

Douglas. NASA
|& ¢’ 2raunca-
tion- & individuals)

21 Companies

Houstorn
Compa:ties

Development of
Phosphite Selective
lon Exchanger

Relaxation Studies
on Glassy Polymers

Electronics

Electronics

Endowed Chair

Developed artificial
heart value

Hybridoma Research

Chemistry

REDDI

Mass Spec. tu detect
H,0O vapor on mooil,
Sy power siellite
projact

Rice Corporate
Association

Rice C.inter for Corn -

munity Design &
Research
Desiga

Engineering

Materials science

Electrical
engineering

Electrical
engineering

Genetics

Civil & Mech-
anical Engineer-
ing. Materials
Science

Medicine

Slhemistry

Engineering

Space nhysics

Multidis~finary

Social sciences.
Architectural
engineering,

Industry funded
cooperative research
{contract)

Government funded
U/l cooperative
research (grant}

Government funded
U/l cooperauve
research {contract|

Government funded
U/1 cooperative
research (centract)

Endowed chair

U/l cooparative
research Contracts
Personal interaction

Partnershi > contract

Equipment gifts

Non-pro’* Corp.
[Institutional
Consulting)

Contract

Industrial associates
{general|

Non-profit corpc -ation
(contract researchi|

-+ Government funded cooperative research fraquently v-cludes m..iching funds or contributions in tire from industry.

O
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Mechanism of No. of Years
Industry Program Name Discipline Interaction In Existence’
24 Cos. - Exploratory Re- Geophysics Incorporation and 2 years
search Laboratory -Geophysics Fund
Earth & Mechanics Geophysics. Industrial affiliates New
Liaison Program Engineering (focused)
Hewlett-Packard. Continuing £d. Engineering Short courses 7 years
IBM. Caterpillar &
others
Phillips Fellowship Program Engineering Fellowship 1-2 years
Petroleum
Monsanto. GE. Materials Science Materiais U/l Cooperative 14 years
Air Products, ACF Laboratory {(DARPA Engineering research laboratory
Industries. DuPont Coupling Program) industrial liaison
DEC. BBN. Picker Biomedical Engi- Biomedical University based 2 years
neering and Ccm- engineering, program serving
puter Science Computer industria) needs
Science
Local cos. Washington Univ. Engineering For Profit Corporation- 1 year
Technology Assoc. ’ Institutional Consulting
[(WUTA)
No Companies Industrial Park Multidisciplinary Industrial Park 17 years

" Time Limited
3-5 years®

Tirse ' inited

Tl

3 vvars

ly years

Now

Time Limited
(3 2ars)

New

1 year

2 years

30 years

9 years
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CHAPTER 1

INTRODUCTION

This rcport was prepared in response to a request
from the National Science Board for information on
science and engineering faculty at state colleges and
their links with local and other industry. The paper
follows a more limited presentation by the principal
investigator at the Symposium on “Successful Models
of University—Industry Collaboration on Research” at
the annual meeting of the American Association for
the Advancement of Science at Toronto in January,
1981. That report discussed California state colleges;
it has been expanded here to include data from a survey
of science and engineering faculty at five campuses of
that statewide system, known officially as the California
State University and Colleges (CSUC). That survey was

carried out by the principal investigator two years ago;
and it has been supplemented here with interviews at
several other CSUC facilities in the summer of 1981,
and by information received from a number of other
state colleges throughout the country.

Chapter Il presents a short history of the devel-
opment of state colleges in American mass higher
education; Chapter 11l analyzes some research and
consulting data from a recent questionnaire survey of
science and engineering faculty at five state colleges in
California; Chapter IV discusses the organizational
aspects of such state college-based research and
development activity. Chapter V provides concrete
cases of R&D linking state college faculty and private
industry in California, and Chapter VI presents addi-
tional cases from around the country. Chapter VII pro-
vides concluding comments.

ot
~F
(P
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CHAPTER HI

STATE COLLEGES: ORIGINS, GROWTH
AND TRANSFORMATION

While the process of industrialization did not
originate in the United States, mass higher education
in the context of an industrial society certainly did.
Further, it can be argued that this expansion of higher
cducation was initiated within the pace-setting state of
California.! If so. it is appropriate that the original data
which gave rise to this present report comes from a
study of faculty at the mass-oriented California State
University and Colleges (CSUC) system.

State colleges have an apple-pie ubiquity within
the American scene. Their familiar presence through-
out the land follows from the fact that many began as
normal schools in the 19th century, training teachers
to provide mass public education through local school
districts. Later, as teachers’ colleges and colleges of
cducation, they broadened their offerings in response
to growing deimand for postsecondary education, uiti-
mately cvolving into state colleges. Today they are
to be found in all fifty states; their distribution varies
for rcasons of history and state educational policy but,
in general, there are more in the large and populous
states.

The state colleges comprise a “second-tier” of the
higher education hierarchy: more than 300 non-elite.
public, four-year colleges and universities described by
Dunham? as “colleges of the forgotten Americans”.
These must be clearly differentiated fromn the first-
tier,”” approximately 200 elite-oriented public and pri-
vate institutions which grant doctoral degrees and
which arc known as “research universities” (or "doc-
toral universitics”). By this time many, if not most, of

iFrank A. Darknell. “The Carnegie Philanthropy and Private Cor-
porate Influence on Higher Education.” pp. 385-411 in Robert F.
Arnove, ed., Philanthropy and Cultwal Imperiallsm: The Founda-
tions «t Home and Abroad (Boston: G.K. Hall & Co., 1980

:E. Alden Dunham, Colleges of the Forgotten Americans: A Pro-
file of State Colleges and Regional Unlversitles (New York: McGraw-
Hili Book Company. 1969).
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the second-tier campuses hzve upgraded their titles to
include the word “university,” even though they do not
in most cases grant doctoral degrees or grant too few
to fit the doctoral category in the Carnegie Classi-
fication (see below).

While most of the cases presented in the following
chapters involve California state colleges (the older
“state college” designation will be used from here
on in the text for sake of simplicity). Table 1 shows
how state colleges stand in terms of the numbers of
students enrolled relative to other public and pri-
vate facilities—including public two-year community
colleges. The table is excerpted from 1976 data pub-
lished by the Carnegie Council for Policy Studies
(CCPSHE) and displays the student enrollments of the
various sectors of American higher education (state
colleges correspond roughly to what CCPSHE cate-
gorized as "Public, Comprehensive Universities and

Table 1

Enroliments in Institutions of Higher Education by
Type of Institution and Control, United States,
1976—in Thousands*

Public  Private Total %Public % Total
Doctorate
Institution ...... 2,389.0 6734 3.624.4 78.0% 274%
Comprehensive
University or
College ...... 2,372.% 796.9 3,169.5 74.9% 28.4%
Liberal Arts
College ........ 19.5 511.7 531.3 3.7% 4.8%
Two-year
Institution ...... 3,825.2 152.2 3.978.0 96.2% 35.6%
Other ............ 150.3 429.8 *» 3.8%
TOTAL .... 8.750.3 24144 11,1646 78.4% 100.0%

*Source: Carnegie Council on Policy Studies in Higher Education®

STable | excerpted from Table 2 (page xii) in A Classlfication of
Institutions of Higher Education (Revised Edition). A Report of the
Carnegie Council on Policy Studies in Higher Education, Berkeley,
California, 1976.
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Colleges”). It can be seen that, in terms of 1976 enroll-
ments, the state colleges ("Comprehensive Universi-

ties and-Colleyes, - Public”) enrolled about as many

students as the public doctoral institutions. Enroll-
ments have since increased more rapidly in the state
college sector and these now constitute the largest
four-year enroliment sector.

Turning next to recent national comparisons of
faculties in terms of the numbers and proportions
of faculty with doctoral degrees in science or engineer-
ing Table 2 provides comparative data over time. In
this case, the state colleges are represented by the
“public, master’s and bachelor’s institutions” in data
provided by the National Science Foundation.

Table 2

Fulltime Scientists and Engineers with Doctoral
~ Degrees: Faculty and Others, at Public
Universities and Colleges Classified
by Highest Degree Granted,

January, 1976 and 1981

Master's and
Bachelor’s Institutions

Doctoral
Institutions

Total Doctoral
Degrees

1976 86,049 (100.0%)
1981 96,221 {100.0%)]

65.753 (76.41%)]
75.713 (78.68%)]

20,296 (23.59%)
20,508 (21.31%)

*Source; N.S.F./S.R.S*

[t can be seen that although state colleges have
been enrolling increasing numbers of students, at the
same time they have not recently been increasing the
numbers or their share of science and engineering
faculty with doctoral degrees—compared with the
research and doctoral universities. Between 1976 and
1981 the number of science and engineering facuity
cmployed at state colleges has increased from 20,296
to 20,508, but this has represented a percentage drop
when institutions limited to bachelor's and master’s
degrees are compared with the doctoral campuses.
Data presented in Table 3 demonstrates the overall
increase in doctoral faculty at California state colleges
before the mid-seventies. But returning to the figures
in Table 2, the obvious imbalance of total science and
engineering doctoral facuity between the doctoral and
research universities and the state colleges is more
easily comprehended when the relative teaching loads
carried by teaching faculty in the two kinds of institu-
tions are noted. State college faculty members, in generali,
teach about twice as many hours; and, therefore, could
be said to be used more “productively” as teachers
than are doctoral and research university faculty. Further-
more, because state colleges are not designated nor
funded as research institutions, they do not hire large
numbers of non-teaching scientists and engineering
scientists as do major research universities.

