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Executive Summary

This report presents data from a national study of
118 Industry/University Cooperative Research (IUCR}
projects supported by the National Science Foundation.
Questionnaire responses were gathered from 226 indus-
try and university scientists working on these projects.
The purpose of the study was to describe how IUCR
projects develop, how they are implemented, and dis-
cover what project features contributed to successful
technical and organizational outcomes.

In general the variables that seemed to contribute
to all aspects of project success were those related to
interpersonal interaction. The IUCR program was con-
ceived as building on dialogue between university and
industry scientists; this study uncovered abundant evi-
dence that this design approach was realized in practice.

As a point of departure, it seems clear that these
IUCR projects rested on a previous existing founda-
tion of social and professional exchange. Prior rela-
tionships between the university and industry partici-
pants were extensive, with consulting relationships
being particularly important. These were relatively
senior scientists, and in many cases their prior rela-
tionships were of many years standing. These previ-
ous contacts spanned the gamut; collegiality, friendship,
joint authorship, faculty-student relationships.

This pre-existing network of interactions was essential
to initiating the work, and contributed to interaction
during the course of the projects. Frequent and infor-
mal interaction in implementation seemed a crucial
ingredient in all aspects of project success for both
university and industry scientists. It also contributed
to their learning how to cooperate with the other sector.
Phone calls, meetings, “bull sessions,”” and personnel
exchanges were integral parts of these projects.

The university participants did play more of alead-
ership role in initiating the projects, and in perform-
ing the various research tasks. In fact, university impetus
in project initiation was seen by both university and
industry participants as an important correlate of per-
ceived commercial outcomes such as improvements
in products and processes. Also important in project
initiation were the NSF program and NSF staff. Most
of these projects would not have been undertaken as
cooperative efforts in the absence of NSF funding,
and NSF staff were often crucial in brokering the rela-
tionship between the investigators or informing them
about the program.

Both university and industry scientists were gener~
ally pleased with their participation, and there was a
high degree of consensus about goals that could or
should be achieved in the projects. This satisfaction
tended to be a function of the intraproject "“networking”

interaction alluded to above. University scientists were
slightly more optimistic about the likelihood of achieving
commercial outcomes (e.g., improvements in products
or industrial processes); both groups felt that improve-
ments in instrumentation and methods would likely
result from the projects. '

Interesting results emerged pertaining to the nature
of the scientific inquiry conducted in these projects.
A majority of both university and industry scientists
felt that improved research projects would result from
participation in the projects. Moreover, perceived
changes in research topics and issues seemed to result
from participation, particularly so for un1vers1ty sm—
entists.

For the industry scientists, changes in the science
seemed to be correlated with commercial advances,
scholarly output, and general satisfaction; in this group
all of the various outcomes—publications; product/
process improvements, and general satisfaction—tended
to be interrelated. This was less so for umverszty
scientists.

The factors that were correlated with the nature
and results of the research performed also centered
around interpersonal interaction. For example, major
factors correlating with written scholarly output in-
cluded the .degree of interpersonal contact and the
amount of intellectual exchange. In the case of changes
in research topic and method, the amount of interac-
tion was again important, Prior interaction was more
important for firm scientists; interaction during the
project was more important for university scientists.

Commercial outcomes in the form of project/process
improvement were heavily contingent for industry
scientists on relationships within their firm. To the
extent that “‘significant others” (e.g., top R&D plan-
ning and management and production staff) were aware
of and involved in the project, the more likely com-
mercial outcomes were anticipated. Similarly, the actual
exchange of personnel between the two sites seemed
to be associated with coramercial outcomes for indus-
try respondents. Indusiry scientists with prior personal
links to the participating university (e.g., as former
students) seemed to be attached to projects in which
there were greater expectations of commermal out—
comes.

In summary, participation in IUCR Projects seemed
to have had a significant effect on the individual scien-
tists and their respective organizations. Overall, it
appears that the theoretical orientation of the univer-
sity reacted synergistically with the more practical
concerns of industry scientists and yielded both schol-
arly outcomes and perception of commercial success.







Chapier 1

OVERVIEW OF THE STUDY

Introduction

This report presents results of a national survey of
university and industry scientists who have been
involved in Industry/University Cooperative Research
(IUCR) projects supported by the National Science
Foundation. The study represents an instance of
“research-on-research’” in the Federal Government.
The IUCR program was selected as the focus of this

study because it is a major component of NSF efforts:

to link university and industrial science. The innova-
tive nature of the IUCR program, the interest in how
IUCR projects operate and the results they produce,
and an increasing general concern with issues of
university/industry research cooperation, provided
impetus for this study. _

The Industry/University Cooperative Research Proj-
ects program of the Division of Industrial Science &

Technological Innovation (ISTI) is an organizational

innovation in itself. The program sponsors research
projects in the physical, biological, and engineering
sciences, all of which are performed jointly by univer-
sity and industrial scientists, Projects focus on funda-
mental science, but are also expected to be relevant
to industrial operations and technology development.
The program is designed to sensitize researchers in
both sectors to the research goals, practices, and priori-
ties in the collaborating organization. The expectation
is that-the projects will change the nature of inquiry
in both university and industrial research, and ulti-

mately enhance both the quality of basic science and’

the pace of industrial innovation.

The extent to which these projects have in fact pro-
duced changes in the conduct of research in collabo-
rating organizations is a primary focus of this study.

Heretofore the lack of retrospective or real-time data

on program operations or impact has precluded defini-
tive statements about IUCR on these issues. This report
will present data which can significantly enhance an
understanding of the process and results of industry-
university collaboration, and also add to the litera-
ture on innovation processes and organizational be-
havior.

Overview of Assessment Activities

This study is one component of a three-part assess-
ment of the IUCR Projects Program. The first phase of
that assessment was a descriptive analysis of 118 grants
awarded in FY 1978-80, the first three years of pro-

gram operations. Information on grants, participants
and their organizations was obtained from archival
sources, primarily grant files. The study was completed

in April, 1982." Other parts of the assessment include
the structured survey of university and industry re-

searchers reported here, and a set of case studies of

representative projects.®? The latter volume presents a
qualitative description of the same phenomena which
the current study examines quantitatively.

Issues and Questions

While much has been made of the importance of-
knowledge transfer and dissemination in:the innova--

tion process,® there have been few organized attempts

to influence that process on a significant scale. The:

IUCR program is one of a very few Federal efforts to
create explicit bridges between the world of acade-

mia and the world of commerce. A major premise of
the program is that university basic science can: be .
improved by expanded awareness of technical prob-
lems and opportunities in industry and correspond-::
ingly that industrial science can be enriched by link- -

age to basic research. The issue, of course, has become
how to facilitate this reciprocal knowledge relation-
ship belween university and industry organizations.
The IUCR program attempis to encourage and increase
such interorganizational interaction,

Within the short history of the program there have_ -
been both recurrent themes and considerable vari-.
ability in how IUCR projects evolve, and in the technical .
and intellectual successes achieved. The purpose of
this study was to describe how IUCR projects usually
develop, and, if possible, discover what project fea- -
tures contributed to successful techmcal and orgdmza-_

tional outcomes.

! Elmima C. Johnson, Louis G. Tornatzky, Patti Witte, and. Claire -
Felbinger, Assessment of the Industry/University Gooperative Re-
search Program (IUCR): Interim Report 1. Descriptive Analysis’
of Projects FY 1976-1980 (Washington, D. C: Natmnal Science Foun- ' .-

dation, 1982},

2 Elmima C. Johnson, Louis G. Tornatzky, and Lynne Schlaaff. '

Cooperative Science: Case Studies {Washington, D. G National
Science Foundation, 1984).

* Louis G. Tornatzky, J. D. Eveland, Myles G. Boylan, W1111am A
Hetzner, Elmima C. Johnsen, David Roitman, and Janet Schneider,
The Process of Technological Innovation: Reviewing the Litera-
ture (Washington, D. C.: National Science Foundatmn, 1983), pp.
155-175.




In designing the study, it became clear that there is
minimal empirical information on university-industry
research interaction. An earlier review by the authors
indicated that there were some useful concepts that
could be borrowed from organizational sociclogy but
few findings.* As a resuit, the selection of variables
and variable domains for this study was less focused
than it might have been in a more mature area of
inquiry. However, our reading of the literature sug-
gested several sets of factors which seemed useful to
examine.

For one, we were interested in the demographics of
participants. What kind of scientists, from what kind
of institutions, became involved in cooperative projects?
Were they “outliers” or well-known investigators?

A related issue concerned the prior history of inter-
action between participants. Could it be assumed that
the ITUCR program itself fostered research interaction
between former strangers, or rather that it served as a
catalyst after a long pricr history of intellectual ex-
change? Similarly, what was the *track record” of
crass-sector interaction between the participating
institutions?

We were also interested in the initiation of the par-
ticular IUCR project. How did the principals hear about
the program? What role did NSF staff play? Would
the project have heen implemented or even consid-
ered in the absence of an IUCR program? Who took
the initiative in constructing the research project and
proposal? '

The management of these projects was also important.
Given that the participants were by definition sepa-
rated by affiliation and geography, how did this affect
project management, group dynamics, and communi-
cation patterns? A particularly important aspect of
this line of inquiry was how the two sets of investiga-
tors—university and industry—coordinated their activi-
ties and divided their responsibilities.

Finally, we were interested in the gutcomes of IUCR
projects. We were interested not only in intellectual
and technical outcomes, but in possible commercial
results. To what extent could new products or pro-
cesses be expected to result in the cooperating com-
pany? What contributions to general science might
result? Within the general category of effects was the
question of how participation changed the participants
themselves. Did university scientists become more
aware of industrial needs and operations, and vice
versa? Did scientists and students alter their career
directions?

*Elmima C. Johnson and Louis G. Tornatzky, "Academia and Indus-
trial Innovation,” in New Directions for Experiential Learning: Busi-
ness and Higher Education—Toward New Alliances, ed. by G.
Gold (San Francisco, California: Jossey-Bass, 1981), pp. 50-53.

Methods and Procedures |

'Design

The study was a structured mail survey of the uni-
versity and industry scientists involved in 118 IUCR
projects. The purpose was to determine the nature of
the relationships and activities involved in IUCR pro-
jects and to document the results realized by both
university and industry participants.

Sample and Respondents

The sample of projects consisted of 118 IJUCR awards
made by NSF during Fiscal Years 1978-1980. Respon-
dents were the 236 university and firm principal
researchers involved in those 118 IUCR projects. A
total of 226 or 96 percent of the researchers actually
returned completed questionnaires.

In those cases where more than one university or
firm researcher shared equally in the research tasks
at his or her organization, one individual was desig-
nated as the “respondent of record” for the study.
The primary criteria for this designation were whether
an individual had been identified as the official Prin-
cipal Investigator (PI) by either the NSF Division of
Grants and Contracts or the collaborating P1, and how
much time was spent on the project.

Instruments

Separate data collection instruments roughly paral-
lel in format and content were constructed for the
university and industry respondents.® The university
guestionnaire was 18 pages in length, covered 50
questions, and measured 141 specific variables; the
industry questionnaire was 20 pages in length, encom-
passed 60 questions, and measured 162 variables. (See
Appendices A and B).

The questions were organized into six categories of
data: 1) descriptive information on participating scien-
tists (education, research experience, current positionj;
2) prior relationships between the university and indus-
try participants and cross-sector work experience; 3)
factors influencing the initiation of the project; 4) project
management and decision-making; 5) the nature of
the research relationship; and 6] project benefits and
outcomes—technical, organizational, personal.

Data Collection Procedures

Contact with the university and industry research-
ers was initially made by the NSF program manager
who had responsibility in that scientific area. {Prior to
the initiation of the study the program managers had
been briefed and their cooperation solicited.) This initial

& OMB Clearance (3145-0076) was granted in August, 1982,




phone contact® briefly described the nature and pur-
pose of the study. Subsequently, there was a call from
study staff confirming respondents’ willingness to
participate. A questionnaire was then mailed with an
explanatory cover letter. Follow-up mailings and calls
were made as needed to maximize the response rate.
A total of 226 of the researchers returned completed
guestionnaires (a 96 percentresponse rate).’

Coding Procedures

A 303-item coding protocol was developed for the
six categories of data. Three persons were involved
part time in the data collection and coding processes
over the course of the project. They were randomly
assigned questionnaires (o code and each question-
naire was coded by two persons. Variables were gen-
erally structured as dichotomous, ordinal, or interval

® Some principal investigators were initially contacted by letter,
although the vast majority received a brief phone contact.

7 There was only one project in which neither the university nor the
industry researcher responded.

scales or questions, More than 34,000 individual data
points were coded. A mean interrater reliability of 99
percent, computed as a percent of perfect agreement
on each item, was maintained. : R

Analysis and Presentation of Results

Two general types of analyses were performed on
the survey data. One effort was primarily descriptive
in nature, attemptmg to capture the “typical” TUCR
project. Embedded in this approach were some com-
parative analyses of university versus industry response
patterns. The descriptive analyses are reported in Chap-
ter 2, with a summary of results at the end of the
chapter.

