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Abstract

“Scientific and technical human capital” (S&T human capital) has been defined as the sum of researchers’ professional net-
work ties and their technical skills and resources [Int. J. Technol. Manage. 22 (7–8) (2001) 636]. Our study focuses on one partic-
ular means by which scientists acquire and deploy S&T human capital, research collaboration. We examine data from 451 scien-
tists and engineers at academic research centers in the United States. The chief focus is on scientists’ collaboration choices and
strategies. Since we are particularly interested in S&T human capital, we pay special attention to strategies that involve mentor-
ing graduate students and junior faculty and to collaborating with women. We also examine collaboration “cosmopolitanism,”
the extent to which scientists collaborate with those around them (one’s research group, one’s university) as opposed to those
more distant in geography or institutional setting (other universities, researchers in industry, researchers in other nations). Our
findings indicate that those who pursue a “mentor” collaboration strategy are likely to be tenured; to collaborate with women;
and to have a favorable view about industry and research on industrial applications. Regarding the number of reported collabo-
rators, those who have larger grants have more collaborators. With respect to the percentage of female collaborators, we found,
not surprisingly, that female scientists have a somewhat higher percentage (36%) of female collaborators, than males have
(24%). There are great differences, however, according to rank, with non-tenure track females having 84% of their collabora-
tions with females. Regarding collaboration cosmopolitanism, we find that most researchers are not particularly cosmopolitan
in their selection of collaborators—they tend to work with the people in their own work group. More cosmopolitan collabora-
tors tend have large grants. A major policy implication is that there is great variance in the extent to which collaborations seem
to enhance or generate S&T human capital. Not all collaborations are equal with respect to their “public goods” implications.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

If we think of “scientific and technical hu-
man capital” (S&T human capital) as the sum of
researchers’ professional network ties and their tech-
nical skills and resources, then the question arises
“how do scientists acquire and deploy these assets?”
One answer, as economists’ studies (e.g.Becker,
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1962) of human capital have shown, is formal ed-
ucation. Researchers acquire and impart knowledge
through formal education processes, often resulting
in credentials that signify scientific assets. Sociol-
ogists have shown that informal network ties, such
as invisible colleges, can be just as important to the
acquisition and transmission of scientific knowledge.
Tacit knowledge often plays an important role in S&T
human capital, as demonstrated by recent studies
(Nelson and Nelson, 2002; Balconi, 2002).

Our study focuses on one particular means by which
scientists acquire and deploy S&T human capital, re-
search collaboration. The relation of research collab-
oration to S&T human capital is a topic considered
by at least a few other researchers (e.g.Laudel, 2001;
Glaser, 2001), but it is not a common theme. The
literature on scientists’ research collaboration shows
us that collaboration choices are governed by a wide
variety of factors including inter-institutional struc-
tures (Landry and Amara, 1998), formal (Wen and
Kobayashi, 2001) and informal research networks, re-
search alliances and covenants (Pisano, 1991), and ar-
rangements for sharing expensive or scarce scientific
resources and equipment (Kelves, 1995).

Melin (2000, p. 32) notes, “if we move from macro
to micro, we see that intertwined with these structural
circumstances there are other, more individual reasons
for collaboration.” Our study focuses on the “individ-
ual reasons,” particularlystrategies researchers pursue
in their collaboration choices. We certainly do not dis-
count the significance of external environmental con-
straints and institutions, but we maintain that many of
the factors governing individual scientists’ collabora-
tion choices remain very much within the control of
the individual, especially when the researcher works
in an academic institution.

Much previous research on collaboration focuses
on co-authorship. A co-author concept of collabora-
tion has many advantages.Katz and Martin (1997)
point out four key advantages of using co-authorship
as a measure of collaboration including its verifiabil-
ity, stability over time, data availability and ease of
measurement. But they also note that co-authorship is
no more than a partial indicator of collaboration. Our
study foregoes the advantages of co-author approaches
in favor of a broader conception of collaboration, one
that seems to us more appropriate to the study of mo-
tives and strategy.

Using questionnaire data, we employ a self-reported
concept of collaboration, permitting the respondent to
determine what is and is not “collaboration.”

While a focus on a strategy-based, self-reported
concept of collaboration presents its own problems,
chiefly a lack of operational precision, it avoids some
of the problems of a publication-based measure of
collaboration. For instance, in an early case study to
investigate collaboration,Hagstrom (1965)found evi-
dence that some publications listed authors for purely
social reasons.Stokes and Hartley (1989)showed that
sometimes a researcher may be listed as a co-author,
simply by virtue of providing material or performing a
routine assay. At the other extreme, an individual may
provide a key idea for research but, for any of a variety
of reasons, not be included as a co-author.La Follette
(1992)showed that the practice of making colleagues
“honorary co-authors” has become quite common.

Our study examines data from 451 scientists and
engineers1 at academic research centers in the United
States, data from the spectrum of collaborators, rang-
ing from post-doctoral researchers to full professors
and research directors. While the respondents to our
mailed questionnaire are from a wide variety of uni-
versities and from different research fields, all of
them work in multidisciplinary settings with a strong
propensity toward collaboration. In many of these
centers, an avowed objective is to provide quality
training and to enhance the research capacities of the
persons affiliated with the centers.

In the next section of this paper (Section 2), we
define the concept of scientific and technical human
capital and discuss how this definition is different
from past research on human capital and social capital
models. We also discuss inSection 2the concept of
research collaboration and how scientific collabora-
tion can play a critical role in developing scientific and
technical human capital. InSection 3of the paper, we
describe the data collection methods that were used to
complete the analyses that are presented in the paper.
The next section of the paper introduces a conceptual
model of how research collaboration is related to the
development of scientific and technical human capital.

1 Hereafter, we use the term “scientists” rather than the more
cumbersome “scientists and engineers.” But our study includes
data for both scientists and engineers and we make the distinction
when needed.
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In addition, we present and discuss four research hy-
potheses that operationalize (in an empirical way that
can be tested with the data available) the relationship
between scientific and technical human capital and
research collaboration patterns. InSections 5 and 6of
the paper, we present the results of our statistical anal-
yses and discuss how the findings relate to the four,
previously discussed, research hypotheses. In the last
section of the paper (Section 6), we draw some gen-
eral conclusions for the research project and present
several implications for science and technology
policy.

2. Scientific and technical human capital and
collaboration

Scientific and technical human capital (S&T human
capital) is the sum of scientific, technical and social
knowledge, skills and resources embodied in a partic-
ular individual (Bozeman et al., 2001). It includes both
human capital endowments, such as formal educa-
tion and training, and social relations and network ties
that bind scientists and the users of science together
knowledge value collective. S&T human capital is the
unique set of resources the individual brings to his or
her own work and to collaborative efforts. Generally,
human capital models (Becker, 1962; Schultz, 1963)
have developed separately from social capital mod-
els (Bourdieu, 1986; Bourdieu and Wacquant, 1992;
Coleman, 1988, 1990), but in the practice of science
and the career growth of scientists, the two are not
easily disentangled. Thus, S&T human capital is the
sum of skills, knowledge, and social relations needed
to participate in science.

We propose that scientific collaboration often plays
a critical role in developing S&T human capital, es-
pecially in those cases where the collaboration takes
on mentoring characteristics, that is, when a more
experienced scientist collaborating with a junior sci-
entist, a post-doctoral researcher, or a graduate stu-
dent. In such cases, the junior partner can, at least
under the right circumstances, develop a wide vari-
ety of S&T human capital assets, not only enhanced
S&T knowledge, but craft skills, know-how, the
ability to structure and plan research and of course,
increase contacts with other scientists, industry, and
funding agents. In many instances, collaborations are

about much more than just “getting the work out the
door.”

In addition to a concern with mentoring, we also
pay particular attention to collaborations involv-
ing women. By most measures and in most fields,
women and minorities remain underutilized in sci-
ence and engineering. Because of decades of barriers
to entry, barriers that are only recently beginning to
be removed, they are on average younger and less
experienced than men. Thus, we pay particular at-
tention to women’s collaboration patterns, especially
mentor-oriented collaboration. (For the same reasons,
we would be interested in minority collaboration pat-
terns, but there are too few minority scientists in our
data set to permit us to make valid inference.)

