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Key Points
Question: Is a research team’s gender composition related to its innovativeness and impact?

Findings: Gender diverse teams are significantly more innovative and impactful than same
gender teams. The advantages of gender diverse teams generalize to medical science subfields,
hold whether the gender of the diverse team’s leader is a man or women, and increase as the
team’s gender mix becomes more balanced. Nevertheless, gender diverse teams are still
significantly underrepresented in medical science, potentially inhibiting the advancement of
science and women in science.

Meaning: Gender diverse teams play an unrecognized key role in medical science’s innovative
and high impact research.
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Abstract

Importance: This work addresses questions about how concurrent increases in teamwork® and
women in science?® have changed how the gender composition of a team positively coincides
with its research innovativeness, citation impact, and potential for recognizing women’s new
contributions to science*™".

Objectives: Statistically examine the link between gender diverse research teams and team

performance relative to same gender teams.

Design: Systemic study of team science using a massive, longitudinal scientometric data
covering all 6.6 million publications from 15,033 medical science journals and published by 3.2
million female and 4.4 million male authors, 2000-2019.

Setting: International sample of 7.6 million medical researchers.

Participants: All authors of academic medical research published from 2000-2019 in 15,033
medical journals worldwide as curated in Microsoft Academic Graph (MAG)*.

Design: We regressed each publication’s innovativeness and normalized citation impact on the
gender composition of the team using fixed-effects, matching, and null models to control for
confounds due to institutional, journal, time, and team and individual performance variables.

Main outcomes and measures: Research performance is measured in terms of innovativeness
and impact and the representativeness of gender diverse teams.

Results: Gender diverse teams publish papers that are up to 7% more innovative than same
gender teams, controlling for confounds due to the authors’ past performance, prestige, subfield,
and journal. Similarly, gender diverse teams can be twice as likely to publish hit papers (top 5%
of citations) relative to the base rate and 16.7% more likely than same-gender teams. The results
strongly generalize to the subfields of medical science, whether the diverse team’s leader is a
woman or a man, and further strengthen as gender diverse teams become more gender balanced.

Conclusions: Gender diverse teams outperform same gender teams in the creation of innovative
and high impact papers, an advantage that generalizes to medical science subfields, holds
whether the gender of the diverse team’s leader is a man or women, and increases as the team’s
gender mix becomes more balanced. Despite their advantages, gender diverse teams are
significantly underrepresented in medical science, potentially constraining scientific advances
and under-utilizing human capital.
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Introduction

In the past 20 years, medicine has undergone two transformations that may potentially be
remaking medical research outcomes. One change involves a shift from individual to team
science®. Rising teamwork levels are broadly documented in science. Teams produce more
highly cited research and influence stratification™, yet the implications of team science for
medical research has yet to be fully investigated**. The second change is the increased
participation of women in medical science®**®. Perhaps more than any other branch of science,
the last decade has seen women’s participation rates exceed the participation rates of men in
graduate and post-doctoral training in 60%-t0-40% and 54%-t0-46% ratios, respectively®’.

These systemic changes create a need to study how a research team’s gender composition'®*? is

related to research performance®? and acknowledgement of credit'*#?* Is a medical science
team’s performance correlated with gender diversity? Are the implied gains of gender diverse
teams measurable? Does team performance vary with a leader’s gender?

New experiments suggest that gender diverse teams are potentially consequential to the
innovativeness and impact of research because they may combine the benefits of teams and
diversity. Lab experiments indicate that mixed-gender teams exchange more diverse information
than same gender teams and can do better at general problem-solving tasks than all-male or all-
female teams with equivalent 1Q levels®. Yet, when gender stereotypes and inequities exist in
professional settings like medicine, same gender relationships are preferred®?, reducing
workgroup diversity and equitable representation®. These theoretical and practical repercussions
merit new empirical analysis of the incidence and impact of gender diverse teams on medical
science research and practice.

Methods

Sample

We conduct the first large-scale systemic investigation of the performance of gender diverse
research teams in the medical sciences. Our original field-wide dataset has over 6.6 million
research publications by 3,225,279 female and 4,386,020 male scientists in 15,033 medical
science journals from 2000-2019 as recorded in Microsoft Academic Graph'?. Microsoft
Academic Graph (MAG) is a scientific publication database that records journal article’s
bibliographic information (title, journal, journal field, volume, issue, page, publication date),
authorship (name), author affiliations (name, webpage, and wikipage), and citation links to other
papers in the database.

