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Abstract

Despite increasing representation in graduate training programs, a disproportionate number
of women leave academic research without obtaining an independent position that enables
them to train the next generation of academic researchers. To understand factors underlying
this trend, we analyzed formal PhD and postdoctoral mentoring relationships in the life sci-
ences during the years 2000 to 2020. Student and mentor gender are both associated with
differences in rates of student’s continuation to positions that allow formal academic mentor-
ship. Although trainees of women mentors are less likely to take on positions as academic
mentors than trainees of men mentors, this effect is reduced substantially after controlling
for several measurements of mentor status. Thus, the effect of mentor gender can be
explained at least partially by gender disparities in social and financial resources available to
mentors. Because trainees and mentors tend to be of the same gender, this association
between mentor gender and academic continuation disproportionately impacts women
trainees. On average, gender homophily in graduate training is unrelated to mentor status.
A notable exception to this trend is the special case of scientists having been granted an out-
standing distinction, evidenced by membership in the National Academy of Sciences, being
a grantee of the Howard Hughes Medical Institute, or having been awarded the Nobel Prize.
This group of mentors trains men graduate students at higher rates than their most success-
ful colleagues. These results suggest that, in addition to other factors that limit career
choices for women trainees, gender inequities in mentors’ access to resources and prestige
contribute to women’s attrition from independent research positions.

Introduction

In academia, mentorship plays a key role as a determinant of success for both trainee and men-
tor [1-4]. Academic trainees spend several years training with just 1 or 2 mentors, first to
obtain a PhD and then often as a postdoctoral fellow. In successful mentoring relationships,
trainees develop both their intellectual expertise (through the learning of new skills and con-
cepts) and their professional network (through the mentor’s sharing of academic connections
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and sponsorship). Conversely, mentors benefit in the long run from their trainees’ success, as
it enables a further extension of their professional networks and increases peer recognition.

At present, there is no consensus on whether the gender of the mentor influences the out-
come of academic mentoring relationships. Several studies have examined correlations
between mentor gender and trainee publication output, time to obtain a degree or tenure-
track position, or continued interest in pursuing a career in the field. However, the literature is
mixed on this point, with various studies reporting positive effects of same-gender mentoring
at the graduate or undergraduate level [5-10], positive effects of mixed-gender mentoring
[11], or no effect of gender on mentoring outcomes [12,13]. Proposed mechanisms linking
mentor gender to trainee outcomes include increased confidence and sense of belonging in
historically male-dominated disciplines among women mentored by women [9] and differ-
ences in the level of support or degree of gender bias encountered by women in research
groups predominantly composed of men or women [8].

Differences in training by men versus women mentors may also reflect structural bias
related to the gender of the mentor [11]. Despite some recent gains in representation, women
remain underrepresented as faculty in many research fields [14] and lag behind men mentors
according to conventional metrics of success. Gender-associated differences in mentor status
may in turn impact the ability of trainees to perform high-impact research and thus reduce the
likelihood of continuing on to formal academic mentorship roles. Such an effect would be con-
sistent with previous research examining cumulative advantage processes in academic careers
(e.g., previous results suggesting that trainees of mentors with high trainee counts tend to
become mentors themselves [3,4]).

Notwithstanding the uncertainty around the impact of mentor and trainee gender on train-
ing outcomes, most studies agree that there is a tendency in mentoring relationships toward
homophily, the formation of same-gender academic mentor-trainee pairs during both PhD
[5,6,8,11,15-19] and postdoctoral training [20]. Surprisingly little is known about the drivers
that influence homophily. In particular, it is currently unknown if there are field-level differ-
ences. Most previous work focused on a single scientific field (e.g., economics in [11,15-17]),
and the few studies that encompassed several fields did not report the variation of homophily
between them [13,20]. Perhaps more importantly, long-term trends in homophily within or
across scientific fields have never been investigated. If gender is a meaningful driver in the out-
come of mentoring relationships, then the prevalence of homophily would be an important
factor shaping these outcomes.

The potential association of homophily with other characteristics of researchers, and, in
particular, their relative success, is mostly uncharted. A noteworthy exception is a recent sur-
vey in life science that reported a greater tendency for men faculty that are recipients of a pres-
tigious award to train men students and postdocs, compared to their men colleagues [20]. This
study has yet to be replicated, and it is unknown if its effects generalize to other assessments of
prestige.

To address these questions, we examined a multidisciplinary database of PhD and postdoc-
level training relationships [3], cross-referenced with data on publication, funding, and gender
(as inferred from first names). We find that gender homophily in graduate training is ubiqui-
tous across fields, despite differences in the proportion of women students and faculty. Focus-
ing on data from the life sciences, where sampling of mentorship data is more exhaustive, we
find that both student and mentor gender are associated with different rates of trainee
advancement to an academic mentorship role (i.e., a position that allows one serve as a formal
supervisor to PhD students and/or postdocs). However, the effects of mentor gender on this
training outcome are substantially reduced after controlling for several measurements of the
mentor’s status. Gender homophily in the life sciences is generally unrelated to mentor status.
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However, a notable exception to this trend is the special case of scientists having been granted
an outstanding distinction, evidenced by membership in the National Academy of Sciences
(NAS), being a grantee of the Howard Hughes Medical Institute (HHMI), or having been
awarded the Nobel Prize. This group of mentors trains men graduate students at higher rates
than their most successful colleagues. These results suggest that institutional biases that affect
the careers of women mentors indirectly impact the careers of their trainees and that interven-
tions to increase representation of women as trainees may be targeted at elite scientists.

Results
Multidisciplinary academic mentorship dataset

We analyzed data from Academic Family Tree (AFT; available at www.academictree.org), a
crowdsourced database of academic genealogy [3,21]. The database integrates user-contrib-
uted and public data on academic training relationships and publications. A mentoring rela-
tionship was either explicitly indicated by database users or inferred from authorship and
supervision of a dissertation listed in ProQuest’s collection of dissertations and theses.

We inferred mentor and trainee gender solely from first names. Gender inference was per-
formed using Genderize, an algorithm that estimates the probability that a typical user of the
name identifies as a man or a woman based on social media data recording how the name is
commonly used [22]. Gender probabilities were available for 93.7% of individuals in AFT.
Among this group, we excluded data from 4.3% of individuals whose first names did not have
high probability of association with one gender (see Methods; S1 Fig and S2 Table).

We examined training relationships with end dates between 2000 and 2020, excluding data
from training areas focused on business and clinical medicine (2.9% of training relationships
excluded). The resulting dataset included 109,784 mentors, 23,721 postdocs, and 365,446 stu-
dents from a wide range of research areas in science, technology, engineering, and mathemat-
ics (STEM), humanities, and the social sciences (S2A Fig). For training at institutions in the
United States, the gender composition of graduate students and postdocs across research areas
was consistent with demographic data collected by the National Science Foundation (NSF)
(S2B and S2C Fig).

Gender homophily in graduate training

Homophily, the tendency for individuals to form relationships with those similar to them-
selves, occurs to varying degrees for many aspects of social life (race, class, gender, age, educa-
tion, behavior, attitudes and beliefs, etc.) [23]. To quantify gender homophily in mentoring
relationships, we calculated the degree to which same-gender mentoring relationships
exceeded the proportion expected if trainees matched to mentors randomly. Distinguishing
effects of individual preferences from constraints imposed by population structure is a peren-
nial issue in studies of homophily [23-25]. When mentors of one gender are scarce relative to
students of that gender, complete homophily is impossible: the greater the scarcity, the lower
the maximum level of homophily attainable (S3A Fig). We therefore normalized the value of
homophily so that 0% indicates random trainee-mentor gender pairing and 100% indicates
the maximum possible value, given the gender composition of the mentor and trainee pools
(S3B Fig and Eq 3).