While there has been little work on scientific col-
laboration taking a S&T human capital perspective,
there is a significant and relevant literature on col-
laboration. In the section below, we examine the lit-
erature, focusing on those aspects most relevant to
the accumulation, use, and diffusion of S&T human
capital.

2.1. Collaboration as strategic choice: relevant
research

For many years, co-author-based studies of collab-
oration dominated studies of scientific collaboration
(e.g.Price and Beaver, 1966; Merton, 1973) and such
studies remain important (Melin, 2000; Seglen and
Aksnes, 2000; Zitt et al., 2000; Garg and Padhi, 2001;
Liang et al., 2001; Wagner-Dobler, 2001). While such
studies have advanced our knowledge of social dy-
namics of science, the approach is less useful for an
analysis of S&T human capital.

Studies examining motives for collaboration and
the strategies arising from those motives tend to
be based on either interview or questionnaire data.
Within this body of research, the most commonly
cited reasons for research collaboration include ac-
cess to expertise (Katz and Martin, 1997; Melin,
2000; Thorsteinsdottir, 2000; Beaver, 2001), access to
equipment or resources one does not have (Meadows
and O’Connor, 1971; Meadows, 1974; Melin, 2000;
Thorsteinsdottir, 2000; Beaver, 2001), to encour-
age cross-fertilization across disciplines (Beaver and
Rosen, 1978, 1979a,b; Katz and Martin, 1997; Melin,
2000), to improve access to funds (Smith, 1958;
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Clarke, 1967; Heffner, 1981; Beaver, 2001), to obtain
prestige or visibility (Crane, 1972; Beaver and Rosen,
1978, 1979a,b; Katz and Martin, 1997; Beaver, 2001),
to learn tacit knowledge about a technique (Beaver and
Rosen, 1978, 1979a,b; Katz and Martin, 1997; Beaver,
2001), to pool knowledge for tackling large and com-
plex problems (Maanten, 1970; Goffman and Warren,
1980; Thorsteinsdottir, 2000; Beaver, 2001), to en-
hance productivity(Thorsteinsdottir, 2000; Beaver,
2001), to educate a student (Crane, 1972; Beaver and
Rosen, 1978, 1979a,b; Melin, 2000; Beaver, 2001), in-
creasing specialization of science (Bush and Hattery,
1956; Smith, 1958; Jewkes et al., 1959; Melin,
2000), and for fun and pleasure (Katz and Martin,
1997; Melin, 2000; Thorsteinsdottir, 2000; Beaver,
2001).

Even though several studies (mentioned above)
have shown that socio-cognitive factors can drive
researchers to collaborate, scholars hold different
opinions about the role of social or intellectual forces
in stimulating collaboration. On the one handPrice
(1963) claimed that social and intellectual forces do
not play a large role because collaborative authorship
arises more from economic than from intellectual
dependence. Others have argued that co-authorship
reflects mutual intellectual and social influence (Edge,
1979; Stokes and Hartley, 1989).

Many scholars, however, do agree that collabo-
rations often begin informally and stem from infor-
mal conversations between colleagues (Edge, 1979;
Hagstrom, 1965; Price and Beaver, 1966). Spatial
proximity also seems to encourage collaboration
(Allen, 1977) because it often leads to informal
communication (Hagstrom, 1965; Kraut and Egido,
1988). The closer two potential collaborators are in
spatial proximity; the more likely they are to engage
in informal communications that will lead to collabo-
ration. In fact,Katz (1993)found that co-authorship
decreases exponentially with the distance separating
pairs of institutional partners.

Taking together the various studies of motives and
strategies for collaboration, we infer that different
the implications for S&T human capital vary ac-
cording to strategy. For example, some approaches
to collaboration seemed to have greater potential for
mentoring and the development of young scientists,
whereas others may have greater implications for joint
productivity.

3. Data

Detailed information about the larger project from
which the data reported here are drawn is provided
in Gaughan and Bozeman (2002). We provide a brief
summary here. In 2000 and 2001 we collected data
from the curriculum vitae (CVs) of 1041 Ph.D. level
scientists. Our target population was scientific re-
searchers working in multidisciplinary work groups
or research areas, especially in centers funded by the
National Science Foundation and by the Department
of Energy, the sponsors of our research. The data are
not representative of all university scientists because,
among other reasons, the participants are affiliated
with centers and the centers tend to be more multi-
disciplinary, somewhat more applied in orientation,
and to have more industry linkages. The data are rep-
resentative of individuals working in NSF and DOE
centers in universities.

The Survey of Careers of Scientists and Engineers
was conducted from October 2001 to March 2002. A
mailed questionnaire was sent to the 997 university
faculty members, a systematic sample from the orig-
inal CV database, including all those in the database
except those who provided only partial data, were
not university faculty, were graduate students or were
retired. After two mailings we received 451 ques-
tionnaires, for a response rate of 45%. The question-
naire included questions about research collaboration,
grants and contracts, job selection, work environment,
and demographic information. The respondents in-
clude 63% tenured faculty, 37% non-tenured faculty or
post-doctoral researchers, 86% males, 14% females,
70% native born and 30% immigrant scientists. The
gender ratio and native/immigrant ratio in this sample
is close to the national level.

4. Model and hypotheses

Our analysis is premised on a conceptual model re-
lating collaboration to S&T human capital (Fig. 1).
As the figure shows, we conceptualize S&T human
capital as dynamic and embodying cognitive skills,
knowledge, and craft skills. These skills are deployed
and also supplemented in social capital exchange re-
lationships. For simplicity’s sake we depict only three
broad categories of network ties—collaboration ties,
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Fig. 1. Life cycle of collaboration and S&T human capital.

commercial ties and professional ties. Clearly there is
overlap among these categories and the broad cate-
gories mask sophisticated, detailed behaviors. But our
basic point is to show collaboration in the context of
S&T human capital. From this model we can derive
that collaboration is part and parcel of S&T human
capital, that it is a particular sort of social tie that both
draws from human capital endowments and enriches
them, that collaboration enables and is re-enforced by
other sorts of ties.

Our data provide us with information about the
numbers of research collaborations of various types
and with various categories of people. We asked re-
spondents to tell us about the reasons why they choose
to collaborate and from those responses, we develop
a set of “collaboration strategies” representing those
motivations. Thus, the chief dependent variables for
this study pertain to the number of collaborations, the
types of people with whom the respondents collaborate
(e.g. numbers and percentages by rank, gender, and
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location) and the strategies for collaboration. Among
the strategies, we are especially interested in knowing
about collaborations motivated by the desire to serve
as mentors to graduate students and junior colleagues.

We use the same simple model for the three sets
of dependent variables (though an extended model for
one). In each case we are interested in the impacts of
gender, grants, and tenure on various aspects of col-
laboration. In articulating the hypotheses, we provide
information about the measurement of key variables.

4.1. Hypothesis: number of collaborators

H1. Number of collaborators is positively associated
with (1) gender (1: male, 0: female), (2) dollar size
of grants, and (3) tenure (controlling for effects of
scientific discipline).

Despite its limitations (Katz and Martin, 1997),
our measures of self-reported collaborations provide
the advantage of permitting the respondent to deter-
mine which relationships are worthy of being deemed
collaborations.2

Our reasoning for this hypothesis is that persons
who are principal investigators with large grants will
have more collaborators in part because they have
more work, more active projects, and a higher rate of
productivity. Related, many of the projects receiving
grants are by their nature large, complex and special-
ized and performed with teams (Seglen and Aksnes,
2000). We expect that individuals with large grants
will more often serve as mentors in their collabora-
tions because they will more often be surrounded by
graduate students and post-doctoral researchers and
thus, will have greater exposure and opportunity.