A second set of analyses attempted to make rela—
tional statements about what seemed to predict “out-
comes” of interest to researchers. To accomplish this
purpose, various data reduction techniques were
employed (e.g., factor analyses) to collapse the huge
array of descriptive variables to a workable number.
These were in turn separated into independent and
dependent variable sets and subjected to correlational
analyses. These analyses are presented in Chapter 3,
with a summary of findings at the end of the chapter.:




Chapter 2

DESCRIPTIVE RESULTS

This chapter will provide a summary of descriptive
findings in each of the six data categories. The intent
is to portray the typical IUCR project, and to highlight
important contrasts between university and industry
responses. Each of the sections that follow will ini-
tially present a brief summary of findings, and then
present a more detailed exposition of descriptive results.
An overall summary of descriptive resulls is at the
end of the chapter.

Researcher Descriptors

A total of 236 researchers were involved as princi-
pal investigators in IUCR projects. This included one
industry researcher and one university researcher work-
ing collaboratively in 118 projects. Both groups were
experienced researchers and established mid- to upper-
level professionals in their respective fields and
organizations. Both the university and industry scien-
tists were rich in prior administrative and research
management experience. The majority had minimal
full-time work experience in the other sector, (Research-
er characteristics are summarized in Table1.)

University Respondents. These scientists had spent
an average of 18 years working in academic settings
and had been employed at their current institutions
an average of 14 years, The overwhelming majority of
them (84 percent) had achieved the rank of associate
or full professor and had held this position for an
average of 10 years. Thirty-five percent had been a
chairperson or administrator in their department. In

Table1
Researcher Characteristics
University industry
Daseriptor Scientists Sclentists
N=114 N =112
No. ¥Years Employed in Field
(Mean) ..........ccveiinns 18 16
No. Years with Current '
Organization (Mean} ........ 14 13
Associate/Full Professor  ....... 94% —
Department Administrator/Chair 35% —_
Previous Employment in Industry
(F-T) o aeaas 52% —
Mean Number of Persons
Supervised ................. - 13
Degree/Courses at Collaborating
University ..........coonnnn. — 19%
Previous N&F Grant Experience . 75% 17%

contrast to their academic experiences these scien-
tists had limited industry exposure; 52 percent had
never been employed full-time in industry since com-
pleting their terminal degree.

These scientists also had previous experience with
federal grant programs. Seventy-five percent had been
involved in previous NSF grants; 74 percent had served
as the principal investigator on NSF grants. In addi-
tion 74 percent had received at least one grant from
another government agency within the last five years.

Industry Respondents. The company researchers had
been employed in industry an average of 16 years and
had worked in R&D an average of 15 years, 13 of
them with their current firm. Eighty percent held the
doctorate degree, with 19 percent having earned a
degree or taken courses at the collaborating university.

These were primarily senior scientists. Eighty per-
cent ranked 1-5 levels below the CEO and 90 percent
ranked 1-4 levels below the chief technical officer.
They held supervisory positions. Sixty percent had up
to four persons reporting directly to them, while there
was an average of 13 persons reporting to them through
subordinates. In contrast to the university scientists,
the industrial researchers (83 percent) generally had
no previous NSF grant experience.

Prior Relationships

Itis clear from these data that the principal investi-
gators were well acquainted with each other prior to
the initiation of the project. Further, the university
scientists as a group had a variety of industrial work
experiences (e.g., consultancies), some of them with
the collaborating firm. The seed of the collaborative
relationship had already been planted; the IUCR pro-
gram permitted its growth. (see Table 2)

University Respondents. University IUCR team mem-
bers had a variety of contacts with industry prior to
the initiation of the IUCR project: across all projects
in the sample, 81 percent of team members had had
consultancies; 52 percent had had prior research
conftracts; and 50 percent had been involved in indus-
trial student placement activities. In contrast, only 13
percent had been involved in faculty exchange pro-
grams with industry. The majority of principal investiga-
tors (79 percent) had prior contact with some member
of the collaborating industrial team at least several
times a year.




Table2
Prior Relationships Between
Participants/Organizations

University Industry
Team Scientists/

Activity Members Firms
Prior Contact with Collaborating

TEAM  oiiiiiiiiarrrrrerens 79% 70%
Consultancies ................ 81% 50%
Research Contracts ........... 52% 19%
Industrial Student Placement ... 50% 26%
Student Thesis Research ....... —_ 19%
Faculty Exchange ............. 13% 15%

Industry Respondents. The majority of industry sci-
entists (70 percent) had prior personal contact (at least
several times a year) with some member of the univer-
sity team. In addition their firms had supported IUCR
university team members in a variety of activities.
These included: consulting relationships (50 percent
of the firms); student placement (26 percent); faculty
contract research (19 percent); student thesis research
(19 percent}; and faculty exchange (15 percent).

Initiation of the Collaboration

Three themes emerge from the data on project
initiation: 1) the crucial role played by the NSF pro-
gram and NSF personnel; 2) the lead role often played
by university researchers in initiating the project; and 3)
the fairly routine nature of the approval process for
the project by the industrial as well as academic
organizations. (see Table 3)

University Respondents. The university scientists
learned of the NSF program from three principal
sources: NSF personnel (57 percent); a university col-
league (20 percent); or an industry colleague (19
percent). Other sources of information included NSF
program announcements, and professional journals.

Table 3
Initiation of the Collaboration
Major/Equal  Major/Equal
University Industry
Role Role

Initiation of the Project

University ........ e 89% 11%
Industry ...... e 86% 14%
NSF Brokering Role
Yes No
University ..........ccccvvonn. 69% 31%
Industry ....... S _ 2% 28%

The university researchers also saw themselves as
instrumental in initiation of the projects: 37 percent
of university respondents felt they had taken the lead
in project initiation; 52 percent said it evolved {rom
mutual discussions with industry; and.only 11 percent
gave primary credit to the firm. Considering the data
in another light, the university researchers saw them-
selves as a primary or co-equal initiator in the vast
majority (89 percent) of cases. The majority (69 percent)
further stated that this type of collaborative research
would not have been undertaken by their university
in the absence of the IUCR Projects program,. pomtlng
out the crucial brokering function of NSF. _

Once the decision was made to submit a joint grant
the approval process was fairly routine. In fact 94
percent of the university scientists indicated that this
process was not substantially different from that used
in normal grants.

Industry Respondents. Sixty-one percent of the indus—
try scientists listed a university colleague as a source
of information about the IUCR projects program. Almost
equal numbers listed NSF personnel and a firm col-
league as additional sources of information (22 per-
cent and 25 percent respectively). Some respondents
listed more than one source of information.

As with the university scientists, close to one-half of
industry researchers {47 percent) felt the project evolved
from mutual discussion. The second largest group (39
percent} gave credit to the university, while only 15
percent indicated that the firm initiated the project.
This group also saw the IUCR program as playing a
significant role in facilitating these collaborative efforts.
That is, 72 percent indicated their firm would not have
initiated the project in the absence of the IUCR program.

The approval process within the firm was also fairly
routine, with 63 percent of the investigators indicating
that it was not substantially different from that em-
ployed with non-collaborative projects. At least two
higher levels of approval were needed in 73 pelcent'
of the cases. - :

Project Management and Decision-Making.'. i

In considering project management, it should be real-
ized that each project was usually comprised of two
subsets of activities under a common umbrella. There
was concurrence across respondent groups on the for-
mulation of research tasks and primary managerial
and intellectual tasks. That is, both university-and indus-
try scientists saw task formulation primarily as a respon--
sibility of the principal investigators with some team-
input. Both groups identified their major management
functions as prioritizing team objectives and dissemi-
nating team results, and their primary intellectual
funections, in addition to contributing new ideas, as
encouraging and evaluating team member ideas. How-




ever, researcher involvement in major R&D} tasks dif-
fered significantly between groups, with the univer-
sity investigators reporting more involvement in all
tasks,

Unijversity Respondents. These were relatively small
research teams with 96 percent of the projects having
three or less faculty actively participating in the
research at one time; fifty-nine percent of the pro-
jects had only one faculty member involved.

According to the university respondents the research
tasks were formulated primarily by the principal investi-
gators in 55 percent of the teams, devised through
team discussion in 25 percent of the teams, and self-
assigned by individual team members in 6 percent of
the cases. Major input was solicited from other disci-
plines in only 11 percent of the grants. Work priorities
for team members were determined primarily by the
principal investigators in 83 percent of the projects.
Similarly, task assignment in 86 percent of the pro-
jects was either made by the team leader alone or
with a senior team member. This hierarchical deci-
sion structure follows usual academic practice in that
non-faculty team members were primarily graduate
students using the IUCR project as their dissertation
research, with the university investigator serving as
the advisor. '

In terms of management duties the university re-
searchers saw their three most important functions as
supervising the team's work (64 percent), prioritizing
" team objectives (49 percent), and disseminating team
products/results (46 percent). Joint management activi-
ties (with industry) were perceived as covering an
average of 42 percent of the research tasks.

The intellectual functions highlighted as the three
top tasks by university investigators focused on idea
generation: encouraging team members to contribute
new ideas (82 percent), evaluating team member ideas
(60 percent) and consulting others for new ideas (34
percent).

Industry Respondents. The industry teams were also
relatively small in size; 89 percent had no more than
four persons involved in each project. The make-up
of these teams included central R&D staff in 60 per-
cent of the grants, divisional R&D staff in 36 percent
of the grants and engineering/technical staff in 42 per-
cent of the grants. An average of 8 percent of the
grants had representatives from the corporate planning,
marketing or production staffs.

The industry respondents paralleled their univer-

sity counterparts in describing how research tasks were-

formulated. That is, the tasks were devised primarily
by the principal investigators in 53 percent of the grants,
devised through team discussion in 21 percent of the
grants, and planned by individual team members in 5
percent of the grants. The university principal investiga-
tors assigned tasks in 83 percent of the cases, with

collective team decisions on tasks made infrequently
{16 percent].

There were further similarities in the managerial
functions engaged in by the industrial and university
scientists. The company scientists agreed that priori-
tizing team objectives (50 percent) and disseminating
team products/results (37 percent) were two of three
top managerial functions. Their third most important
managerial function was evaluating team work (38
percent) rather than team supervision. These scien-
tists also agreed with their university colleagues that
approximately one-half of the work (45 percent) in-
volved shared management responsibilities.

Regarding intellectual duties, the industrial scientists’
top three choices paralleled those of their academic
counterparts: encouraging team members to contrib-
ute new ideas (65 percent), evaluating team member
ideas (55 percent), and consulting others for new ideas
(30 percent).

Both groups of respondents were asked to indicate
the degree of their involvement in major R&D activities:
research design, problem formulation, data collection
and analysis, report writing, administration and per-
sonnel decisions. As seen in Table 4, the university
scientists compared with their industry colleagues
reported a higher level of involvement in all areas
and these differences were statistically significant for
ten of the fourteen specific activities. These findings
strongly suggest that the university researchers played a
more active role in the research projects. While the
research relationship is collaborative it is clearly not
equal. :

Project Coordination and Communication

The research collaboration was maintained through
frequent and informal interaction between participants.
For a majority of the participants there were contacts

at least several times a month, and phone calls and

informal meetings accounted for most of the interac-
tion (approximately 90 percent of each group used
both). In general there was no clear pattern as te who
initiated these contacts, although the university respon-
dents somewhat overestimated their role as communi-
cation facilitators. Less frequently utilized by both
groups were letters/memos and formal project meetings.
Meeting sites were almost equally divided between
the university and the firm, and in the majority of
projects at least one team member from each group
worked at the collaborating site.

Communication and reporting relationships exter-
nal to the project differed between industry and uni-
versity researchers. To illustrate, only 35 percent of
the university scientists were required te submit proj-
ect reports to anyone in their university, while 76 per-
cent of the company researchers were required to
submit formal reports covering project activities. Ninety-




Table 4
Degree of Researcher Invalvement in Project Activities*

Very . Very

R&D Activity . High High Medium Low Low
Ideniify Interest Area® University 90 8 i — 1 700%
Industry 73 19 6 i 1 100%
Literature Review' University 21 38 27 8 5 100%
Industry 14 27 36 14 9 100%
Problem Definition?  University 85 11 2 3 — 100%
Indusiry 57 31 1 2 100%
Determine Methods  University 46 35 14 5§ — 100%
industry 33 35 28 2 2 100%
Formulate Hypotheses® University 61 371 6 1 1 100%
Industry 30 39 22 6 4 100%
Research Design .Universr'ty 53 33 10 4 — 100%
Industry 41 38 16 4 1 100%

University 10 24 24 26 17 100%
industry 11 20 26 23 22 100%

Data Collection

Analyze Resulls? University 45 38 15 - 2 — 100%
Industry 33 35 189 5 100%
Report Writing? University 54 30 14 T 1 100%
Industry 29 26 24 10 12 100%
ggfd”;gif"a”o"/ University 45 30 15 6 5 100%
Industry 18 22 23 19 18 100%
Work Allacation’ University 34 29 26 6 6 100%
Industry 13 35 30 11 10 100%
Coordination University 26 22 23 17 12 100%
Industry 14 382 23 19 12 100%
Parsonnef? University 49 20 13 9 8 100%

Industry 18 14 24 20 25 100%
Equipment Selection®* University 29 28 27 8 7 100%
Industry 11 31 27 17 14 100%

* Tha t tasts weare computed on the basis of different scores—university minus
Industry—for each project.
p=<.05
2 p<.001

four percent of industry scientists reported that the
top R&D officials in their company were at least aware
of the project’s existence, and in 51 percent of the
projects they were at a minimum kept informed of the
general progress of the project. Internal requests for
project information averaged four per grant for both
groups. Both groups also received more requests from
external sources, which tended to focus on the techni-
cal nature of the research rather than adm1n1strat1ve
or operatlonal issues.

