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Abstract

Choosing the most appropriate collaborators is
becoming increasingly crucial to biomedical research
as many research questions evolve into complex and
multidisciplinary projects. Despite a growing emphasis
on translational and interdisciplinary research, little is
known about how biomedical researchers form
collaborations. We conducted 27 semistructured
interviews with scientists from the University of
Pittsburgh, used grounded theory methodology to
identify major themes, and compared these themes to
the literature in order to develop a model of how
biomedical researchers establish collaborations. We
identify and discuss four major aspects of
collaboration: motivation for collaboration, evaluation
of prospective collaboration partners, search and
selection, and barriers to collaboration formation.

1. Introduction

The trend towards specialization in science drives
an increasing degree of interdisciplinarity because the
combination of knowledge from different fields is nec-
essary to cope with complex scientific problems [1,2].
One indication of that trend is the exponential increase
of the terms "interdisciplinarity" and
"multidisciplinary” in the titles covered by Science
Citation Index [3]. Initiatives such as the Roadmap and
the Clinical and Translational Science Award (CTSA)
program of the National Institutes of Health (NIH)
promote increased collaboration in order to accelerate
the transfer of research results from basic science to
clinical application.

While successful senior researchers are likely to
have developed the ability to assemble effective inter-
disciplinary teams within their chosen problem areas,
for junior scientists and researchers seeking to engage
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new problems and approaches, developing the neces-
sary collaborative relationships can be a daunting chal-
lenge. A clear understanding of when and how suc-
cessful biomedical researchers search for and evaluate
potential collaborators is necessary in order to
conceive and design informatics tools that facilitate
collaboration formation. The research question in this
project therefore was: What challenges do researchers
face when attempting to form collaborations? This
study—an effort in the informatics initiative of the
University of Pittsburgh's CTSA award—is a first step
towards developing a model for how collaborations in
biomedical research are established.

2. Methods

No study so far has focused exclusively on the
problems researchers face when forming collabo-
rations in biomedical science. We used an ethno-
graphic approach (i.e., semistructured interviews and
grounded theory) to develop an understanding of the
problem domain. Grounded theory (GT) [4-6] is not
hypothesis-driven, but rather is an inductive attempt to
discover the theory implicit in the data. In other words,
the theory (or hypothesis) emerges gradually as data
and interpretations accumulate [7]. We chose
Grounded Theory primarily because it is an inductive
methodology that allows us to develop a theoretical ac-
count of the general features of collaboration in bio-
medical science while grounding the account in
empirical interview data with biomedical researchers at
the same time. Specifically, using theoretical sampling,
we could go back to the field to collect more data with
researchers to fill in any conceptual gaps in the process
of developing emerging categories and themes. While
doing analysis, the open and axial coding processes
allow us to explore the data without making any prior
assumptions about what we might discover.
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We performed 27 semistructured interviews with
biomedical researchers purposively sampled from the
six health science schools at the University of
Pittsburgh (i.e., Graduate School of Public Health,
School of Dental Medicine, School of Health and Re-
habilitation Sciences, School of Medicine, School of
Nursing, School of Pharmacy). The interviews focused
on current and previous collaborations, locating collab-
orators, and solving problems in research. The sample
was selected to represent a range of fields (e.g., basic,
clinical, translational science) and different seniority
levels (e.g., entry-level, senior scientists) (Table 1).

Table 1. Interviewed researcher affiliation, gender,
seniority, collaborator count and perceived collaborative load
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Medicine E Junior 4 <
Medicine M Senior 4 <
Medicine F Junior 7 <
Dental M Junior 7 <
Rehabilitation M Senior 9 <
Public Health F Junior 10 <
Pharmacy F Junior 25 <
Pharmacy M Junior 6 =
Medicine M Senior 6-8 =
Medicine F Junior 8 =
Nursing F Junior 8 =
Rehabilitation M Senior 8 =
Pharmacy M Junior 9 =
Pharmacy M Senior 9 =
Medicine M Junior 10 =
Medicine M Senior 10 =
Dental M Senior 15 =
Nursing F Junior 20 =
Medicine F Junior 20 =
Public Health M Senior 30 =
Rehabilitation M Junior 30-50 =
Public Health M Senior 16-20 >
Medicine M Senior 24 >
Public Health F Senior 40 >
Public Health M Senior 7 n/a
Dental M Senior 15 n/a

Four faculty researchers and one staff member
conducted the interviews individually in informal
contexts (e.g., in the cafeteria over lunch). The
interviews were only partially structured to allow for
flexible exploration of the topics. The interviews were
conducted in an “ethnographic spirit” where the
interviewer is a conversational participant focusing
each session on gleaning insights into important as-
pects of collaboration formation [8]. Transcripts were
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prepared immediately after the conclusion of the inter-
views.