The relationship of tenure to number of collabora-
tors is, we feel, explained by the fact that those with
tenure have developed increased levels of S&T human
capital which both require and enable additional col-

2 The data for total number of collaborators was simply the
sum of the responses by category of collaborator. The item on
the questionnaire:For the past twelve months, please tell us the
number of people in each of the following categories with whom
you have had research collaborations: Male university faculty;
Male graduate students; Male researchers who are not university
faculty or students; Female university faculty; Female graduate
students; Female researchers who are not university faculty or
students.

laboration. We expect females to have few collabora-
tors in part because there are fewer females available
for them to collaborate with (in almost all cases) and
collaboration is related to shared attributes of many
types, including gender (Hagstrom, 1965). Not only is
the “supply” more limited but perhaps the “demand”
will be depressed if men are more comfortable collab-
orating with men.

In this hypothesis and others, we control for sci-
entific fields. Studies (Garg and Padhi, 2001; Liang
et al., 2001; Wagner-Dobler, 2001) have shown that
collaboration dynamics vary across fields.

4.2. Hypothesis: percentage of female
collaborators

H2. The percentage of female collaborators with
whom one collaborates is (1) negatively associated
with gender (1: male, 0: female), (2) not significantly
associated with dollar size of grants, and (3) positively
and significantly associated with tenure (controlling
for effects of scientific discipline).

Previous studies of collaboration have shown that
even though women scientists are generally just as
likely to collaborate as men scientists, they have signif-
icantly fewer numbers of different collaborators (Cole
and Zuckerman, 1984; Cameron, 1978). We hypothe-
size that women will have fewer collaborators, partly
due to constraining social dynamics. Mary Frank-Fox
has contended that we must consider how collegial
interaction, work climate, collaborative opportunities,
and institutional settings might affect the productivity
rates of men and women in academic settings (Fox,
1991, 1985). Within academia, major decisions about
rank, status, and position are typically decided in quite
informal settings within the collegial network (Fox,
1991).

In one respect, the formal status of women gradu-
ate students is equal to men. Studies show that men
and women graduate students are almost equally
likely to receive financial support during graduate
school (Centra, 1974; National Research Council,
1983). But women report more isolation from fellow
graduate students, faculty members, and research ad-
visors throughout their graduate training than men
do (Centra, 1974; Holmstrom and Holmstrom, 1974;
Kjerulff and Blood, 1973).
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4.3. Hypothesis: “cosmopolitan” collaboration
patterns

H3. More “cosmopolitan” collaboration patterns is
positively associated with (1) gender (1: male, 0: fe-
male), (2) dollar size of grants, and (3) tenure (con-
trolling for effects of scientific discipline).

In our questionnaire, we asked respondents to tell us
the percentage of their work time spent working alone,
with the immediate work group, with researchers in
the same university but not the same group, with re-
searchers in other US universities, with researchers
in US industry, with researchers in US government
laboratories and researchers in other nations.3 From
these responses we developed a scale of the ex-
tent to which researchers collaboration patterns are
“cosmopolitan.” Thus, one who spent most of her
time working alone and in the immediate work group
would be less cosmopolitan in collaboration than
one who spent most of her time collaborating with
researchers in industry and with researchers in other
nations.

We hypothesize that females will have somewhat
less cosmopolitan collaboration patterns. In part, this
is due to the greater barriers women face in being in-
cluded in social networks and invisible colleges (Fox,
1991, 1985). Sonnert (1995)found that women sci-
entists often felt exempt from many informal social
events. Sonnert explained that it was a disadvantage
for women to be absent from these events because
more than half of his interviewees believed that social
interactions with peers had an effect on the path of a
scientist’s career.

We expect those with larger grants will be more
cosmopolitan in their collaborations. Many of the
largest grants actually require or at least encourage
inter-institutional cooperation and thus, those involved
should, all else equal, more extensive collaboration
networks. Further, in some cases grants acquisition
is an important primary motive in establishing col-
laborations (Smith, 1958; Clarke, 1967; Heffner,

3 The preface to the question: While most scientists spend some
time working entirely on their own, much work is also performed
in research groups. For thepast twelve months, could you please
estimate the percentage of your research-related work time de-
voted to each of the following categories [Note: should add to
100%].

1981; Beaver, 2001). Finally, large grants are often
associated with large equipment and joint access to
equipment is often an important motive for collab-
oration (Meadows and O’Connor, 1971; Meadows,
1974; Melin, 2000; Thorsteinsdottir, 2000; Beaver,
2001).

We anticipate that tenured faculty will be more cos-
mopolitan in their collaborations. Tenured faculty will
have developed greater S&T human capital. In the first
place, tenure faculty have “survived” the vetting pro-
cesses and in all likelihood S&T human capital has
been both a cause of that positive outcome and a re-
sult of time, experience and career success (Stephan
and Levin, 2001; Mangematin, 2001).

4.4. Collaboration strategies

H4. Scientists will vary with respect to the factors in-
fluencing their decisions to collaborate; determinants
of collaboration strategies include (1) gender, (2)
grants, and (3) tenure. Those pursuing “mentoring”
motivated strategies (i.e. helping graduate students
and junior colleagues), (1) are as likely to be women
as men; (2) have larger levels of grants funding; (3)
have tenure; (4) are more cosmopolitan in their col-
laborations; (5) have a higher percentage of graduate
student collaborations; (6) have a higher percentage of
female collaborators; (7) have a favorable orientation
toward industrial work.

Despite some concern with the motives for
scientists’ collaboration, few studies have treated col-
laboration as a strategic choice (Katz and Martin,
1997). While many institutional and contextual fac-
tors govern collaboration, there is still considerable
discretion involved. We asked respondents to indicate
the importance of a variety of factors with respect to
their decision to collaborate.4 These thirteen factors
included such common motivations as the desire to
help graduate students, to have complementary re-

4 The preface to the response choice: In this section, we define
research collaboration as “working closely with others to produce
new scientific knowledge or technology.” In yourcurrent career
stage, how important are each of the following factors in your de-
cisions to collaborate? [Please put an 7on the appropriate column.
The choice was Likert scale type: “very important,” “somewhat
important,” “not important,” “not relevant.”
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search skills, and to have collaborators who stick to
schedule.

Our chief interest is in collaboration motives re-
lated to mentoring: the desire to help junior colleagues
and graduate students. These motives seem especially
likely to increment S&T human capital, particu-
larly at the outset of scientists’ careers.Long and
McGinnis (1981)found that one of the most benefi-
cial acts that an advisor can provide doctoral students
is to collaborate in publishing before the student
graduates.

We expect that mentors will have a higher per-
centage of female collaborators chiefly because they
are more likely than others (by virtue of a mentor
orientation) to recognize that women are especially
in need of increased mentoring opportunities. Finally,
we anticipate that mentors will have a more positive
view toward industry because they will have the task
of helping find jobs for graduate students and since
doctoral level scientists are increasingly drawn to
industry jobs, their mentors will have more industry
ties (Behrens and Gray, 2000).

5. Descriptive results

The mean number of (total) collaborators for all
participants in our study is 13.76 (with a median of
12 collaborators). Males in the sample tend to have
slightly more collaborators, with a mean of 14.04
for males and 12.02 for females. Not too surpris-
ingly, the number of collaborators a researcher has
increases with job rank. Post-docs had the fewest
collaborators at a mean of 9.87. Non-tenure track fac-
ulty, research faculty and research group leaders had
a mean of 10.67, 12.09, 12.22 collaborators, respec-
tively. Respondents in the sub-disciplines of materials
engineering (average of 19.17), zoology (average of
18.17), other engineering (average of 17.75), elec-
trical engineering (average of 17.34), and chemistry
(average of 14.95), had the highest average number of
collaborators. On the other hand the sub-disciplines
with the lowest average number of collaborators
included general biology (average of 6.91), other
biological and life sciences (average of 7.81), other
disciplines (average of 9.39), civil engineering (aver-
age of 10.87), and industrial engineering (average of
11.00).