Gender homophily occurs among all general research areas we examined (Fig 1A and 1B).
In all fields and all years, homophily was positive, indicating a tendency for mentors and stu-
dents of the same gender to associate (median homophily across all fields and years = 20.5%).
This trend is also apparent at the level of narrower fields (Figs 1C and S4 and S1 Table, median
homophily across 73 fields with any women mentors = 20.3%).
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Fig 1. Gender homophily in graduate training. (A) Gender ratio of all PhD students from 2000 to 2020, split across broad academic fields and mentor gender.
Colors indicate mentor’s gender. Field abbreviations are reported in the legend. (B) Temporal trends in homophily, the tendency toward same-gender pairing
between trainees and mentors. Each panel shows data from one major field. Lines show a linear regression of homophily as a function of graduation year. P
values indicate significance of temporal trend. (C) Homophily within narrow research areas (n = 73 areas). Solid line indicates median. The data and code
needed to generate this figure are available on Zenodo (DOI: 10.5281/zenodo.4722020).

https://doi.org/10.1371/journal.pbio.3001771.g001

The degree of homophily varied considerably across research areas, with the strongest
homophily in humanities and social sciences and the least in physical sciences and engineering
(S4A Fig). The degree of homophily within a research area was uncorrelated with its gender
composition (S4B and S4C Fig). However, comparing narrower research areas with at least
1,000 students sampled showed a trend toward correlation between homophily and the frac-
tion of women mentors or students (S5 Fig, n = 29 research areas, Pearson’s correlation coeffi-
cient, homophily versus fraction women students, r = 0.36, p = 0.06, homophily versus
fraction women mentors, r = 0.37, p = 0.05), consistent with recent work on gender homophily
in coauthorship [25].

Gender homophily is decreasing over time in some fields. In 6 of the 7 broad research
areas, there was a significant linear decrease in homophily between 2000 and 2020 (Fig 1B,
p<0.05, t test on linear regression with time as independent variable and homophily as depen-
dent variable). At the level of narrow research areas with more than 1,000 students, 10/29
showed a significant decrease and 19/29 showed no significant temporal trends (S6 Fig and
S1 Table).

The temporal trends observed at the level of research areas can be observed at the level of
mentors grouped by academic seniority. We examined the subset of mentors with at least 2
trainees and independent career start dates after 1970 (n = 37,962 mentors). We quantified the
fraction of women mentors, fraction of women students, and homophily as a function of both
mentor’s career start date (1970 to 2015) and student’s graduation date (2000 to 2015). The
fraction of women beginning careers as mentors increased over time from 1970 to 2015 (S7A
Fig). After controlling for mentor’s training end date, there was no relationship between the
fraction of women mentors and trainee’s training end date. This result suggests that the
increase in women mentors was not driven by mentor retirements between 2000 and 2015.
The fraction of women students trained by the mentors also increased (S7B Fig). The decrease
in homophily during this period was related to time (i.e., graduation year), but not mentors’
academic age (S7C Fig).
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Gender inequity in mentor status and trainee continuation to academic
mentorship roles

Consistent with previous investigations into the attrition of women across the academic career
track (sometimes known as the “leaky pipeline”) [14,26-28], our results show that the propor-
tion of women in social science and STEM fields is lower at progressively later stages of the
academic career track, from graduate student to postdoc to academic mentor (S11A Fig). This
result indicates the population of academic mentors remains skewed toward men, even in
research areas with student populations close to gender parity. However, it does not in itself
indicate whether women graduate students continue on to academic mentorship positions at
the same rate as men graduate students. In addition, it does not indicate whether structural
gender biases that affect women as mentors indirectly affect retention of their students in aca-
demia as formal mentors.

To address these questions, we examined the proportion of graduate students and postdocs
in the life sciences that continued on to academic mentorship, accounting for factors that may
impact continuation (see SI Appendix). We hypothesized that if men and women mentors dif-
fer in status (defined here as access to funding, labor, and prestige markers such as citations)
due to gender bias, these disparities might lead to differences in trainees’ continuation to aca-
demic mentorship roles. We therefore compiled several widely used metrics to quantify men-
tor’s status: h-index (a measurement of citation rate and publication production [29] based on
data from the National Library of Medicine and Semantic Scholar), trainee count (total num-
ber of PhD students and postdocs mentored, a metric closely related to laboratory size [3]), the
rate of funding granted by the US governmental agencies NSF and National Institutes of
Health (NIH), and the rank of the mentor’s academic institution in the Quacquarelli Symonds
World University Rankings, an annual assessment that heavily weights the institution’s reputa-
tion among academics. Funding rate, h-index, trainee count, and institutional prestige were all
correlated with one another, suggesting that all 4 metrics measured a common trait of “aggre-
gate status” (S8 Fig). To compare mentors of the same status, we sorted mentors of all genders
by each status metric, then grouped them into up to 10 bins of approximately equal size, such
that mentors with the same value for a status metric were never placed in different bins.

We limited our analysis of mentor status to the life sciences. Sampling was more complete
in these fields for 2 reasons. First, data on publication and funding were drawn from sources
specific to this field (including funding data from the NIH and publication data from the
National Library of Medicine). Second, because the AFT began as an effort to crowdsource the
academic genealogy of neuroscience, its sampling of mentorship data is most dense for the life
sciences. To avoid false negatives in our identification of trainees that continued to academic
mentorship roles, we further limited the analysis to the subset of training relationships with
stop dates before 2010 and whose records had been manually edited by AFT users (final
n = 11,112 mentors, 26,420 trainees, 26% of life science training relationships meeting other
criteria for analysis). Although these criteria reduced the size of the dataset, they minimized
the chance of false negatives in our identification of progression to academic mentorship. Due
to our strict definition of continuation as progress to academic mentorship, it is likely that the
continuation rates reported here (see S1 Appendix) underestimate the actual proportion of
trainees that remain in academia.

Compared to women mentors, men mentors had higher mean rates of funding, trainee
count, and h-index, but not institution rank (Fig 2A, p<0.00, Welch’s unequal variances ¢
test). Consistent with this finding, men mentors were overrepresented at the highest status
deciles for funding, trainee count, and h-index, while women mentors were overrepresented
in lower status deciles (Fig 2B).
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Fig 2. Relationship between mentor gender and mentor status. (A) Distribution of mentor-status metrics among
men and women mentors in life sciences (n: total number of mentors in the continuation dataset with data for the
status metric, p: p-value of Welch’s unequal variances t test for difference in mean between men and women mentors).
For improved visualization, 2 outliers are not included in the histograms (trainee count = 75, h-index = 230). (B)
Gender distribution of mentors after binning by status (smaller numbers higher rank). Solid line indicates percentage
of men mentors within each bin. Dashed line indicates percentage of men mentors across all bins. The data and code
needed to generate this figure are available on Zenodo (DOI: 10.5281/zenodo.4722020).
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To test the hypothesis that structural gender bias among mentors indirectly affects the rate
at which trainees continue to academic mentorship positions, we fit logistic regression models
that predicted student and postdoc continuation based on each mentor status metric individu-
ally, trainee and mentor gender, mentor seniority, and training end date (Fig 3, left). Including

A Life sciences
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Fig 3. Association between mentor status, mentor gender, and trainee continuation in academia. (A) Mean continuation rate in academia for PhD students
and postdocs in life sciences. Each panel shows data sorted according to a different measure of mentor status. Points show mean continuation rate of trainees of
mentors with a given status (smaller numbers indicate higher status), grouped by trainee and mentor gender. Lines show prediction of logistic regression
model, fit to these variables as well as training end date and mentor seniority. Titles indicate number of mentors with respective status data available. (B)
Marginal effects of each independent variable on trainee continuation rate, predicted by logistic regression models incorporating the status variables in (A).
Marginal effects of gender show the impact of the mentor or trainee being a man relative to a woman. Marginal effect of mentor status shows impact of a
1-decile increase (worsening) in rank compared to others in the field. Marginal effect of mentor seniority shows impact of a 10% increase in the variable. Error
bars show 95% confidence intervals. Light gray bars show marginal effects for same model fit to data with mentor status shuffled across trainees. The data and
code needed to generate this figure are available on Zenodo (DOI: 10.5281/zenodo0.4722020).

https://doi.org/10.1371/journal.pbio.3001771.g003
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training end date as an independent variable accounted for long-term changes in the number
of trainees, status variables and continuation rates [30]. Mentor seniority was included to con-
trol for the possibility that phenomena apparently related to gender disparities in mentor sta-
tus could be explained instead by gender differences in mentors’ academic age. We also fita
model that included the first principal component (PC) of all 4 status metrics as a single
“aggregate status” variable (Fig 3, right). To quantify the degree to which differences in men-
tors’ status account for differences in trainee continuation rates, we compared each model to
one in which mentor status had been shuffled across trainees (Figs 3 and 4).