Project Benefits and Outcomes’

In considering the outcomes of these IUCR projects,
it should be realized that there were results common
to both industrial and university participants, and other
outcomes unique to each group. Moreover, the results
achieved at this point in time—early in the research
and development process-——were more in the nature
of estimates by the respondents. However, there were
some interesting differences in perceptions about out-
comes between university and industry scientists.

Tangible Products. A number of lntell_ectual and other
outputs were produced in conjunction with the IUCR

- projects. The total written products reported across

all projects are reported in Table 5.

University scientists reported a statistically sq!nifi-
cant larger number of books and articles published in
the open literature. Two explanations for these differ-
ences are possible: either university scientists are in
fact producing more books and articles, or they are
simply providing a more complete record than their
industrial counterparts. The previously reported greater
involvement of university versus industrial scientists
in report-writing activities (Table 4) may explain this
outcome. In addition the reward structure for univer-
sity scientists emphasizes publications, i.e., “pubhsh'
or perish,” and results are consistent with what one
would expect from this set of incentives. o

Participants were also asked to indicate the number
of prototypes and other undocumented products pro-
duced in their organizations. None of these differ-
ences was statistically 81gmf1(:ant The reported results
are given in Table 6. : sl

Goal Congruity and Compatibility. The primary gdal
of the IUCR Projects Program is the advancement of
basic scientific and engineering knowledge. While it
is clear that basic scientific knowledge is enhanced

Table 5 :
Written Products Resulting from IUCR Pr0|ecls* '
Researchers :
University - . Industry-.
Books (including editorship)® 20 - -8
Scientific or technical articles S R
published in the open literature? 642 © 364 .
Patents or patent applications 17 13 ¢
Algorithms, blueprints, flowcharts, ’ L
drawlngs, etc, 225 C 400
Reviews and bibliographies : :
published in the open literature 37 24
Internal reports on work ' _ L
pertaining to the project 225 © 242

*The ¢ tests were computed on the basis of different scores—unlversltyr mlnus
industry—lor each project. i :
't p<.05.
2p<.001,




Table 6
Prototype/Undocumented Products Resultmg
from 1UCR Projects*

Researchars
University Industry

Experimental prototypes of devices,

instruments and apparatus, com-

ponents of devices, etc. 149 126
Experimental materials such as

fibers, plastics, glass, metals,

alloys, substances, chemicals,

drugs, plants, etc. 205 121
Prototype computer programs 187 103
Audio-visual materials/productions 129 128

*The t tests were computed on the basls of different scores—university minus
industry—for each project.

through project activities, the immediate goals of the
participants in any particular project appear to be
somewhat more direct. Respondents were asked to
rate the importance of eleven possible project goals.
There was considerable agreement between the uni-
versity and industrial respondents on the importance
of various project outcomes. According to Table 7 the
three most important goals for both groups were
identical. They were: 1) the development of patent-
able products; 2} the development of commercialized
products; and 3) improvements in manufacturing pro-
cesses. In effect the majority of participants felt proj-
ect results would be useful to industry in the long run.
Further, when the goals were ranked from high to low
priority for both groups, the rank order correlation
for the entire list of goals was .75. There were some
minoer differences between the university and indus-
try ratings, and the difference in the importance of
graduate student technical training was statistically
significant (chi® = 18.668, p < .001). Surprisingly, the
industrial researchers saw the graduate training func-
tion as a higher priority goal than did their university
peers. The expansion of technical knowledge ranked
low for both groups, indicating that this was not a direct
priority for the participants in particular projects. When
asked about the importance of the IUCR project in stim-
ulating new research projects, 56% of the industrial sci-
entists versus 37% of the university scientists rated this
project goal as “extremely” or “considerably important.”
This difference was also statistically significant (chi® =
9.359, p <.05).

To summarize, there was a very high degree of goal
congruity among researchers from very different kinds
of inslitutions. According to the literature on interarg-
anizational behavior this compatibility should contrib-
ute significantly to successful interaction. {As will be
seen in Chapter 3, correlational analysis tended to
" confirm this hypothesis.)

Conduct of Research. One evaluative question about
IUCR concerned its spillover effect on other research
in which the participants are involved. As one result,
the industrial respondent in 53 projects reported a
total of 91 new research projects, totaling approxi-
mately nine million dollars, which were stimulated
by IUCR project activity. Given that one of the goals
of the IUCR Program is to “leverage" research initia-
tives above and beyond the IUCR project per se, these
preliminary data are encouraging.

In addition to this new research activity, both indus-
tridl and university scientists were optimistic regard-
ing the likelihood of improved research projects result-
ing from their IUCR involvement; 54 percent of indus-
trial respondents and 73 percent of university respon-
dents saw this possibility as “almost certain” or “pretty
likely.” (Table 8) The fact that a majority of senior
university and industry researchers saw their future
research as being improved as a result of the IUCR
collaboration speaks well for the Program,

As can be seen in Table 8, the university scientists
were even more positive than their industry collabora-
tors on the likelihood of improved research resulting
from IUCR involvement. This difference, which was
statistically significant (matched difference t = 3.54, p
< .001) is difficult to explain on the basis of these data
since the exact nature of the expected improvement
was not specified.® However, the data reported in subse-
quent tables is suggestive.

The participants were also asked to rate the extent
to which their participation in the projects had changed
research topics and/or research methods in their own
institutions. The results of this inquiry are seen in
Tables 9 and 10. The most noteworthy finding is the
extent to which research topics/issues were affected
in the university setting {Table 9). Approximately half
of the university scientists {48 percent) indicated that
topics shifted either “a lot” or “some.” This influence
on research topics was not equally felt by industrial
scientists. Only 30 percent of industry scientists felt
that topics were changed “a lot” or “some.” This dif-
ference between groups was statistically significant
(chi® = 13.499, p < .01.), and parallels the findings
reported in Table 8. Clearly the IUCR project has its
most pervasive effect on university scientists. In a com-
parison of respondents’ perceptions of changes in
research methods/procedures, the university-industry
differences were not statistically significant (Table 10).
Both groups indicated that the IUCR project had mod-
erate impact in this area.

* For a qualitative case study treatment of these issues the reader
is referred to Elmima.C. Johnson, Louis G. Tornatzky, and Lynne
Schlaaff, Cooperative Science: Case Studies. (Washington, D). C.;
National Science Foundation, 1984).




Table7
Importance of Project Goals/Potential Qutcomes™
Extremely Considerably = Somewhat Not at alf
_ Goal/Cutcome Important Important Important Important Rank**
; Develop Patentable N i
: Products University 87 17 9 8 100% - -1
- Industry 66 26 6 2 100% 1
Develop Commercialized 5 S
Products University 57 21 14 9 100% 2f P
Industry 58 24 10 e 100% 2 LR
Improve Manufacturing _ : S '
Processes University 48 25 13 14 100% 3
Industry 59 21 10 11 100% - .3 .
Redirect University/ S
i Industry Research to
! Industry/University
- Problems University 17 39 29 15 100% .
Industry 19 34 31 17 100% ¢ & i
Instrumentation ’ ' :
Development Unlversity 27 28 28 16 100% : 5 i
Industry - 33 27 28 12 100% 4 -
Enhance Quality of . o
Industry Research University 12 37 34 17 100%
Industry 11 26 44 19. 100% ., 8 -
Enhance Graduate .
Student Understanding ST
of Industry University 12 33 32 22 100% T
Industry -10 27 44 19 100% 9
Enhance Quality of L C e o
University Research  University 15 . 28 39 18 100% g - :
industry 11 29 40 20 S 100% 7 :
Development of New '
Research Projects in ) :
Your Organization University 14 23 35 28 100% :
Industry 22 34 30 . 14 . 100% )
Enhance Graduate . B
Student Technical ] : : Lo
Training University 4 6 ) 35 : 56 100% 10.
industry 6 20 © 44 . 30 ©100% -, 10°
General Expansion of
Knowledge in this _ : P
Technical Area University 0 2 21 . 78 100% 11
Industry 0 ] 33 61 100% 11
* Percentages may nottotal 100 dustorounding. ' . '

** Ranking in order of perceived importance: 1 = most important; 11 = least important.

Table 8 | Table9 e |
Likelihood of iImproved Research Projects Chanrges in Research Topics/Issues SR |
Almost  Pretly Somewhat Scarcely _ e Hardly
Certain Likely  Likely ‘Likely } ALot. Some A lLittle Any. .
University Researchers 36 37 23 5 University Researchers 17 31 24 28 -

Industry Researchers 20 34 31 15 Industry Researchers 4 . 286 .28 43....




: Table 10
Changes in Research Methods/Procedures
Hardly
AlLot Some Alittle Any
University Researchers 1 27 19 44
Industry Researchers 4 25 29 43

Tangible Benefits to the Firm. While definitive eco-
" nomic returns from the Cooperative Projects Program
probably will not accrue to participating firms for sev-
eral years and are not a primary goal of the program,
university and industry scientists were nonetheless
asked if they thought the IUCR project had resulted in
specific outcomes in the firms. These ouicomes included
product development or improvement, cost reductions,
and improvements in the company's ability to deal
with government regulations or cooperate with uni-
versity scientists. As seen in Table 11 the university
scientists were in general more optimistic than their
company counterparts regarding positive outcomes.
Six of these differences were statistically significant:
“improvements in products and services”; “new prod-
ucts developed”; “changes in cost of products’”; “re-
duction of production costs”’; “improvement in pro-
cesses and methods of production”; and “improved
product or process design.” The optimism of the uni-
versity respondents should be taken with some caution,
given the less than overwhelming enthusiasm of their
industrial colleagues, who were, in fact, more knowl-
edgeable about industrial realities.

Both groups agreed that the [UCR program had its
greatest effect on the relationships between the two
sectors. That is, 65 percent of the industry scientists
and 60 percent of the university scientists felt project
participation had improved the firm'’s ability to coop-
erate with university scientists. This is a significant
result sirice one of the major goals of the IUCR project
is to stimulate cooperative research by increasing link-
ages between university and industries.

These scientists were further asked to make a prob-
ability estimate of future benefits in four areas: 1)
patentable products/technology; 2) commercialized
products/technology; 3) improved instrumentation/
methods; and 4) improvements in manufacturing
procasses. The results are presented in Tables 12, 13,
14, and 15. .

Table 12 indicates that the vast majority of both
groups saw the possibility of patentable products as
either “somewhat” or “scarcely” likely (76 percent
and 86 percent). This is in spite of the fact that both
groups had indicated that this was an “extremely” or
“considerably important’’ goal of the research, {e. g.,
Table 7). The difference between university and indus-
try respondents scores, by project, was statistically
significant {t = 3.26, p < .01), with the university respon-
dents being more optimistic.
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Table 11
" Perceived Effect of Project Participation on
Outcomes in Firms”*

No/Not
Appli-

Qutcome Respondent Yes . Maybe. cable

Improvements in
products and

services? University 23 28 50 100%
Industry 17 19 65 100%
Changes in war-
ranty and com-
plaints in view of
improvements in
products University 2 6 93 100%
Industry 3 3 95 100%
New products de- ‘
veloped due to
related efforts’  University 17 26 58 100%
Industry 12 17 72 100%
Changes in cost of
products to users
{price changes of
decreased prod-
uct maintenance)?University 5 18 77 100%
industry 5 6 90 100%
Reduction of pro-
duction costs?  Uriiversity 4 22 74 100%
Industry 3 8 89 100%
Improv'ement in
processes and
methods of pro-
duction® University 18 30 53 100%
industry 1 14 75 100%
Increased uniformity
of products University 7 17 77 100%
Industry 6 12 83 100%
Improved product
or process de-
sign? University 20 29 51 100%
Industry i2 21 67  100%
improved capabitity
to deal with gov-
ernment regula-
tions University 6 25 69 100%
Industry 8 19 73 100%
Improved capability
to cooperate with
university scien-
tists University 60 27 13 100%
Industry 65 22 13 100%

*The t tests were computed on the basis of different scores—university minus
industry—for sach project,
p<.05.
Ip <01,
1p<.001.




