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I. How Do 
Collaborations Form? 



Dominance of Teams in Production 
of Knowledge  

Source: Wuchty, Jones, Uzzi (2007)

doubled, from 1.9 to 3.5 authors per paper, over
45 years.

Shifts toward teamwork in science and en-
gineering have been suggested to follow from the
increasing scale, complexity, and costs of big
science. Surprisingly then, we find an equally
strong trend toward teamwork in the social sci-
ences, where these drivers are much less notable.
Although social scientists in 1955 wrote 17.5%
of their papers in teams, by 2000 they wrote
51.5% of their papers in teams, an increase
similar to that in sciences and engineering. Mean
team size has also grown each year. On average,
today’s social sciences papers are written in pairs,
with a continuing, positive trend toward larger
teams. Unlike the other areas of research, single
authors still produce over 90% of the papers in
the arts and humanities. Nevertheless, there is a
positive trend toward teams in arts and human-
ities (P < 0.001). Lastly, patents also show a
rising dominance of teams. Although these data
are on a shorter time scale (1975–2000), there
was a similar annualized increase in the propen-
sity for teamwork. Average team size has risen
from 1.7 to 2.3 inventors per patent, with the
positive trend toward larger teams continuing.

The generality of the shift to teamwork is
captured in Table 1. In sciences and engineering,
99.4% of the 171 subfields have seen increased
teamwork. Meanwhile, 100% of the 54 subfields
in the social sciences, 88.9% of the 27 subfields in
the humanities, and 100% of the 36 subfields in
patenting have seen increased teamwork.

Trends for individual fields are presented in
table S1. In the sciences, areas like medicine,
biology, and physics have seen at least a doubling
in mean team size over the 45-year period. Sur-
prisingly, even mathematics, long thought the do-
main of the loner scientist and least dependent of
the hard sciences on lab scale and capital-intensive
equipment, showed a marked increase in the frac-
tion of work done in teams, from 19% to 57%,
with mean team size rising from 1.22 to 1.84. In
the social sciences, psychology, economics, and
political science show enormous shifts toward
teamwork, sometimes doubling or tripling the
propensity for teamwork. With regard to average
team size, psychology, the closest of the social
sciences to a lab science, has the highest growth

(75.1%), whereas political science has the lowest
(16.6%). As reflected in Fig. 1A, the humanities
show lower growth rates in the fraction of
publications done in teams, yet a tendency
toward increased teamwork is still observed. All
areas of patents showed a positive change in both
the fraction of papers done by teams and the team
size, with only small variations across the areas
of patenting, suggesting that the conditions
favoring teamwork in patenting are largely
similar across subfields.

Our measure of impact was the number of
citations each paper and patent receives, which
has been shown to correlate with research quality
(15–17) and is frequently used in promotion and
funding reviews (18). Highly cited work was
defined as receiving more than the mean number
of citations for a given field and year (19). Teams
produced more highly cited work in each broad
area of research and at each point in time.

To explore the relationship between team-
work and impact in more detail, we defined the
relative team impact (RTI) for a given time period
and field. RTI is the mean number of citations
received by team-authored work divided by the
mean number of citations received by solo-
authored work. A RTI greater than 1 indicates
that teams produce more highly cited papers than
solo authors and vice versa for RTI less than 1.
When RTI is equal to 1, there is no difference in
citation rates for team- and solo-authored papers.
In our data set, the average RTI was greater than
1 at all points in time and in all broad research
areas: sciences and engineering, social sciences,
humanities, and patents. In other words, there is a
broad tendency for teams to produce more highly
cited work than individual authors. Further, RTI
is rising with time. For example, in sciences and
engineering, team-authored papers received 1.7
times as many citations as solo-authored papers
in 1955 but 2.1 times the citations by 2000. Simi-
lar upward trends in relative team impact appear
in sciences and engineering, social science, and
arts and humanities and more weakly in patents,
although the trend is still upward (20). During the
early periods, solo authors received substantially
more citations on average than teams in many
subfields, especially within sciences and engi-
neering (Fig. 2E) and social sciences (Fig. 2F).

By the end of the period, however, there are
almost no subfields in sciences and engineering
and social sciences in which solo authors typical-
ly receive more citations than teams. Table S1
details RTIs for major individual research areas,
indicating that teams currently have a nearly uni-
versal impact advantage. In a minority of cases,
RTIs declined with time (e.g., –34.4% in mathe-
matics and –25.7% in education), although even
here teams currently have a large advantage in
citations received (e.g., 67% more average cita-
tions in mathematics and 105% in education).

The citation advantage of teams has also been
increasing with time when teams of fixed size are
compared with solo authors. In science and engi-
neering, for example, papers with two authors
received 1.30 times more citations than solo au-
thors in the 1950s but 1.74 times more citations
in the 1990s. In general, this pattern prevails for
comparisons between teams of any fixed size
versus solo authors (table S4).