For all measures of mentor status, higher rank was associated with greater rates of trainee
continuation to roles as academic mentors (note consistently sloping lines in Fig 3). Being a
man or the trainee of a man was also associated with greater continuation rates. However, this
disparity was substantially reduced if one considered the overrepresentation of men in higher
mentor status ranks (Fig 2). Including a measure of mentor status in the model substantially
reduced the effect of mentor gender. For all measures of mentor status, the magnitude of the
mentor-gender effect was reduced relative to a model in which mentor status was randomized.
This randomization had minimal impact on trainee-gender and temporal effects (Figs 3B and
4). Thus, controlling for mentor status reduces the apparent effect of mentor gender on trainee
retention as academic mentors by up to 49% (p<0.002, ¢ test, for all metrics except trainee
count, Fig 4C). The maximum reduction occurred in the model that included h-index, and the
aggregate status metric did not have greater predictive power than h-index.

Incorporating status metrics also accounted for some effects of mentor seniority (Fig 4B).
In a stepwise comparison, randomizing data for both status and seniority resulted in a greater
reduction of mentor-gender effects than randomizing either alone, suggesting that gender dif-
ferences in seniority do not account for effects of gender differences in status (S9 Fig).

Separately analyzing data for graduate students and postdocs (S10 Fig) showed consistent
effects for mentor status, mentor seniority, and trainee gender. Mentor-gender effects did not
reach significance among all subsets of the data, possibly because of the reduced statistical
power available in these smaller datasets.

Gender homophily and mentor status

The differences in status between mentors of different gender (Fig 2) suggests that gender
homophily will pair trainees with mentors whose structural advantages or disadvantages rein-
force their own [31]. This effect may be reduced or amplified if homophily differs across men-
tor status levels. We therefore analyzed how homophily and trainee gender differ according to
mentor status. In addition, we separately analyzed data for highly elite mentors, as indicated
by a Nobel Prize, membership in the NAS, and/or funding by the HHMI. It is well established
that research communities are biased to value the output of researchers who have established a
high profile [32]. Moreover, it has been reported that men mentors in this group train fewer
women than their peers, possibly exaggerating the impact of homophily in this group [20].

Higher status—as measured by funding rate, h-index, trainee count, institution rank, or the
aggregate status metric—did not show a consistent relationship with the percentage of men
students trained by men or women mentors (Fig 5A). The degree of homophily, which col-
lapsed across both men and women mentors, did not show a relationship with mentor status
for any individual status metric or the aggregate status metric (Fig 5B, p>0.05, linear regres-
sion predicting homophily from mentor status bin).

By contrast, mentors that received a prestigious award tended to train more men students
than high-status mentors that were not prizewinners (Fig 5A). The percentage of men trained
by mentors that received prestigious awards was greater than mentors at the highest status
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effect for models with and without each status metric shuffled. The data and code needed to generate this figure are
available on Zenodo (DOI: 10.5281/zenod0.4722020).

https://doi.org/10.1371/journal.pbio.3001771.9004

aggregate status rank (50% men in top decile versus 61% among awardees, n = 2,490 mentors,
p =6.1x107>% t test). This trend was observed among both men and women mentors (men
mentors: 53% men in top decile versus 65% among awardees, n = 1,991 mentors, p =
4.3 x 107", t test, women mentors: 36% versus 47%, n = 499, p = 1.7 x 10°). The fraction of men
trained differed between award recipients and mentors ranked in the top decile according to sev-
eral status metrics, suggesting that this finding generalizes across multiple measurements of pres-
tige (funding rate: 49% men in top decile versus 61% among awardees, #n = 2,075 mentors,
p=80x 10", t test, trainee count: 44% versus 61%, n = 2,480, p = 3.0 x 10>, h-index: 51% ver-
sus 61%, n = 2,480, p = 2.3 x 10", institution rank: 51% versus 61%, n = 1,844, p = 1.3 x 10~'").
To more rigorously test the interaction between award receipt and the gender composition
of student trainees, we turned to multivariate regression. A regression predicting fraction of
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Fig 5. Relationship between mentor status and gender homophily. (A) Mean percentage of men students among life sciences mentors divided by research
area, mentor status, and acquisition of elite awards. Horizontal dashed lines indicate percentage of men students for all mentors. Color of solid lines
indicates significance of a linear regression predicting the percentage of men students for each mentor, based on decile rank in status and receipt of an
award (see legend). Error bars show SEM. Numbers (n) indicate total mentors with valid status measures for that group. (B) Mean homophily among life
sciences mentors, grouped as in (A). Color of solid line indicates result of linear regression predicting homophily based on mentor status. The data and code
needed to generate this figure are available on Zenodo (DOI: 10.5281/zenodo.4722020).

https://doi.org/10.1371/journal.pbio.3001771.g005

men students for each life science mentor based on award receipt, mentor gender, and success
rank showed an effect for award (8= 0.077, p = 2.1 x 10~7) and mentor gender (8 = 0.16,
p<1><10’29, n = 17,205 mentors) but only a trend for status (8 = —-0.0017, p = 0.057).

Discussion

Our results indicate that graduate-level mentoring relationships are formed at higher rates
between trainees and mentors of the same gender. This phenomenon of homophily occurs
consistently across wide-ranging research areas. Gender groups are also associated with differ-
ences in mentoring outcomes, as measured by trainees” continuation to positions that allow
for formal supervision of doctoral students and postdocs. Most prominently, women graduate
students and postdocs have lower continuation rates than men, consistent with many previous
reports [14,26-28]. We also find that continuation rates in the life sciences depend on mentor
gender, as trainees of men mentors have higher continuation rates than trainees of women
mentors. However, we find a substantial portion of this latter association is accounted for by
the observation that men mentors in life sciences also have higher average rank in traditional
measures of status. These findings support a model in which mentors’ access to funding and
labor, as well as prestige markers such as citations, are distributed unevenly by gender and in
turn affect trainees’ retention in academia as formal mentors. Compounded with gender
homophily, these disparities in mentor status may contribute to ongoing challenges around
the retention of women trainees in academic research.
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The leaky pipeline phenomenon is widespread across fields

Our finding that rates of continuation to academic mentorship are lower for women graduate
students and postdocs replicates prior research that has identified postgraduate career transi-
tions as points of women’s attrition from academia, although we note that there is a distinction
between acting as formal mentor, holding a tenure-track position, and participating in aca-
demic research in any capacity [26-28,33]. Although the fraction of women graduate student
trainees increased between 2000 and 2010, the magnitude of “pipeline leak” did not change.
Numerous factors have been proposed to explain this phenomenon [34-38]. In addition to
bias in assessment and hiring, women may experience greater obligations to family and child-
care relative to men or lack of institutional support for balancing family and career. Our data
do not directly address the relative role of these and other factors in causing the leaky pipeline,
which remains a topic of debate. However, we do show that disparities in retention associated
with trainee gender persist even after controlling for graduation year (a proxy measure of the
increasing competitiveness of the academic job market [39]) as well as (for the specific case of
the life sciences) several measurements of mentors’ academic achievement. This result indicates
that student gender is associated with differential outcomes even when comparing students that
are similarly situated when training ends. In addition, our data indicate that attrition of women
during postgraduate career transitions occurs across multiple area of STEM and social science
and ultimately affects the size of the pool of women graduate mentors.

The role of academic mentor gender in trainee retention

We offer evidence that gender-based disparities in the status of mentors in the life sciences
contribute to disparities in the rate at which their trainees continue to academic mentorship
roles. Because our sources for data on citation, funding, and mentor receipt of an award are
most complete for the life sciences, our results on mentor status are limited to this field, unlike
our results on homophily and the leaky pipeline phenomenon, which spanned multiple fields.

Our results are consistent with previous findings of disparities between men and women
faculty on several conventional measures of success. These include lower number of publica-
tions by women researchers [6,11,14], lower rates at which their work is cited [40], and lower
levels of funding [41-45]. Gender differences also extend to slower progression through pro-
fessional positions [26,46-49], as well as more subtle markers of career achievement such as
invitations to present work at seminars [50].

The causes of gender-based disparities in conventional measures of academic success are
complex. They may reflect long-standing bias in the academic community, which leads wom-
en’s competence or performance to be assessed on a different scale from men or according to
different qualities [34]. Evidence of bias has been found in studies of gender differences in the
outcomes of fellowship applications [41], hiring assessments [36], and the content of reference
letters [51,52]. Effects of bias may be amplified by constraints and cultural expectations related
to family life, particularly childcare, which impact women more than men researchers, espe-
cially in early and mid-career stages [14,27,53]. Recent longitudinal studies indicate that par-
enthood impacts women’s participation in the STEM workforce more than men [38] and
accounts for a large share of gender differences in research production [54]. Geographical con-
straints due to partners’ professional employment may also impact women in academia to a
greater degree than men [55].