Table12
Likelihood of Patentable Products/Technology

Ailmost  Prefty Somewhat Scarcely
Certain  Likely Likely Likely
University Researchers 7 18 34 42
Industry Researchers 4 10 27 59
Table 13

Likelihood of Commercialized Products/Technology

Almost  Pretly Somewhat Scarcely

Certain  Likely Likely Likely
University Researchers 11 15 36 37
Industry Researchers 6 13 27 55

According to Table 13, there were also limited
expeclations about the likelihood of commercialized
products resulting from [UCR. University scientists
were somewhat more optimistic than their counter-
parts in industry about commercial products emanat-
ing from the research (e.g., 26 percent and 19 percent
rate the probability as “pretty likely” or “almost
certain”}, and the difference between university and
industry respondent scores, by project, was statisti-
cally significant (t = 3.58, p < .001), with the univer-
sity respondents again expecting more positive tangi-
ble outcomes. Both group had indicated in Table 7
that this was also an “extremely’ or “considerably”
important goal of the research.

Hoth the university and industry scientists saw

improvements in instrumentation/methods as the most
likely tangible benefit (Table 14). University respon-

dents (44 percent) and industry respondents (41 percent}

saw improvements in this area as either “pretty likely”
“almost certain.”
N either group was optimistic regarding the hkeh-
hood of tangible benefits in manufacturing processes
resulting from the IUCR projects; 72 percent of the

Table14
Likelihood of Improved Instrumentation/Methods

university researchers and 81 percent of the indusiry
researchers, believed improvements were only “some-

what" or “scarcely likely.” This difference between =

co-investigator perceptions was also statistically sig- -
nificant (t = 3.44, p < .001), again f avoring tiie_ urli_ve_r—
sity respondents. .

In summary, although all four areas were v1ewed as' :
important research goals by both groups, they Weref -
most hopeful about tangible benefits through improved
instrumentation and methods. The university respon-
dents were more optimistic than their industry ncoun-_
terparts regarding these various outcomes.

Personal Outcomes. Both groups of scientists agi‘éed_
that participation in IUCR would probably have mini-
mal impact on their future promotions, salary, job

assignments or visibility within the organization. :

However, as seen in Tables 16 and 17 the majority did.
feel that the project would have moderate impact on.
their prestige among their peers within their respec-

tive organizations and in the larger scientific community.

According to Table 16, participation in a successful
IUCR project was seen as having an appreciable impact
on investigator prestige among their organizational col-
leagues for 27 percent of the university scientists and
34 percent of the industry scientists. [This dlfference
was not statistically significant.) _
Table 17 indicates that the investigators percelved that-'
their prestige among their peers in the larger scien-
tific community would be positively affected (41 per-
cent for university scientists; 51 percent for industry
scientists.) Although the industry scientists were slightly
more optimistic in this regard, the difference was not
statistically significant. -

In terms of student placement, 56 percent of the.
university scientists and 46 percent of the industry
scientists thought participation in the project would’
result in better personnel recruitment. At the time of

Table 16 SR
Potentlai Effect of IUCR Project Success on Resealrcher-
Prestige Among Organizational chileagues

Com- Consid- P _j" o

Almost  Pretty Somewhat Scarcely pietely  erably Some N of atAll”

Certain  Likely Likely Likely University Researchers 6 21 56 . - 18
University Researchers 26 ‘18 26 30 Industry Researchers 7 27 50 17
Industry Researchers 15 26 22 37 '

Table 17
Table15 Potential Effect of IUCR Project on Researche'

Likelihood of Improvements in Manufacturing Processes Prestige Among Peers in Scientific COmmunity_

Almost  Prstty So)n‘ewhar Scarcely Com- Consid- ot e

Certain  Likely Likely Likely plotely  erably” Some - NotatAll
University Researchers 14 15 21 51 University Researchers 9 a2 49 - 11
Industry Researchers 4 15 17 64 Industry Researchers 8 43 41 T
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this assessment a total of 87 students, involved- in 45
projects, had been interviewed by participating firms,
and 29 had been hired.

General Satisfaction with Research Activities. There
was general agreement between university and com-
pany scientists regarding their satisfaction with vari-
ous aspects of the research project. According to Table
18, 97 percent of the umiversity investigators and 92
percent of the company researchers were either
“completely” or a "'great deal” satisfied with the tech-
nical quality of the research. In addition, approxi-
mately 76 percent of both groups of researchers were
“completely” or “‘a great deal satisfied’” with the com-
munication between participants. Eighty-three percent
of both groups were “completely” or “a great deal”
satisfied with the administration of the research project.
These data represent a strong endorsement of the IUCR
projects in which these scientists participated.

There was a significant difference in the perceived
responsiveness of the project to organizational priorities.
While 96 percent of the university scientists were
“completely’” or a “'great deal” satisfied with the
project’s responsiveness to academic priorities, only
about 75 percent of the company scientists were equal]y
convinced of the project’s relevance to industry priori-
ties. This difference was statistically significant (chi® =
47.494, p < .001) and may reflect fundamental differ-
ences in the research perspectives of the two sectors,

Table 18
Satisfaction with Project

Respondent

Project Feature Group Salisfaction Rating*

Com- A Great Not at
pletely Deal Some All

Technical quality of

the research University 61 36 4 0 100%
Industry 56 36 8 0 100%
Communications be-
tween university and
industrial partici-
pants University 4 36 18 4 100%
Industry 48 28 21 100%
Administration of the
research project  University 43 40 15 100%
industry 31 52 13 4 100%
Respongiveness of
project to organiza-
tional priorities and .
interests’ University 75 21 3 1 100%
Industry 31 44 23 2 100%
'p<.001.
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such as time horizons, the relative importance of basic
versus applied science, etc. Overall satisfaction with
project activities was high for both groups. That is, 88
percent of the university scientists and 80 percent of
the industry scientists were “‘considerably’” or “com-
pletely” satisfied.

Summary of Descriptive Results

* There had been extensive contacts between univer-
sity and industry scientists prior to the IUCR projects,
with consulting relationships being the most common
form of interaction.

. University scientists played a leéding role in ini-
tiating the IUCR projects, and NSF staff played a cru-
cial brokering function. '

¢ Both university and industrial participants ex-
pressed a high degree of general satisfaction with IUCR
participation, and with the technical quality, commu-
nication patterns, administration, and responsiveness
of the project.

* University and industry researchers involved in
IUCR projects are senior, well-established scientists,
with considerable prestige and authority in their
institutions.

* The majority of university and industry scientists
felt that the cooperative research project would not
have been undertaken in the absence of the IUCR
program, '

* Project management and decision-making was not
a team effort in the majority of projects; these respon-
sibilities (ended to reside with the university and indus-
try principal investigators.

¢ University scientists tended to be more person-
ally involved in all research tasks than their indus-
trial co-investigators.

* Coordination and communication between the uni-
versity and industry teams was frequent and gener-
allyinformal (by phone or meeting).

» There was a high degree of consensus between
university and industry co-investigators on the goals
of the ITUCR projects.

¢ A large majority of both university and industry
researchers felt that improved research projects, in
general, would result from IUCR participation.

¢ University participants strongly felt that changes
in their research topics and issues resulted from [UCR
involvement, more so than their industrial colleagues.

» Both university and indusiry scientists felt that a
significant result of participation in IUCR was gener-
ally improved ability to cooperate with the other sector.




e Improvements in instrumentation and methods * University respondents were generally more. opti-
were seen by both university and industry partici- mistic than their industrial colleagues concerning the L
pants as a highly likely result of participation in TUCR. . likelihood of tangible benefits accruing to the firm. iy




Chapter 3 "

CORRELATIONAL ANALYSIS

This chapter will present the results of further analy-
ses performed on the data categories described in Chap-
ter Two. The intent was to explore the relationships
between researcher descriptors, project structure, proj-
ect activities, and project outcomes. Results have been
organized by data category, Differences and similari-
ties hetween the results for university and industry
respondents will be highlighted.

The first section of the chapter briefly describes
how the original data set was reduced into a more
manageable number of predictor variables. The method-
ology utilized is somewhat peripheral to the central
question of what is related to successful university-
industry cooperative science and is detailed in Appen-
dix C. The second section of the chapter describes
how the measures of project outcomes were devel-
oped from the original raw data, and how these out-
come variables relate to one another. In the last sec-
tion the correlational analysis of project processes as
predictors of project outcome is presented.

Data Reduction and Variable Aggregation
Procedures

As previously mentioned, 141 discrete variables were
coded from the university questionnaire and 162 dis-
crete variables were coded from the industry question-
naire. This number of variables precluded a succinct
consideration of the project success question, and
argued strongly for data reduction and aggregation.
Since there were significant differences between uni-
versity and industry respondents (described in Chap-
ter 2), and because there was interest in extending
side-by-side comparisons, these data aggregation analy-
ses were performed separately for the two sets of
respondents.
~ In the first stage of analysis several steps were taken
to reduce the size of the data set. Variables were elimi-
nated from further analyses based on minimum vari-
ance in responses, low response rates, or overlap with
other items. Some recoding was performed to com-
bine items into rational mini-scales. Items of back-
ground information were also eliminated. Factor analy-
sis and empirical scaling techniques were then employ-
ed to create aggregate variables.

These procedures served quite well to winnow down
the size and complexity of the data set for subsequent
analyses. As seen in Table 19, the procedures reduced

141 discrete variables to 25 scores for the university

respondents, and 182 discrete variables to 34 scores
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for the industry respondents. The aggregate variables
and scales created by these data reduction methods,
and their interrelationships, for researcher descriptors,
project structure and project activity variables are
described in detail in Appendix C.

Outcome Variables and Their Interrelationships

Particular attention was focused on developing
“success” criteria for the cooperative projects. The
factoring and scaling procedures yielded a set of com-
posite outcome measures (see Figure 1) which tapped
four general areas: 1} satisfaction with the project; 2)
commercial outcomes which translated irito actual or
expected product/process improvements; 3) written
scholarly output; and 4) changes in the science (research
topics, methods, or procedures).

The Satisfaction measure was an amalgam of per-
ceptions about several aspects of project operations:
administration; communication; research quality;
and responsiveness. As such, it was a global measure
of good feeling about the project.

Two types of questions related to Product/Process
Improvements. One focused on gains already achieved,;
another type of question asked for future expectations.
The results of the factor analysis grouped both these

Table19
Results of Data Reduction
No. of
Variables
No. of Question- After Data
Data Category naire ltems Reduction
Universily Respondents
Researcher Dascriptors 9 5
Prior Relationships/Initiation of
the Collaboration 17 5
Project Management 42 7
Coordination of Project Activities 14 4
Benefits/Outcomes 5% 4
Total 141 25 .
Industry Respondents
Researcher Descriptors 12 7
Prior Relationships/Inltiatlon of
the Collaboration 19 3]

" Praoject Management 45 [
Coordination of Project Activities 22 10
Benefits/Qutcomes 64 5

Total 162 34




items together, although there was a greater emphasis
in the composite variable on gains already realized.
In this sense, the resultant indices represent a much
more conservative test of IUCR success in this area. It
will be noted (see Figure 1) that the university respon-
dents tended to lump product and process improve-
ments together while the industry respondents made
discriminations between improvements in these two
areas. As a result, two separate measures for each
dimension were constructed for the industry group,
while the university variable was a composite of both.

The Written Products measure is the clearest index
of traditional scholarly activity. It is a composite of
various kinds of written products: papers, articles,
reports, etc. Resources did not permit construction of
a measure that reflected quality of written output;
this was strictly a quantity index.

Perhaps the most interesting outcome or dependent
variable was the one which has been labeled Changes
in the Science. The index itself was an amalgam of
perceived changes in research topics and methods

Figure 1
Outcome Variables

Variable Name : Dascription

University Respondents

1. Satisfaction The degree of participant satisfaction with proj-
ect administration, communication, research
guality and project compatibility with organi-

zational priorities.

2. Product/ Process
Improvements

The extent to which improvements/changes
in products or the production process were
mentioned. .

3. Written Products Summative index of written products from proj-

ect includir_lg books, articles, etc.

4. Changeé in the
Science

Extent to which partlcipation in the project had
changed research topics and methods in the
university setting.

Industry Respondents

1. Satisfaction The degree of participant satisfaction with proj-
ect administration, communication, research
quality and project compatibility with organi-

zationa! priorlties.

2. Product
Improvements

The extent to which improvements/changes
in products, costs, and designs had occurred.

The extent to which improvements/changes
in production methods, costs, product unitorm-
ity were mentioned.

3. Process Improve-
ments

Summative index of written products from the
project including books, artlcles, stc.

4. Written Products

Exient to which participation in the project had
changed research topics and methods in the
industry setting,

5. Changes in the
Science

15

resulting from IUCR participation. This is an admit-
tedly crude measure of one of the more exciting aspects
of cooperative research: how the natire of thei mquu‘y is
altered. _ _ ,

There were some noteworthy differences between
university and industry respondents in terms of the
mterrelatmnshlps among the outcome variables [I‘able

20).° Generally speaking, the university outcome vari-
ables tended to be less inter-correlated than industry
outcome variables. In particular, Changes in the Sci-
ence were not related to the other outcome variablzas
for university respondents. In contrast, for industry
respondents Changes in the Science were associatetd
with all of the other outcomes, i.e, satisfaction, product/
process improvements and written products. These
data suggest that Changes in the Science may have'a
pivotal relationship to other outcomes in the indus- -
trial setting, One hypothesis might be that changesin -
nature of scientific inquiry have to precede changes
of a more tangible or commercial nature (or vice versa).