6. Findings

6.1. Number of collaborators

In modeling the number of collaborators we ex-
amine independent variables and a series of dummy
variables. We hypothesized that number of collabora-
tors is a function of tenure status of faculty (tenured
or not tenured), the grants variable discussed above,
and gender. We included a series of dummy variables
for scientific field.Table 1provides the OLS regres-
sion results. In this regression and subsequent ones,
we show the field dummies only when they are sig-
nificant. For this regression model, none of the scien-
tific field variables are significant; however, the grant
variable is significant and the regression coefficient is
positive and in the expected direction. Therefore, as
grant funding increases, the total number of collabora-
tors increases. The ANOVA results of this regression
indicate that the model is statistically significant with
anF-value of 2.616 (P < 0.0001). Neither gender nor
tenure status is significant in this model.

6.2. Percentage female collaborators

In considering issues of S&T human capital there
is particular interest in collaboration opportunities of

Table 1
OLS regression analysis (dependent variable: total number of
collaborators)a

Independent
variablesb

Unstandardized
coefficients

t-value P-value

B S.E. β

Constant 8.58 3.24 2.65 0.009
Tenured faculty 0.54 1.11 0.03 0.49 0.626
Grant variablec 1.47 0.39 0.21 3.81 <0.001
Gender −0.06 1.53 0.00 −0.04 0.966

a ANOVA: F = 2.616 (P < 0.0001).
b Additional independent variables include the following in-

significant dummy variables for degree fields (dummy variables
significant at 0.05 level for fields are shown in the table): bio-
chemistry/biophysics, general biology, zoology, other biological
and life sciences, computer science, chemical engineering, civil
engineering, electrical engineering, industrial engineering, materi-
als engineering, mechanical engineering, other engineering, health
professions and related sciences, mathematics, chemistry, physics,
other physical sciences, psychology, and other disciplines.

c 0: No current grant; 1: US$ 1–227,500; 2: US$ 227,500–
450,000; 3: US$ 450,000–1,000,000; 4: over US$ 1,000,000.
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Table 2
OLS regression analysis (dependent variable: percent female collaborators)a

Independent variablesb Unstandardized coefficients t-value P-value

B S.E. β

Constant 26.17 5.30 4.94 <0.001
Tenured faculty 0.39 1.84 0.01 0.21 0.832
Grant variablec −0.22 0.64 −0.02 −0.35 0.728
Gender −5.52 2.50 −0.12 −2.21 0.028
Other biological and life sciences 14.41 5.84 0.23 2.47 0.014
Health professions and related sciences 17.97 7.71 0.15 2.33 0.020
Chemistry 10.99 5.56 0.21 1.98 0.049
Psychology 22.07 7.19 0.21 3.07 0.002

a ANOVA: F = 2.697 (P < 0.0001).
b Additional independent variables include the following insignificant dummy variables for degree fields (dummy variables significant at

0.05 level for fields are shown in the table): biochemistry/biophysics, general biology, zoology, computer science, chemical engineering, civil
engineering, electrical engineering, industrial engineering, materials engineering, mechanical engineering, other engineering, mathematics,
physics, other physical sciences, and other disciplines.

c 0: no current grant; 1: US$ 1–227,500; 2: US$ 227,500–450,000; 3= $450,000–1,000,000, 4= over $1,000,000.

junior research and female researchers. Our descrip-
tive results (not reported in detail here) showed that
female researchers who hold the rank of non-tenure
track faculty, research faculty, tenure track faculty,
research group leader, or tenured faculty collaborate
with a higher percentage of other females than male
researchers in the same ranks do. With regard to col-
laboration with graduate students, tenure track female
faculty and tenured male faculty are the most likely to
collaborate with graduate students.

Especially noteworthy is the extent to which
non-tenure track females collaborate with other fe-
males (83.33%). In no other group do females com-
prise more than 41.5% of collaborators (female re-
search faculty). Possibly, women seeking jobs, tenure,
or promotion are more likely to collaborate with
males. An alternative hypothesis is that these groups
are less likely to receive collaboration invitations and
since most of the scientists are male, most invitations
would, at least from a probability standpoint, likely
be proffered by males.

Table 2provides the results of a regression of the
percent female collaborators dependent variable upon
the independent and dummy variables. In this regres-
sion, four scientific field dummy variables were signif-
icant and the regression coefficients for those dummy
variables were positive. Researchers in the fields of
psychology, chemistry, health professions, and other
biological and life sciences are more likely to have
a higher percentage of female collaborators (and of

course, these fields have a high percentage of females
than found in the other physical and natural sciences
and much higher than in engineering).

The other significant variable in this regression was
gender, which had a negative regression coefficient.
Since male is coded “1” and female “0,” this indicates
that women are likely to collaborate with women. This
is in line with expectations and previous research.

6.2.1. The collaboration cosmopolitanism scale
Using the data on the location of collaborators, we

developed a summary “cosmopolitan scale.” We were
interested in developing this aggregate scale in order to
use it as a dependent variable in the regression models
reported below. The cosmopolitan scale is a measure of
how close or far away a participant’s collaborators are
(i.e. a participant with more collaborators in foreign
countries would rank higher on the cosmopolitan scale
than a participant with collaborators only in the US).
This is not, of course, a true physical distance scale
since, for example, a collaborator foreign country may
be closer than a collaborator in another part of the US.
The scale was calculated by multiplying the fraction
of their time each participant spent working with a
type of collaborator by the cosmopolitan rank of that
variable (measured on a 1–5 scale).5

5 Research time spent working alone is given a value of 0 on
the cosmopolitan scale. Similarly, research time spent working
with members of the same work group is assigned a value of 1
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Table 3
Cosmopolitan scale by gender, rank, and grant amount

Researcher attributes Mean
cosmopolitan
scalea

N

All participants 1.58 440
Female 1.46 55
Male 1.60 385
Post-doc 1.13 18
Non-tenure track 1.32 16
Research faculty 1.49 34
Tenure track 1.52 68
Research group leader 1.73 11
Tenured 1.63 247
Academic administrator 1.66 29
No current grants 1.38 103
Current grant amount (first quartile)

under US$ 227,500
1.48 84

Current grant amount (second quartile)
US$ 227,500–450,000

1.61 96

Current grant amount (third quartile)
US$ 450,000–1,000,000

1.69 78

Current grant amount (fourth quartile)
over US$ 1,000,000

1.77 81

a The scale was computed by multiplying the fraction of their
time each participant spent working with a type of collaborator by
the cosmopolitan rank of that variable (measured on a 1–5 scale).
The result is that a person who works solely alone will have a
cosmopolitan scale of 0. On the other end of the scale, a person
who works with people in other nations only could potentially
reach the maximum cosmopolitan scale value of 5.

Table 3 presents the results of the cosmopolitan
scale for researchers by gender, rank, and current
grant amount. The table demonstrates that male re-
searchers are slightly more cosmopolitan than their
female counterparts and that the research group lead-

and time spent working with others in the same university, but
a different work group is assigned a value of 2. Working with
researchers at a different university counts as a value of 3 on
the cosmopolitan scale and working with others in industry or
government laboratories are both assigned a value of 4. Lastly,
working with researchers in other nations counts as a value of
5 on the cosmopolitan scale. For instance, if I work alone 10%
of the time, within my own work group 20% of the time, with
scholars at other universities 30% of the time, with industry 10%
of the time, government 10% of the time and with scholars at other
nations 20% of the time, my cosmopolitan score would be 2.6 (i.e.,
0.1(0) + 0.2(1) + 0.3(2) + 0.1(4) + 0.1(4) + 0.2(5)). The result is
that a person who works only alone will have a cosmopolitan scale
of 0. At the other end of the scale, a person who works only with
people in other nations could have the maximum cosmopolitan
scale value of 5.

ers are the most cosmopolitan. As would be expected,
the post-doc is the least cosmopolitan rank. Also, the
cosmopolitan scale is directly proportional to current
grant amount with the least cosmopolitan researchers
being those who have no grants. The cosmopolitan
scale increases as grant size increases.