Proposed mechanisms linking mentor and trainee gender to training outcomes include
increased confidence and sense of belonging in a historically male-dominated field among
women mentored by women [9]. Students have also reported qualitatively different support
depending on gender. Specifically, women graduate students are more likely to report
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benefiting from psychosocial support from a mentor during their PhD training (such as pro-
viding emotional support and taking an interest in the student’s personal life, cf. [56]), whereas
men are more likely to report operational support (such as being involved in chairing a confer-
ence, collaborating on papers, or being recommended to colleagues, cf. [57-59]). It is not clear
from this descriptive evidence whether such differences in support are driven by mentor pref-
erences, trainee needs, or effects of gender stereotypes on trainee expectations of mentors [60].
Women faculty generally assume a greater share of academic service responsibilities than men
[61], and differences in mentoring demands may add to this disparity.

Future research could test whether covariates of mentor gender, in addition to status, affect
retention in academia as mentors. For example, trainees of men and women mentors may be
judged differently, even if the mentors have similar qualifications, reflecting a general gender
bias in academia [34,36] (but see [37]). Men and women mentors’ social networks may differ
in gender composition, as suggested by analyses of coauthorship [25,62], or in other features
such as size. Finally, gender differences in self-promotion styles (e.g., self-citation and use of
positive language to describe research results) may be imitated by trainees [63,64]. Future
research could also examine whether subfields or topics within the life sciences differ in the
relationship between mentor gender, mentor status, and trainee continuation.

Several studies that have documented positive effects of same-gender mentoring for women
students are compatible with our specific result. In particular, our findings are compatible
with evidence that contact with women role models has positive effects on women’s persis-
tence in STEM careers at stages prior to graduate school [9,10]. Our results are also compatible
with evidence that women’s careers benefit from a social network that includes women during
graduate education [65]. Our results differ from a recent study that found higher continuation
rates among women in chemistry that work with women PhD mentors, after controlling for
students’ research productivity [8]. However, our general finding that apparent differences
between men and women mentors are reduced after controlling for status is consistent with a
recent preprint on gender and research productivity [66]. We view such results, like our own,
as reason to work for equity in institutional support for women mentors in academia.

Given the many factors that can lead to gender disparities, it is unlikely that equity can be
achieved with a single policy change. For example, analysis of NIH data suggests that outcomes
of grant review are not biased against women applicants [67]. Still, a disparity in funding levels
persists, which must reflect differences in the rate at which women apply for funding or in the
size of their awards. In this study, the status variable that accounted best for the disparity in
mentorship outcomes was h-index. While /-index can be criticized as overly narrow in its
scope, this observation is consistent with the idea that a researcher with high publication
impact is likely to be well known and respected within their field. By this logic, investment by
universities and professional societies in programs that enable women mentors to increase the
impact of their work in ways that increases metrics such as h-index may also benefit trainees
seeking positions as academic mentors.

Homophily in academic mentorship

A recent survey of life science researchers suggests both students’ and mentors’ preferences
influence gender homophily in mentoring: Applicant pools are skewed toward the gender of
the mentor, but the gender composition of the final research group matches the mentor’s gen-
der more closely than the applicant pool [19]. Comparisons of homophily across differing lev-
els of organization, such as the subfield, department, or research group could help to expand
this picture. For example, researcher gender composition varies across subfields [68]. If a sub-
field contains many students and mentors of one gender, this would increase the degree of
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homophily within the field of which it is a part (see [25] for similar observations on homophily
in coauthorship). Gender differences in subfields may be influenced by the degree to which
particular research topics or methods fit with internalized gender stereotypes, or whether the
culture of the subfield makes students of a particular gender feel that they belong [69,70].
Comparisons of gender homophily across subfields could therefore reveal the extent to which
drivers of gender homophily lie outside the process of applying for research supervision. A
study of gender homophily in coauthorship of life sciences articles found only a weak relation-
ship between the degree of homophily and the journal’s discipline [25], suggesting that homo-
phily is driven by choice of coauthors rather than gender differences in research topic choice.
Our finding that there is only a weak correlation between homophily and research area sug-
gests similar causes for gender homophily in mentorship. Another possible influence on
homophily is the research group itself, which is a source of informal mentorship, acculturation,
and support, particularly in STEM. A sense of affinity for the research group could also draw
students to work with particular mentors. It would therefore be interesting to know whether
there is more or less gender homophily in fields where mentoring is more one-on-one. Future
research could also examine how gender homophily interacts with other demographic vari-
ables, particularly race and ethnicity.

We show that homophily is unrelated to markers of mentor status, with the exception of
receipt of a prestigious award. Our results thus build on the finding that elite men mentors in
the life sciences employ fewer women than their colleagues [20], suggesting that it does not
generalize to other indicators of prestige (as it would if we had found a consistent decrease in
the percentage of men students across success levels). Instead, mentors that receive prestigious
awards are a special case, but an important one, given their role as feeder labs for independent
researchers [20].

Limitations of the current study

Given that we rely on observational data, our ability to identify causes is limited. We have
attempted to use appropriately qualified language to describe our findings, and to discuss their
relationship to controlled experiments on gender. However, we also note that there is a rich
tradition of using observational data and statistical models to study how gender affects aca-
demic careers under real-world conditions. A critical aspect of this approach is to identify
underlying factors that explain differences between observed groups [71]. The analysis of men-
tor status illustrates this approach, where an apparent effect of mentor gender can be explained
by differences in the resources and prestige associated with men versus women mentor groups.
As models are refined with more detailed and quantifiable variables, they may be used to drive
experiments that test causal relationships.

Static, binary gender categories are a simplification of the complex social and biological
reality of sex and gender [72,73]. Due to the probabilistic nature of the methods used in this
study, we were unable to identify transgender, intersex, and/or nonbinary individuals in the
data. There is evidence that transgender status influences experiences in academia. An account
by a prominent transgender scientist indicates that gender transition affected his treatment by
colleagues [74]. Survey data indicate that transgender graduate students experience stress in
day-to-day interactions with peers and faculty due to their gender identity [75,76]. We hope
that future research on gender and mentoring will integrate findings from studies that leverage
the large sample sizes available through automated analysis of first names with analysis of sur-
vey data that incorporates more complex understandings of gender. Ideally, those studies
would consider the diversity of experiences within the transgender population (e.g., transmas-
culine and transfeminine, age and career stage of gender transition, nonbinary and binary).
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An important limitation of this study is its focus on placement in positions that enable for-
mal supervision of doctoral students and postdocs as a measurement of training outcome. For-
mal academic mentorship does play an outsized role in shaping research communities and
thus merits special attention. At the same time, this mentorship role is only one of many differ-
ent and valuable outcomes that academic training makes possible. Individuals that go into a
teaching-focused job at a non-PhD granting institution may have an impact on undergradu-
ates’ persistence in STEM [9,10] or other fields. Trainees may also directly advance scientific
knowledge through work in industry or conducting and supervising research at non-PhD
granting academic institutions. We focus on doctoral and postdoctoral supervisors because of
the role they play in defining research problems and training the next generation of faculty, as
well as the possibility that gender disparities in this specific trajectory may be an indicator of
more widespread sexism in academia.

Materials and methods

Data for the current study were drawn from the AFT (https://www.academictree.org), an
online database of mentoring relationships [3,21]. The database records the identity of the
mentor and trainee, the type of training (graduate or postdoctoral), and the start and end year
of the training.

The AFT derives information on training relationships from 2 sources: crowdsourced (i.e.,
user-provided) data and ProQuest’s collection of dissertations and theses. In a previous study,
a portion of the crowdsourced data was validated by comparison with data on formal mentor-
ing relationships indicated on faculty web pages [21]. To limit heterogeneity in the type of
mentoring relationships included [77], ProQuest data were limited to records of dissertations
that resulted in doctoral degrees within a recent time period (2000 to 2015) and listed the dis-
sertation advisor. When the name and institutional affiliation of an advisor listed in ProQuest
matched the name and field of study of a mentor included in crowdsourced data, the two were
considered to refer to the same person. If no name match was found at any institution, a new
node was added for the advisor. If a name match was found at another institution, the training
relationship was not added until it could be reviewed manually as being a match to an existing
mentor or a new mentor.

As of November 2020, the AFT contained data on 724,657 researchers and 695,045 training
relationships. Data for 397,008 training relationships (57%) were populated based on the Pro-
Quest dissertation database. Trainees and mentors for existing AFT data were filled in based
on name and institutional affiliation matches to the ProQuest data.