Table 20
Correlations Among Outcome Variables

1. 2 .:-3. P
University Respondents B

1. Changes in the Stience

2. Satisfaction .07

3. Written Products 02 20 o

4, Product/Process Improvements 02 .23 a7
industry Respondents .

1. Changes in the Science

2. Satisfaction .25+

3. Written Products 37 29w

4, Product Improvements 42+ 13 .0

5. Process Improvements 35+ .24+ 22%

';)—é 01, ' '

**p<.001.

Project Process and Project Outcome: The
Definers of Success '

In this section an attempt will be made to unravel
the ingredients of successful cooperative research pro-
jects [see Tables 21 and 22). The data that will be
reported will consist of simple zero-order correlations
between aspects of project structure and processes
and the various outcome indicators. As noted abeve,
we have defined success in terms of several dimen-

® In this chapter all reported mterrelatmnshlps are Pearsons pmcfuct—
moment correlations.
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sions and the correlational data will be described in
thesa categories.’

Changes in the Science. For university respondents
(Table 21) one variable significantly correlated with
changes in research topics and methods: the amount
of exchanges and interaction among participants dur-
ing the project. These activities would tend to facili-
tate intellectual exchange and networking, which are
important precursors to changing the research agenda
and methods in universities.

In a like manner, the intensity of industry respon-
dents’ contacts with university team members before
the project began was also related to changes in the
firm’s research agenda and methods. (Table 22) How-
ever, the major factor relating to Changes in the Sci-
ence was the greater involvement in the project of top
R&D planning and management staff. Whether this
indicated that the more methodologically important
projects attracted the interest of R&D planning and/or
management staff, or that their interest produced the
Changes in the Science, is unclear.

® Only those correlations which were statistically significantly dif-
ferent from 0 at p < .01 will be discussed. The magnitudes of the
correlations are generally in the range of .25 to .5, indicating that
between 5% and 25% of the variance in the dependent variable is
accounted for by the independent variable. These are quite sub-
stantial percentages for zero-order relationships in data of this type.

Satisfaction. The higher ranking university scientists
and those with administrative experience tended to
be more satisfied with the project. Again, the range of
contact between groups during the project was impor-
lant to university scientists’ satisfaction.

Similarly for industry scientists, the frequency of
interaction during the project, supported by the place-
ment of university team members at the firm site,
contributed to satisfaction.

Written Output. University scientists indicated that
frequent and varied contacts during the project with
industry collaborators were important in producing
written documents. Reinforcing these findings, an idea
broker role for the university PI was also related to
the amount of scholarly output.

Correlations for industry scientists followed the same
general pattern. Having industry team members working
at the university during the project correlated posi-
tively with the amount of written output, as did an
idea broker role for the industry participant. Bench
level industry scientists tended to produce more wril-
ten documents. The fact that reporting requirements
were more stringent for industry scientists may par-
tially explain this finding.

Product/Process Improvements. For university re-
spondents, commercial outcomes for the firm were
correlated with the university’s role in initiating the
project, and the researcher’s level of involvement in
bureaucratic activities.

Table21’

Correlations Between Research Process and
- Qutcome Variables

University Respohdenis

Changes in Written Product/Process
the Science Satistaction Output improvements
Researcher Descriptors Seniority .
36*
Administrative
‘Experience
.23*
Project Initiation University Project
Impetus
28**
Project Coordination Amount of Exchange  Range of Project: Range of Project
and interaction Interaction . Interaction
23 27 .25*

Armount of Exchange
and Interaction

.25*
Pl Roles Pl as ldea Broker P1 as Bureaucrat
: .20* . 23*
*p<.01.
* p<.001.
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Tabte 22
Correlatlons Between Research Process and Outcome Variables
Industry Respondents

Changes in
the Science

Satisfaction

Written
Output

Product
Improvements

Process " =
Improvemsenis’

Researcher Descriptors

Studied at Collabor-

ating University
21

Rank in Organiza-

tion

Industry participants separated product and pro-

cess improvements and there was no overlap among

factors related to these categories of outcomes. Prod-
uct improvements were noted most by junior scien-
tists who functioned less as conceptualizers, had an
academic tie to the university, and who were in a role
subordinate to the university in project initiation.
However, the most important correlate of product/
process improvements was the involvement of other
company officials, including planning, management,
and production staff.

~ Summary of Correlational Analysis

Four major outcome measures were identified: 1)
Changes in the Science; 2) Satisfaction with the Project;
3) Written Output and; 4) Product/Process Improve-
ments. The correlations among these measures and
between outcomes and research process variables are
summarized below:

¢ For industry respondents outcomes in one area
tended to be correlated with successful outcomes in
the other three areas; this was less true for university
respondents. ‘

* The amount of interaction between participants
correlated with Changes in the Science for both groups

17

-.20*
Project Initiation Range of Prior University
Contacts Project Impetus
.25 .26* :
Project Coordination Top R&D Planning/ Frequency of Industry Personnel Top R&D Planning/ Production Staff::
: Management Project Interaction Exchange Management Involvement
involvement 33* .28** Involvement 27"
A1 37
University Person- Industry Personnel
nel Exchange Exchange
21+ .23*
Pl Roles Pl as idea Broker Pl as Project
.24* Conceptualizer
-2
P! as Bench
Scientist
21
*p<.0M.
** p<.001.

of respondents. However the period of interaction
differed. Prior interaction was important for firm
scientists, while interaction during the project was
more important for the university scientists.

* The major factor relating to Changes in the Sci-
ence for industry Pls' was the involvement of top R&D
planning and management stalf,

* For both university and industry participants, sat-
isfaction with the project tended to be a function of
intraproject “‘networking,” such as the amount of
interaction and actual personnel exchange. :

* The higher ranking and senior university scien-
tists tended to be more satisfied with the project.

* Major factors correlating with written output fol-
low the same general pattern for both groups, with
the degree of contact and mtel]ectual exchange bemg
crucial.

* Industry participants separated product and pro-
cessimprovements; university respondents did not.

* University impetus in project initiation seemed o
be an important correlate of commercial outcomes for
both university and industry respondents, '




* For industry scientists, the most important corre-

late of product/process improvements was the involve-

ment in the project of staff from elsewhere in the
company (e.g., R&D planning and management, pro-
_duction).

18

» Those projects with more product improvements
involved industry scientists who were junior in their
organization, and who had a prior personal link with
the particular university (such as former students).
These projects also tended to have industry staff operat-
ing on site at the university.
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Appendix A

UNIVERSITY RESPONDENT QUESTIONNAIRE

OMB No. 3145-8076 ID CODE NUMBER
Fxpires: 3/83

9. Censidering all the faculty now involved with this proiect, approximately

ID CODE NUMBER . :I;:}t;. Erﬁ::g:ge of them have had the following types of prior contacts
Individual consulting relationships .3
UNIVERSITY PARTICIEANT UESTICMNATRE Contract research projects X
' Faculty exchange 1

This questicnnaire is desioned to provide the NSF with information to Student placement 2

understand better the effects of the Industry University Ceoperative Research Other (please specify)

Projects Program and to indicate to us how that program or others like it

might be more effectively monitored, We are asking the same questions of all

university Principal Investigators who participated in the program during 1A, Prier to the beginning of this Industry/University Cooperative Research

: : . roject, how frequently did you personally have contact with industr:
19781984, Your individual responses will be held confidential and will not ge:éonm;l now agociatzd wit},"';tge v !
be discussed. 'If a questlon ls Inapplicable, proceed to the next guestion. Several times per week

Several times per month

Several times per year

Ih order to understand the relationship between university and
Industrial participants in the Industry/University Cooperative
Research Program, it would be useful to have some background
about university researchers such as yourself. Questions I to 7 !

are deslgned to provide us with some data about your experience, | 11.
and your position within the university,

Rarely or never

How did you hear about the Industry/University Cooperative Research
Program? (Check all that apply)

!
¥

NSF personnel

A colleague at your universit:
1. How many years have you spent with this university? - * va Y

A colleague in industry

2. How many years have you spent working ln academic settings since

Other, specif
receiving your highest degree? - r specily

3. How many years, if any, have you spent working full-time in industry
since receiving your highest degree?

12, From where did the initial impetus for this project come?

q, Have your ever been a chairman of your department, or held an

Your university
adninistrative pesition in your university? —

The firm
Yes No

Evolved £rom mutual discussion

5. What is your current academic rank?

13. Do you think your university would have undertaken this type of

collaborative research with a fim in the absence of a specific NSF
program?

Yes No
6. How long have you held this pesitien? hanand -

14, Other than this Industry/University Cooperative Research proiect, how

rg%gyllggg“’grants have you been lnvolved with in the last five years (i.e.,

7. Heve you been with this Industry/University Cooperative Research project e
since its inception?
_Yes No 15, Of these, on how many were you the Principal Inwestigator?
16.  How many grants have your received from other government agencies in the

1 last five years (i,e., '78-'82)7
We are also concerned with the decision making and logistics asso- |
ciated with your university's invelvement with this Industry/Uni- |
versity Cooperative Research project. We know that in general the |
scope of discussion in universities zbout project participation hasl| 17.
varied widely; s0 has the amount of prior contact with industry 1
perscnnel, Jtems B to 18 are intended to help us understand the |
|
|

How many organizational levels in your unversity above your own had to
give explicit approval for participation in this Industry/University

3 Ceoperative Research project?
early formation of Industry/University Cooperative Research teams.

18, Was this approval process substantially different from that used with
projects not involving industrial participatien?

8. How many faculty participate actively in this project at any one
time? Yes Mo




ID CODE WUMBER

o |
| Each University/Industry Cooperative Research project represents a

| unigue research effort. In order to better understand the overall

{ program, we would like to know about some of the structures and

| decision processes which operate ip this project.

23,

Questions 19 to 27 deal with these dimensions of structure and
decision processes.

19, To whom ih the university are you obliged tc send formal reports

concerning the activities of this project?

M. In genera}, which of the followiry alternatives best describes the way in
which decisions are made about work Eriorities on this pro;ect {i.e.,

what needs to be done)?

24,

; The Principal Investigators decide alone;

____The Principal Investigators decide after consulting wiﬂ-n senior
T members of the project team;

The Principal Investigators decide after consulting with the team as

a whole;

___The Principal Investigators and senior members of the project team
T jolntly make the decision;

The preject team as a whole decides;

ford Each individual project team member determines his or her own work
HE priorities.

Other, specify

21. In general, how are specific task assignments made on this project (i.e.,, 25.

vho does a specific job)?

By the Prini.cpal Investigaters;

___ By either the Prineipal Investigators or a senior member of the
"= project team;

By collective team decision;

___By self-assignment,

22, Each of the Following paragraphs describes a working arrangement
typically found in research teams, Please consider each paragraph
carefully and then circle the letter corresponding te the paragraph that

i cones closest to describing the working arr it In this project.

Y A. "In this project each team member executes some aspect of a

i ) coordinated research plan which has been formulated primarily by the

i principal investigators. Coordlnation between specific sub-tasks

i performed by team members ls pre—planned and supervised by the
principal investigators.”

"In this project each team member executes some aspect of &

coordinated research plan which has been formulated through team

H discussions. Cocrdimation between specific sub-tasks performed by

S team members is by mutual agreement and responsibility is shared by
o various team members except when the princxpal lnvestigators are

needed to resclve disputes.®

ok "In this project each team member designs and executes his research
s plan which is relevant to a common problem. Coordimation between

! these specific research products occurs at the end of the project
when the principal investigatoers combirne the individual outputs into
a coherent whole,”

26.

"In this project each team member executes some aspect of a
coordinated research plan formulated by the principal investigators
after ideas from varlous disciplines have been solicited.
Coordination between spacific sub-tasks performed by team members is
pre-planned and supervised by the principal investigators.”

21
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1D CODE NUMBER

OQutside of seeking funds, which of the following managerial Eunctinns do
you consider most important In your role as a Principal Investigator on
this project? (Check all that apply)

A)____Supervise the work of team members; '

B)____Evaluate the work of team members;

C)___ Assign work ko team members;

D) __ Coordinate the work of team members;

E)___Make decisions about priorities in team objectives;

F)___ Make decisions about priorities in the utilization of resourges;
G)____Serve as interface betwéen the team and a pérent‘. o'rganizat.ioﬁ;

ny Locate new team members;

1) Dizseminate the team's product/results.

g} Other, specify

Of those functions you have just checked, please specify the letter [A ~
J) of the three most important, in order of importance.

Most important
Second most lmportant

Third most impertant

The Principal Investigator in any research effort may be called pon to
perform a variety of intellectual duties. Besides contributing new ideas
yourself, which of the following do you consider to be the most important
intellectual activities in your role as a Principal Investiqator v:f: this
project? {Check ali that apply}

A) Encourage team members to contribute new ideas;

B) Consult peaple outside the team for new ideas;

c) Evaluate igeas of team members;

Encourage team members to evaluate your ideas;

E) Encourage team members to evaluate each other's ideas;

F) Encourage team members to consult outside the team for new tdeas; )

G) Translate ideas from the language of ¢ne scientific diseipline to
the language of another;

H}___ Encourage team members to translate their ideas into the 1anguage
" of other seientific diseiplines;

I} Seek outside evaluation of the team's ideas;

J) Help premote the ideas of peripheral team members.