We examined results of the cosmopolitan scale by
discipline. The five most cosmopolitan fields are zo-
ology, mathematics, other engineering, materials en-
gineering, and psychology. The six least cosmopolitan
fields are industrial engineering, health professions,
biochemistry, other biological and life sciences, and
mechanical engineering (tied with general biology).

6.3. Collaboration cosmopolitanism

The dependent variable for the third regression
was the cosmopolitan scale (seeTable 4). The grant
variable is significant and the coefficient has the ex-
pected positive sign. As anticipated, those with more
grant money have a more diverse and cosmopolitan
set of collaboration choices. If grants actuallycause
this behavior, the policy significance is noteworthy.
Cosmopolitanism is a close conceptual cousin to
S&T human capital and these findings at least sug-
gest that grants have a strong impact on enhancing

Table 4
OLS regression analysis (dependent variable: cosmopolitan scale)a

Independent
variablesb

Unstandardized
coefficients

t-value P-value

B S.E. β

Constant 1.19 0.20 6.11 <0.001
Tenured faculty 0.05 0.06 0.04 0.88 0.378
Grant variablec 0.10 0.02 0.24 4.81 <0.001
Gender 0.08 0.09 0.04 0.93 0.352
Mathematics 0.59 0.30 0.11 1.97 0.049

a ANOVA: F = 3.089 (P < 0.0001).
b Additional independent variables include the following in-

significant dummy variables for degree fields (dummy variables
significant at 0.05 level for fields are shown in the table): bio-
chemistry/biophysics, general biology, zoology, other biological
and life sciences, computer science, chemical engineering, civil
engineering, electrical engineering, industrial engineering, materi-
als engineering, mechanical engineering, other engineering, health
professions and related sciences, chemistry, physics, other physical
sciences, psychology, and other disciplines.

c 0: no current grant; 1: US$ 1–227,500; 2: US$ 227,500–
450,000; 3: US$ 450,000–1,000,000; 4: over US$ 1,000,000.
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S&T human capital. But, of course, getting a grant is
not a randomly distributed variable, obtaining several
large grants probably implies something about scien-
tific ability and reputation which, in turn, likely has
reciprocal effects with S&T human capital.

Somewhat surprisingly, only one of the scientific
field dummies is positive. Researchers in the area of
mathematics are more likely to be cosmopolitan in
their collaboration choices. This may well be because
their numbers are quite small in most universities and
they are unlikely to have close colleagues working on
similar problems. Also, many sub-disciplines within
mathematics are quite theoretical, rather than exper-
imental. As Price (1963), Meadows and O’Connor
(1971), andGordon (1980)have shown experimental-
ists tend to collaborate more than theoreticians. The
results of this regression might imply a further argu-
ment that theoreticians also are more “cosmopolitan”
in their collaborations than experimentalists are. Of
course, this hypothesis would have to be explored in
more depth in future work to be confirmed.

6.4. Collaboration strategies

Since our interest is in collaboration strategies
rather than single motives, it is important to under-
stand the dimensional properties of motives, concep-
tualizing clusters of inter-related motives as strategies.
For the purposes of creating a reconstructed set of
variables to be used as summary indices, factor anal-
ysis seemed an appropriate choice. Before examining
the results of our hypothesis, we first report on the
development of collaboration strategy scales.

6.4.1. Collaboration strategies: results of factor
analysis

One of our chief objectives in this study was to iden-
tify strategies of collaboration, looking especially for
archetypal strategies. Our expectation was that certain
collaboration strategies might be especially beneficial
from the standpoint of developing S&T human capital.
In particular, senior colleagues working with graduate
students, post-docs and junior untenured colleagues is
likely to pay dividends for whole scientific fields as
new generations of scientists are socialized, develop
skills and develop network ties.

We asked respondents to tell us the relative impor-
tance to their own collaboration decisions of a large

number of hypothesized collaboration determinants
we provided in our mailed questionnaire.6 Respon-
dents were told “we define research collaboration
as ‘working closely with others to produce new sci-
entific knowledge or technology.’ In yourcurrent
career stage, how important are each of the follow-
ing factors in your decisions to collaborate?” The
response choices were “very important,” “somewhat
important,” “not important,” and “not relevant.”

To reduce the data, as well as to infer possible strate-
gies from aggregations of individual items, we factor
analyzed the responses. The factor analysis was based
on the 13 Likert-type statements that the participants
responded to which categorized the reasons why the
respondent collaborates with other researchers. The 13
statements are listed inTable 5as “Variables Describ-
ing Collaboration Preferences.” The factor analysis
was completed using principal components analysis
with a varimax rotation, imposing an orthogonality
constraint (i.e. each of the factor dimensions is statisti-
cally independent of the others). This was appropriate
inasmuch as our interest was not only in representing
the original variance in the factor matrix, but also in
developing indices useful in subsequent analysis.

We extracted factor dimensions to the level of one
eigenvalue (i.e. with the constraint that any one dimen-
sion extracted would explain at least as much variance
in the original factor matrix as accounted for by any
single variable). Using this procedure, the results of
the factor analysis yielded six dimensions, six inde-
pendent collaboration strategy types. We labeled the
respective dimensions based on the factors loading
strongest.

The “Taskmaster” is the first type of collaborator
and these researchers tend to choose a collaborator
based on work ethic attribution and whether or not the

6 The choices included: Length of time I have known the person;
responding to requests of my administrative superiors; Interest in
helping junior colleagues; desire to work with researchers who
have strong scientific reputations; desire to work with researchers
whose work skills and knowledge complement my own (rather
than overlap with my skills); quality and value of my previous col-
laborations with the person; interest in helping graduate students;
the extent to which working with the individual is fun or enter-
taining (apart from the work itself); desire that the collaborator be
highly fluent in my language; desire to work with researchers from
the same country of origin; the collaborator should have a strong
work ethic; the ability of the collaborator to stick to a schedule;
practices for assigning credit (e.g. order of authorship).
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Table 5
Principal components analysis of collaboration preferences

Variables describing collaboration preferences Componenta

1 2 3 4 5 6

Length of time that respondent has known person 0.72
Someone in administration requested the collaboration 0.67
Collaborate to help junior colleagues 0.83
Collaborator has a strong science reputation 0.78
Respondent and collaborator have complementary skills 0.82
The qualityof previous collaborations with a person 0.57
Collaborate to help graduate students 0.80
Collaborator is fun or entertaining 0.62
Collaborator is fluent in respondent’s language 0.80
Respondent and collaborator are of same nationality 0.84
Collaborator has strong work ethic 0.79
Collaborator sticks to the schedule 0.81
Collaborator knows how assign credit

Factor I: “Taskmaster”; Factor II: “Nationalist”; Factor III: “Mentor”; Factor IV: “Follower”; Factor V: “Buddy”; Factor VI: “Tactician”.
a Principal components analysis; rotation method: varimax.

person sticks to a schedule. The “Nationalist” is the
second type of collaborator and these researchers tend
to choose collaborators who are fluent in their own
language and are of the same nationality. “Mentors,”
the third type of collaborator, are motivated to help ju-
nior colleagues and graduate students by collaborating
with them.

The “Follower” is the fourth type of collaborator.
These researchers choose collaborators mostly be-
cause someone in administration requested that they
work with the collaborator and the potential collab-
orator has a strong science reputation. The “Buddy”
is the fifth type of collaborator and these researchers
choose collaborators based on the length of time
they have know the person, the quality of previous
collaborations and whether or not the collaborator is
fun and entertaining. The final type of collaborator
is the “Tactician.” “Tacticians” choose collaborators
based on whether or not the collaborator has skills
complementary to their own.

6.4.2. Findings: collaborator strategies
After completing the factor analysis, we calculated

factor scores (coefficients relating the respondents to
the dimensions) facilitating the use of the collaboration
strategy dimensions as dependent variables. While we
report results for each of the collaboration strategies
represented in the respective dimensions, our chief fo-
cus is on the Mentor strategy, the strategy we view as

particularly crucial to S&T human capital accumula-
tion and diffusion.