The authors subsequently annotated all transcripts
with memos, i.e., notes identifying initial hypotheses,
theories and questions [7]. Following Glaser [9] and
Dick [7], we searched for and reviewed relevant liter-
ature as themes emerged. Our aim was to compare the
existing literature about the formation of collaborations
to the themes in order to identify promising theoretical
and practical questions. Then, one researcher [HS]
reviewed all transcript-memo pairs, extracted all
memos, and organized them by common themes
related to the research questions. The themes were re-
viewed by all three authors.

Interview data collection was ended when the incre-
mental contribution of additional interviews for identi-
fication of new themes was determined to be low.

In addition to data generated by GT, we
summarized salient variables describing study
participants, such as demographics, position, and
perceived collaborative load (Table 1).

3. Results

Table 1 describes the study participants. The self-
reported number of collaborators is influenced by what
an interviewee considered as a collaborator. However,
collaboration is ill-defined not only in the interviewees
minds but also in the literature [2]. For instance, the
line between collaboration and mentoring is blurred
because sometimes mentoring is not considered as a
form of collaboration, but rather as a social relation-
ship of an apprenticeship [10-12].

3.1. Motivation

What motivations alter the likelihood that
researchers will actively look for collaborators? In
general, researchers try to manage “collaborative load”
balancing individual and collaborative  work.
Motivating factors that emerged from our data are:

e seniority: Junior researchers are more likely

to actively look for collaborators.

e collaborative needs: Researchers actively
seek (or stop seeking) collaborators to balance
the costs and benefits for collaboration.

e research direction: A change often requires
finding new collaborators.

o diversification: A researcher’s perceived need
to broaden a research portfolio triggers search
for diverse collaborators.

e suggestions by third party: A funding
agency may suggest a collaboration.



e lack of local researchers: Lack of availability
increases the likelihood for an active search
for external collaborators.

e expertise acquisition: A researcher may look
for particular skills, knowledge or methods.

These motivations are consistent with the literature
and its emphasis on the importance of seniority, per-
sonal social networks, and the influence of funding
agencies in collaboration formation [2,13,14].

3.2. Evaluation

Researchers evaluate potential collaborators using
various criteria which they use as predictors for
success:

e publications: The track record of prospective

collaborator is an indicator of credibility.

e provisions: Collaboration formation is con-
strained by one partner with conditions, e.g.,
co-authorship, access to equipment/subjects.

e unique traits: Competitive advantage is
gained by acquiring hard to find
skills/methods/etc.

e complementarity: Complementary, but not
similar, skills are a basis for collaboration.

e division of [labor: Anticipated task
distribution between the collaborators supports
collaboration.

e proximity: Collaboration is more likely with
local researchers.

e competition vs. cooperation: Competing re-
searchers can become collaborative partners
when it is mutually advantageous.

e work styles and personalities: A match in
personal style is crucial for successful collab-
orations.

e accessibility: The perceived likelihood of a
potential collaborator responding affects the
efforts to form a collaboration.

Other studies support our findings about how pro-
spective collaborative partners are being evaluated,
including aspects of the “complementarity” [15], divi-
sion of labor [2,12], work style and personality over-
lap [15], collaborative strategies [16], role of
publishing [2], and physical proximity [15]. Others
support that researchers trust personal recommen-
dations when assessing compatibility with potential
collaborators [13,17]. Our findings indicate that dif-
ferent collaboration types require different evaluation
criteria, e.g., a collaboration based on sharing physical
resources is less likely to be constrained by work style
compatibility [2,13].