X) Other, specify

Of those functions you have just checked please specify, the letter. [A -
K) of the three you consider most important, in order of importance,

Most impartant
Second most important .

Third most important




27,

28,

29,

3a.

3%

ID CODE NUMBER

Below is a list of main areas of R4D activities usually performed by a 33,
regearch unit, In the space provided please write the number

corresponding te your PERSCNAL INVOLVRMENT in each area en this project,

using the following scale:

1 = very high; 2 = high; 3 = medium; 4 = low; 5 = very low.

My personal involvement in the following areas is:

a. Perceptlon and identification of an area of interest.....ciuessass

B. Literatute Feview..ieevesensnsssuaacvsansanrsensarrensararsravrrars 34.

Prablem definition: conceputalization, formulation, analysis.....

Orlentation and perceptien of methods, techniques,*and apparatus..
Formulation Snd statement of hypotheses...iciasssreutasssscnansses

Research design: planning, strategies and experimental approach..

Collection and production of data, including experimental work....

Results: detailed analysis, interpraztation and conclusionS.....ee._

Report writing, e.g., for publication, dissertation, etC..eeesvres

Time~table, administration, organization and budjet

CoNSIAerationS. e iiccerssiacesestasoreccaasonsuanacnssconannan
. 35,

Allocation of work within the unit.ieeivececsiansssiasssnseassnnss

Coordination and/or cooperation with other UNitS..veeevsereaassnss

Personnel decisions......eecenrresnnscssannsvasnnnrsnsnaanusennan 3
Selection of equipment/inStrunents..cciisssesaassrasssscrnsnnraes

3.

1 1
| We are particularly interested in the types of relationships formed |
1 between university and Eirm personnel in the esecution of this |
| research project. ¢uestions 28 to M are desianed to give us some

| ae.
| idea of how the two organizations work together. |
| |

Aow many industrial scientists affiliated with this research have

39.
spent time working om-site at your university on this project?

How many. sclentists from the university have spent time working
at the collaborating fim on this project?

During the course of this project how frequently do you interact with
industry personnel associated with it? (Check one)

Several times per week
Several times per month
Several times per year

Rarely or never

What methods of interaction do you typleally use to interact with
industry personnel? (Check all that apply)

Face-to-face/informal meetings

By phone

46a.
By letter or memo

Farmal scheduled meetings

What percentage of the face~to-face meetings took place at the following
sites?

The university _ %
The fim %

Other sites, specify %
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Wwho initiates most of the contacts between university and industry
scientists working on this project? (Check one)

University scientists initiate most of the interaction

Industrial scientists initiate most of the interactien

Thete is ho cléar patterns.

What is the percentage of this project's research activities which
involves sharing of the work and/or joint management between university
and industry personnel?

|
A primary concern of this assessment are the various results and |
bene€its that have accrued to universities from participation in this!
Industry/University Cooperate Research project. Please be as objec- |
tive and candid as possible, sipce in the long run it will be to the |
program's advantage ko understand project strengths and limitations |
Fully. Questions 35 to 56 Focus on outcomes, results, and potential |
benefits. I]

APproximately, hew many people at your university have requested
information from you concemning speciflc activities of this Industry/
University Cooperative Research project?

Approximately, how many people outside your university have requested
Information from you concerning specific activities of this Industry/
University Cocperative Research project?

Approximately what percentage of these information reguests can be
classified as technical in nature?

Approximataly what percentage of these informatlon reguests concern
administrative or operational issues of this Industey/University
Cooperative Research projects =

How would you rate this research project compared to similar research
projects in other U,5. universities?

—_Top 2%
__.. Top 16%
... hbove average

Belaw average

___ Wot comparable, because...

Please indicate the NGMBER of written products and/or prototypes produced
in conjunction with this project, by yourself or other faculty members at
your university.

Ro. of Preducts

roduced
by r_E‘e' proyect

Written Products
a, Books (including editorShip) sesseescscssrsscsanscaannsercansrene____
b, Scientific or technical articles published .

in the apen literature..cseecannsesvesansssnanraanasesannaresnans
¢, Patents or patent applicationS.....ccesssvsessssesasassenaneseann
d.  Atgorithms, blueprints, flowcharts, drawings, @tCei.ssessessssases_
e. Reviews and bibliographies published ir the open literature......___
f£. Internal reports on work pertair;ing .to this project.;............
q. Other written products (specify)




ID COCE NUMBER

48b, Protorypes and other Undocumented Products

Ho. of Products ad.
Eroduced
by the project
a. Experimental prototypes of devices, instruments .
and apparatus, components of devices, etC...iicissracesersannns
- Experimental materials such as [ibres, plastics,
glags, metals, alloys, substrates, chemicals,
drugs, PlantS, BLCiasiecsssesassosrsrrntssrsssasssrsansnnsannns
€. Prototype Computer PrOQEamMS..casarssssssssasnnssaasasssnsserare
d, Audio-visual materials/productions..ccecsereeasrvssrsassioasass
e, Other undocumented products (specify)
41, How satisfied are you with the Ffellowing features of this
Industry/University Cooperative Research preoject?
E . A Great Not at
Completely Deal Scme all
; Technical quality of . )
i the research
. Communications between
: university and indus-
; trial participants
administration of the
research project
Compatability of pro-
ject with academic
; priorities and
! interests
: 42, Are there any particular features of project operations and results with 45,

which you are expecially satisfied?

43, Are there any particular features of project operations and results with
which you are dissatisfied? 46.
47,
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ID CODE NUMSER

Please rate the importance of the following goals and potenti:al outcotes
of this project? ’ ’

Extremely Considerably Somewhat WNok at all
Important Important - Important . Impertant

General expansion of
knowledge in this
technical area,

Enhancement of graduate
students' technical
training.

Enhancement of graduate

students’ understanding
of industry.

Redirection of university
research toward
industrial problems.

Enhancement of quality
industrial research.

Erhancement of guality
university research.

Instrumentation
development ,

Development of new
regearch projects
in your university.

Improvements in manu=-
facturing processes.

Development of patentable
products,

Development of commercial—
ized products.

In your opinion, how llkely is it that the collaborating industriai :
company will realize ‘t_amim benefits, naw or in the future, in the
following areas as a Tesult of partleipation in this project? .

Almost
Certain

Pretty
Likely

Somewhat
Likely

Scarcaly
Likely

Better persennel
recruitment

Improved research
projects

Patentable products/
technology

Commercializec products/
technology

Improved instrumentation/
methods

Improvements in manufacturing
processes

To what extent has participation in this Industry/University Cooperative

Research project caused changes in the research projects conducted In -
your university?

Hardly

b Lot  Some A Little Ay

Changes in research topics
and issues

Charges in research methods
ardl precedures used

If this Industry/University Cooperative Regsearch project has caused
changes in the kinds of research projects conducted in your unive:s:lt.y,.
vhat specifically are these changes?




ID CODE NUMBER o 1D CODE NUMBER

48. In your opinion, has participation in the Industry/University Research _
project had any effect on the following specific outcomes in the .
‘tollaborating industrial company? 49, To what extent is each of the following Com- Consid- Mot at

'1ike1¥ to be positively affected by the pletely erably Some all
Hot. relative success of your work in this
Yes o Maybe Applicable project?
Improvements in products A. Your promotien te a higher position
and services —_— —_ . in the wniversity. o —_ —
; Charges in warranty and B, Salary increases, . —— —_ —_—
: complaints in view of .
improvements in products — — C. Your prestige amorg your colleagues
in the university I e —en
New products developed due
to related efforts —_ . — —_ D. Your prestige among your peers in

the larger scientiflc community.
Chanqges in cost of products

i to users {price changes ar ) E. Your receipt of financial rewards
i gecteased product which are independent of salary, —_ — _— —
; maintenance)

F. The amount of contrel you might have

Reduction of production over future job assignments. — . S
costs
. - - - G. Your “visibiliey" to upper level
Improvement in processes university administration. — —_ —
and methods of -
preduction —_— — — ’ X
Increased uniformity of 5@, To what extent are you generally satisfied with the operations and B
. products —_ — o activities of this IndusStry/Amiversity Cooperative Research project?
Improved product of ___ Completely
N process design |
- - = - . Considerably
Inproved capability to
deal with goverhment . Same
regulations —_— — — —
Wot at all

Improved capability to
cooperate with
university scientists

51. In the future we intend to site visit a sample of universities who have

respondad to this survey. would you be willing to participate in this
follow—on study?

Yes No

THANK ¥OU FOR YOUR COOPERATION!

Results in an aggregated form will be made available to all respondents to ;_
this questionnaire. i
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APPENDIX B

INDUSTRY RESPONDENT QU ESTIONNAIRE

OMB No. 3145-8¢76
Expires: 3/82

ID CODE &
14,
INDUSTRIAL PARTICIPANT QUESTIONNAIRE
This questiornaire is designed to provide the WSF with information to
understand better the effects of the Industry University Cooperative Research 15.
Projects Program and to indicate to us how that program or athers like it
might be more effectivaly monttored. We are asking the same questions of all
£irms which participated in the program during 1978-198@. Your individual
resporses will be held confidential ard will rot be discussed. If a question
is inapplicable, proceed to the next question. )
| |
! In ordet to understand the rolationship between university and |
} industrial participants in the Industry/University Cooperative |
| Research program, it would be ugseful to have scme background !
| about industry researchers such as yourself. Questions 1 to 15 | 16.
!"are desiyned to provide us with seme data about your fimm, |
| your experience, and your position within the firm. . |
| |
1, Is yeur firm an afZillate or subsidiary of ancther company?
___ Yo
Yes; Tf yes, specify the nature of the relatianship,
2, what is the main product line or service offered by your fimm?
3. How many years have you spent with your company?
17,
4. How many years have you spent in research and development with
your company?
5. How many years have you spent in industry in general?
6. How many years have you spent in research and development in
industry?
18,
7. How many prganizational levels are there between you and the
: chief executive officer in the company?
8. How many organizational levels are there between you and the senier
technical executive in the company?
9. How many people report directly to you? S
19,
19, How many peopie ceport to you through your subordinates?
11l. Wwhat is your current position/title?
0.
12, Fow long have you held this position?

13, what is the highest degree you have received? 21,

In what Eigld?
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Do you have a degree from or have you taken course wark at the
collaboratimg university?

Yos No

Have you been with this Industry/University Cooperative Ressarch pzo;e-t
since its inception?

Yas No

B
We are also concerned with the decision meking and logisties asse~ |
ciated with your company's involvement with this Industry/Univer~ |
sity Cooperative Research project, We know that in general the : |
scope of discussion in companies about project participation has |
varied widely; sc has the amount of prior contact with university |
personnel. items 16 to 25 are intended to help us inderstand the !
early formation of Industry/University Cooperative Research teams. |

Prior to the beginning of this Industrf/ﬂnivers:ty Cooperative Rasearch -
project, was your company involved in any of the following activities
with university personnel niow associateéd with the project? = (Check ‘all
that apply)

___ Individual consulbing relationships .

__ Contract research projects

.. General support of facul:y research

. Support of student thesis research

___ Faculty exchange

_ Student placement

. Other (please specify)

Prior to the beginnimg of this Industrymniversity Cooperative Re'search
project, how freguently did yeu personally have contact with um.vn=rsl’\'
personnel now assoclated wikh it?

Several times per week

Several times per month

Several times per year -

Rarely of never

—_—

How did you hear about the Industry/University Cooperative Resear'h
Program? (Check all that apply)

. NSF persennel
A colleague at your company
A celleague at the university

Other, specify

From where did the initia) Linpetus for this project come?
Your £irm
. The university

Evolved from mutual discussion

Do you think your £imm would have undertaken this type of collaborative
regearch with a university in the absence of a specific NSF program?
Yes No

Other than this Industry/University Cooperativ'e Research project, how

mary NEF grants have you been J.nvolved with in the last E‘ve years: (i.e.,
118-132)7




22,

23,

24.

25.

26,

27.

28.

28,
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How many organizational levels in your firm above your own had to give
explicit approval for particépation in this IndustryAmiversity

' Conperative Research project?

How many groupe at your level In your company hed to concur with the
desision to participate in this Industry/University Cooperative Research
project?

Was this
prejects

approval process substantially different from that used with
not involving university participation?

Yes

No

Wrat is the approximate total sost per year of your company's
participation in this project, including cash and in-kimd
contributions?

———a

Each University/Industry Cooperative Research project represents a
wmique research effort. In order to better understand the overall
program, we would like to know about Some of the structures and
decision processes which operate in this project.

Questions 26 to 37 deal with these dimensions of structure and
decision processes.

How many people in your firm participate actively in this project at any
one time?

38.
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2.

In general, which of the Following alternatives best describes the way in

which decisions are made about work priorities on this project (i.e.,
what needs to be done}?