6.4.3. Predicting a mentor collaboration strategy
For all the strategy variables we tested the basic re-

gression model (with tenure, gender, grants, and disci-
pline dummies), but for the Mentor strategy we tested
an extended model that includes all the variables of
the basic model (except the dummies) as well as: (1)
percent of collaborators that are female, (2) number
of graduate students the respondent collaborates with,
(3) position on the cosmopolitan scale, (4) motivation
to “pursue research for greater industrial applications
or industry ties” and (5) responses to “I would be very
interested in starting a new company.”

The reasoning behind the extended model is
straightforward. On the one hand we are interested
in the extent to which an avowed Mentor strategy
matches up to the reality of working with graduate
student and female collaborators. Since these are
groups that could, arguably, benefit especially by en-
hanced opportunities for S&T human capital, we are
interested to see if Mentors tend disproportionately
to work with these groups. We are also interested in
the extent to which an industry orientation coincides
with a Mentor relationship. The reasoning here is that
persons with an industry orientation are quite likely
to have diverse social and professional networks and
thus, to enhance S&T human capital by providing a
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Table 6
Extended regression model for mentor (dependent variable: mentor)a

Independent variables Unstandardized coefficients t-value P-value

B S.E. β

Constant −1.73 0.28 −6.26 <0.001
Tenured faculty 0.61 0.11 0.30 5.65 <0.001
Grant variableb 0.02 0.04 0.02 0.39 0.697
Gender 0.03 0.15 0.01 0.18 0.856
Percent of female collaborators 0.01 0.00 0.19 3.62 <0.001
Cosmopolitan Scale 0.00 0.09 0.00 0.04 0.969
Number of grad student collaborators 0.03 0.01 0.16 3.01 0.003
Pursue research for greater industrial applications or industry ties 0.23 0.07 0.19 3.60 <0.001
I would be very interested in starting a new company 0.10 0.06 0.10 1.85 0.066

a ANOVA: F = 11.23 (P < 0.0001).
b 0: no current grant; 1: US$ 1–227,500; 2: US$ 227,500–450,000; 3: US$ 450,000–1,000,000; 4: over US$ 1,000,000.

broader range of network ties. Incidentally, this sam-
ple is especially apt for understanding the role of a
business orientation because many of the respondents
are in Science Centers or Engineering Research Cen-
ters that focus explicitly on developing industry ties.

Table 6provides the results for the extended model
predicting the Mentor strategy.7 We can see from the
results that tenured faculty are more likely to evince
a Mentor strategy but this is perhaps, at least in part,
a function of mentoring opportunity. Post-docs do not
often have the chance to mentor. The Mentor strat-
egy is not related to gender. It would be interesting to
know if females are more attracted to a Mentor strat-
egy when those mentored are females. But we have
not direct data pertaining to this question (but the ear-
lier finding suggesting that women are somewhat less
likely to collaborate with women seems to hold little
promise that women are more attracted to a female
mentoring).

Perhaps surprisingly, the Grants variable is not sig-
nificant. With the other variables in the equation (espe-
cially tenure) the effect of Grants is likely suppressed.
Moreover, most people in the sample have grants and
so, we cannot conclude that grants have no impact on
a Mentor strategy, only that the size of grants seems
to have no bearing.

7 This model does not include the field dummies, but a simi-
lar model including the dummies showed that a few of the field
dummies are significant: zoology, electrical engineering and “other
physical sciences” are positively associated with the Mentor strat-
egy.

The results show that those professing a Mentor
strategy for collaboration are, indeed, more likely to
work with females and to collaborate with more gradu-
ate students. It is certainly not surprising that Mentors
are especially likely to work with graduate students;
the result is more a test of convergent validity than
anything else. However, there is no obvious reason to
expect that Mentors would be more likely to work with
women. One possibility is that there are more men-
toring opportunities among women, who in this sam-
ple and in the general population of university-based
scientists tend to be more junior. Another possibility
is simply that some researchers recognize the need to
help women develop S&T human capital and set about
in systematic pursuit of that goal. Results reported
earlier show that this finding is not likely caused by
women seeking out other women as mentors and or
understudies. Men are somewhat more likely to have
female collaborators.

It is noteworthy that an industry orientation is re-
lated to a Mentor strategy. Those who report an in-
terest in pursuing industrial applications and industry
ties are more likely to be Mentors. The variable per-
taining to interest in starting a new company is not
significant at the 0.05 level, but is significant at the
0.10 level and in the expected direction. It is difficult
to know exactly why an industry orientation is related
to a Mentor strategy. It could be related to selection
effects of various types, or to different mentoring ex-
periences, or to expanded contacts, or to the different
workings of different networks (academic science ver-
sus industry science).
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6.4.4. Alternative collaboration strategies:
“Tactician”

In analyses not reported here, we examined mod-
els for each of the other collaboration strategies. We
do not present the tables for these alternative collab-
oration strategies, in part because the findings are not
impressive or robust and in part because our chief fo-
cus is on the strategy seemingly most relevant to S&T
human capital, the Mentor strategy. (The additional
findings are available from the authors.) We briefly
summarize these results.

Using the variables grants, tenure and gender, as
well as the scientific field controls, only the results
for the “Tactician” strategy proved significant. As
shown in Table 7, several factors predict this strat-
egy, including: the grant variable, gender, general
biology, chemical engineering, materials engineering,
mechanical engineering, other engineering, health
professions, chemistry, physics, other physical sci-
ences, and psychology. Therefore, males are more
likely to be “Tacticians” as are individuals with larger
grants. Also, researchers in the above mentioned list
of fields are more likely to use the Tactician mode
of collaboration. It is important to note that the use
of a single variable factor dimension as a dependent

Table 7
OLS regression analysis (dependent variable: Tactician)a

Independent variablesb Unstandardized coefficients t-value P-value

B S.E. β

Constant −0.55 0.32 −1.72 0.086
Tenured faculty 0.15 0.11 0.07 1.37 0.170
Grant variablec 0.09 0.04 0.13 2.49 0.013
Gender −0.43 0.15 −0.14 −2.92 0.004
General biology 0.92 0.42 0.15 2.19 0.029
Chemical engineering 0.93 0.33 0.28 2.77 0.006
Materials engineering 1.12 0.42 0.18 2.67 0.008
Mechanical engineering 0.88 0.37 0.20 2.39 0.017
Other engineering 0.72 0.36 0.17 2.01 0.045
Health professions and related sciences 0.84 0.41 0.14 2.05 0.041
Chemistry 0.75 0.33 0.23 2.24 0.026
Physics 0.66 0.33 0.20 1.98 0.049
Other physical sciences 0.81 0.37 0.17 2.19 0.029
Psychology 1.06 0.42 0.17 2.52 0.012

a ANOVA: F = 1.972 (P = 0.006).
b Additional independent variables include the following insignificant dummy variables for degree fields (dummy variables significant

at 0.05 level for fields are shown in the table): biochemistry/biophysics, zoology, other biological and life sciences, computer science, civil
engineering, electrical engineering, industrial engineering, mathematics, and other disciplines.

c 0: no current grant; 1: US$ 1–227,500; 2: US$ 227,500–450,000; 3: US$ 450,000–1,000,000; 4: over US$ 1,000,000.

variable is controversial and thus, the findings for this
analysis must be treated with special caution.

7. Conclusions: summary and policy
implications

Our interest in scientific collaboration is largely an
instrumental one. We wish to understand the ways in
which collaboration affects scientists’ and engineers’
S&T human capital. From previous studies we as-
sume that collaboration often has salutary effects
with respect to socialization, training, transmission
of know-how and just as important, the ability to
develop the network ties and contacts so critical to
scientists’ and engineers’ career success.