-‘Ii.\'ccx:ptcd Iromn special data run for National Science Fotinda-
tion (SRS). October. 1981.
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Table 3

Number and Percent of Fulltime Facuity: U.S. Higher -
Education, Selected Public Universities,**

California State (Colleges) University* =" "

California State

University and Selected Public All Higher

Colleges Universities"* Education
Annual Annual Annual
Growth Growth Growth
N Rate N Rate N Rate
1961/62 4.341 11.3% 8,921 10.1% 162,000 13.2%
1965/66 6,410 11.3% 12,545 10.2% 248,000 10.4%
1969/70 10,235 14.9% 16,435 7.8% 350,000 10.4%
1973/74 11,074 2.0% 19,000 3.9% 389,000 2.8%
1977/78 11,296 0.1% 18.400 -0.1% 449,000 3.8%

*Source: National Academy of Science®
**Universities of California, llinois, Michigan, Minnesota, Washing-
ton, and Wisconsin i

Since the end of World War 1, state colleges have
developed in the context of several factors which have
influenced the demand for higher education, college
enroliments, and the overall structure of American
postsecondary education. Beginning with the Service-
men’s Resettiement Act of 1944, the various G.l. bills
brought a dramatic spread of opportunity and subse-
quent mass demand for higher education among the
American population. The large numbers of ex-service-
men and women who chose to go to college surprised
even the original sponsors of the 1944 Act.® Many of
these veterans were drawn from families that did not
customarily send children to college; thus,the G.. bills
had a significant “seeding” effect in stimulating further
college attendance in the 1950's and early 1960’s
among lower middle and working class families. The
role of the Vietnam War in the middle and late 1960's
was even more complex; college enroliments were
stimulated not only by veterans’ benefits, but also by
the interaction between the military draft and college
draft deferments.

Such increases in the participation rate present
one dimension in the demographic analysis of college
enroliments; another involves simply an increase in
the traditional college-age cohort. The “baby boom”—
the children born in the high birthrate period from the
late 1940's through the 1950's—comprised what edu-
: ators foresaw as a coming tidal wave of demand. Its

*Excerpted from Table 1 (page 13) of Kesearch Excellence
“-rugh the Year 2000: The Importance of Maintaining a Flow of
e Dacudty into Academic Research. A Report with Recommenda-
tions .;¢ the Committee on Continuity in Academic Research Per-
formance, Commission on Human Resources. Mational Research
Council. Inational Academy of Sciences, Washington, D.C., 1979.
sKeith W. Olson. The G.I. Bill: The Veterans and the Coileges
{Lexington. Kentuicky: The University Press of Kentucky. 1974). p. 27;
David D. Henry, Challenges Fast. Challenges Present: An Analysis
of American Higher Education Since 1930 (San Francisco: Jossey-
Bass. 1975). Chapter 4.
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threat often produced near panic among planners and
government officials.?

All these factors called for an increase innumbers
ot university and college places and in their accessi-
bhility to students throughout the country. This meant
the development of entirely new institutions, and even-
tually systems of institutions to meet the expanding
demancd. California, where approximately twenty junior
colleges and a handful of state colleges had existed
since the 1920's, was the first to move toward system-
atic statewide expansion after World War i1, By the late
1950's, California had become an industriat region of
great potential growth. Industrial development—in
acrospace, clectronics and related industries—was
stimulated first by war production in the 1940's, and
later in the mid-fifties by the unexpected achicvements
of the USS.R. in space technology. Sputnik [ and sub-
scquent Soviet accomplishments came as a profound
shrock to American complacency about advanced sci-
entific development. When it became startlingly clear
that the Russians were leading in the “space race,”
there was nationwide demand for the immediate up-
grading of "human capital” in the form of more highly
cducated and fully trained personnel to meet the
new threat. In California, cheap higher education
and advanced technical training became a widely-sup-
ported solution to industry’s post-Sputnik needs for
imassces of technicians, experts and administrators.®

This difficult political, fiscal and educational situa-
tion was stabilized. if not fully resolved, in the carly
1960's by the establishment of a California Master Plan
tor Higher Education by the legislature. The Donahoe
Act (1960) scl up a stratified system providing for a
hicrarchy of three “segments” which were further "dif-
ferentiated by function”? These were: (a) an elite doc-
toral and rescarch university system of “world class”
campuses: the nine campuses of the University of Cali-
fornia at Berkeley, Los Angeles, and seven additional
locations, (b} a less than doctoral and less than clite
range of facilities for mostly four-year students at what
ultimately came to be 19 state colleges scattered the
lcngth of the state, and (c) two-year "community” col-
leges (formerly junior colleges), ultimately 100 or
more ¢f them providing academic transfer or terminal
vocalional training and education at the local level
cvenwhere i the state.

Ot particular interest here is the fact that the Uni-

“versity of California by monopolizing the doctoral

UHenny, Challenges Pest, Challenges Present, Chapler 7.

Ailliarn Batlow and Feter Shapiro, An End to Silence: The San
Francisco State Student clovementsin the 60s (New York: Bobbs-
SMertill inc. 197 1, Chapter 1 TAV. Schultz, “lnvestment in Hunman
Capital,” American Economic Reeiete 51 (March 19610 1-17; Gary S,
Boecher, Human Capital: A Theoretical and Empirical Analysis with
special Keference to Education (New York: Columbia University
Fress, 196%).

. K. McConnell, 1. Co Holly, and H L Semans, A Restudy of the
Necds ol California in Higher Education (Sacramento: California
State Department of Education, 1935),
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degree under the plan, continued to attract the greater
share of federal funds, which was the planners’ intent.
This together with'th¢ heavier teaching load for fac-
ulty at the state colleges (100% greater), meant that
scrious academic research was not expected to be
done there. In many ways, the California master pian
became a kind of model for sinilarly rationalized and
stratified systems of mass hicher education in other,
states and was promoted as suc!: by the Carnegie Cor-
poration of New York.!®

An indication of the somewhat uneven but rapid
expansion of mass higher education in the U.S.A. at the
time, and the comparative growth of the California
state colleges together with a number of selected
major public research universities, is available in data
published by the National Academy of Sciences. The
data give a picture of the post-Sputnik expansion (after
1957) at several levels in the nation’s system of mass
higher education (Tabie 3).

By 1970, the end of the first decade of the opera-
tion of the master plan for higher education in Cali-
fornia, some questioning of the original concept was
beginning to occur, especially with regard to the role
of state college facuity. Prior to the 1960’s a few
Ph.D.’s had found their way into the state colleges, but
they were usually a minority among the Ed.D.’s remain-
ing from teachers’ college days. Indeed from the per-
spective of the Ph.D. graduate school, state colleges
appeared as an academic Siberia where candidates
who failed to finish dissertations were consigned. By
the mid-sixties, however, Ph.D.’s began to appear in
greater numbers—partly in response to the move by
state colleges to redirect their curriculum away from
an emphasis cn teacher training toward the traditional
undergraduate departments of the liberal arts college.
This move was encouraged by prevalent critiques of
teacher education'! and, in California, legislation
requiring that prospective teachers acquire a “subject-
matter” major rather than concentrate on education
methods.!?

New and expanded doctoral programs at the
nation’s rescarch universities, responding to the pre-
viously mentioned “Sputnik demand” for skilled and
specialized experts as well as for “fully qualified”
faculty at the many new or upgraded universities and
colieges throughout the country, ultimately saturated

T, R McConnell. A General Pattern for American Public Higher
Education (New Yorks McGraw-Hill Book Company, 1962).

Hlames B, Conant, Shaping Educational Policy (New York:
McGraw-Hill Book Company. 1964), pp. 88-96.

The Licensing of Certificated Personnel Law, commonly known
at the time as the Fisher Bill, was passed in 1961, See James B
Conant. The Education of American Teachers (New York! McGraw-
Hill Book Company, 19631, pp. 24-25; Conant. Shaping ducational
Policy, pp. 88-96; Roy E. Simpson, “The Developmient of New Cre-
dential Requitements” California Schools 33 (August 19623, 265-
2488; and Frank Laycock, "Academic Majors for Elementary School
Teachers: Recent California Legislation,” Harvard Educational Re-
vicw 32 (Spring 1962), 188-199,
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the market for science and engineering Ph.D.'s. As
carly as 1967, draduate schools at the expanded re-

scarch universities were being warned against produc-

ing too many Ph’s?Y By the carly 1970's over-pro-
duction of Ph.D.'s mached over-production of goods
in other industries, which along with increasing infla-
tion, was felt throughout the nation’s res ~~ ch univer-
sities and ultimately through all of highe: .ducation.

The new abundance of Ph.D.'s expanded the pool
of academic talent available to all universities including
the state colledes in California and elsewhere, especially
in the sciences and engineering—the result, in part, of
mass layotis in the aerospace and electronics indus-
tries following the successful moon landing. Table 4
shows the increase in the proportion of doctoral rela-
tive to master's degrees among faculty respondents in
all disciplines at two- and four-year colleges and uni-
versities covered by the Carnegie National Surveys of
Figher Education in 1969 and 1975.

Table 5. next, shows that during approximately
the same period the state colleges of California added
substantially to their doctoral faculty during this period
of "Ph.D. surplus.” Table 6 focuses on the five Cali-
tornia state colleges which were the locations of a sur-

Table 4

Percent of Faculty Respondents Reporting Doctoral
and Master's Degrees, Carnegie National Surveys
of Higher Education {Criterion Samples),

1969 and 1975

1969 1975
Doctoral ................... 50.3 58.7
Master's ....... ... 35.6 30.0

*Source: Carnegie Commission/Council National Surveys of Higher
Education. 1969 and 1975

Table 5

Percent of All Faculty with Doctoral Degrees,
California State Colleges, 1967/68 and 1979/80*

196768 1979/80

522 v 71.8

*Source: Califorma State Uriversity and Colleges and California
Postsecondary Education Commission'®

Coartter Allan M. PhoDos and the Academic Laior Market iNew
York: MoGnaw-Hill Book Company, 1976,

AMatin Lrow ed., Feachers and Students: Aspects of Ametican
Yigher Do adion (ew Yorke McGraw-Hil Book Company. 19751,
P 332-383 dndy Roizen, Oliver Fulton, and Martin Trow. Technical
Report: 14975 Carnegie Councit National Swrveys ol Higher Educa-
tion - Berhelety: Center for Studies in Higher Education, University of
Citornia 1978y L 8T,

California State University and Colleges, Division of nstite:
Statistical Abstract (o duly 1977 (Long Beach:
1978 p 308 Calitornia Postsecondary Kducation Commission.
hyconnation Digest 80 1Sacramento: 19810 p. 213, (The statewide
sustem is hrereatter refened to as CSUCH

thongd Boescarch

Q

Table 6

Percent of All Science and Engineering F‘aculty with

-—-Ph.D., Five-CSUC.Campuses, 1966/67 and.-1976/77".