_.The principal Investigators decide alone;

The Principal Investigators decide after consulting with senior
membars of the project team; : .

___The Principal Investigators decide after consulting with the team as
a whole;

___The Principal Investigators and senior members of the project team
Jointly make the decisien;

e The project team as a whole -decides;

_ Bach individua) project team member cdetermines his or her own work
priorities.

.. Other, specify

In general, how are specific task assignments made on this project {l.e.,
who dees a specifiec jeb}?

....By the Prinicpal Investigators;

____By either the

erincipal Investigators or a senior member of the
project teamy

By vollective team decision;

____ By self-assigrment.

what functional groups in your company work directly with the
Industry/University Cooperative Research project?

Regularly Ccccasionally

Central R&D staff
Divisional R&D staffs
Production staff

Marketing staff
Erngineering/technical staff
Corporate planning staff

gther, specify

XN

{Check all that apply)

34.
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To what what extent is your company's top RED management involved with
the activities of this Industry/university Cooperative Research praoject?

- Follows the project closely
. Is aware of gereral progress of the project
_ Knoews it exists, but not much more

- Is not aware of the project

To whom in your firm are you chliged to

send formal reports concerning
the activities of this project?

Each of the following paragraphs describes a working arrargement
typically found In research teams, Please consider each paragraph
carefully and then circle the letter corresponding to the paragraph that
coemes closest ko deSCTIBING Ehe working arrangement in this project.

A.  "In this project each team member executes some aspect of a
coordinated research plan which has been formulated primarily by the
principal investigators. Coordination between specific sub-tasks
performed by team members s pre—planned and supervised by the
principal investigators."

*In this project each team member executes some aspect of a
coordinated research plan which has been formilated through team
discussions. Coordination between specific sub-tasks performed by

team members is by mutial agreement and respensibility is shared by
various team members except when the principal investigators are
needed to resolve disputes,"

"In this project each team member designs and executes his research
plan which iz relevant to a common problem. Coordlnation between
these specific research products occurs at the end of the project
when the principal investigators combine the individual outputs inte
a coherent whole.”

"In this project each team member executes some aspect of a

coordinated research plan farmulated by the principal investigators
after ideas from various disciplines have been solicited.

Coordination between specific sub~tasks performed by team members is
pre-planned and supervised by the principel investigators.”

Outside of seeking funds, which of the following managerial functions do
you consider mest important in your role as a Prikeipal investigator on
this project? {Check all that apply)

A)____Supervise the work of team members;

B} __ Fvaluate the work of team members;

C)___Assign work to team members;

D)____Coordinate the work of team members;

E)__  Make decisions about priorities in team objectives;

F)___ Mnke decisions about priorities in the utilization of resources;
G)____Serve as Interface between the team and a parent organization;

H) ___Locate new team members;

1) Disseminate the team's product/results,

J)____Other, specify

Of those functions you have just checked, please specify the letter (A -
J) of the three most important, in order of importance,

o Most important

Second most important

Third most important




35.

3.

3t.
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e Principal Investigator in any research effort may be called upon to
perform a variety of intellectual duties. Besides contributing new ideas
yourself, which of the following do you consider to be the most important
intellectual activities in your rale as 2 Principal Investigator of this
project? (Check all that apply)

a) Encourage team members to contribute new ideas;

B} Consult people cutside the team for new ideas;

(o] Evaluate ideas of team members;

D} Encourage team mambers te evaluate your ideas;

E) Encourage team members to evaluate each other's ideas;

) Encourage team members tc consult cutside the team for new ideas;

G} Translate ideas from the language of one scientific discipline to

the language of another;

H}___ Encourage team membars to translate their ideas inte the language
T of other scientific disciplines;

1} Seek outside evalvation _of the team's ideas;
I Help promote the ideas of peripheral team members.

%) Other, specify

Of those functions you have just checked please specify the letter (A -
K) of the three you consider most important, in order of importance.

Most important
Second most important

Third most important

Below s a 1ist of main areas of RED activities usually performed by a

research unit. In the space prav:.ded please write the number
corresponding to your PERSONAL INVOLVEMENT in each area on this project,
using the following scale:

1 = very hich; 2 = high; 3 = medium; 4 = low; 5 = very low.

My personal involvement in the fcl.‘ggwinq areas is:

a. Perception and identification of an area of interest.....ceveessss

" by Llterature review....isevssesssasscasasnanssrnsesssnssrararsvassan

34,

c. Problem definition: conceputalization, formytation, analysiS.....

d. orientatlon and perception of methods, techniques, and apparatus ___
e. Formulation and statement of hypotheseS.siscscssssssceccscssnainrs

£. Research design: planning, strategies and experimental approach.._
g. Collection and preduction of data, including experimental work...._
h. Results: detailed analysis, interpretation and conclusionS.......
i. Repart writing, e.y., for publication, dissertation, etGi.ceveseas____

j. Time-table, administration, organization and budget
considerationS.eaceccecsraiianacnnnnnarestsnssresrsnsesrsccncennns

k. Allocation of work within the (Rif.ececacecresnsnnrsrarssssscnssss
1, Coordination and/or cooperation with other UNItS....sesscesvnsaras

m, FPersomnel decislonS.....iciiiissssnsssscescansesonnssananasaannnes

n., Selection of equipment/InStrumentS..viasssavsvacannsansarnrnenrnae

|
We are particularly interested in the types of relationships formed i
between university and firm persormel in the executlon of this |
research project. Questions 38 to 44 are desighed to glve us seme |
idea of how the two organizations work together. }

How marny university scientists affiliated with this research have spent
time working on-site in your company on this project?
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39. How many scientists from your company have spent time wrking
at the university on this project?

48. During the course of this project how frequently do you interact with
university personnel associated with it? (Check ohe}

Several times per week
Several times per month
Several times per year

Rarely of never

41, Wwhat methods of interaction do you typically use to interact with -
university persomnel? . {Check all that apply)

Face=to=face/informal meetings
By phone
By letter or memo

Fommal scheduled meetings

42, What percentage of the face-td-face meetings tock place at the Ecllnwmg

sites?

The university __ %

The firm 3

Gther sites, specify . _ %

43, who initlates most of the contacts between universlity and irldustr}'
scientists working. on this project? (Check one). .

University scientists initiate most of the interaction
Industrial scientists initiate most of the interaction

There is no clear pattern

44. What is the percentage of this project's research activities which

involves sharing of the work and/or joint management becween u;ivewsny
and industry personnel?

: |
A primary concern of this assesament are the various results and 1
benefits that have accrued to companies from perticipation in this |
Irdustry/Unlversity Cooperate Research project. Please be as objec— |
tive and candid as possible, since in the leng run it will be to the |
program's advantage to understand project strengths and limltations
fully, Questions 45 to 66 focus on cutcomes, results, and potemual
benefits,

please indicate the NUMBER of wrltten preducts and/or protetypes preduced in
conjunction with this project, by yourself or other employees of vour comparry.

Neo.: of Products
oy e preeT
& projec
453, Wrikten Preducts
a. ' Books (including editorship}

b. Scientific or technical articles published
in the cpen literature

¢, Patents or patent applicaticns

d.  Algorithms, blueprints, flowcharts, drawings, ete,

e. Reviews and biblicgraphies published in the open literature
f. Interna) reports on work pertaining to this project’

g. Other written preducts (specify)
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45b. Prototvpes ‘and other Undocumented Products

No. of Products 51. Are there'any particular features of project operations and results with
Toduced which you are dissatisfiad?
by tEe project

a. Experimental prototypes of devices, instruments and
apparatus, components of deviceS, efC...iciiiisiiisnnariansesnns

b.  Experimental materials such as Zibres, plastics,
glass, metals, alloys, substrates, chemicals, drugs,

PLANES, BLCu.auanusnsusstsssassasnshsnsassasnssrssasasarsnannan

¢. Prototype COMPUEET PrOGIAMS..ssrassassarasssssasnssnsssnasannns

4, Awvdic-visual materials/productionS...cesseevansscssasssanananes

e. Other undocumented products {specify)

% 46. Approximately, how many people in vour o have reguested o
3 infarmation frem you concerning speciflc actEvitiea of this P
Industry/University Cocperative Research project? HE

47, Approximately, how many people cutside your company have requested
informaticn from you concerning specific activities of this
Industry/University Cooperative Research project?

48. Approximately what perzentage of these informatisn reguests
can be classifled as technical in nature? %

49, Approximately what percentage of these information requests concern
administrative or ogperaticnal issues of this Industry/University

Coopera‘tive Research project? 2
58. How satisfied are you with the following features of this ' 52. Please rate the importance of the following goals and potential outcomes
Industry/University Cooperative Resesrch project? of this project?
. A Great Mot at Extremely Considerably Somewhat Not at all
! Completely Deal Some All ) Impartant Important  Important Important

General expansion of

knowledge in this
— — — — technical azea.

Technhical quality of
the research

Communications between Enhancement of graduate
university and industrial . students' technical
participants — —_— e — training.

Mministration of the

Enhancement of graduate
research project

—— —— — — students’ understanding
of industry. —_ —_ —_ —_
Respensiveness of project
to industry priorities Redirection of university
and interests - —_— —_— - research toward

industrial problems.

Enhancement of quallty of
industrial research,

Enhancement of quality of
51. Are there any particular featur&c of project cper:ations ard’ results with university research.
which you are especially satisfied? ) - - - -
Instrumentation
development.

Develorment of new
research projects i
in your firm. i

 Improvements in manhu-
facturing processes,

Development of patentable
products in your fimm.

bevelopment of comercial-
ized products in your
firm,
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53. In your opinien, how likely is it that your cempany will realize

- : tangible
benefits in the Followiny areas, now or in the future, as a result o%

ID CORDE #

S8. How many students affiliated with this research project have been
interviewed for possible employment in your campany?

: participation in this peoject? How many have actually been hired? :
| Almost Pretty Somewhat  Scarcely
i : Certain Likely Likely Likely
Better personnel 59, To what extent is each of the following Com- Consid= Soma Not at
recrultment o Likely to be positively affected by the pletely erably - ail

Improved research
projects

Patentable products/
technelogy

KON { Commercialized products/
oo technology

Improved instrumentation/
methods

Improvements in manufacturing
ptocesses

54. Appreximately how many new research projects have been stimulated
in your research laboratories by this project's activities?

How mueh Is this in temms of research dollars?

your company?

A Lot Some A Little Any

Changes In research topics
and issues

2 Changes in research memoés
and procedures used

56, IE this Industry/University Cooperative Research project has caused
o charges in the kinds of R&D projects conducted in your cempany, what
specifically are these. changes?

§7, 1In your opinion, has partlicipation in the Industry/University Research
project had any effect on the following specific outcomes in your
company?

Not

Maybe Applicable

Yes No

Improvements in products
] and services

el Changes in warranty and’
- complaints in view of
improvements in products

New products developed due
to related efforts

Changes in cast of products
to users .(price changes or
decreased product
maintenance}

Reduction of production
oosts

Improvement in processes
and methods of
preduction

Increased unifommity of
products

Improved product or
process design

Improved capability to
deal with gevernment
regulations

Improved capability to
cooperate with
university scientists

55. To what extent has par.ticipation in this Industry/University Cocperative
Research research project caused changes in the RSD projects conducted in I

Hardly

ralative success of your woik in this
project? .

A.  Your pramotien to a higher position
in the organization.

B, Salary increases.

€. Your prestige amorg your R&D
colleagues in the organization,

D. Your prestige among your peers in
the larger seientific community.

E. Your recelpt of financial rewards
which are independent of salary.

F. The amount ¢f centrol you might have
over future job assigrments,

Your "visibility® to upper level R&D
ranagement., B

H. Your "visibility" to upper lavel
management cutside of RAD.

The likelihood that you will be
allowed to do more stimulating or
interesting work in the future,

Aff.  To what extent are you generally satisfied with the cperations and ”
activities of this Industrv/University Cooperative Research preject?
Completely ' ) . ' :

Considerably

Same

Net at all

6l. In the future we intend to site visit a sample of firms who have responded
ggu(tlhgs survey. Would you e willing to participate in this follow-en -
Y : ’

Yes No

THANK WU FOR YOUR COOPERATION!

Results in an aggregated form will be
made avallable to all respondents to

this questicnnaire,
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APPENDIXC

DATA REDUCTION PROCEDURES AND RESULTS

The basic procedure was to conduct factor analysis
in each of five variable domains: 1) researcher de-
scriptors; 2) prior relationships/initation of the collab-
oration; 3) project management/decision-making; 4)
coordination of project activities; and 5) benefits and
outcomes. (Data reduction for outcome measures is
described in Chapter 3.) These analyses were con-
ducted separately for university and industry data sets.
The resultant factors were inspected. for conceptual
coherence, and in terms of statistical criteria. The SPS8
Factor Analysis program, principal components with
iterations {oblique rotation) was used. Factors with an
eigenvalue of less than 1.0 were eliminated along with
variables with factor loading of less than .40. When a
factor was retained, respondent scores on each item
in a factor were converted to standardized z scores
and these scores were summed across items to create
a new composite variable. This section describes how
the measures were developed from the original data
and how the variables relate to one another within
variable domains.*

Researcher Descriptors

A total of nine university variables and twelve indus-
try variables were originally in this category. As
described in Figure C-1, university items grouped them-
selves after factoring and scaling into two composite
variablesrelating to seniority and NSF grant experience.
Three other experience-related individual variables
were retained for subsequent analyses.