While we were not able to examine all the elements
and relationships of the Life Cycle Model of Collab-
oration and S&T Human Capital (Fig. 1), we were
able to shed some light on the determinants of collab-
oration and infer implications for S&T human capital.
Before extending the discussion beyond our findings,
we summarize the most important findings, including
their implications for the hypotheses we developed and
for our conceptual model.
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An especially important finding pertains to the de-
lineation of collaboration strategies. The dimensional
properties of collaboration variables were easily in-
terpretable in terms of factor-based strategies. Among
the “Taskmaster,” “Nationalist,” “Follower,” “Buddy,”
“Tactician,” and Mentor” strategies, our chief interest
is in the latter, the one we assume has particularly im-
portant implications for S&T human capital. Regres-
sion results sustained many elements of our hypothesis
about the Mentor strategies. Those pursuing a Mentor
strategy are likely to:

1. be tenured;
2. more likely to work with graduate students and

junior faculty (as professed by the strategy);
3. more likely to collaborate with women; and
4. have a favorable view about industry and research

on industrial applications.

We feel these findings are rife with policy implica-
tions. It is particularly important that mentors are more
likely to collaborate with women. If our assumptions,
and previous researchers’ (e.g.Fox, 1991; Cameron,
1978) are correct, about the barriers women scien-
tists face in linking to the social networks that trans-
mit S&T human capital, identifying individuals who
employ a Mentor strategy to collaboration could be
a useful means of enhancing scientific effectiveness
and productivity. Similarly, the finding that a Mentor
strategy is associated with a favorable orientation to
industry work has important implications for cooper-
ative research. An examination of our original data
showed that those tenured professors who have actu-
ally worked in industry at some point in their careers
are more likely to have a Mentor strategy for collab-
oration.

We were somewhat surprised to find that our re-
search Grants variable was not significantly associated
with the Mentor strategy. This finding is confounded,
however, by the fact that nearly 90% of the respon-
dents have grants; it is quite possible that having a
grant is more important to a Mentor strategy than the
size of one’s grants (which our variable measured).

Regarding the number of reported collaborators, our
hypothesis was sustained only in part. Those who have
larger grants have more collaborators (though the rela-
tionship is not entirely linear). Those with no current
grants (11 collaborators) are well below the mean (14).
Tenure and gender seem not to have strong indepen-

dent effects on number of collaborators (as reported
in the regression analysis), though the descriptive data
show that females have somewhat fewer collaborators
(12) than males (14) and that tenured faculty (14.5)
are slightly above the mean (14).

Considering the percentage of female collaborators,
we found, not surprisingly, that female scientists have
a somewhat higher percentage (36%) of female col-
laborators, than males have (24%). There are great dif-
ferences, however, according to rank, with non-tenure
track females having 84% of their collaborations with
females. By contrast, tenured females collaborate with
only 34% females. One especially interesting find-
ing, not easily explained, is that tenure-track (but un-
tenured) females have collaboration patterns almost
identical to tenured males.

Our findings concerning collaboration cosmopoli-
tanism may have implications for policy-makers
seeking to stimulate cross-institutional collaboration.
An important finding is that most researchers are
not particularly cosmopolitan in their selection of
collaborators—they tend to work with the people
in their own work group. Supporting our hypothe-
sis, more cosmopolitan collaborators tend have large
grants. The other variables in the model, tenure and
gender, have only trace effects, not statistically sig-
nificant.

Returning to our conceptual model, our results sug-
gest that the hypothesized determinants of S&T human
capital endowment, gender, grants, and tenure, affect
the two collaboration strategies that have most obvi-
ous implications for S&T human capital, Mentor and
Tactician (which is, in a sense, the “self-interested”
strategy). Taking gender as a precursor variable seems
to make sense in terms of the results. Women do,
indeed, have different experiences with collaboration
and S&T human capital and often these experiences
are unfavorable compared to men.

From a policy standpoint, the effect of grants is par-
ticularly important. The results are somewhat compli-
cated by the fact that almost 90% of the respondents
have grants, but it does appear that grants have signif-
icant implications for shaping S&T human capital as
exhibited in the relationships to cosmopolitan collab-
oration and number of collaborators.

In our judgment, the results are sufficiently encour-
aging to justify additional inquiry along the same lines.
In particular we would hope to see research delving
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more deeply into the relationship of grants to collab-
oration and S&T human capital. Are there threshold
sizes that have effects? What are the different impli-
cations of traditional investigator-led grants versus
centers grants and cooperative agreements? We are
particularly anxious to follow up on a theme just hinted
at here—the salutary effects of industry work and col-
laboration on S&T human capital. There is a need for
a better model of the impacts of gender on collabo-
ration and S&T human capital. What are the external
(e.g. family circumstance) factors that affect collabo-
ration and do these have implications for S&T human
capital? How do male mentors differ from females?
How do mentors of women different than the mentors
of men? The answers to such questions seem to bear
mightily on S&T human capital and ultimately, on the
social health, well-being and productivity of scientists.

We would particularly like to know more about the
predictors ofsuccessful collaboration, especially as
success pertains to S&T human capital (e.g. new net-
work ties, increased know-how and tacit knowledge,
experience in acquiring and managing resources). We
expect that the nature of external network ties is quite
different with respect to industry and science appli-
cation networks than in traditional scientific networks
and related, that different collaboration strategies may
be effective. But this is not a question amenable to
valid answer via mailed questionnaire.

The public policy relevance of our study is broad
and diffuse, rather than narrow and specific. The chief
implication is that it is important to ensure that col-
laborations generate S&T human capital. Under the
procedures of some government agencies, research
proposals get “points” for including graduate students
and female and minority scientists and engineers. But
it is important to ensure that this inclusion is neither
window-dressing nor exploitive. The inclusion of
early career and underrepresented scientists in funded
projects does not insure that they will have collab-
oration opportunities and it does not ensure that the
collaboration opportunities afforded will help them
significantly to enhance their S&T human capital.

Acknowledgements

The authors gratefully acknowledge research sup-
port of the National Science Foundation under con-

tract SBR 98-18229 and the Office of Basic Energy
Sciences, US Department of Energy, under contract
DE-FG02-96ER45562. The opinions expressed in the
paper are the authors’ and do not necessarily reflect
the views of the Department of Energy or the National
Science Foundation. We appreciate the contributions
of Sooho Lee and Min-Wei Lin in helping gather and
code the data. James Dietz, Monica Gaughan and Juan
Rogers have provided valuable contributions in data
management and in helping develop S&T human cap-
ital theory and research in earlier, related papers. We
are grateful to Vincent Mangematin and an anony-
mous referee for their comments on an earlier draft.
Michel Callon provided guidance about the mode of
argument and manuscript reduction.

References

Allen, T., 1977. Managing the Flow of Technology. MIT Press,
Cambridge, MA.

Balconi, M., 2002. Tacitness, codification of technological
knowledge and the organization of industry. Research Policy
31, 357–379.

Beaver, D., 2001. Reflections on scientific collaboration (and its
study): past, present and future. Scientometrics 52, 365–377.

Beaver, D., Rosen, R., 1978. Studies in scientific collaboration.
Part I. Scientometrics 1, 65–84.

Beaver, D., Rosen, R., 1979a. Studies in scientific collaboration.
Part II. Scientometrics 1, 133–149.

Beaver, D., Rosen, R., 1979b. Studies in scientific collaboration.
Part III. Scientometrics 1, 231–245.

Becker, G., 1962. Investment in human capital: a theoretical
analysis. Journal of Political Economics 70 (5), 9–49.

Behrens, T.R., Gray, D.O., 2000. Unintended consequences of
cooperative research: impact of industry sponsorship on the
climate for academic freedom and other graduate student
outcomes. Research Policy 30, 179–199.

Bourdieu, P., 1986. The forms of social capital. In: Richardson,
J.G. (Ed.), Handbook of Theory and Research for the Sociology
of Education. Greenwood, New York.

Bourdieu, P., Wacquant, L., 1992. An Invitation to Reflexive
Sociology. University of Chicago Press, Chicago, IL.

Bozeman, B., Dietz, J., Gaughan, M., 2001. Scientific and technical
human capital: an alternative model for research evaluation.
International Journal of Technology Management 22 (7/8), 636–
655.

Bush, G.P., Hattery, L.H., 1956. Teamwork and creativity in
research. Science Quarterly 1, 361–362.