We analyzed data from 79 labelled research areas (S2 Fig). Because these labels for areas are
added to the AFT by public contributors, the size and specificity of their respective research
communities varies. We therefore grouped data into 8 broad fields based on the categories
used in the NSF’s Survey of Earned Doctorates (52 Fig).

There is a correlation between the fraction of PhD-level training relationships in each
broad field in the AFT dataset and concurrent data from the NSF’s census of PhD-level train-
ing relationships (r = 0.97, p = 0.0003, AFT data limited to training relationships at US institu-
tions). Thus, the sampling in the overall AFT dataset matches that reported by the NSF.
Examining crowdsourced data alone shows an overrepresentation of the life sciences and
physical sciences relative to their proportion in NSF data. This trend may be due to the history
of AFT, which began as an effort to track the academic genealogy of neuroscience through
crowdsourcing [21].

Geographic locations were available for 91.8% of training relationships and indicated that
the vast majority (90.2%) of data was drawn from US institutions. The gender composition of
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US graduate students across research areas was highly correlated with equivalent data from the
NSE Survey of Earned Doctorates, an annual demographic study of US graduate programs
(Pearson’s correlation coefficient, r = 0.97, p = 0.0003, S2B Fig). Comprehensive demographic
data on postdocs by gender, field of study, and year of training end date were not available.
However, the gender composition of US postdocs in STEM and social sciences was correlated
with data from the 2015 NSF Survey of Graduate Students and Postdoctorates in Science in
Engineering, a cross-sectional survey (r = 0.98, p = 0.003, S2C Fig).

Data analysis was implemented in Python and R [78-83]. The subset of AFT data analyzed
in this project, along with code for producing figures, is available on Zenodo (DOI: 10.5281/
zeno0do.4722020).

Gender inference

Researcher gender was inferred from first names using genderize.io, an online portal that relies
on social media data to estimate the probability that a first name is associated with an individ-
ual identifying as a man or a woman [22]. Statistical analysis of authors’ first names have previ-
ously been to used to study gender differences in academic publication and citation
[40,68,84,85]. In previous evaluations, it has been shown to have high levels of accuracy when
applied to editorial boards of academic journals [86] and author lists [22,85]. Because some
names show differences in their typical gender (e.g. “Robin” is typically a man’s name in the
United Kingdom, but not in the US), usage data for gender inference were drawn from the
country in which an individual’s academic institution is located. When no location informa-
tion was available, we used gender estimates based on usage data pooled across all countries.

We excluded data for researchers whose names were not clearly associated with one gender.
To avoid possible bias in measurement error [84], we adjusted the thresholds slightly for
assigning gender to names to balance the probability of error for men and women. Our proce-
dure for adjusting the threshold was as follows:

(1) For each probability p (0 = woman, 1 = man), find the number of names, n(p). (2) For
each probability, calculate the number of names expected to be falsely assigned to each gender
(e.g., for men expected error at probability p = n(p)—p*n)(p)). (3) Using the results from (2),
calculate the cumulative probability of error if the threshold is set at each possible value of p.
(4) Choose a threshold to use for one gender. (5) Using the results from (3), find the corre-
sponding cumulative probability of error for one gender at this threshold. Choose the thresh-
old for the remaining gender that gives an equal cumulative probability of error.

Following this procedure with a fixed threshold of p>0.75 for including putative men
results in a threshold of p<0.24 for including putative women (see S1 Fig). A comparison with
stricter thresholds on key results showed no consistent difference between fixed and balanced
thresholds (S2 Table).

We manually validated the gender estimated through genderize.io on a randomly chosen
subset of n = 2,184 researchers with a profile picture on the web portal of the AFT. Specifically,
each profile photo was presented to 2 different scorers (out of 3 total scorers) who were
instructed to report the apparent gender of the person, in the absence of any other clue beside
the picture. The scorers could report one of the 3 options: “male,” “female,” and “ambiguous/
hard to tell from this picture”. Gender probabilities based on first names were available for
2001 researchers in the sample. We excluded pictures reported as ambiguous by one or both
scorers (n = 24 reported ambiguous by both scorers, n = 189 reported as ambiguous by one
scorer). There were no instances in which one scorer perceived the individual in the photo-
graph as a man and the other perceived the individual as a woman. Scorers generally marked
photos as ambiguous due to technical errors in loading the photo rather than uncertainty
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about the individual’s gender presentation. We found a high rate of agreement between classi-
fication based on first names via genderize.io and scorers’ reports based on photos (n = 1,788
researchers, area under ROC curve = 0.99). A detailed breakdown of error rates is provided in
S3 Table. The magnitude of error rates is similar to those reported in a previous study that
used algorithmic identification of gender based on names [84].

Homophily
We measured homophily as the degree to which same-gender mentoring relationships

exceeded the proportion expected if trainees matched to mentors randomly. Homophily was
first calculated separately for men and women:

homophily, = Pr(trainee,|mentor,) — Pr(trainee,) (1)

homophily,, = Pr(trainee,,|mentor,,) — Pr(trainee,,) (2)

Overall homophily was then computed as their sum, weighted by the total number of train-
ing relationships with mentors in each group:

homophily,, , = Pr(mentor,) * homophily, + Pr(mentor,,) * homophily,, (3)

Positive values indicate that students and mentors of the same gender tend to work
together, while negative values indicate that students and mentors of different gender tend to
work together. A value of 0 indicates that students of any gender have an equal chance of train-
ing with mentors of any gender. Values of homophily were normalized so that 100% indicates
the maximum possible value, given the gender composition of the mentor and trainee pools.

To demonstrate effects of the gender composition of a research field on homophily, we con-
ducted a simplified simulation (S3 Fig). We assumed that all individuals in the field had a set
propensity to form same-gender mentor-trainee pairs, described by a parameter (a) between 0
and 1. This parameter determined the initial number of man-man and woman-woman men-
tor—trainee dyads in the field:

n(M trainee, M mentor) = a * min[n(M trainee), n(M mentor)] (4)

n(F mentor, F trainee) = a * min[n(F trainee), n(F mentor)] (5)

The remaining mentors and trainees in the pool were matched randomly. Homophily was
measured from the resulting population of mentor-trainee pairs. S3 Fig shows results from
simulations including 1,000 mentors and 1,000 trainees.

To more clearly show change over time, the plot of temporal trends of the gender ratio of
students and mentors in S6 Fig was smoothed with a 5-year moving average. For the regression
analysis of temporal trends, homophily was computed from the raw data (Fig 1B and S1 Table).

For the supplemental figure of temporal trends in narrow research areas (S6 Fig), as well as
comparisons of homophily across research areas, only fields with at least 1,000 students (29/73
fields with any women mentors) were included. Data from research areas with less than 1,000
students were included in analysis reported elsewhere in the paper, including aggregate statis-
tics on homophily (see Results, S1 Table).

Mentor seniority

Mentor seniority was measured based on the date at which the mentor began an independent
academic career. When data on mentor’s own graduate or postgraduate training was available,
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we considered the most recent training end date as the start of the mentor’s career. When no
such data were available, training start date was inferred from the date of the mentor’s first
publication. This inference was based on a linear regression between training start date and
first publication date for mentors in which both types of data were available. Because publica-
tion data were available for a much larger number of mentors than training data (n = 46,368
versus 85,353), this procedure substantially increased the coverage of mentor seniority data.

Continuation in academia

We use continuation in academia as a measurement of training outcomes. A student or post-
doc has continued in academia if he or she has gone on to become a mentor (i.e., has trainees
listed in the AFT database).

ProQuest does not record whether students continue to a postdoc or academic position
after completing their dissertation. Given that a high percentage of PhD-level training relation-
ships in the AFT were populated based on ProQuest (see “Data Preparation”, above), this cre-
ates a risk of underestimating continuation rates. Analyses of academic continuation rates
therefore only included ProQuest data for individuals whose records had been edited by at
least one human contributor to the database. This criterion is based on the assumption that if
individual contributors had edited a particular trainee’s data, they would be likely to also
record the trainees’ subsequent academic position.

Mentor status

We computed 4 metrics of a mentor’s academic status:

Trainee count. The total number of people the mentor trained (including both PhD stu-
dents and postdocs) with training end dates between 2000 and 2020.