1966/67 1976/77
Sciences ........ieiiiaa.. 79.6 (328} 91.7 (590)
Engineering ............... 33.8 (65) 67.0 (106)

*Source: CSUC college catalogs from the five campuses used in the
Survey'®

vey discussed in following chapters, and demonstrates
that these campuses in the key ten-year period be-
tween the mid-sixties and the mid-seventies were able
to "top-off’ the significant majorities that Ph.D.'s com-
prised in science departments (biological sciences,
mathematics and statistics, physics, chemistry and
geology) and significantly raise the proportion of engi-
neering faculty with Ph.D.’s. The increase in absolute
numbers of scientists and engineers, both with and
without doctoral degrees, at the five colleges during
this historic period of expansion is also visible in the
numbers in parentheses.

As the number of Ph.D.s in the stale colleges
increased, it was felt by some that faculty of this type
incvitably threatened to distract the second-tier insti-
tutions from the purcly teaching function envisioned
under the stratified model of the master plan. Their
doctoral preparation—and, in many cases, their work
experience—had promoted the vatue of research;
relegated to a setting exclusively devoted to teaching,
they often became restless. In his Carnegie Commis-
sinn profile of the state colleges in 1969, Dunham
predicted the conflict in which Ph.D. faculty at state
colleges would inevitibly find themselves:

A Ph.D. at a state college will always compare his

status withe that ©! 4 colicague at the state university

and will scek o de the same kind of things and want

to receive the same hind of rewards.'?

Looking at the situation from the point of view of
highly educated and trained personnel, i.c. the Ph.D.'s
in all-tcaching institutions, such a conflict might be
seen instead as breeding resignation and denial of
rescarch, part of a process referred to clsewhere as
“rustication.” 8

This report, however, focuses on some state col-
lege science and engineering faculty who have respon:ied
lo their situations more positively by forging new links
of service with their surrounding communitics.

Source: cotlege catalogs for the year 196667, Included: San
Dicgo State College: California State College. Fullerton: Fresno
State College: Chico State College; and Humboldt State College.
For 197677 year catalogs: San Diego State University: California
State University. Fullerton: California State Univarsity, Fresno: Caii-
fornia State University, Chico: and Humbaoldl State University.

UDunham, Colleges of the Forqolten Americans, p. 164,

mrrank A Dankaell Mass Higher Education and the Distribution
of Scicntilic Inguin: an Essay in the Sociotogy of Rustication” (paper
presented et meetings of the American Sociologicel Association.
San Francisco, September 1978).

177

169



CHAPTER Il

CALIFORNIA: A SURVEY OF
FiVE CAMPUSES

The following three chapters focus on links be-
tween Caiifornia state college science and engineer-
ing faculty and industry. The present chapter presents
pertinent survey data from an on-going study of Cali-
fornia state college faculty in the same fields. Chapter
[V in turn will discuss the organizational context in
which state college faculty and industry interact in
California; and Chapter V will present in greater detail
some specific cases.

A. The Science and Engineering Survey—CSUC

The Scicnce and Engineering Study, from which
the data that follows is drawn, was designed to gather
information on the prevalence of research and consult-
ing activity among science and engincering faculty at
teaching-oricnted institutions. A pilot study at Cali-
fornia State University, Sacramento (formerly Sacra-
mento State College) in 1978-was followed in 1979 by
a mail survey of five oi*»r campuses in the California
State University and -+ -Yleges (CSUC) systein: San
Dicgo State; Californi-- State, Fullerton; California
State, Fresno; California State, Chico; and Humboldt
State in Arcata. The five were chosen fronmi the nineteen
CSUC campuses according to criteria ailowing for pro-
ductive comparison, including location, age of cam-
pus, and faculty publication rate (as determined by
recent citations).! ' Co

The survey achicved an average response rate of
about 63%, with a low of 54% (Fresno) and a high of
69% (Fuilerton and Humboldt). Some questions were
not always answered—- possibly because for some of
the laculty the topic treated was sensitive—and, some-

This stvey began in 1978 with a pilot stuch . G2 il State
University, Sacramento, spensored by the Natic. Szicnce Founda-
tion, and was folloved in 1979 by a sunvey of five ciher campuses
of the CSUC system. supported in part by facuity rescarch funds
from the CSUSs Foundation.
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times apparently because busy respondents acciden-
tally turned two pages of the staple-bound question-
naire at a time. In general, there were higher returns
from senior {aculty and faculty with doctoral degrees.

B. The Question of Ph.D. Quality

Measures of the quality of graduate schiools and
their programs included in the survey analysis do not
provide direct information on the standing of each
Ph.D. within his or her graduating class, but they do
provide a distribution of respondents on the basis of
the standing of the graduate schools they came from—
and particularly of the programs that produced them.

As shown in Table 7, about 88% of the survey
respondents with the Ph.D. report having degrees from
graduate schools classified by the Carnegie Council as
“Research Universities | or 11.”2 The Carnegie classifica-
tion reflects certain objective measures such as the
fact that institutions in these categories absorb the
largest amounts of federal funds and turn out the larg-

Table 7

Percent of Science and Engineering Faculty
Respondents at Five CSUC Campuses with Ph.D.
Degrees from Graduate Scheols Ranked by
Carnegie Classification

Carnegie Classiticaticn Peicert of Ph D. Faculty

ResearchUniversity | .................... 73.1 88.2
Research University Il ............. ... .. 15.1 :
Doctoral University l .......... ... ... .. 8.6
Doctoral University .. .. ...t 2
Comprehensive Universities and Colleges . 7
Specicland Foreign ............ ..l 2.2

99.9 (N=417)

:Carnegic Foundation tor the Advancement ol Teaching, A
Classification of Institutions of Higher Education, rev. cd. (Berkeley:
1076).
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est numbers of Ph.D.s in a year. However, we also have
a more direct measure of quality: an atlempt to rate
actual doctoral programs within their various fields.
Fhis is the set of ratings published by the American
Council on Education (ACE) in 1970, based on reputa-
tional rankings by experts from the various disciplines.®

Fable 8 shows that approximately 51% of the Cali-
fornia state college respondents obtained degrees at
institutions in the highest of the ACE categories; and
that altogether, about three-quarters of the respond-
ents were from American graduate programs which
weefmportant enough to be induded in the ACE-

Sgram.?

Table 8

Peicent of Science and Engineering Faculty
Respondents at Five CSUC Campuses
with Ph.D. Degrees from Graduate
Programs Ranked by ACE Rating

ACE Rating Percent of Ph.D. Faculty

30-50 tighestcategory! ......... ..... 50.8
25.29 P 15.6
20-24 0 e 11.5
School program notlisted ........ ... ..., 8.6
Noratingtor held ..... ... e 1.5
Forewgn .0 L Lo 1.9
99.9 (N=417]

C. Interpreting Survey Responses

With regard to the interpretation of survey mate-

rial below, certain caveats arc in order. Although the
discussion that follows altempts to distinguish be-
tween Crescarch” and “consulting” activity. it may well
be that consulling, advising and rescarch—especially
applicd rescarch—are linked in the minds of at lcast
sonie respondents to the point of being interchange-
able. The key questionnaire items were as follows:

Q. 68, Have you, as an individual, provided profes-
sional services in your ficld off campus,
such as advisory, consulting, or educational
wervices since coming to your campus?

Q 69, Do you reqularly receive imcome from pro-
fessional work such as consulting or extra
teacning off campus in addition to your
salary from CSUCY

Nenneth D, Koos: cad Charles . Andersen, A Kating of Grad-
terte Dracrams iWashington, D.C: American Council on Education,
a7,

Kecent evidence of the reauitment of laculty from major grad-
wate schouls by state colleges is o be found in John A Muffo ang
Johm K. Kobinson,  Early Science Carcer Patterns ol Recent CGradu-
ates trom Leading Rescearch Universities™. mstitutional Rescarch
Otice Cleveland State University. imimeaon.
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Q.98. L. you presently have a rescarch or design
project in progress?

Q. 99. If yes, is it funded?

For many facully, consulling stands for a broad
and diverse category of professional activities: it can
include cverything from brief on-the-spot judgements
followed by advice over the telephone; to special
courses frequently arranged for external client com-
panics or government agencies; to cxtensive research
dirccled at problems brought by clients who stand
rcady to pay for solutions. At the same time, research
may be linked with design, especially for engineering
facuity, who tend to undertake applicd research lead-
ing to both the advancement of knowledge and the
development of devices (“hardware”) or methods
("software”).

Put another way, becatse of the applied nature of
many opportunities open to state college faculty for
engaging in non-teaching professional work, it is prob-
ably advisable to avoid too strict an interpretation of
the following data on “researchers” as opnosed to
“consultants,” With this in mind then, both the “re-
scarch” question and the “professional services” ques-
tion (which will be called “consulting” here for con-
venience) may best be seen as representing a single
contlinuum of activity for both science and engineer-
ing faculty. iFor illustrations of the manner in which
distinctions between research and consulting tend to
be blurred, see cases cited in Chapters V and Vi. For
a particularly cogent example of “pure” research car-
riccd out within the framework of a paid consulting con-
tract, scc the case of the ornithologist at California
State Polytechnic, Pomona in Chapler V).

Onc «lher caveat: the “consulting” question asks
if the faculty member has provided scrvices “since
coming to your campus,” allowing respondcnts to
consider all past activities, The “research” question,
on the other hand, asks only about projects currently
in progress. Thus, it might be expected that affirma-
tive consulting responses wottld be somewhat inflated
comparcd to those for research. The questions—
which were not designeu with this present report
in mind—were intended to reflect certain differences
in the two activities: consulting is frequenily an inter-
mittent activity where recognized expertise is drawn
upon in response to a specific need, whercas research
is often considered as part of a conlinuing program
or “carcer”, involving an expectation of cumulative
results.