3.3. Search and Selection

The researchers who were interviewed used various
strategies to approach potential partners, make them-
selves available as collaborators, and facilitate the first
encounter with a prospective collaborator:

e existing social connections: Established
researchers use their social network.

e “hub” people: Deans, administrator, former
mentors often facilitate new collaborations.

e physical proximity: Opportunity for low risk
or informal encounters—“bumping into
people”—was important.

e common activities: Serving on PhD and
research committees to meet other faculty was
useful.

e making oneself available: “Having lunch in
the hallway” to meet potential partners was
helpful.

o informal social interactions: Social meetings
often preceded collaboration.

e search locally: Searching bibliographical
databases with geographic constraints allowed
local collaborators to be identified.

e published work: Discussing an existing
publication served as an enabling structure to
provide a basis for interaction.

e low-cost personal contacts: Other contacts
made during formal organized networking
activities—conferences, journal clubs, etc.—
were important.

e common personal friend: Researchers avoid
potential rejection by contacting through a
friend.

e serendipitous nature of information: Some
researchers combine existing knowledge with
information obtained serendipitously.

e face-saving attempts during first encounter:
Some researchers fear showing a lack of
knowledge, and may check out other resources
in order to phrase questions properly.

e direct vs. indirect contact methods: Personal
office visits were more successful than
unsolicited email or cold calls.

e job interview: The intensive experience of a
personal interview can be a source for col-
laborators.

e “luring”: Some scientists offered incentives
such as co-authorship for collaboration.

Feld supports our finding that shared activities can
provide the basis for social network formation [18,19].
Professional conferences can create increased visibility
and credibility for researchers serving as basis for per-



sonal interaction [2,13,15,20]. Katz found that students
often retain close relationships with their mentors [2].
Several studies stress the importance of personal
contacts over email or phone calls [15,21-23].

3.4. Barriers

Our interviewees indicated a variety of barriers to the
formation of collaborations:

e lack of situational awareness: Not knowing
what is going on, especially as a newcomer to
an organization is problematic.

e limited transactive memory: Not knowing
what other people know makes collaboration
difficult.

e undersized social network: Short tenure in
organization is a problem.

e lack of physical proximity: Opportunities are
missed for low-cost personal contacts.

e not getting access: There is competition for
people’s time and attention.

e social overload: Senior researchers often
decline attempts for collaboration.

e status differences: Junior scientists find their
lower status a concern.

e Jlack of mutual advantage: Collaborations
need to be win-win situations.

e interferences with research: External
activities such as clinical duties may reduce
collaborative opportunities.

e low quality of electronic databases:
Published or web-accessible profiles may be
incomplete or out of date.

e little terminology knowledge: Use of wrong
terms to search for collaborators outside one’s
own field may hamper the process.

Hollingshead argues that transactive memory is an
important part of work relationships [24]. Others
indicate that researcher profiles that are missing publi-
cations or out-of-date are not helpful to researchers
looking for collaborators [25-27]. Researchers need to
be able effectively to search for collaborators in
domains outside their own [27,28].

4. Discussion

The formation of collaborations is a complex
activity with many dimensions that we characterized
with four themes. The first theme, motivation for
collaboration, describes variables related to the likeli-
hood that a researcher is actively looking for collabo-
rators. Collaboration seekers, for the most part, have
no way of predicting the desire for collaboration of
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potential partners. While a collaboration seeker can use
publications to assess research interest, she or he can
not evaluate the current collaborative load or detect
changes in research direction not yet reflected in publi-
cations of a prospective partner. Current expertise lo-
cation systems emphasize overlap in research interest,
without providing “status indicators” in researchers’
profiles that signal their current desire for new collabo-
rators or the types of collaborations that would appeal
to them. Thus, collaboration seekers are confronted
with potential rejection despite their best efforts to find
a partner.

The second theme, evaluation criteria for
prospective collaboration partners, describes variables
used by researchers to determine the likelihood of
successful collaboration formation. Some of the more
salient variables can be easily obtained, such as the
publication record of a prospective partner; others can
be negotiated in a straight forward way, such as co-
authorship or access to equipment. However, variables
like work style and personality, which played a big
role for our interviewees, are more difficult to assess.
Social contacts, such as a common friend or colleague,
can address this need by providing a recommendation
that both partners can trust. Identification of trusted
third-party social contacts is currently not well
supported in the biomedical research realm, but may be
enabled by networking sites, e.g., LinkedIn
(www.linkedin.com/).