Variables

Our main independent variable is team gender diversity, and our two outcome variables are
research innovativeness and research impact. All variables were constructed with MAG data.

Team Gender Diversity: To measure the gender composition in a scientific team, we use a
binary variable “mixed-gender”. A mixed-gender team has both men and women. Otherwise, it is
a same-gender team. We also use a continuous variable to evaluate the gender composition of a
scientific team in finer detail® that takes the form
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gi = —pslog,(pr) — (1 —pp)log,(1 — py) 1)
where p, indicates the portion of female authors in a team i. The value of g; ranges from 0 to 1.
When the value of g; is low, either women or men are majority of a team. When g; = 0, the
team is either an all-women team or an all-men team. By contrast, when the value of g; is high,
women and men have roughly equivalent presence in the team. When g; = 1, the team has 50%
women and 50% men. A given author’s gender was estimated using an accepted and validated
algorithm®. Further supplementary validity tests demonstrated that algorithm’s results are robust
to measurement error (see SM S1.2 and Table S3 & S4).

Innovativeness of Scientific Papers: We use a popular and validated innovation measure that
uses a paper’s listed references as an indicator of its mixture of knowledge***. The measure
considers papers with statistically atypical combinations of references to be innovative because
they create new combinations of knowledge that have not been joined, or rarely joined, in
previous research. By contrast, papers that have statistically common combinations of references
represent conventional, familiar groupings of knowledge. To compute a paper’s innovativeness
in terms of novelty vs conventionality, we use a z-score. The z-score is computed from the
observed frequency of journal pairs that appear within a paper’s reference list and the expected
distribution of journal pairings created by randomized citation networks. When a z-score is less
than zero, the combination of prior work is considered innovative (i.e., a novel pairing of ideas)
and when the z-score is above zero, the combination of prior work is considered conventional
(i.e., a common pairing of ideas). A paper is defined as innovative if its novelty z-score is
smaller than zero (see SM S1.2.2 for detail).

Impact of Scientific Papers: The MAG database tracks a paper’s annual citations. We define
high impact papers as those in the top 5% of citation for papers published in the same year. To
provide a fair and comparable measure, we normalize paper i’s final citations by the publication
year (see SM S1.2.3 for detail).

Analysis

To quantify the link between team diversity, leadership, and performance, we used fixed effects
regressions. The regressions control for confounds due to the authorship team’s size, leadership,
and institutional prestige rank, year, journal quality, prior citation impact, average team age, and
individual fixed effects'**%%+3 and were run for the full data. To control for subfield
differences, we also run a separate regression for 45 medical subfields (see SM S2 for detail).
Alternative measurements and null models confirm the results (see SM S1 and S3 for detail).

Results

Figure la shows team size trends in medical science. Large teams (6+ authors) are now the
modal authorship form. Today almost 50% of all papers are by large teams, and the shares of
papers at all other team sizes are concomitantly declining™3*. The share of publications by gender
diverse teams is also changing®. We measure gender diversity two ways. First, “mixed-gender”
is a binary variable equal to O if the team is all the same gender and 1 if the team has both female
and male authors. Second, “gender diversity” is a continuous variable that rises from 0 when the
team is all the same gender to 1 when the team includes equal numbers of women and men.
Supplemental Materials S1.2.4 describes the measures in detail. Figures 1b and 1d indicate
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that the share of papers by mixed-gender and gender-balanced teams respectively is growing
with time.

However, Figure 1c and 1e show that gender diverse are significantly underrepresented (means
with 95% CI shown, all p-values < 0.01). The expected level of gender diverse teams was
computed using a null model. The model holds constant the yearly observed share of female
authors in medical science (i.e., ~45% in 2019), the coauthorship network, team size, and
number of publications and randomly interchanges on a yearly basis female and male authors
who are matched on having the same first year of publication, total publications, and country into
simulated groups (see SM S3.1 for details).