Now turning to the survey data, Table 9 shows that
80.1% of the survey respondents reported they had
provided consulting services off-campus, and 73.9%
reported having rescarch in progress. While these
figures indicate a high level of activity, fewer respond-
ents report regular income from off-campus work
(34.4%) or funding for current research (27.5%.).

Table 10 shows that 93.5% of thc respoudents
reporled themsclves as currently active or as having
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heen active professionally beyond their teaching duties.
In other words they reported doing research, consult-
g, or both, However, fewer faculty reported having
tunded rescarch underway, having done paid consull-
ity or both,

Table 9

Percent of Faculty* Ever Providing Professional
Services Off-Campus [‘‘Consultants”) or Having a
Research or Design Project in Progress
(""Researchers’) and Percent of Faculty with Regular
Consulting Income [“Paid Consultants’) or with
Funding for Research {*‘Funded Researchers”)

Consultants Researchers
80.11417) 73.9 (418)

Paid Co ultants Funded Researchers
34.3 (419 27.5 (414)

*“Faculty” in tris and subsequent tables refers to all science and
engineering taculty respondents. Parentheses in all tables contain
base N's.

Table 10

Percent of Faculty engaged in Research, Consulting
or Both, and Receiving Income or Funding
for these Activities

Fa?:ulty doing Research, Consulting, or Both ........ 95.3% {404)
Faculty doing Funded Research,
Paid Consulting,orBoth ........ .. ... .. ... 46.6% (400)

D. Academic Fields .

Tables 11 and 12 show the distribution of consult-
ing and rescarch activity and associated income or
funding by academic field. The tables highlight some
striking differences between fields. A lower percentage
of mathematics and statistics faculty report involve-
ment in non-tcaching professional activity than do
those in other fields, although they are more likeiy to
be engaged in providing consuiting services than to
have a rescarch project underway. This suggests that
state college mathematics and statistics faculty have
compeatively little opportunity to engage in “pure”
scientific work which, particularly in this ficld, requircs
large blocks of uninterrupted “thought” time. Much of
the off-campus consulting service that is done is
statistical in nature.

Compared to other ficlds, a higher percentage of
faculty in cengineering-and other applied sciences
(forestry, fisherics, ctc) report consulting activity. as
well as regular income from this source. This reflects
the mutually reinforcing relationship between teach-
ing and outside practice in these ficlds where outside
problems are routinely brought into the classroom—
sometimes leading to class-developed solutions. Stu-
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dents often prefer to draw their term projects from the
“real world"-rathcr than working with simulated labor-
atory exercises. Thus faculty with off-campus obliga-
tions can involve willing students in practical projects
that come their way. This cannot be said—at least to
the same extent—about undergraduate teaching in
the basic or pure sciences. Here, outside practice is
more likely to be regarded as "moonlighting”—a per-
sonal activity largely separated from the classroom.

Another factor in professional activity off-campus
is the occupational history of faculty concerned. In the
California state colleges under study, previously estab-
lished ties between private industry and engineering
faculty are not uncommon. Personal interviews at sev-
cral campuses have confirmed that the massive layoffs
in the California aerospace industry in the late 1960’s,
mentioned in Chapter 11, did release a considerable
number of engineering and scientific personnel to
positions in higher education which was rapidly ex-
panding at the time.

E. Sponsoring Agencies

Table 13 gives some indiction of the extent of fac-
ulty involvement with differing sponsoring agencies in -
their non-teaching professional activities. Respond-
ents with regular consulting income or funding for cur-
rent research were asked to rate the importance of
various off-campus agencius for their own research
and consulting activities.

For both groups government agencies (local. state
and federal) were most important, followed by indus-
trial organizations. Of the three major types of organi-
zations, military agencies were rated least important.
(It is, of course, possiblie that some defense-related
research and consulting work may be perceived by
respondents as government or industrial activity.)

Table 11

Percent of Faculty Providing Consulting Services or
Having Research in Progress, by Academic Field

Eng./Appl.
Biol. Sci.  Phys. Sci. Math./Stat. Sci.
Consultants.... 80.8(130] 76.5(136) 72.5(69) 93.9 (82)
Researchers ... 84.4(128) 80.4{138] 58.8(68) 59.5 (84)
Table 12

Percent of Faculty with Regular Consulting Income
or Funding for Research, by Academic Field

Eng./Appl.
Biol. Sci.  Phys. Sci. Math./Stat. Sci.
Paid
Consultants . 29.5(132) 31.3(134) 254({71 54.9 (82)
Funded
Researchers . 32.8(128] 30.1(136) 10.4 (67 28.9 (83)
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Table 13

Percent of Faculty with Regular Consulting Income or Funding for
Research Rating Importance of Sponsoring Agencies

Paid Consultants Funded Researchers
Importance Importance
Major Sponsoring .

Agencies Higher Mixed Lower (N| Higher Mixed  Lower (N]
Government .................. 77.2 11.8 9.5 {136} 89.2 5.4 2.7 {(111)
Industrnial ... 58.6 14.8 15.0 (137] 375 17.3 33.6 (104)
Mitary . 9.6 7.9 56.1 (114} 4.3 8.5 56.3 (94)

Table 14 shows the “higher importance” 1atings
made by these same faculty grouped by academic
fictd. Industrial organizations arc more often rated
important or very important by faculty with regular
consulting income than by those with funding for cur-
rent rescarch. This follows from the fact that while
rescarch funds are usually obtained from government
agencies, consulting income is more likely to emanate
from scveral types of organizations.

Of faculty receiving regular consulting income,
those in mathematics and statistics, and enginceering,

tend to rate government and industrial organizations
as cqually important. The percent of these mathematics
and statistics faculty rating either type of organization
as important is relatively low; this may reflect the gen-
crally lower salicnce of non-teaching professional
activity among state college facuity in this field. The
percentage of engineering faculty who rate industrial
support as important or very important is greater than
those in all other ficlds; this might be expected to
follow from the connection between engincering teach-
ing and practicc mentioned previously.

Table 14

Percent of Faculty with Regular Consulting Income or Funding for Research Giving Higher
Importance Rating to Government or Industrial Sponsors, by Academic Field

Biol. Sci. Phys. Sci. Math./Stat. Eng./Appl. Sci.

Govt. Ind. Govt. Ind. Govt. Ind. Govt. Ind.

Paid Consultants .............. 83.8 47.2 84.6 65.0 44.4 41.2 78.6 75.0
{37) 136} (39) [40) (18) 117) (42) (44)

Funded Researchers .......... 92.9 275 89.8 459 ‘ ‘ 91.3 52.3
{42) (40] (39) (37} {7 { 6] (23] (211

‘No. of cases too small for percentaging.
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CHAPTER IV

CALIFORNIA: FUNDING AND ORGANIZA-
TIONAL STRUCTURE OF STATE COLLEGE
RESEARCH AND CONSULTING

After presenting further data from the faculty survey,
this chapter offers documentary cvidence on non-teach-
ing aclivitics in the form of official figures. These are
dollar amounts of current research and consulting
activity of faculty as recorded by the research offices
or “foundations” at seven of the 19 camouses of the
(SUC system. The chapter also discusses some of the
formal and informal structures through which these
kinds of activitics take place.

A. Inter-Campus Variation: Further
Data from the Survey

The impact of differing campus environments on
science and enaineering faculty consulting and rescarch
is suggested in Tables 15 and 16. Faculty at San Diego
and Fullerton report both types of non-tcaching activity
fairly equally. At other locations, consulting is repot.ed
more frequently than rescarch in progress. These
relationships shift somewhat for income-producing
consulting and funded rescarch.

The highesl percentages for both income from
consulting 45.3%) and funding for current research
(46.19%) arc rcported by faculty at Fullerton, followed
by those at Humboldt, with 41.2% and 31.7% respec-
tively. San Diego. which by some official measures to
be discussed below, tends to lead these state colleges
in California in rescarch and consulting activity, never-
theless ranks third here. This discrepancy may reflect
the somewhat higher survey response rate—approxi-
matcly 69%—for Fullerton and Humboldt than for San
Dicgo where about 64% responded. or a number of
other contextual factors. Those include unique oppor-
tunitics to do off-campus work at some campuses,
and, or the possible tendency of faculty to report more
of their outside work done through ©  campus research
foundation than donc as private practice. Yet other
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Table 15

Percent of Faculty Providing Consulting Scrvices or
Having Research in Progress, by Campus

San Diego Fullerton Fresno  Chico Humboldt

Censultants .. . ... 78.6 (131} 80.0(75) 89.L (57) 73.5 (68) 83.3 (84)
Researchers . .. 78.5(135) 82.9 (761 66.1(56) 58.2 (67) 75.9 (83)

factors might include differing mixes of engineers and
scienre facu'ty relalive to local opportunities for extra-
mural work, etc.

Fresno and Chico faculty report the lowest per-
centa:jes of regular consulting income or current
research fur ling. The contrast—al these and other
older campuses—between all reported activity and
funded o income-producing activity may partly reflect
a tradition stemiming from normal school days that
local faculty should render voluntary “community
service based on their expertisc. More detailed dis-
cussion of the differences between campuses with
regard to their cmphasis on research and consuiting
aclivily, and their relationship with surrounding com-

munities, follows.

B. Grants and Contracts: Expenditures and
Awards According to Canipus Records

Several sources provide reports on the exten: of
rescarch, development and consulting by faculty at

Table 16

Percent of Faculty with Regular Consulting Income
or Funding for Research, by Campus

San Diego Fullerton Fresno  Chico Humbolat

Paid Consuitants 31.3 (134} 45.3175) 25.0 (56] 28.4 (67} 41.2(85]
Funded
Researchers ..