Funding rate. The total funding dollars per year the mentor received in NSF and/or NIH
grants. To convert total funding to rates, we divided it by the years elapsed since the first grant
awarded to the mentor. Funding data were downloaded from NSF Award Search and NIH
RePORTER. Grants were linked to researchers in the AFT database based on the researcher’s
name and institutional affiliation. Grant dollar amounts were adjusted to 2020 dollars by cal-
culating and compensating for the linear increase in per capita funding over time. Grants
awarded before 1985 were excluded due to sparse sampling of funding during this period.
Mentors whose total funding exceeded $500,000,000 were excluded as outliers. A total of 20
mentors (out of 108,220) exceeded this threshold. Manual inspection suggests that mentors
were in this category due to participation in large-scale, highly collaborative projects.

H-index. The maximum number 4 such that the mentor has / publications with at least h
citations and all other publications have <# citations [29]. Citation data were drawn from the
Semantic Scholar database for papers linked to researchers based on string matches to their
name and the names of associated trainees and mentors [3].

Institution rank. The rank of the mentor’s institution in the 2015-2016 Quacquarelli
Symonds World University Rankings (QS rankings). Institution names in AFT were matched
to university names in the QS rankings using fuzzy string matching [87]. Matches with less
than 95% similarity between characters were excluded. Where the source data provided an
interval rather than an exact rank, the midpoint of the interval was used as the rank for all
institutions within it.

To obtain an aggregate measure of status, we calculated the first PC of trainee count, fund-
ing, h-index, and institution rank across mentors, which we refer to as “aggregate status.” Only
mentors with available data for h-index were included in this analysis. When other status met-
rics were not available, they were imputed with the mean value for that academic field. Data
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for each metric were normalized by subtracting the mean and scaling to unit variance before
performing principal component analysis (PCA).

To examine the relationship between mentor status and retention in academia (Figs 4, 5, S9
and S10), we fit logistic regression models predicting the probability that trainees will them-
selves continue to mentorship (p) based on their training end date (year), mentor seniority at
the time of training end date (seniority), mentor and trainee gender, and mentor status:

log (ﬁ) = B, + B year + B,gender .+ f.gender . + f,seniority 4 B status,  +
€ (6)

where status,,,; indicates the mentor’s rank (approximate decile) on one of the status mea-
sures discussed above relative to others in the field. To quantify the fraction of variance
explained by adding mentor status (Fig 4), we fit the models above to data in which mentor
status had been shuffled across trainees. The change in the marginal effect (dy/dx) is:

dy/dx
_ actua (7
dy / dxshufﬂed )

In all logistic regression models, gender was coded as “1” for men and “0” for women and
the minimum training year in the dataset was subtracted from all years. Mentor seniority was
converted to a 1- to 10-point scale to allow for comparison of marginal effects across models.

To examine the relationship between mentor status and homophily at the individual level,
we fit linear models predicting the fraction of men students trained by each mentor based on
the mentor’s status and receipt of a prestigious award (see below):

nmen/n = IBU + ﬁ]StatuSrank + ﬁ‘laward+ € (8)

where status,,,,; indicates the rank (approximate decile) that the mentor’s status falls into in
comparison with other mentors in the field, and award is a categorical variable indicating
whether the mentor received a Nobel, NAS membership, or HHMI funding.

We compared this to a model predicting homophily as defined in preceding analyses from
mentor status:

homophily = f§, + f,status,,,+ € (9)

Because the measurement of homophily is defined at the level of the group, we could not
include award receipt as a variable in the regression model.

To identify Nobel laureates, members of the NAS, and HHMI grantees, data were drawn
from official websites (http://api.nobelprize.org; http://www.nasonline.org/member-directory;
https://www.hhmi.org/scientists), then linked to researcher first names using fuzzy string
matching. Links with less than 95% similarity between characters were excluded. AFT profiles
manually identified as Nobel laureates by contributors to the database were also included.

Supporting information

S1 Fig. Procedure for balancing chance of error for gender classification of men’s and
women’s names. (A) Dashed lines indicate upper and lower thresholds for ambiguous first
names. The threshold producing balanced error is slightly more conservative for women’s
names (0.24) than for men’s (0.75). (B) Distribution of inferred genders. Lists at top indicate 5
most common names in the dataset in each category (probable man, ambiguous, and probable
woman). The data and code needed to generate this figure are available on Zenodo (DOI: 10.
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5281/zenod0.4722020).
(TIF)

S2 Fig. AFT dataset overview. (A) Total graduate students, postdocs, and mentors in the
AFT, during 2000-2020 and grouped by subfield. (B) Percentage of women graduate students
in the AFT and the NSF’s Survey of Earned Doctorates. Each point represents data for 2000-
2020 in one broad research field. Table shows ratio difference between the 2 datasets, (NSF/
AFT, absolute difference across all research areas: +0.5%). (C) Percentage of women postdocs
in the AFT and the NSF’s Statistical Survey of Graduate Students and Postdoctorates in Science
and Engineering. Each point represents data for postdocs with training end dates between
2000-2020 in one broad research field (AFT data) or the 2015 cross-section of actively
employed postdocs (NSF data). The data and code needed to generate this figure are available
on Zenodo (DOI: 10.5281/zenodo.4722020). AFT, Academic Family Tree; NSF, National Sci-
ence Foundation.

(TIF)

S3 Fig. Homophily versus gender composition. (A) Simulation of how measurements of gen-
der homophily are affected by the gender composition of mentor and trainee pool within a
field (see Methods). Each heatmap shows simulations for a different propensity for mentors
and trainees to form same-gender pairs, ranging from 0 (none) to 1 (maximum). Scatter plot
shows actual mentor and trainee gender composition for data used in the homophily analysis.
Each point represents average composition for one narrow research field. When mentors or
trainees of one gender are scarce, homophily does not reflect the underlying propensity to
form same-gender pairs. (B) Simulation, after correcting for effects of gender composition of
pool, with actual average compositions overlaid, as in (A). The data and code needed to gener-
ate this figure are available on Zenodo (DOI: 10.5281/zenodo.4722020).

(TTF)

S4 Fig. Homophily in broad research areas. (A) Bars indicate homophily in each general
research area. Error bars indicate bootstrapped 95% confidence intervals. (B) Scatter plot com-
pares fraction women students versus homophily in each general research area. (C) Fraction
women mentors versus homophily, as in (B). The data and code needed to generate this figure
are available on Zenodo (DOI: 10.5281/zenodo.4722020).

(TIF)

S5 Fig. Homophily across narrow research areas. (A) Bars indicate homophily in narrow
research areas with greater than 1,000 students. Error bars indicate bootstrapped 95% confi-
dence intervals. (B) Scatter plot compares fraction women students versus homophily in each
narrow research area. (C) Fraction women mentors versus homophily, as in (B). The data and
code needed to generate this figure are available on Zenodo (DOI: 10.5281/zenodo.4722020).
(TTF)

S6 Fig. Temporal trends in gender of PhD students, split across narrow research field and
mentor gender. Colors indicate mentors’ gender and time of graduation. Field abbreviations
are reported in the key at lower right. The consistent pattern of homophily is reflected in the
greater fraction of women trainees of women mentors (red), shifted up relative to trainees of
men mentors (blue). The data and code needed to generate this figure are available on Zenodo
(DOI: 10.5281/zeno0do.4722020).

(TIF)

S7 Fig. Interaction of mentor seniority and homophily. Heatmaps show (A) fraction women
mentors, (B) fraction women students, and (C) homophily, grouped by year that mentor
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began independent career and year of student’s graduation (n = 37,692 mentors, 163,840 stu-
dents). Bars at bottom indicate results of multivariate linear regression predicting the gender-
related variable from both temporal variables. Error bars indicate 95% confidence intervals.
The data and code needed to generate this figure are available on Zenodo (DOI: 10.5281/
zeno0do.4722020).

(TIF)

S8 Fig. Correlation (Pearson’s r) among mentor-status metrics. ****: p<0.0001, n.s.: not sig-
nificant, p>0.05. The data and code needed to generate this figure are available on Zenodo
(DO 10.5281/zenodo.4722020).

(TIF)

S9 Fig. Reduction in marginal effect of mentor gender after shuffling mentor status, men-
tor seniority, or both. Dashed line indicates prediction of reduction for no interaction
between status and seniority (i.e., the sum of the reduction from randomizing seniority and
randomizing status). The data and code needed to generate this figure are available on Zenodo
(DOLI: 10.5281/zenod0.4722020).