Factor analyses of the industry variables resulted
in a similar composite seniority variable and one relat-
ing to organizational rank, Alsc retained for subse-
guent correlational analysis were five discrete vari-
ables reflecting organizational status and experience.

The retained and constructed variables were for
the most part independent of one another (see Table
C-1). For university respondents there were signifi-
cant positive correlations between administrative
experience and seniority, NSF grant experience and
administrative experience, and general grantsmanship
and industry experience. This is a logical but unre-
markable set of relationships. For industry respon-
dents there were three significant correlations which
reflected fairly obvious relationships between super-
visory responsibilites, educational attainment, and NSF
grant experience.

* Note: Only these correlations which were statistically significant
atp <.01 will be discussed.
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Prior Relationships/Project Initiation

Seventeen university and nineteen industry items
in this variable domain were subjected to data reduc-
tion. Figure C-2 presents the results of scaling and
factor analytic procedures. Analysis of university items
resulted in one composite variable describing the range
of prior contacts and a scale indicating the university’s
role in project initiation. Three individual variables
relating to the frequency of prior contacts, the grant
approval process, and the role of the IUCR program

Figure C-1
Researcher Descriptor Variables

Variable Name Description

University Respondenis

A cemposite of academic rank, the number
of years in academia, years at the university
and years In current job.

1. Seniority

2. NSF Grant
Experience

The number of NSF grants recelved within
the last five years and the number on which
the researcher was principal investigator.

3. Industry Work
Experience

Number of years of full-time work experl-
ence in industry since terminal degree.

Indicates whether researcher had been a
department administrator or chairperson.

4. Administrative
Experience

5. Grantsmanship Number of non-NSF federal grants.

Indusiry Respondents

A composite of number of years with firm,
number of years in industry, number of years
in R&D in general, number of years in R&D
at firm, and number of years in current
position.

1. Seniority

2. Qrganizational Rank. A composite of the number of organizational
levels between the researcher and CEQ,
and between the researcher and senior

technical officer. :

3. Direct Supervisory
Responsibilities

Number of people reporting directly to re-
searcher,

4. Indirect Supervisory
Responsibllities

Number of people reporting to researcher
through subordinates.

5. Educational
Afttainment

6. Studied at Collab-
orating University

7. NSF Grant
Experience

Highest degree obtained.

Course work on degree from collaborating
university. ’

Number of NSF grants in last flve years.




Table C-{
Coarrelations Among Researcher Descriptor Variables

Figure C-2 :
Prior Relationships/Project Initiation Variables

1. 2, 3. 4. 5. 6.

Variable/Scale Name Dascription

Universily Respondents

1. Seniority
2. NSF Grant Experience 12
3. Industry Work
Experience -03 -.01
4. Administrative
Experience B33 .27 -.02
5. Grantsmanship 06 .14 26" £06
Industry Respondents
1. Seniority
2. Organizational Rank -.06
3. Direct Supervisory
Responsibilities -06 -.09
4. Indirect Supervisory
Responsibilities -09 -19 .30™
5. Educational Atainment -20 .08 -08 -.25*
6. Studied at Collaborating
University =12 -13 -09 -11 v
7. NSF Grant Experience A1 =12 <04 -05 22 .01
"p<.01. '
*p%.001.

were retained for further analysis. The analysis of
industry items resulted in a parallel set of compaosite
and single variahles.

There were two significant correlations (see Table
C-2) among university respondent variables: 1) when
the university researcher had more previous contact
with the industry team, upper management of the uni-
versily was more involved in project approval; 2) in
cases where the project would not have been initiated
without the IUCR program, the universily researcher
played a major role in project initiation (possibly
because they were more familiar with NSF).

For industry respondents, there was one significant
correlation; the range of prior contacts by the firm
with the university tended to lead to more groups being
involved in project approval.

Project Management and Decision-Making

This data category initially included 42 university
and 45 industry items. The factor analysis of these
items resulted in several composite variables (Figure
C-3) which tended to capture different research roles
(i.e., administrative, liaison, bureaucratic}. One dis-
crete variable, team involvement in the development
of the research plan, was included in the final array
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Univarsity Respondems

A composite of the percent of team mam-
bers involved in prior student placement,
in consulting, and in contract resean'ch ac-
tivities in Industry. ’ :

1. Range of Prior
Industry Contacts

2. University Project

The extent to which the idea for the pro;ect
Impetus :

camne from the unwersﬁy

3. Frequency of Prior Frequency of prior contacts W|th mdustry

Industry Contacis

4. Upper Management
Invelvement in Grant
Approvai

Number of orgamzatlonal levels which ap-
proved grant, ;

5. NSF as Project
Broker

Whether project would have been |mt|ated_
without IUCR program

industry Respondents )

A composite of prior company invoivement
with university project persennel including
student placemant activities, _suppdrt of.
facuity research, faculty exchange activities,
sturdent research activities, contract research
and consulting relationships. '

1. Rangse of Prior
University Contacts

The extent to which the idea for the project
carmne from the university.

2. University Project
Impetus

3. Frequency cf Prior

Frequency of prior contacts with tl'\e uni-
University Gontacts :

versity.

4. Upper Management
Invoived in Project
Approval

Number of organlzatlonai Ievels whlch ap-
proved grant. -

Number of groups at researcher ievet o
approve grant.’

5. Parallel Groups
Involved

Whether project would have been initiated
without IUCR program.

6. NSF as Project
Broker

of indices. Overall, seven university and six industry
variables in the project were retained for further
analysis,

There were two significant correlations. (Table C 3)
among the university variables which described re-
searcher roles. For example, when the PI functioned
as a research administrator, there tended not:to be
significant team input into the development and the
research plan; also the liaison role incorporated some
idea broker functions. There were five significant corre-
lations among industry variables indicating some. over-
lap among the various roles.

Coordination of Project Activities

Scaling and factor analytic techniques were used to
aggregate the fourteen university and twenty-two indus-




Table C-2

Cerrelations Among Prior Relationships/Project

Initiation Variahles

1. 2. 3. 4. &.
University Respondents
1. Hange_of'Prior Contacts
2. Univeréity Project Impetus . .13
3. Frequency of Prior Contacts 07 .20
4, Upper Management Involved
in Project Approval 21 -15  -04
5. NSF as Project Broker -06 -22* 15 .10
industry Respondents
1. Range of Prior Contacts
2. University Project iImpetus -.05
3. Frequency Prior Contacts A9 -7
4. Upper Management Involved
in Project Approval -02 .02 -17
5. NSF as Project Broker -11 -01 .05 .04
6. Parallel Groups Involved in
Project Approval A3 06 -10 14 -04
fp<.01.
** p <.001.
TableC-3 .
Correlations Among Project Management Variables
. 2 3 4 5 6
University Respondents
1. Pl as Bench Scientist
2. Pl as Research Administrator .02
3. Pi as Bureaucrat a7 .18
4. Pi as Project Conceptualizer .18 -05 .14
5. Pl as |dea Broker 0 -.01 -03 .08
6. Pl as Liaison -13 -08 -13 11 .22*
7. Team Development of
Rezsearch Plan -Q4 -47% .09 10 .11 .16
industry Respondents
1. Pl as Bench Scientist
2. Pl as Research Administrator -.02
3. Pl as Bureaucrat .36%* .12
4. Pl as Idea Broker .19 .09 .32**
5. Pl as Project Conceptualizer  .50** .14 .32** .16
6. Team Development of
Research Plan 10 -85 .07 .04 .10
*p<.01.
* p<.001.

Figure C-3
Project Management/Decision-Making Variables

Variable Name Description

University Respondents.

1. Researcher as Describes a researcher whose primary ac-
Bureaucrat fivities consist of personnel decisions, ¢o-
ordination activities, work allocation, ad-

ministrative/budget duties, and equipment

selection.
2. Researcher as Describes a researcher on a large team who,
Liaison as liaison with other university groups, en-

courages team to translate ideas, and pro-
motes team ideas. ’

3. Research as Research Describes ‘a researcher who determines
Administrator work priorities and formulates the research
plans without team input.

4, Research as Bench  Portrays a researcher who is involved in
Scientist literature review, collecting and producing
data, result analysis, and report writing.

5. Research as Project Describes a researcher who is involved in
Conceptualizer problem definition and the formulation of
hypothesis.

6. Researcher as’ldea  Portrays a researcher who consults others
Broker for new ideas and seeks outside evaluation
of team ideas.

7. Team Development Indicates team input in the formulation of
of Research Plan the research plan.

Industry Respondenis

1. Researcher as Describes a researcher whose primary ac-
Bureaucrat tivities consist of personnel decisions, work
allecation, the coordination with other com-
pany units, administrative/budgetary activ-

ities and the selection of equipment.

2. Researcher as Re- Describes a researcher who determines
search Administrator task assignments, formulates the research

' ~ plan without team input, determines work

prioritles, and supervises team members.

3. Researcher as Bench Porirays a researcher who is involved in
Scientist report writing, data collection and produc-
tion, orientation of methods, literature re-

view, results analysls and research design.

4. Researcher as Project Indicates a researcher who is involved in
Conceptualizer problem definition and hypothesis formu-
' : lation.

5. Researcher as ldea  Describes a researcher who encourages
Broker new ideas as well as the evaluation of ideas
by team members and others.

6. Team Development Indicates team input in the formulation of
of Research Plan the research plan.

try items included under the domain of project coordi-
nation. For the university respondents this resulted in
the creation of one factor and two scales (Figure C-4).
The factor describes the type and frequency of con-
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tacts between teams, the two scales group those items
covering the amount of interaction, and the university's
initiation of contacts. A single variable pertaining to
the percent of meetings at the university was retained.

The analysis of industry respondent variables also
resulted in one factor and two scales. The factor indi-
cates the degree of project involvement by top com-
pany officials. The two scales were parallel in form
and content to the university scales. Single variables
pertaining to personnel exchanges, frequency and site of

interaction, and groups within the firm working with
the IUCR project were retained.

As seen in Table C-4, university scientists' interac-
tion and exchange variables correlated positively while
the university's initiating role in project initiation tended
not to be related with its use as a meeting site. The
five significant correlations among industry variables
tended to highlight the individual elements which con-
tribute to the level and type of exchange between

participants. :

Figure C-4
Ccoordination of Project Activity Variables

Variable Name

Description

University Respondenis

1. Amount of Exchange
and Interaction

n

. University Initiation
of Gontacts (Scale)

3. Range of Project
Interaction (Scale)

g

. University as
Meeting Site

~ A composite of the number of university

researchers working at the firm site and

vice-versa, and the frequency of interaction -

between teams.

The extent to which contacts are initiated
by the university.

The total number of communication meth-
ods employed (i.e., phone, letter, face-to-
face mestings).

Percent of project meetings held at the uni-
versity.

indusiry Respondenis

1. Top R&D Planning/
Management
Involvement

2. University Initiation
of Contacts {Scale)

3. Range of Project
Interaction (Scale)

4. University Personnel
Exchange

5. Industry Personnel
Exchange

6. Frequency of Project
interaction

7. University as
Meeting Site

8. Production Stiaff
Involvement

9. Marketing Staff
Involvement

10. Divisional R&D
Staff Involvement

The extent to which corporate officials/
planning staff are knowledgeable about or
involved in the project.

The extent to which contacts are initiated
by the university.

The total number of communication meth-
ods employed (i.e., phone, letter, face-to-
face, meetings).

Number of university scientists working at
industry site.

Number of industry scientists working at
university site,

Fregquency of contacts.

Percent of project meetings at the university.

~ Extent to which the product staff ir involved
in project.

Extent to which the marketing staff is invol-
ved in project.

Extent to which the divisional R&D staff is
involved in project.
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: Table C-4
Correlations Among Project Coordination Variables

1 2. 3. 4. 5. 6. 7. 8. 8.

University Respondents

"'1. Range of Project Interaction o

2. University Initiates Contacts . -.056
3. Amount of Exchange and Interaction .22*  -.05
4. University as Meeting Site -.03 -.26* .05

industry Respondents

) 1. Range of Project Interaction .
2. University Initiates Contacts ~02
3. University Personnel Exchange -.09 .14
4. Industry Personnel Exchange ) .04 '.01 .29** _
5. Frequency of Project Interaction .05 -.20 10 .23
6. University as Meeting Site . .09 =22 .29 26* 18
7. Top R&D/Planning Invoivement in Project .19 .01 12 .09 .18 -.04
8. Divisional R&D Involvement in Projeét . .03 12 .06 12 =12 04 .18
9. Production Staff Involvement in Project © 16 04 -.04 .03 .03 11 .02 .04

10. Marketing Staff Involvement in Project 186 .05 -.05 .03 --04 -.01 .05 14 .03
*=p=.01.
= pg.001.
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