28.8 132} 46.1176) 19.6 (56 6.0 (67; 31.7 (82)




American universities and colleges!, but there is con-
siderable variability and Hmited comparability in avail-
able data. For example. the National Science Founda-
tion surveys doctoral and non-doctoral universities
and colleges regarding rescarch and development
tR&D)Y activity. While the data from this survey would
be especially pertinent here, it is not available for all
CSUC campuses under discussion.

The CSUC system does publish data on all grants
amid contracls awarded and expended through rescarch
offices and foundations at its 19 campuses?® from
which some information on rescarch and consulting
ACtivily can be drawn. The campuses discussced here
are: Calitornia State, Sacramento, site of the 1978
pilot study, and the five campuses surveyed in 1979:

San Diego, Fullerton, Fresno, Chico, and Humboldt.
In additior, we have added two campuses where sci-
ence and engineering faculty might be expected to be
heavily involved in research and consuiting activity with
private industry either formally or informally—S3an
Jose State and California State Polyt :chnic at Pomoi

(A brief description of each campus m- . be found ix
Szction F below.)

Table 17 ranks the campuses according to the
percent of expenditures from all grants and contracts
received for R&D purposes. San Dicgo State and San
Jose State are the clear lecaders in R&D expenditures,
with both showing similar dollar amounts. But while
San Jose's more than $2.4 millic.. in R&D vepresents
nearly half of all external money s;  ** hy that campus,

Table 17

Total Dollars and Relative Percentages of R&D and Industrial R&D Expenditures.
at Eight CSUC Campuses: Fiscal Year Ending June 30, 1980

A B C D i

Total % {otaxti) of

Total Extramural Total R&D % R&D of Total Industrial R&D lutai F&D

Rank* Campus Expenditures Expenditures Expenditures Expenditures I'xpendi’-ires

i1 SandJose ............ $ 5,420,243 $2,422.137 447 $502.348 287
12, Humboldt ........... 1.431,228 446,735 31.2 60,000(est.} " 13.4°°

137 Fresno ... ... 1.741.366 364,925 21.0 178.500° " 48.9
i4: SanDiego .. ......... 12.087.805 2.4 8974 20.2 363.050 14.0
15 Chico ............... 2.971.481 99,360 16.8 27.500 5%
61 Fullerton ............ 3.467,260 533,007 15.4 51,942 9.7
|7+ Pomona............. 1,U53.050 102,391 9.7 11,001 10.7
8 Sacramento ......... 3.813.508 243,327 6.4 1.788 7

Source: CSUC;‘”

* Ranked according to percent R&D of all expenditures (Column C}.

.- Local estimate; all industrial grants and contracts were under $10,000 and not reported individually.

-+ Most of Fresno's industrial R&D came from one two-year Environmental Impact Study grant from Pacifi. aas nd Electriz: note that
Fresno's total R&D is considerably lower than that of Chico’s which is similar in size, indicating a comparativ-y iowar izvel »f R&D activity.

Column A Total dollar amount of all foundation expenditures (i.e.. external monies spent fu. -« carch, training and other educatio ¥ii projects).

E

Column B: Total dollar amount of all expenditures for R&D.
Column C: Percent R&D of total expenditures (B/A}.

Column D: Total dollar amount of expenditures for R&D from private industry sovurces

Column E: Percent industrial R&D of total R&L) cxpenditures (D/B).

Tor other data on consulting activity at elite and non-clite uni-
versities, see Oliver Falton and Martin Trow, “Kescarch Activity in

American Higher Education.” pp. 39-83 in Trow, Teachers and Stu-

dents: Martin Trow, Aspects of American Higher Education 1969—
1975 (Berkeley: Carnegie Council on Policy Studies in Higher Edu-
Cation, 1TO770. p. 26; James D. Marver and Carl V. Patton, "The Con-
relates of Consultation: American Academics in The Real World™”
[iqher Education 3 (1976), 319-335; Carl V. Patton, “Consulting by
Faculty Members,” Academe 66 (May 19801, 181-185; and Carlos £.
nruytbosclr and Divid D Palmer “Academic Role Performance and
Orgqanizational Environment,” Proceedings of the 1979 1EEE ngi-
neering Management Conference. A less formal study of state cal-
leqe taculty R&D activity is reported in: American Association of
State Colleges and tiniversities, Background (June 198D, 1-6.

Notional Science Foundation, Academic Sciencé; R&D Funds,
Fiscal Year 1979 (Washington, D.C: 1981).

'CSHC, Reporting Activity in Rescarch, Workshops, Institutes,
and Other Special Educational Projects for Fiscal Year Ended
e 30, 1980 (Long Beach: 19800,

Hbid.
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the similar amount spent by San Dicgo represents just
over cne-fifth of its total grant and contract expendi-
tures, It appears, then, that R&D activities at San Jose
constitute a more important role among cxternally-
sponsored programs than at San Diego. San Jose alsc
has the largest dollar amount of industrial R&D (i.e.,
grants and contracts from private industry), and leav-
ing aside the temporary anomaly presented by Fresno
State (scc note to Table 17 the highest percentage
of industrial to all R&D expenditures (20.7%).

San Jose State’s location at the southern end of
the industrial concentration known as “Silicon Valley,”
south of San Francisco, with its many opportunitics for
rescarch and consulting by scientists and engincers—
especially clectrical and clectronics engineers and
physicists of various kinds—clearly must be expected
to influence faculty activity. Also ncarby is Ames Re-
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search Center operated by the National Acronautics
and Space Administration (NASA; througn which San
Jose taculty carrently have 45 contracts (1Y 1980-81).
Data lrom other camipuses indicate varying degrees
of R&D aclivity linked to local industry: Humboldt,
tocated near extensive lumber and fishing industries;
Fullerton, with a wide range of medium- and high-tech-
nology industries nearby; and Fresno and Chico, located
i communitics where agriculture is the primary indus-
try. (Section F of this chapter lists specific grants and
contracts at cach campus included in Table 17.)
Pomona, one of the two state polytechnics, appears
strangely inactive in terms of formal R&D expendi-
tures. Yot a campus visit in June, 1981, madc clear
that considerable rescarch and consulting activity was
occurring off campus. including work at the Jet Propul-
sion Laboratory in ncarby Pasadena. In addition, there
appeared to be alively interest in further development
of cunpus-basced rescarch. Table 18 (Awards) indi-
cates a noticeable inarease in R&D at Pomona: this

suggests thae faculty there may be bringing more of

their non-teaching professionat work on campus, per-
haps as criticisim of facti'ty “monnlighting” declines.
1See further discussion of this point below, under “Pri-
vate Professional Practice.”)

resecarch, are implemented through a bricf Request
for Proposal (RFP) process and thus are excluded
from prior awards listings. Clearly. a comprehensive
study of R&D awards and expenditures would equire

-an analysis of trends over several ycars and a closer

examination of cach foundcation's records.

C. Formal Sttuctures: the .ampus Foundations

The state college research founcations are aux-
iliary non-profit organizations established on each
campus to handle extramural funds. Theii appearance
in the 1950's also marked the arrival of research-
oriented Ph.D. faculty on the siate college campuscs.
While rules governing the operation of auxiliary organi-
zations published in 1933 did not cven mention re-
scarch grants, by 1959 ncw rules had been formulated
to allow faculty to reccive research grants and con-
tracts, make arrangements for compensa.ed rclease-
time, and so on.® At the present time, virtualiy all
campus R&D mongey is funneled through the research
foundations.

Generally, the role of the foundations has heen
relatively passive. While some have actively assisted in
locating sources of grants and contrects, by and large

Table 18

Total Dollars and Relative Percentages of R&D and Industrial R&D Awards,
-at Eight CSUC Campuses: Fiscal Year Ending June 30, 1980

A B

C D E

% R&D of Total Industrial % Industrial ot

Rank " Campus Total Awards Total R&D Awards Tota! Awards R&D Awards Tewe! R&L Awa ds

1* SandJose ............ $ 7,232,589 $3,729,226 51.6 $511.397 137
o SanDiego ... ...... 14,717,797 4,890,826 33.2 377,635 T
5, Humboldt ........ 1,521,451 466,850 30.7 60,000(est.}*" Te.dt
0 Fullerton ... 3,640.597 770,103 21.2 91,068 11.8
i Fresno ... 1,888,027 317.324 16.8 96,743°°" 30.5
i6: Pomona ........ ..... 1,487,920 205,731 13:8 85,980 11.8
170 Chico L 3,573,116 383,601 10.7 27.451 7.2

4,211,315 301,003 7.1 14,820 4.9

8- Taoraetento L.

Source. CSLLC"
*Ranked éccordmg to percent R&D of all awards {Column C).

“* See note to Table 17.
***See note to Table 17.

CHlumn A: Total dollar amount of all foundation awards |(i.e., external monies announced) for research, training, and other ecucational projects.

Coiumn B: Taotal doliar amount of all awards for R&D.
Columnr C Mercent R&D of totai awards (B/A].

Column-D:
Column E: Perzentindustrial R&L of total R&D awards (D/B}.

The “awards” data shown in Table 18 should be
regarded cautiously, Unlike the data on expenditures,
these figures are refatively incomplete or unrcliable
because (a) not all awards are nccessarily spent the
following year. (b) not all money to be spent the fol-
lowing year is necessarily announced by the fiscal year
cutoff date, and (¢} many contracts, especially in applicd

Ihicl.
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Total dollar amount of awards for R&D from private industry sources.

they have emphasized providing technical assistance
and clerical support in the submission of grant appli-
cations and responses to contract RFP's. In the view of
some facultythe foundations have concentrated too
much on the fiscal and reguiatory compliance aspects
of grant and contract activity, a purcly burcaucratic
function,

“Ihid.
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in any case, the separation betwee: the founda-
tions and the reqular academic structure has probably
Nelped Lo inaease tension between tacully and foun-
dation statl. Adding to the strain s the perception of
some rescardh-interested faculty that “overhead”™ or
charges tor indirect costs ithe percentage of grant or
contract value charged by the foundation} are exces-
sive, especiatly on larger grants and contracts. Some-
times facutty aqitate to get some of this moncey back—
for smatl “sced” grants to help establish rescarch
projects, stipends for graduate rescarch assistants,
and so on.