Gender Diverse Teams and Innovation and Impact

Despite their underrepresentation, gender diverse teams are more innovative and impactful than
same gender teams. Innovativeness is measured by whether a paper combines past knowledge in
a novel way relative to past combinations and is updated yearly to account for the evolving
corpus of research and how it has been combined®. Overall, 44% of papers in our data are
defined as innovative. High impact papers are in the top 5% of citation for papers normalized by
yearly average citations (see SM S1.2).

Figures 2a and 2b show the predicted margins of a paper’s novelty and citation impact
conditional on the authorship team’s gender diversity and team size, while controlling for
institutional prestige, the authors’ prior citation impact (the mean for the team members and the
prior citation impact of the first author and the last author separately), the authors’ career age
(the mean for the team members and that of the first author and last author separately), the
gender of the first and last authors, journal-year fixed effects, and individual fixed effects (see
SM S2 for detail).

Figure 2a demonstrates that mixed-gender teams are significantly more likely to publish more
novel papers than same-gender teams (two sample t-test, p-value < 0.001). For example, large
(6+) mixed-gender team are 9.1% more likely to publish a novel article than the base rate [(0.48-
0.44)/0.44]. Given that novelty positively correlates with team size**%*, the substantial added
explanatory power of mixed- vs. same-gender teams seen in Figure 2 is striking. Proportionally,
the increase in novelty for mixed-gender teams of 6+ relative to same-gender teams is equivalent
to the increase in novelty obtained by doubling a same-gender team size from 2 to 4.

Figure 2b shows that mixed-gender teams are significantly more likely to publish a citation hit
than same gender teams. Comparing increases in publishing a hit to the baseline rate, large (6+)
mixed-gender teams are 16.7% [(10.5%-9.0%)/9.0%) =16.7%] more likely to publish a hit paper
than same gender teams of equal size (two sample t-test, p-value < 0.001).

The results replicate when we examine the link between the continuous measure of team gender
balance and performance. We find that as team composition moves from same gender to gender
balanced, the positive impact on a paper’s innovativeness and impact significantly increases
irrespective of team size. SM Tables S1 and S2 present regression details and exact significance
levels while controlling for confounds.
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Lastly, we examined the generalizability of the link between team gender diversity and
performance. First, we tested whether the gender of the team’s first or last author matters®’. We
found that gender diverse teams led by men or women alike produce significantly more novel
and higher impact research than same gender teams (two sample t-test, p <0.001, see SM S4).
Second, we tested whether the benefits of gender diverse teams generalize across medical
research subfields. We grouped papers by their MAG designated primary subfield and ran a
separate regression for each subfield using the same specification as described in Figure 2.

Figure 3 shows that the findings strongly generalize across subfields. The y-axis shows the
regression coefficient value with 95% Cls when innovativeness (Figure 3a) and citation impact
(Figure 3b) are regressed on the team’s “mixed-gender” variable for 45 separate subfields (x-
axis). Figure 3a and 3b demonstrate that the team’s gender diversity significantly and positively
predicts a team’s novelty and impact for a significant majority of subfields (binomial test p <
0.03 for mixed-gender and p < 0.001 for gender balance) with the smallest subfields exhibiting a
noisy relationship. The continuous measure of gender balance replicates the findings of the
mixed-gender measure (see SM S2.6).

Discussion

This research presents striking performance advantages of gender diverse teams relative to same-
gender teams that generalizes broadly across subfields and whether the diverse team’s leader is a
woman or a man. The large body of work documenting the differences in the careers and
advancement of women scientists has raised awareness of gender inequities that inhibit science,
reduce workplace fairness, and require new policy?“. This work reveals new, team-level patterns
of gender relations in science. Teams that combine the efforts and talents of men and women
scientists do better than either all men or all women teams. Gender diverse teams publish papers
that are up to 7% more innovative and 16.7% more likely to be citation hits than same-gender
teams, controlling for confounds due to the authors’ past performance, prestige, subfield, and
journal. These results cannot be explained by the increased frequency of teamwork, team size, or
the surge in women’s participation in medical science. Thus, this work provides a new
perspective on the potentially transformative benefits of gender diversity in science.

While the research finds that gender diverse research teams have robust performance advantages
over teams of all women or all men, our analysis also reveals that gender diverse teams remain
significantly underrepresented in medical science. This suggests that medical science may have
the potential to speed breakthroughs by breaking down barriers to the formation of gender
diverse teams.