(TIF)

$10 Fig. Mentor gender effects for graduate student versus postdoctoral trainees. Marginal
effects predicted by logistic regression model on individual trainee’s continuation to mentor-
ship based on mentor status, mentor and trainee gender, and training end date, fit separately
to data for postdocs and graduate students. The data and code needed to generate this figure
are available on Zenodo (DOI: 10.5281/zenodo0.4722020).

(TIF)

S11 Fig. Association between gender of mentor and student and student’s continuation
from graduate student to mentor. (A) Fraction of women postdocs and mentors within
fields, relative to fraction of women graduate students in the field. (B) Proportion of graduate
students in each trainee-gender/mentor-gender group across all fields, and proportion that
continue to academic mentorship roles. (C) Fraction of graduate students within each group
that continued to mentorship roles. (D-G) Mean difference between continuation rates for
each gender group and the overall continuation rate in a given year. Error bars show jack-
knifed standard error. Stars indicate significance of trainee gender (top row) or mentor gender
(lower row) weights in logistic regression predicting continuation based on stop year, trainee
gender, and mentor gender (****: p<0.0001, ***: p<0.001, **: p<0.01, *: p<0.05, n.s.: p>0.05).
The data and code needed to generate this figure are available on Zenodo (DOI: 10.5281/
zeno0do.4722020).

(TTF)

S1 Table. Homophily across narrow research areas with at least 1,000 students. Slope indi-
cates annual change in homophily from 2000-2020, based on linear regression predicting
homophily by year. Asterisks indicate significance of temporal effect *:p<0.05, **: p<0.01, ***:
p<0.001. The data and code needed to generate this table are available on Zenodo (DOI 10.
5281/zen0do0.4722020).

(PDF)

S2 Table. Alternative thresholds for gender classification. Each row shows median gender
homophily across all fields and years, marginal effect of trainee and mentor gender on trainee
continuation to mentorship (see Fig 3), and change in the effect of mentor gender after con-
trolling for mentor aggregate status for a single threshold. Threshold refers to the minimum/
maximum probability of a first name identifying a man for classification as a man/woman.
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Excluded indicates the percent of individual excluded for having ambiguous names according
to that threshold. For all thresholds, effects of mentor gender were not significant in models
that accounted for status (see Fig 4). **: p<0.0001, *: p<0.05. Data using alternative thresholds
are available from the authors on request. The code needed to generate this table is available
on Zenodo (DOI: 10.5281/zenodo.4722020).

(PDF)

S3 Table. Photo validation of automated gender estimates. For each human-labeled cate-
gory (rows), right columns indicate classification provided by genderize.io. The data and code
needed to generate this table are available on Zenodo (DOI: 10.5281/zenodo.4722020).

(PDF)

S1 Appendix. Analysis of relative continuation rate between gender groups.
(PDF)

Acknowledgments
We thank the members of the David Lab and Daniel E. Acuna for input.

Author Contributions

Conceptualization: Leah P. Schwartz, Jean F. Liénard, Stephen V. David.
Data curation: Leah P. Schwartz, Jean F. Liénard.

Formal analysis: Leah P. Schwartz, Jean F. Liénard, Stephen V. David.
Funding acquisition: Stephen V. David.

Investigation: Leah P. Schwartz, Jean F. Liénard, Stephen V. David.
Methodology: Leah P. Schwartz, Stephen V. David.

Project administration: Stephen V. David.

Software: Leah P. Schwartz, Stephen V. David.

Supervision: Stephen V. David.

Validation: Leah P. Schwartz, Stephen V. David.

Visualization: Leah P. Schwartz, Stephen V. David.

Writing - original draft: Leah P. Schwartz, Stephen V. David.
Writing - review & editing: Leah P. Schwartz, Stephen V. David.

References

1. Kram KE. Mentoring at work: Developmental relationships in organizational life. Lanham, MD: Univer-
sity Press of America; 1988.

2. Ragins BR, Kram KE, Ragins B, Kram K. The roots and meaning of mentoring. The handbook of men-
toring at work: Theory, research, and practice. Thousand Oaks, CA: Sage; 2007. p. 3—15.

3. Liénard JF, Achakulvisut T, Acuna DE, David SV. Intellectual synthesis in mentorship determines suc-
cess in academic careers. Nat Commun. 2018; 9(1):4840. https://doi.org/10.1038/s41467-018-07034-y
PMID: 30482900

4. Malmgren RD, Ottino JM, Nunes Amaral LA. The role of mentorship in protégé performance. Nature.
2010; 465(7298):622—626. https://doi.org/10.1038/nature09040 PMID: 20520715

5. Main JB. Gender homophily, Ph.D. completion, and time to degree in the humanities and humanistic
social sciences. Rev High Ed. 2014; 37(3):349-375.

PLOS Biology | https://doi.org/10.1371/journal.pbio.3001771 September 8, 2022 20/24


https://doi.org/10.5281/zenodo.4722020
http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3001771.s014
https://doi.org/10.5281/zenodo.4722020
http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3001771.s015
https://doi.org/10.1038/s41467-018-07034-y
http://www.ncbi.nlm.nih.gov/pubmed/30482900
https://doi.org/10.1038/nature09040
http://www.ncbi.nlm.nih.gov/pubmed/20520715
https://doi.org/10.1371/journal.pbio.3001771

PLOS BIOLOGY

Gender and mentorship in academic training

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21,

22,

23.

24,

25,

26.

27.

28.

29.

30.

Pezzoni M, Mairesse J, Stephan P, Lane J. Gender and the publication output of graduate students: A
case study. PLoS ONE. 2016; 11(1):e01451486. https://doi.org/10.1371/journal.pone.0145146 PMID:
26760776

Lee SE. Career Advancement Outcomes in Academic Science, Technology, Engineering and Mathe-
matics (STEM): Gender, Mentoring Resources, and Homophily [PhD]. Tempe, AZ: Arizona State Uni-
versity; 2017. Available from: http://hdl.handle.net/2286/R.1.46343.

Gaule P, Piacentini M. An advisor like me? Advisor gender and post-graduate careers in science. Res
Policy. 2018; 47(4):805-813. https://doi.org/10.1016/j.respol.2018.02.011

Dennehy TC, Dasgupta N. Female peer mentors early in college increase women’s positive academic
experiences and retention in engineering. Proc Natl Acad Sci U S A. 2017; 114(23):5964-5969. https://
doi.org/10.1073/pnas.1613117114 PMID: 28533360

Hernandez PR, Adams AS, Barnes RT, Bloodhart B, Burt M, Clinton SM, et al. Inspiration, inoculation,
and introductions are all critical to successful mentorship for undergraduate women pursuing geosci-
ence careers. Commun Earth Environ. 2020; 1(1):7. https://doi.org/10.1038/s43247-020-0005-y

Hilmer C, Hiimer M. Women helping women, men helping women? Same-gender mentoring, initial job
placements, and early career publishing success for economics PhDs. Am Econ Rev. 2007; 97(2):422—
426.

Blake-Beard S, Bayne ML, Crosby FJ, Muller CB. Matching by race and gender in mentoring relation-
ships: Keeping our eyes on the prize. Aust J Soc Issues. 2011; 67(3):622—643.

Tenenbaum HR, Crosby FJ, Gliner MD. Mentoring relationships in graduate school. J Vocat Behav.
2001; 59(3):326-341.

Ceci SJ, Ginther DK, Kahn S, Williams WM. Women in academic science: A changing landscape. Psy-
chol Sci Public Interest. 2014; 15(3):75-141. https://doi.org/10.1177/1529100614541236 PMID:
26172066

Neumark D, Gardecki R. Women helping women? Role model and mentoring effects on female Ph.D.
students in economics. J Hum Resour. 1998; 33(1):220—246.

Kalbfleisch PJ. Similarity and attraction in business and academic enviornments: Same and cross-sex
mentoring relationships. Rev Bus. 2000; 21(1/2):58.

Hale G, Regev T. Gender ratios at top PhD programs in economics. Econ Educ Rev. 2014; 41:55-70.

Kaplan DH, Mapes JE. Where are the women? Accounting for discrepancies in female doctorates in US
geography. Prof Geogr. 2016; 68(3):427—435.