Al two of the cight campuses discussed here, this
Kind of conflict appears to have resulted in a scpara-
tion of the application and administration functions.
AL San Jdose Stte ane! California State, Fullerton, the
foundations handle only e fiscal or bookkeeping
responsibilitics of grant angg contract administration,
while the application function is handled by a separate
rescarch olfice located within the regular administra-
tive strich e and headeed by a former faculty member
with a demonstrated  track record” tor getting his own
funding. At both carmpuses—perhaps because they
Iove greater confids cce in the more visible rescarch
oltis ¢ —scicnce and engineering facully seem reia-
tveh content with this dual arrangement.

On tine other hand, on several campuses where
the applicacon and liscal functions are combined in
the <ampus foundation, science and engineering fac-
e e selup vaerious Kinds of rescarch centers.
il intention is, among other things, to gain greater
of-campus visibility for their special skills and abilitics
than can be achieved operating through the founda-
ton alone. Alongg with the emergence of these struc-
tures there are, frequently, intensified demands for a
e return o overhead money Lo help mecet rescarch
costs of various Kinds.

It should be made clear, however, that dissatis-
faction with the present structure of campus founda-
tions does not appear to be uniform at ail campusces
vivlted. The figures for expenditures and awards pre-
sented above suggest that on some campuses—San
Dicgo, for example—there could well be considerable
stpport for the single dual-function research founda-
tion. With a total dotlar amount of expenditures and
awards amounting to aboul twice as large as that of
its nearest competitor, the San Diego foundation
might be expected to be able to marshal considerable
support for things as they arc. At San Dicgo overhead
moncy from external grants supports a number of
activitics apart from rescarch, but it also helps pay for

“the participation by that campus in scverat “joint-

Ph.D.” programs with campuses of the University of
Catifornia—the only way in which state colleges in
California arc allowed to participate in doctoral pro-
grams under the Master Plan described above. Pos-
sibly the departments privileged to advance candidates
in this program (chemistry, for one) would have more

of a stake in supporting cxisting foundation arrange-
ments than might chemistry departments on other
campuscs.

D. Visible Structures: Centers, Institutes
and Laboratories

A conumon form of organized rescarch and con-
sulting unit on CSUC campuses is the department- or
interdepartment-based center or institute. An example
is the Cellular Molecular Biology Institute at Pomona,
recently established with the aid of a $20,000 campus
foundation grant (derived from overhead from outside
arants).

The institute supports pilot investigative rescarch
by faculty and students who arc interested in molec
utar biological techniques, in the ... schools of Sci-
cnce and Agriculture.?

The scope of the institute’s activity may encompass
potentially commercial applications in the field of
applicd molecular biology. It is worth noting that such
rescarch units may stiil be viewed as departures from
the traditional teaching mission of the slate college.
The director of the Institute justified it in the context
of an instructionally-oriented campus:

i think, in order to be a scientist and to be respon-

sible for cducation of the scientists ol tomorrow you

have to keep up with your work. talk to other scien-

tists, actually get into the lab, do the rescarch, and

find out all the new techniques.®

At Sacramento, the Applicd Rescarch and Design
Center was formed in the School of Engincering

... 1o sceure and execute research conducted

by faculty and students of its departments and spe-

cial programs.”
The Center is intended to foster coliaborative efforts
belween campus scientists and cngincers and those
in government and industry. Its work is directed to-
wards a general markel for creative applied science;
it draws upon a pool of 53 fulltime enginecring and
computer scicnce faculty to work on projects such as
designing an industrial solar heating system or ana-
lyzing foreign material on cable used to power light
rail vehicles. The Center has proposed using overhead
from grants for graduate student stipends (although it
is apparcntly the casc that the campus foundation has
strongly resisted the relcasc of more overhead monies
for student support). ’

On the San Dicgo State campus there is an inter-
esting example of a large multi-focus rescarch unit.

Bascd in & single department, the recently organized

‘California Polytechnic State Ll.lli\'«'xsil)‘. Fomona News and Puby-
lications (May 5. 1981), p. 1.

"hid. p. 2.

sCalifornia State University, Sacrimmento. School of Engineering,
The ARDC Effect (Sacramento: 19790, p. 5.
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Applicd Physics Rescarch Laboratory consists of five
subsidiany labs, Its primary function

Cisto supphresearch development and consult-
ing senvices inthe applicd sciences to industrial and
aoscrmment ordganizations.™

e Lal appears to have attracted interest from indus-
tial firms in the arcas The Acoustics Measurements
Labotatony has gained contracts with General Alomics
Corporation; the Nudlear Radiation Lab, with IRT Cor-
poration and General Atomies; and the Electro-Optical
Measurements Lab, with Teledyne-Ryan Corporation,
General Atomics Nationat Semiconductor, and Life-
quard Signals and Science Apptications, Inc. The Thin
Film Laboratory is a newly developed facitity which
oliers a range of capabilities retated to thin-fitm fabri-
cation and processing. An important application of
this ficld lies in photovoltaics (solar cells). The tmage
I"'tocessing Laboratory is schedried to open in mid-
tOs2: at that time 7., both digitat and optical image
processing services will be available™. !

1., Private Professional Practice

One of the dilficulties in assessing the extent of
ofl-campus professional activity at California state col-
leges is that an undetermined amount of consultation
is arranged privatety by individual faculty members. In
the course of this investigation, several academic o.17-
Cials responsible for on-campus rescarch suggested
that work done privately by their science and engineer-
mg cand business school) faculty greatly exceeded the
volume of work done through the des:gnated rescarch
or grant-processing office on campus.

Such private practice may range from an informal
one-to-one retationship with a client to a group prac-
tice carried on with other campus colleagues.'? Be-.
cause such arrangements are not linked to any cam-
pus office. they are not subject to official recording or
supenision, or—more important, perhaps—overhead
chargqes ol any kind. In addition, faculty may work
through the three-month summer or shorter winter
and spring recesses without formally notifying any
campus officer. This kind of arrangement is, of course,
much more likely to involve work for private compa-
nics than for government agencies which typically do
not contraci yireatly with individuals where larger dollar
amounts are involved,

A hiil determination of the extent of such private
practice in the state colleges would require study
beyond the scope of this report. It has been'a sensitive
subject: formal CSUC systemwide policy states that
fac ulty cannot carm from outside work more than 25%
over their reqular income', and in past years, criticism

San Dicqo State tiversity, Department of Physics, The Applicd
Phgsics Kesearch Laboratory «San Dicgo: nuda, pal.

Slbid. . 3.
stanvet el Patton, The Correlates of Consullation.” p. 322,

cesUC, Additional Paaplovinent Policy of the California State
Uiiversity and Colleges.” FSA 79-30 tLong Beach: June 14, 1979).
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from the tegislature and the board of trustees has
been directed at faculty who they fear take time or
energy away from teaching to carn extra consulting
income or do research. At the same timea, thereghgas
been a common expectation that faculty will involve
themselves in “community service™ in © .cir arca of
expertise (an element that enters into promotion ¢ . al-
uations).'

In any case, a dedree of legitimacy has recently
been cast upon private consulting by the cstablish-
ment in 1978 within the CSUC system of a Technical
Assistance Program (TAP) in encrgy conservation and
technology. The TAP was organized in responsc to de-
mands for active assistance from various groups,
following a scries of extension lectures.

The availability of CSUC campuses throughout the
state, and the fact that they were already involved in
the energy picture, obligated them to also provide
professional assistance o this segment of the pop-
ulation.'®
Using funds from private utilities and the U.S. Depart-
ment of Eneray, the TAP published a State Directory of
Enerqy Consulting Service'® which proffered the ser-
vices of 150 CSUC scicntists, social scientists and eng-
incers. The introduction to the Directory notes:

As independent consultants (faculty) may or may

not charge for their services, as they see fit'?
Evidence of official approva! of the Directory came with
its introduction by the CSUC Chanccellor:

Chancelior Dumke said each of the campuses has
faculty with expertise in cnergy ficlds who with
tundergraduate) and graduate students can provide
consulting help to citizens, public agencies and bus-
inesses. !t

Thus il appecars that CSUC faculty are sanctioned,
and even encouraged, Lo undertake extram+rl or pri-

vate practice. There is, unfortunaicly, no way of me 1s-

uring the success of the Technical Assistance Progra* -,

just because any requests for .:ssistance go ¢ -ectly 10

individual farully and no official records are hapt. Bul
the significance of this program for our discussion
here is the apparent license it has given CSUC faculty
to operate “on the side.”

nCalifornia State University, Sacramento, Academic Personnel
Policies and Procedures (Applicable for the 1977-78 Academic
Year), (Sacramento: 1978), p. 8. Arguments which contradict com-
mon ¢riticisms of faculty ¢ msulting may be found in- Zarl v, Patton
(Univ. of Hlinois) “Faculty Consulting: Boon or Bane to Science Re-
search?” (nd.; James D, Marver and Carl V. Patton, “The Productivity
ol American Academic Jonsultants,” (n.d.); and Carl V. Patton, "Con-
sulting by Faculty Memt rs”

(i Cleve Turner o Kobert V. Giocosice, “The Statewidé Enerqgy
Consortium: A California Concept,” Jouwrnal of College Science
Teaching (February 19811, 228-240.

1 CSUC, Stalewide Energy Tonsortivm, State Directory of Enerqy
Consulting Services (1980).

Hhid.

e pumke Keveals Energy Pl CSUS Hornet April 18, 1978, p. 1.
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1. Industrial Supperters of R&D at the
Suneyed Campuses

Ihis scction lists for cach campus discussed in
this report, private industrial sources of current grants
and contracts, and the dollar amounts involved—
according to official campus sources. It should not be
intcrpicted as a comprehensive report: the intent is
rather to give the reader a sense of the scope of work
being done. The figures are drawn from two sources:
the annul report of activities ending Junc 30, 1980,
sun s azing the activity of campus foundations'™ which
gives the dollar amounts of both awards and expendi-
fies during the fiscal year: plus, a varicty of official
local records and news releases obtained during per-
sonal visits to some campuses,

San Dicgo State: One of the largest of all CSUC campuases,
with nearly 23000 tuli-time cquivalent students (FTE), and
more than 1000 jull-time faculty, 1Cis located in a large city
with o major naval base and several large acrospace and
clectronics finmes.