Cameron, S.W., 1978. Women faculty in academia: sponsorship,
informal networks, and scholarly success. Ph.D. Dissertation.
University of Michigan, Ann Arbor, MI.

Centra, J.A., 1974. Women, Men and the Doctorate. Educational
Testing Service, Princeton, NJ.



B. Bozeman, E. Corley / Research Policy 33 (2004) 599–616 615

Clarke, B.L., 1967. Communication patterns of biomedical
scientists. Federation Proceedings 26, 1288–1292.

Cole, J., Zuckerman, H., 1984. The productivity puzzle: persistence
and change in patterns of publication among men and women
scientists. In: Steinkamp, M.W., Maehr, M.L. (Eds.), Advances
in Motivation and Achievement, vol. 2. JAI Press, Greenwich,
CT, pp. 217–258.

Coleman, J., 1988. Social capital in the creation human capital.
American Journal of Sociology 94 (Suppl.), S95–S120.

Coleman, J., 1990. Foundations of Social Theory. The Belknap
Press of Harvard University Press, Cambridge, MA.

Crane, D., 1972. The Invisible College. University of Chicago
Press, Chicago, IL.

Edge, D., 1979. Quantitative measures of communication in
science: a critical review. History of Science 17, 102–134.

Fox, M.F., 1985. Publication, performance, and reward in science
and scholarship. In: Smart, J. (Ed.), Higher Education:
Handbook of Theory and Research. Agathon Press, New York,
pp. 188–204.

Fox, M.F., 1991. Gender, environmental milieu, and productivity.
In: Zuckerman, H., Cole, J., Bruer, J. (Eds.), The Outer Circle.
W.W. Norton and Company, New York, pp. 188–204.

Garg, K.C., Padhi, P., 2001. A study of collaboration in laser
science and technology. Scientometrics 51, 415–427.

Gaughan, M., Bozeman, B., 2002. Using curriculum vitae to
compare some impacts of NSF research center grants with
research center funding. Research Evaluation 11 (1), 17–26.

Glaser, J., 2001. Macrostructures, careers, and knowledge
production. International Journal of Technology Management
22, 8.

Goffman, W., Warren, K.S., 1980. Scientific Information Systems
and the Principle of Selectivity. Praeger Press, New York.

Gordon, M.D., 1980. A critical reassessment of inferred relations
between multiple authorship: scientific collaboration, the
production of papers, and their acceptance for publication.
Scientometrics 2, 193–210.

Hagstrom, W.O., 1965. The Scientific Community. Basic Books,
New York.

Heffner, A.G., 1981. Funded research, multiple authorship, and
subauthorship collaboration in four disciplines. Scientometrics
3, 5–12.

Holmstrom, E.I., Holmstrom, R., 1974. The plight of the woman
graduate student. American Educational Research Journal
11 (4), 1–17.

Jewkes, J., Sawers, D., Stillerman, R., 1959. The Sources of
Invention. St. Martin’s Press, New York.

Katz, J.S., 1993. Bibliometric Assessment of Intranational
University–University Collaboration. Ph.D. Thesis. Science
Policy Research Unit, University of Sussex, Brighton.

Katz, J.S., Martin, B.R., 1997. What is research collaboration?
Research Policy 26, 1–18.

Kelves, D., 1995. The Physicists: The History of a Scientific
Community in Modern America, fourth ed. Harvard University
Press, Cambridge, MA.

Kjerulff, K., Blood, M., 1973. A comparison of communication
patterns in male and female graduate students. Journal of Higher
Education 44, 623–632.

Kraut, R., Egido, C., 1988. Patterns of Contact and Communication
in Scientific Research Collaboration. In: Proceedings of
the Conference on Computer-Supported Cooperative Work,
Portland OR, September 1988, pp. 1–12.

La Follette, M.C., 1992. Stealing into Print. University of
California Press, Berkeley, CA.

Landry, R., Amara, N., 1998. The impact of transaction costs on the
institutional structuration of collaborative academic research.
Research Policy 27, 901–913.

Laudel, G., 2001. Collaboration, creativity and rewards: why and
how scientists collaborate. International Journal of Technology
Management 22, 8.

Liang, L., Kretschmer, H., Guo, Y., Beaver, D., 2001. Age
structures of scientific collaboration in Chinese computer
science. Scientometrics 52, 471–486.

Long, J.S., McGinnis, R., 1981. Organizational context and
scientific productivity. American Sociological Review 46, 422–
442.

Maanten, A.A., 1970. Statistical analysis of a scientific discipline:
palynology. Earth Science Reviews 181–218.

Mangematin, V., 2001. Individual careers and collective research:
is there a paradox? International Journal of Technology
Management 22, 8.

Meadows, A.J., 1974. Communication in Science. Butterworths,
London.

Meadows, A.J., O’Connor, J.G., 1971. Bibliographic statistics as
a guide to growth points in science. Science Studies 1, 95–99.

Melin, G., 2000. Pragmatism and self-organization: research
collaboration on the individual level. Research Policy 29, 31–
40.

Merton, R.K., 1973. The Sociology of Science. The University of
Chicago Press, Chicago, IL.

National Research Council. 1983. Climbing the Ladder: As Update
on the Status of Doctoral Women Scientists and Engineers.
National Academy Press, Washington, DC.

Nelson, K., Nelson, R., 2002. On the nature and evolution of
human know-how. Research Policy 31, 719–733.

Pisano, G., 1991. The governance of innovation: vertical integration
and collaborative arrangements in the biotechnology industry.
Research Policy 20, 237–249.

Price, D.J. de Solla, 1963. Little Science, Big Science. Columbia
University Press, New York.

Price, D.J. de Solla, Beaver, D., 1966. Collaboration in an invisible
college. American Psychologist 21, 1011–1018.

Schultz, T.W., 1963. The Economic Value of Education. Columbia
University Press, New York.

Seglen, P.O., Aksnes, D.W., 2000. Scientific productivity and
group size: a bibliometric analysis of norwegian microbiological
research. Scientometrics 49, 125–143.

Smith, M., 1958. The trend toward multiple authorship in
psychology. American Psychologist 13, 596–599.

Sonnert, G., 1995. Who Succeeds in Science? The Gender
Dimension. Rutgers University Press, New Brunswick, NJ.

Stephan, P.E., Levin, S.G., 2001. Career stage, benchmarking
and collective research. International Journal of Technology
Management 22, 8.



616 B. Bozeman, E. Corley / Research Policy 33 (2004) 599–616

Stokes, T.D., Hartley, J.A., 1989. Coauthorship, social structure,
and influence with specialties. Social Studies of Science 19,
101–125.

Thorsteinsdottir, O., 2000. External research collaboration in two
small science systems. Scientometrics 49, 145–160.

Wagner-Dobler, R., 2001. Continuity and discontinuity of
collaboration behavior since 1800—from a bibliometric point
of view. Scientometrics 52, 503–517.

Wen, J., Kobayashi, S., 2001. Exploring collaborative R&D
network: some new evidence in Japan. Research Policy 30,
1309–1319.

Zitt, M., Bassecoulard, E., Okubo, Y., 2000. Shadows of the
past in international cooperation: collaboration profiles of
the top five producers of science. Scientometrics 47, 627–
657.


	Scientists' collaboration strategies: implications for scientific and technical human capital
	Introduction
	Scientific and technical human capital and collaboration
	Collaboration as strategic choice: relevant research

	Data
	Model and hypotheses
	Hypothesis: number of collaborators
	Hypothesis: percentage of female collaborators
	Hypothesis: "cosmopolitan" collaboration patterns
	Collaboration strategies

	Descriptive results
	Findings
	Number of collaborators
	Percentage female collaborators
	The collaboration cosmopolitanism scale

	Collaboration cosmopolitanism
	Collaboration strategies
	Collaboration strategies: results of factor analysis
	Findings: collaborator strategies
	Predicting a mentor collaboration strategy
	Alternative collaboration strategies: "Tactician"


	Conclusions: summary and policy implications
	Acknowledgements
	References