The third theme, search and selection, describes
how researchers search for, select, and facilitate first
encounters with prospective collaborators. Social net-
works in the form of personal friends, former mentors,
or administrators are crucial for collaboration
formation. While the published work can identify
common interests, the “mating dance” between col-
laborators includes many other aspects, such as
awareness, trust, incentives, and fear of showing a lack
of knowledge. Practices such as informal social
contacts, contacts through a common friend, personal
office visits, and shared professional activities all
address, in some way, these issues. However, currently
little work is being done to exploit information

technology to facilitate the early phases of
collaboration formation.

The fourth theme, barriers to collaboration
formation, identifies  variables that  hamper

collaboration. Junior researchers and newcomers are
faced with many barriers because they lack situational
awareness and have a small transactive memory. These
barriers are compounded when they try to establish
collaboration with senior researchers who face social
overload. Some of the identified barriers, such as out-
of-date electronic profiles, can be addressed by an or-



ganization. There are, however, few mechanisms in
place to help researchers develop their understanding
of the “lay of the land” with regard to collaboration
within the complex environment of the health science
research institutions.

Our interviews were conducted among biomedical
scientists. Therefore, claims of generalizability are
difficult to make, especially given the specific history,
culture and structure of the biomedical research
enterprise in the US. For instance, federal funding
agencies, such as the NIH, play a very prominent role
in shaping researcher behavior and priorities. (The
current trend towards multidisciplinary research is an
example.) Second, non-research oriented
organizations, such as for-profit hospital systems,
function both as data providers and employers of some
researchers.  This circumstance can influence
collaborative behavior, for instance when the
organization attempts to preserve its competitive
advantage through policies limiting collaboration.
Clearly, the history and tradition of collaborative work
in a discipline can influence individual behavior. As a
recent book suggests [29], some research areas, such as
high-energy physics and astronomy, have a much
stronger tradition of collaboration and data sharing
than other fields. While the four aspects of
collaboration articulated in this paper may be seen as a
viable starting point to evaluate how the formation of
collaborations can be supported, additional work is
needed to understand the degree to which they can be
generalized.

5. Conclusion

Knowing how to fund, manage, facilitate, and con-
duct collaborative research will become core scientific
and policy competencies in the future [30]. By iden-
tifying motivations, criteria, practices, and challenges,
this study make an important contribution to our un-
derstanding of how researchers operate in today’s
multidisciplinary research environment. These findings
will help to formulate requirements for systems
supporting collaboration seeking and expertise
location. They also suggests that electronic systems for
supporting research, and specifically those for
facilitating collaboration formation, can and will
become increasingly important in the future.

6. Acknowledgements

This project was, in part, supported by grant
number UL1 RR024153 from the National Center for

466

Research Resources (NCRR), a component of the NIH
Roadmap for Medical Research. Its contents are solely
the responsibility of the authors and do not necessarily
represent the official view of NCRR or NIH. The
authors thank Erin Nordenberg and Ellen Detlefsen for
conducting some of the interviews, Janice Stankowicz
for scheduling interviews, John Siegel for his tireless
work on the many references we needed, and Mike
Dziabiak for technical help with the manuscript
preparation (all from the University of Pittsburgh).
Additional thanks go to Ann Majchrzak, Marshall
School of Business University of Southern California,
who provided helpful comments. This study was
approved by the University of Pittsburgh Institutional
Review Board (#0612065). Special thanks go to the
reviewers and their constructive comments, which
helped improve the paper significantly.

7. References

[1] Moed HF, Glénzel W, Schmoch U. Handbook of
quantitative science and technology research: the use of
publication and patent statistics in studies of S&T systems.
New York, NY: Springer; 2004.

[2] Katz JS, Martin BR. What is research collaboration? Res
Policy 1997 Mar;26(1):1-18.

[3] Braun T, Schubert A. A quantitative view on the coming
of age of interdisciplinarity in the sciences 1980-1999.
Scientometrics 2003 Sep;58(1):183-9.

[4] Glaser BG. Basics of grounded theory analysis:
emergence vs. forcing. Mill Valley, CA: Sociology Press;
1992.

[5] Glaser BG. Doing grounded theory: issues and
discussions. Mill Valley, CA: Sociology Press; 1998.

[6] Glaser BG, Strauss AL. The discovery of grounded
theory; strategies for qualitative research. Chicago, IL:
Aldine Pub. Co.; 1967.