(Ixpendi-

Firms Awards {res!

Licctic Power Rescarchiinstitute © ... $196.349  ($248.493)
Woodward-C lvde Consultants and

San Dicgo Gasand Electricity oo —0— { 32497
I ochlrecd Conter tor

Matine Researeh oo 350,000 « 26,317)
Battelle MYorthwest Laboratories 137.000 82,0000
Genetal Alomies oo 14,000 i—0—)
General Dynamics Coman oL 12.000 t—0—)
VEIRANC e, L 05
ReseatchCorporation o000 7.000
Rescarch Corpotation oo 15,400
Calitonia Avocado Society oo, 1,212

Colitornia State, Fullerton: An Vinstant college.” founded
Ater Sputnil ine TOSK, with about 15—16,000 current 1L
and over 700 ull-timye faculty. Located in the rapidly growing
southeastern sector of the Los Angeles megalopolis, the
campus is close o awide range of inedium- and high-tech-
nolodgy fivmes,

(Expendi-

Firms Awoards tures)
Scicnce Eng Association oo $28,358 ($21,033
Global Computer Systems oo 26,016 ( 20.783)
southern California EdisonCo. oo 10,726 (—0—)
lefehronintne, oo oo 562
ResearchCorporation ... 11.250
Rescarch Corporation ..o 1,100
Rescarch Corporation oo 5.000
Rescarch Corporation .o 12,000
WoodtoolLabs, e oo 3.000
McDonnel-Douglas Astronautics 14,000
Ko hweltinternational oo 6,000
Rochkwell iternational Coooo oo 6,000
Rand McNallvine oo 2,000

Colifonio State Polytechnic, Pomona: Originally an agricul-
tural s chool, with a well-known center for the study ot horses,
it crphasizes engineering and applicd programs. With about

COSUC, Heporting Adtivity in Rescearch,

RIC
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12,000 FTE and 350 full-time faculty, it graduates approxi-
mately 430 engineers at the bachelor's level and 50 at the
master’s, per year, Pomona is located in the northeast corner
ol Los Angeles County, in one of the most rapidly industrial-
izing parts of California.

(Expendi-
Firms Atvards tures)
Gas Producers Association ... .. $ 39,980 (5 B859)

Lockheed Aircraft Corporation .. ..., 12,000 i 5066)
Southern Catifornia EdisonCo. ... .. 27.000
Southern California EdisonCo. ... 81,000
Organon Corporation .............. 2,300
Qak Turt Racing Association ..., 300,000

California State, Fresno: Once of the original normat schools,
with about 13—14,000 current FTE and under 600 full-time
faculty. [Uis located in a small bul substantial city about 200
miles north of Los Angeles. which is often raferred to as the
“capital” of the agri-business-dominated San Joaquin Vatley.

(txpendi-

Firms Awvards trres)
Pacilic Qas and Electric .. ..o oot $—0— ($112,986)
Southern California EdisonCo. ... .. 40,000 ¢ 40,000}
Lilly RescarchLabs, oo 15,730 (  14,340)
LillyRescarchLabs, oo 11,175 ¢ 11,175

San Jose State: San Jose, with 22,000 FTE and fewer than
1000 full-time laculty, is located at the southerm end of the
Santa Clara {or "Silicon™) Valley, while Stanford University
marks the northern end. Although San Jose's R&D records
show a lot of activity in clectronics and acrospace, much of
this is funded by the foderal government, through NASA's
Ames Rescarch Center. Most of the items listed below are
linked to the Moss Landing Marine Laboratory, a state col-
leqe facility operated by San Jose for all the northern cam-
prises. 1t is clear from conversations on the campus that
much of the consulting in the Silicon Valley by San Josc
State faculty is done privately.

(Expendi-

Firms Awards tures)
Raiscr Refractories oo $ 41,437 (5 11,068)
Kaiscr Reh addories oo —0— 26,691
CH2M NG, i e s 274,832 ( 188.248)
CH2ZMING, o e e 35,000 ( 50,293)
OQccanMineralCo. oo 122,202 ( 105.049)
Standard Qil Co. Indiana . ..o oL . 27,921 ( 20970)

California State, Sacramento; Located in the capital city,
sacramento has an FTE of about 15,000 and approximately
800 fulltime faculty, While the total number of all grants
and contracts is larger than al many campuses, there are
relatively fow of the R&D type. Again, most of that kind of
work goes on under the cover of private consulting. Only one
item in the foundations’ annual report can be classified as
private R&D—a contract from a local Procter and Gamble
piant for $14,820, of which $1,788 was reported expended
in fiscal 1979-80.

Calijornia State, Chico: One of the original normal schools,
it is set in ranch and fruit-farming country about 100 miles
north of Sacramento. Apart from various services that sup-
port agriculture there is little industry of any kind: the items
trom the private sector listed below confirm this, As will be
seen in the next chapter, the Chico Computer Science
Department has a great deai of interaction with the com-
puter industiy in the San Francisco Bay arca, but again, this
moves throudah private consulting channels.

179

187



(Ixpendi-

Firms Awards tires)
RiccCrowersCaops . $17.400 ($—0—)
Alrnond Growerse Boond oo 10,051 (110,051
Calitornia inergy oo oo, —0— (17.449

Humboldt State At Arcata on the far northwestern coast,
close to the Oregon border, HUis the smallest camipus of the
cight with about 8,000 17T and fewer than 500 full-time fac-
ulty. Although more isolated than Chico, the campus is sur-
rounded by federal and state laboratories and experiment
stations serving the arca’s lumber and lishing industrics.
Thus science and engineering facudty. especially the applied
biological and physical scientists in the widely known School
Naturad Resources, have many opportunities to provide
naral services. But Humboldt presents one more case
where maost ol the work for private industry is done off-
compus. Fhe toundation there reports processing only half a
dozen or so small grants from commercial or industrial
sources last year. cach worth less than $10,000, for a total
ot about $60.000. However, the foundation director indicated
that many foculty in fields related to arca industries were
doing private consulting:

(. AnIntriguing Anomaly in the Data on
Industriatl Funding

Additionat Hight on the doltar value of off-campus
private consulting is revealed in two sets of figures
reporting on the value of Industrial R&D expenditures
at certain campuses. The first set deals with expendi-
tures of private industrial funds through campus re-
scarch foundations and is presented in Table 17. The
scecond source of figures is Engineering Education, a
publication of the American Association of Engincer-
ing tducation of Washington, B.C., which surveys the
nation's enginceering schools cach year.

The Engineering Education survey, covering the
vear 1979-1980. drew replies on amounts of R&D
funding from only two of the California state colleges
looked at here: San Jose State and California State,
Sacramento. Table 19 contrasts the CSUC official
figqures on private incuastrial expenditures with the
more limited, but still comparable, data from the
Inginecring Education survey. It will be noted that the
two sets of figures for San Jose State are compatible.
San Jose State Fngineering School reports expendi-
tures from private business or industrial sources
which, as might be expected, amount to less than that
officially reported for engineering and natural and phys-
ical science departments together. The figures for Cali-
fornia State, Sacramento present an anomaly and,
possibly, a clue to how much off-campus work is done

therc and at other campuses. According to the Engi-
necring Education survey, the engineering faculty at
California State, Sacramento, reported spending about
900% (i.c., more than 90 times) the amount of doliars
from private business than was channelled through
the campus rescarch foundation! Discussion with the
Sacramento engincering dean confirms the difference
in, and the reason behind, the figures. According to
him, he decided to gather data directly from his faculty
for Engineering Education’s annual questionnaire
rather than simply submit figures available in existing
campus records, He explained further that his ques-
tionnaire was meant only to elicit information on
campus-rclated R&D. However, whatever the reasons,
faculty reported on private work as well.

While this comparison may be somewhat tenuots,
it is nevertheless suggestive—even indicative—of what
might lie behind the official records of R&D activity of
statc college (and perhaps other kinds of) faculty. It
certainly lends credence to the comments of various
deans and vice-presidents at San Jose, Pomona and
other places who suggested that work done as private
practice off-camipus by their faculties might well over-
shadow what is being done through campus adminis-
trative facilities. In the next chapter some projects of
both kinds will be discussed in more detail.

Table 18

Private Industrial R&D Funds Expended by All
Science and Engineering Depariments Reported by
CSUC, Year ending 6/30/80, and Engineering
Departments Reported by Engineering Education,
Year 1979-1980

CSUC Science & Engineering
Engineering Depts. Education
Ofticial Foundation Engineering Schools

Reparts, Year Ending  Survey Covering

6/30/80" 1979-80"*

San Jose State . ...... ~ $502,346 $300,000
California State

Sacramento ....... $ 1,788 $133.000

*CSUC: Reporting Activity in Rv:.carch etc. ...Nov. 1960 (Derived).
*“Engineering Education, March 1981.%°

wppgineering Education, March 1981, Vol. 71, No. 6, p. 426. And
CSUC Reporting Activity in Kescarch, Workshops, Institutes, and
Other Special Educational Projects for Fiseal Year Ended June 30,
1980 (Long Beach: 19800,
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CHAPTER V

CALIFORNIA: SOME EXAMPLES OF
CAMPUS—INDUSTRY INTERACTION

This chapler presents some specific examples
of productive interaction between industry and state
college science and engineering faculty. Brodsky, et
al.,' have developed a classification of university-
industry interaction which subsumes most linking
activitics under two gcneral categories: (1) collabora-
tive rescarch mechanisms, including actual problem-
oriented joint R&D activity, and (2) knowledge transfer
mechanisms involving continuing education, co-opera-
tive education, innovation centers and consulting. In
the case of “consulting” no distinction seems to be
made regarding the formal “on-campus” and “off-
campus” kinds of activity. As some of the examples
below illustrate, clements of both types of mechanisms,
plus on- and off-campus work, can often be jointly
involved in any one case. Further, the range and types
of interaction vary widely within disciplines and between
campuses. Nevertheless, some characteristic features
or patterns may be discerned; and our discussion will
revolve around these.