A possible challenge to the validity of these
observations is the presence of self-citations, giv-
en that teams have opportunities to self-cite their
work more frequently than a single author. To
address this, we reran the analysis with all self-
citations removed from the data set (21). We
found that removing self-citations can produce
modest decreases in the RTI measure in some
fields; for example, RTIs fell from 3.10 to 2.87 in
medicine and 2.30 to 2.13 in biology (table S1).
Thus, removing self-citations can reduce the RTI
by 5 to 10%, but the relative citation advantage of
teams remains essentially intact.

Because the progress of knowledge may be
driven by a small number of key insights (22), we
further test whether the most extraordinary con-
cepts, results, and technologies are the province
of solitary scientists or teams. Pooling all papers
and patents within the four research areas, we
calculated the frequency distribution of citations
to solo-authored and team-authored work, com-
paring the first 5 years and last 5 years of our
data. If these distributions overlap in their right-
hand tails, then a solo-authored paper or patent is
just as likely as a team-authored paper or patent
to be extraordinarily highly cited.

Our results show that teams now dominate
the top of the citation distribution in all four re-
search domains (Fig. 3, A toD). In the early years,
a solo author in science and engineering or the
social sciences was more likely than a team to
receive no citations, but a solo author was also
more likely to garner the highest number of cita-
tions, that is, to have a paper that was singularly
influential. However, by the most recent period, a
team-authored paper has a higher probability of
being extremely highly cited. For example, a
team-authored paper in science and engineering
is currently 6.3 times more likely than a solo-
authored paper to receive at least 1000 citations.
Lastly, in arts and humanities and in patents, in-
dividuals were never more likely than teams to
produce more-influential work. These patterns al-
so hold when self-citations are removed (fig. S5).

Fig. 1. The growth of teams. These plots present changes over time in the fraction of papers and
patents written in teams (A) and in mean team size (B). Each line represents the arithmetic average
taken over all subfields in each year.
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Most Collaborators Are Close

• Geographic proximity and pre-
existing social ties dominate the 
formation of collaborations 

• Acquiring information about 
potential collaborations may be 
costly and lead to search frictions



Setting: Harvard 
Medical School 

17 affiliated hospitals and 
research institutes

More than 11,000 faculty
Receives more than $1.5 
billion/year in NIH Funding

Accounts for approx. 5% of 
scientific articles published in 
top four medical journals; Nine 
Nobel prizes



I see by the current issue of `Lab News' Ridgeway, 
that you've been working for the last 20 years on the 

same problem I've been working on for the last 20 years.

Source: New Yorker



Experimentally Reducing 
Search Costs
• Collaborators need information about 

many things (e.g. personal chemistry, 
resources, skills) -> this can lead to 
search frictions

• If we reduce search costs for some 
pairs of potential collaborators by 
facilitating face-to-face interactions, 
will we increase collaboration?



II. A Field Experiment at Harvard 
Medical School

Published Paper: 
Boudreau, Kevin, Tom Brady, Ina Ganguli, Patrick Gaule, Eva 
Guinan, Anthony Hollenberg, and Karim Lakhani, 2017. 
“A Field Experiment on Search Costs and the Formation of 
Scientific Collaborations.” Review of Economics and Statistics, 
99(4): 565-576, October 2017.



Research Collaboration Included 
Economists and Medical Researchers

BIDMC & Harvard Medical 
School 

DFCI & Harvard Medical 
School 

CERGE-EI 

Harvard Business School 

MGH & Harvard Medical 
School 

London Business School 

ANTHONY HOLLENBERG

EVA GUINANPATRICK GAULE

KARIM LAKHANI

TOM BRADYKEVIN BOUDREAU



Field Experiment
Layered onto an internal grant 
funding opportunity for Harvard 
biomedical researchers

Eligibility for funding conditional 
on participation in an interactive 
research symposium – here we 
randomized individuals to
breakout rooms

Collaboration measured as 
appearing as a co-applicant on a 
grant application



The Treatment
• Treated pairs: same night & same breakout room
• Control pairs: same night & different breakout room



A View of the Sessions



Post-event Process
• After event participants received an invitation to 

submit applications
• Applications had to have at least 2 collaborators; at 

least 1 co-applicant had to have attended the event



• 402 total participants across 3 nights
• 224 grant applications 
• 26,789 pairs
• Match individuals to biographical info, 

publications, grant applications

Estimating the Impact on Colocation



III. Results



Reducing Search Costs Increases Collaboration



Reducing Search Costs
• Being (randomly) assigned to the same breakout room 

significantly increases the probability of collaboration
• Being in the same breakout room increases probability 

of collaboration by 75%
• Impacts those with same clinical areas (scientific 

space)



Which Pairs Did It Matter More For? 
• Conclusive: Pairs in the same clinical 

area (scientific space) with lower search 
cost more likely to form

• Inconclusive:
• Coordination costs (geographic 

distance: same hospital, Both 
Longwood)

• Social proximity (prior co-authorship)
• Gender (p=0.093 in probit; p=0.133 

OLS)



Search Costs Shape Collaboration
• Acquiring information about potential 

scientific collaborators is costly and 
related search frictions impact 
collaboration



Face-to-Face Matters
• Face-to-face contact is a highly efficient 

form of communication - rapid feedback; 
trust and chemistry; aligning incentives; 
screening