Relatedly, the underrepresentation of gender-diverse teams highlights earlier work that has
documented the inequities women experience in relation to accurate perceptions of credit**. The
reasons for underrepresentation may relate to gender inequities in grants®, prizes’, leaky
pipelines?, and credit allocation in teams®? that have been identified elsewhere but bear further
study and evaluation from the lens of team gender diversity. Bias in team formation may be
related to these other challenges and point to mechanisms and options for instituting practices
that can advance gender balance. For example, adopting practices for listing each author’s
contribution in publications can further transparency, accountability, and fairness*’ that can
otherwise inhibit team formation.*® In lab experiments, it has been shown that misperceptions
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can be ameliorated by providing feedback about individual team member performance®.
Similarly, research examining causal tests of gender diversity in teams and mechanisms that
inhibit gender-diverse team assembly is welcomed and could clarify actionable practices and
support new policy™.

Conclusions

Gender diverse teams are significantly more likely to publish research that innovatively
combines existing ideas in new ways and is more influential than research by equivalent same
gender teams. The advantages of mixed-gender teams generalize to medical science subfields,
hold whether the gender of the diverse team’s leader is a man or women, and increase as the
team’s gender mix becomes more balanced. Nevertheless, gender diverse teams are significantly
underrepresented, potentially constraining scientific advances. More generally, this work
expands science of science studies from analyses of gender differences to analyses of gender
complementarities, recognizing distinctive advantages in the scientific outcomes from gender-
diverse teams.
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Figures

Figure 1: Gender Diverse Teams Remain Underrepresented in Medical Science. Figure 1a plots the share of
publications (y-axis) by team size and year from 2000-2019 (x-axis) and figure la inset demonstrates the sharp
upward trend of women’s participation in medical science over the same time period. Large teams have replaced
small teams. In 2000, solo and two-person teams accounted for 15% and 16% of publications, respectively, but by
2015 their shares dropped to 8% and 12% while the largest teams increased their market share dominance from 25%
to 46%. Figure 1b and 1d shows that the share of publications from gender diverse teams steadily increased with
time. Nonetheless, Figure 1c and le indicate that mixed-gender and gender balanced teams are significantly
underrepresented in medical science by up to 17% depending on the team size.

Figure 2: Gender Diverse Teams Produce the Most Innovative and Highly Cited Research Publications.
Mixed-gender teams are more likely to produce innovative papers than same-gender teams at all team sizes; for
teams of size 4 or more, mixed-gender teams are also more likely to produce a novel paper than the base rate
(dashed line). Mixed-gender teams of size 6+ (about 1/2 of all 2019 publications) are 9.1% more likely to publish
novel work than the base rate. Figure 2b shows that the same performance patterns are largely mirrored for whether
a paper is a citation hit (top 5% of papers). Large (6+) mixed-gendered teams can be twice as likely to publish hit
papers than the base rate and 16.7% more likely than large (6+) same-gender teams [(10.5%-9.0%)/9.0%) = 16.7%].
The results are reproduced when team gender diversity is measured in terms of Shannon Entropy and shows that as
gender balance of a team increases, innovativeness and impact significantly increase (see SM Tables S1 and S2).

Figure 3: The Benefits of Gender Diverse Teams Generalize Across Medical Science Subfields. The plots
demonstrate that the performance benefits of team gender diversity generalize across medical subfields. Figure a and
b show the regression coefficients of 45 separate regressions. Each regression estimates the relationship between
either novelty (figure a) or citation impact (figure b) and the team’s gender diversity for the papers in one of 45
separate medical subfields. The regressions control for confounds due to the authors’ experience, prestige, subfield,
individual success, journal of publication and the gender of the team’s leadership as was done in Figure 2, which
pooled the data for subfields in medical science. Subfields are arranged from left to right according to the number of
papers in the subfield (largest to smallest). The larger subfields show positive and statistically significant
relationships with novelty and impact while the relationships become noisier with smaller fields with team gender
diversity being significantly predictive of team performance for the majority of subfields, a statistical regularity that
is not explained by chance (binomial test p < 0.03 for mixed-gender and p < 0.001 for gender balance).
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