A. Student Participation

One of the most direct—and potentially most pro-
ductive—conncctions between the campus and private
industry revolves around engineering students who
imust complete senior or master’s projects focused on
problems encountered in engineering practice. Tradi-
tionally, state college engineering projects have been
oriented toward inumediate vocational interests rather
than post-graduate research careers; as a result, such
projects often lead to subsequent employment. Thus

Neal H. Brodsky, Harold G. Kaufiman, and John D. Tooker,
Universitiy Industry Cooperation: A Preliminary Analysis of Existing
Mechanisms and Their Relationship to the Innovation Process (New
York: Graduate School of Public Administration, New York University.
198,
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the availability of industry-based projects ensures that
students are dirccted toward private industry, while
particular firms are provided with personnel conversant
with their specific technical needs. At a more abstract
level, this process underscores the role of state coi-
leges in providing industry with technically trained
personnel. Useem? notes the importance of San Jose
Statc in the industrial development of the Silicon Valley:

San Jose State University supplies more engineers

with bachelor's degrees to arca firms than any other

school. Long overshadowed by the engincering
school of its eminent neighbor, Stanford, it cnrolls

approximately 4000 students in engineering. .. . A

leading industry figure called the school the "un-

sung hero of the Valley” for turning out so many
graduates. About 14 percent of the Universily's

undergraduales . . . are enrolled in endineering, a

typical percentage for a large state university.

Senior and master’s projects arc supervised by
faculty, but in addition, they are oftcn overseen by a
joint committee of faculty and industry or agency tech-
nical personnel. In.the case of state college master’s
students, many arc already full-time employees in their
various fields; and their thesis projects are often tailored
to technical problems confronting their employers.

At California State, Sacramento, a civil engineering
professor used the master’s project to organize a
sceminar for dropouts from the graduate program;
most of these were fully involved in jobs and had given
up the idea of finishing their degrees. They met once a
week an‘d were encouraged to develop work-related
projects. According to one of members, then an engi-
necr at a chemical company:

The thesis topic that | had—the school just didn’t
have the equipment for me to do it—and | sort of
abandoned it and was going to give it up.

:Useemn. Elizabeth (Boston State College), “Education and High
Technology Industry: The Case of Silicon Valley—Summary of
Rescarch Findings,” August 1981.
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Istead:

We nere doing some work on deep injection wells at
the comparny. So b wrote my thesis on using deep
injection wells s ullinygde means for disposing
ol e and retractony wastes,

The company—a large one with branches through-
out the countn—approved the project and even sccured
the senvices of an outside consultant for the student’s
project committee. Estimated cost of the research to
the company was about a quarter of a million dollars,
well bevond the support available from the Sacra-
mento campus alone.

Interestingly enough, a few years later the chiem-
ical company found itself in trouble with environ-
mental authorities at several levels of government for
allegedly having contaminated groundwater in the
vicinity of its property by dumping wastes in unlined
surlace ponds, (Whether this occurred prior or subs-
cquent to the endgineer’'s work on injection disposal
is uncleard But in the meantime, the enginecr—with
maslter’s deqree completed—is working for the com-
pany in o new capacity; he is now responsible for its
cmvirornmental control system.

Also at Sacramento, another civil enginecring pro-
fessor is working with students to test an underground
pipe develonped by ARMCO Steel for drainage and
sewage systems, ARMCO, a national firm which pro-
duces highway and drainage fixtures, among othct
things. requested assistance in testing the pipe which
is made of cement and encased in an ABS plastic coal-
ing. The professor has put scveral engineering senior
and master’s students to work ¢1 the project in the
campus lesting lab. The students are not only getting
their necessary graduation projects or theses out of
the work, but several have found themselves in a posi-
tion to negotiate for jobs with the compeany which has
branches across the country.

5. Gifts, "Taking in Washing” and "Making Do”

It is ¢ commonplace among state college science
and engineering faculty that their relatively cxpensive
programs have been chronically underfunded in a sys-
tem designed to provide low-cost mass instruction to a
non-clite and numerous clientele. These financial
straits grown increasingly scvere as fiscal pressurces
mount on state budgets, have led to some singular, if
predictable, dependencies on industry. A dean at San
Dicgo =iite noted that the most recent engineering
building on campus was built in 1962, with all its
cquipment and instrumentation based on vacuum
tubes. Accordingly: "We've had to put a lot of emphasis
ol scrounging newer equipment, especially from com-
panies around town.”

He noted further that one of the salaried tech-
nicians who had good connections with arca firms hac
proved so successful in soliciting gifts of equipment
that he was presently detailed to work half-time cuiti-
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vating his contacts and "begging.” The campus research
foundations are, of course, able to receive such dona-
tions and provide tax-deduction documentation fov
the: donors. The most recent gift of this kind at San
Dicgo provided a much needed laboratory refrigerator
for & biochemistry lab. Similarly when the physics
department at San Dicgo found itscll in need of one
kilometer of optical fiber for experimental work, five
focal firms were asked if they could spare some. All
five could, and did; and a total of five kilomelers
arrived at the physics building.

Intervicws at Cal Poly, Pomona, rcvealed that faculty
there also rely on a campus lab technician to keep the
facilitics more up-to-date than they otherwise would
be. With informal tics to a number of firms whcre he
had been employed, he is able to locate ana solicit
gifts of surplus cquipment. And a San Jose State news-
letler reported in 1980 that a physics departiment tech-
nician had

. .recently completed modifying a $150,000 low-
energy electron scanning microscope donated to

the Physics Department by IBM's General Products

Division in San Josc.3
According to department faculty, the microscope had
become “outmoded for 1BM's current nceds” but
rcmained an extremely valuable teaching tool. Useem
reports some disagreement among campus officials
about the valuc of donated equipment;* nevertheless,
such donations appear to be an important source of
corporate support for campus science programs.

Apart irom the c.bvious tax deductions there may
in some cascs be other benefits accruing to donor
companies. Al Sacramento where Hewlett-Packard has
recently cstablished a plant, the state college has
received a late-model HP 1C00 minicomputer with
graphics capability. A key reason is to familiarize
students not only with HP systems in particular, but
also with something close to state-of-tte-art systems
in general. State goverr .aent budget officials are un-
convinced that state college students need late-model
systems “te ‘earn on”—a view regarded as appellingly
inapproprizzte in a ficld that makes its current equip-
ment obsoiete every few years. Hence, the computer
companics are compeited to provide this kind of
assistance if they want to hire graduates familiar with
contemporary cquipment.

And of course, other benefits can arise from plac-
ing statc-of-the-art instrumentalion on slate college
campuscs. For example, Sacramento computer sci-
ence facully and students are working to adapt a
program—mzuch used in structural engincering but
previously workable only on much iarger systems—to
the HP minicomputer. This adaptation, if successful,
will presumably enhance the HP 1000's uscfulness

Sanose State University, Caompons Digest iMarcly 24, 19800,
Wseem, Education and High Jochnology industry,”™ po 249,

ERIC

19¢



E

Q

RIC

ad its sales potential. Such inmovation clearly trans-
Ltes into industrial productivity at several levels.

Anodier way of coping with the relative poverty
atfliciing scicnce and engineering labs and equipment
is reported by Cal Poly. There, although enough money
haa been tound Lo purchase and install an clectron
microscope facdility, funds o operate and maintain it
wore not forthcoming. According to campus officials,
the department responsible at Pomona is actively
seching contract work from some of the many firms
nearby to help pay such overhead costs.

Finally like most institutions of higher cducation,
Calhornia state colleges must often restrict their activi-
ties in the face of scarce resources. For ocecanography
tescarch at San Diego State, restricting the scope of
the program has ullimately brought it closer to indus-
try. While their oceanographers operate from a joint
rescarch site at the Saripps facility at La Jolla with
more qencrously iunded teams, they are restricted in
thein range of rescarch problems. Because the cruise
Capability of their small research vessel does not allow
them to do deep-sca work, they have specialized in
nearshore and estuary studies. As a result they have
bhecome proficient in applicd aquaculture, specifically
the study of commercial production problems assoc-
iated with lobsters, rock scallops and similar marketable
inshore species. This brings them in contact with not
only the private industriat sector, but also the various
government agencies providing support services to
the aquactdtural industry; this, of course, puts the San
Dicgo Slate program in a position to receive funding
from both sources.

L}

(. Inventions and Innovations

One of the factors in the ability of state college
science and engineering programs to attract financial
supportl from private industry lies in the inventive er
inmnovative capacity of the faculty. ("Invention” is used
here to mean the creation of a new device or method:

innovation” to mean the introduction of a new or

previous invention into practical use)) The examples
that tolow are nol offered as an exhaustive inventory,
but rather as illustrations of the creativity that may
ocour in this setting,

1. The Teacup Solids Separator

A Sacramento engiticering professor specializing
in water supply and waslewater drainage systems has
been incolved in projects linking him and the engi-
neering school with government agencies and private
firms for almost twenty years. Recently, he has been
working with an off-campus colleague who has in-
vented a device called a Teacup Solids Separator
which separates solid debris from storm wastewater
and sewage. The colleague frequently tcaches part-
time in the engineering school, a typical arrangement
involving practicing enginecrs in the teaching pro-

Aruitoxt provided by Eic:

gram. Working togeiher, the private cngineer (whose
firm specializes in water treatment problems), the
faculty member, and students—graduate and uader-
graduate—have tajlored models of the separator o
specific industrial situations. At present, they are test-
ing a more sophisticated, larder-scale application
designed to remove sotids from domestic and storm
runoff waslewaters at the main sewage treatment plant
in the city of Sacramento. This project is being moni-
tored by potential users—both public and private—
and by private firms interested in manufacturing and
installing such systems on a commerdial basis.

2. The Stratified