[7] Dick B. Grounded theory: a thumbnail sketch. 2005;
[cited 2008 Jan 28]; Archived at:
http://www.webcitation.org/5VBzzAjGh

[8] Ball LJ, Ormerod TC. Putting ethnography to work: the
case for a cognitive ethnography of design. Int J Hum
Comput Stud 2000 Jul;53(1):147-68.

[9] Glaser BG. Theoretical sensitivity: advances in the
methodology of grounded theory. Mill Valley, CA:
Sociology Press; 1978.

[10] Subramanyam K. Bibliometric studies of research
collaboration: a review. J Inform Sci 1983;6(1):33-8.

[11] Edge D. Quantitative measures of communication in
science: a critical review. Hist Sci 1979 Jun;17(36 Pt 2):102-
34.

[12] Laudel G. What do we measure by co-authorship?
Research Evaluation 2002 Apr;11(1):3-15.

[13] Beaver DD. Reflection on scientific collaboration (and
its study): past, present, and future. Scientometrics 2001
Nov;52(3):365-77.



[14] Glénzel W. Coauthorship patterns and trends in the
sciences (1980-1998): a bibliometric study with implications
for database indexing and search strategies. Libr Trends
2002;50(3):461-73

[15] Kraut RE, Galegher J, Egido C. Relationships and tasks
in scientific research collaboration. Hum-Comput Interact
1987-1988;3(1):31-58.

[16] Axelrod R. The evolution of cooperation. New York,
NY: Basic Books; 1984.

[17] Flynn DA. Seeking peer assistance: Use of e-mail to
consult weak and latent ties. Libr Inform Sci Res
2005;27(1):73-96.

[18] Feld SL. Social structural determinants of similarity
among associates. Am Sociol Rev 1982 Dec;47(6):797-801.
[19] Feld SL. The structured use of personal associates. Soc
Forces 1984 Mar;62(3):640-52.

[20] Katz WA. The "Invisible College". In: Introduction to
reference work. 6th ed. vol 2, Reference services and
reference processes. New York, NY: McGraw-Hill; 1992. p.
18-20.

[21] Contractor NS, Zink D, Chan M. IKNOW: A tool to
assist and study the creation, maintenance, and dissolution of
knowledge networks. In: Ishida T, editor. Community
computing and support systems: social interaction in
networked communities. New York, NY: Springer; 1998. p.
201-17. (Lecture Notes in Computer Science; vol 1519.)

[22] Contractor NS, Monge PR. Managing knowledge
networks. Management Communication Quarterly 2002 Nov
1;16(2):249-58.

[23] Jirojwong S, Wallin M. Use of formal and informal
methods to gain information among faculty at an Australian
regional university. J Acad Libr 2002 Jan-Feb;28(1-2):68-73.
[24] Hollingshead AB. Perceptions of expertise and
transactive memory in work relationships. Group Processes
& Intergroup Relations 2000;3(3):257-67.

[25] de Vries S, Kommers P. Online knowledge
communities: future trends and research issues. Int J Web
Based Communities 2004;1(1):115-23.

[26] Lampe C, Ellison N, Steinfield C. A face(book) in the
crowd: social Searching vs. social browsing. In: Proceedings
of the 2006 20th anniversary conference on Computer
supported cooperative work (CSCW '06); 2006 Nov 4-8;
Banff, Alberta, Canada. New York, NY: ACM Press; 2006 p.
167-70.

[27] McDonald DW. Evaluating expertise recommendations.
In: Ellis C, Zigurs I, editors. Proceedings of the 2001
International ACM SIGGROUP Conference on Supporting
Group Work (GROUP '01); 2001 Sep 30-Oct 3; Boulder,
CO. New York, NY: ACM; 2001 p. 214-23.

[28] Lutters WG, Ackerman MS, Boster J, McDonald DW.
Mapping knowledge networks in organizations: creating a
knowledge mapping instrument. In: Chung HM, editor.
Proceedings of sixth the Americas conference on information
systems (AMCIS '00) [CD-ROM]; 2000 Aug 10-13; Long
Beach, CA. Atlanta, GA: AIS Press; 2000 p. 2014-8.

[29] Olson GM, Zimmerman A, Bos N. Scientific
collaboration on the Internet. Cambridge, MA: MIT Press;
2008. (Acting with technology).

467

[30] Hicks DM, Katz JS. Where is science going? Sci
Technol Human Values 1996;21(4):379-406.