Start D, McCauley S. Gender underlies the formation of STEM research groups. Ecol Evol. 2020; 10
(9):3834-3843. https://doi.org/10.1002/ece3.6188 PMID: 32489614

Sheltzer JM, Smith JC. Elite male faculty in the life sciences employ fewer women. Proc Natl Acad Sci
US A.2014; 111(28):10107-10112. https://doi.org/10.1073/pnas. 1403334111 PMID: 24982167

David SV, Hayden BY. Neurotree: A collaborative, graphical database of the academic genealogy of
neuroscience. PLoS One. 2012; 7(10):e46608. https://doi.org/10.1371/journal.pone.0046608 PMID:
23071595

Wais K. Gender prediction methods based on first names with genderizeR. The R Journal. 2016; 8
(1):17. https://doi.org/10.32614/RJ-2016-002

McPherson M, Smith-Lovin L, Cook JM. Birds of a feather: Homophily in social networks. Annu Rev
Sociol. 2001; 27(1):415—-444. https://doi.org/10.1146/annurev.soc.27.1.415

Bojanowski M, Corten R. Measuring segregation in social networks. Soc Networks. 2014; 39:14-32.
https://doi.org/10.1016/j.socnet.2014.04.001

Holman L, Morandin C. Researchers collaborate with same-gendered colleagues more often than
expected across the life sciences. PLoS ONE. 2019; 14(4):e0216128. https://doi.org/10.1371/journal.
pone.0216128 PMID: 31026265

Martinez ED, Botos J, Dohoney KM, Geiman TM, Kolla SS, Olivera A, et al. Falling off the academic
bandwagon. EMBO Rep. 2007; 8(11):977-981.

Ginther DK, Kahn S. Women'’s careers in academic social science: Progress, pitfalls, and plateaus. The
Economics of Economists. Cambridge, UK: Cambridge University Press; 2014. p. 285-315.

Lerchenmueller MJ, Sorenson O. The gender gap in early career transitions in the life sciences. Res
Policy. 2018; 47(6):1007—1017. https://doi.org/10.1016/j.respol.2018.02.009

Hirsch JE. An index to quantify an individual’s scientific research output. Proc Natl Acad SciU S A.
2005; 102(46):16569—-16572. https://doi.org/10.1073/pnas.0507655102 PMID: 16275915

Blume-Kohout ME, Clack JW. Are Graduate Students Rational? Evidence from the Market for Biomedi-
cal Scientists. PLoS ONE. 2013; 8(12):e82759. https://doi.org/10.1371/journal.pone.0082759 PMID:
24376573

PLOS Biology | https://doi.org/10.1371/journal.pbio.3001771 September 8, 2022 21/24


https://doi.org/10.1371/journal.pone.0145146
http://www.ncbi.nlm.nih.gov/pubmed/26760776
http://hdl.handle.net/2286/R.I.46343
https://doi.org/10.1016/j.respol.2018.02.011
https://doi.org/10.1073/pnas.1613117114
https://doi.org/10.1073/pnas.1613117114
http://www.ncbi.nlm.nih.gov/pubmed/28533360
https://doi.org/10.1038/s43247-020-0005-y
https://doi.org/10.1177/1529100614541236
http://www.ncbi.nlm.nih.gov/pubmed/26172066
https://doi.org/10.1002/ece3.6188
http://www.ncbi.nlm.nih.gov/pubmed/32489614
https://doi.org/10.1073/pnas.1403334111
http://www.ncbi.nlm.nih.gov/pubmed/24982167
https://doi.org/10.1371/journal.pone.0046608
http://www.ncbi.nlm.nih.gov/pubmed/23071595
https://doi.org/10.32614/RJ-2016-002
https://doi.org/10.1146/annurev.soc.27.1.415
https://doi.org/10.1016/j.socnet.2014.04.001
https://doi.org/10.1371/journal.pone.0216128
https://doi.org/10.1371/journal.pone.0216128
http://www.ncbi.nlm.nih.gov/pubmed/31026265
https://doi.org/10.1016/j.respol.2018.02.009
https://doi.org/10.1073/pnas.0507655102
http://www.ncbi.nlm.nih.gov/pubmed/16275915
https://doi.org/10.1371/journal.pone.0082759
http://www.ncbi.nlm.nih.gov/pubmed/24376573
https://doi.org/10.1371/journal.pbio.3001771

PLOS BIOLOGY

Gender and mentorship in academic training

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Avin C, Keller B, Lotker Z, Mathieu C, Peleg D, Pignolet YA. Homophily and the glass ceiling effect in
social networks. Proceedings of the 2015 Conference on Innovations in Theoretical Computer Science.
ACM; 2015. p. 41-50.

Merton RK. The Matthew effect in science. Science. 1968; 159(3810):56—63.

Shaw AK, Stanton DE. Leaks in the pipeline: Separating demographic inertia from ongoing gender dif-
ferences in academia. Philos Trans R Soc Lond B Biol Sci. 2012; 279(1743):3736-3741. https://doi.org/
10.1098/rspb.2012.0822 PMID: 22719028

Valian V. Beyond gender schemas: improving the advancement of women in academia. Hypatia. 2005;
20(3):198-212.

Ceci SJ, Williams WM. Understanding current causes of women’s underrepresentation in science. Proc
Natl Acad Sci U S A. 2011; 108(8):3157-3162. https://doi.org/10.1073/pnas.1014871108 PMID:
21300892

Moss-Racusin CA, Dovidio JF, Brescoll VL, Graham MJ, Handelsman J. Science faculty’s subtle gen-
der biases favor male students. Proc Natl Acad Sci U S A. 2012; 109(41):16474—16479. https://doi.org/
10.1073/pnas.1211286109 PMID: 22988126

Williams WM, Ceci SJ. National hiring experiments reveal 2:1 faculty preference for women on STEM
tenure track. Proc Natl Acad Sci U S A. 2015; 112(17):5360-5365. https://doi.org/10.1073/pnas.
1418878112 PMID: 25870272

Cech EA, Blair-Loy M. The changing career trajectories of new parents in STEM. Proc Natl Acad Sci U
S A.2019; 116(10):4182—4187. https://doi.org/10.1073/pnas.1810862116 PMID: 30782835

McDowell GS, Gunsalus KTW, MacKellar DC, Mazzilli SA, Pai VP, Goodwin PR, et al. Shaping the
Future of Research: a perspective from junior scientists. F1000Res. 2015; 3:291. https://doi.org/10.
12688/f1000research.5878.2 PMID: 25653845

Dworkin JD, Linn KA, Teich EG, Zurn P, Shinohara RT, Bassett DS. The extent and drivers of gender
imbalance in neuroscience reference lists. Nat Neurosci. 2020; 23(8):918-926. https://doi.org/10.1038/
$41593-020-0658-y PMID: 32561883

Wenneras C, Wold A. Nepotism and sexism in peer-review. Nature. 1997; 387(6631):341-343. https://
doi.org/10.1038/387341a0 PMID: 9163412

Jagsi R, Motomura AR, Griffith KA, Rangarajan S, Ubel PA. Sex differences in attainment of indepen-
dent funding by career development awardees. Ann Intern Med. 2009; 151(11):804—811. https://doi.
org/10.7326/0003-4819-151-11-200912010-00009 PMID: 19949146

Pohlhaus JR, Jiang H, Wagner RM, Schaffer WT, Pinn VW. Sex differences in application, success,
and funding rates for NIH extramural programs. Acad Med. 2011; 86(6):759. https://doi.org/10.1097/
ACM.0b013e31821836ff PMID: 21512358

Jagsi R, DeCastro R, Griffith KA, Rangarajan S, Churchill C, Stewart A, et al. Similarities and differ-
ences in the career trajectories of male and female career development award recipients. Acad Med.
2011;86(11):1415-1421. https://doi.org/10.1097/ACM.0b013e3182305aa6 PMID: 21952061

Kaatz A, Lee YG, Potvien A, Magua W, Filut A, Bhattacharya A, et al. Analysis of National Institutes of
Health RO1 application critiques, impact, and criteria scores: does the sex of the principal investigator
make a difference? Acad Med. 2016; 91(8):1080—1088. https://doi.org/10.1097/ACM.
0000000000001272 PMID: 27276003

Long JS, Allison PD, McGinnis R. Rank advancement in academic careers: Sex differences and the
effects of productivity. Am Sociol Rev. 1993; 58(5):703-722.

Wolfinger NH, Mason MA, Goulden M. Problems in the pipeline: Gender, marriage, and fertility in the
ivory tower. J High Educ. 2008; 79(4):388—405.

Rotbart HA, McMillen D, Taussig H, Daniels SR. Assessing gender equity in a large academic depart-
ment of pediatrics. Acad Med. 2012; 87(1):98—104. hitps://doi.org/10.1097/ACM.0b013e31823be028
PMID: 22104061

Holliday EB, Jagsi R, Wilson LD, Choi M, Thomas CR Jr, Fuller CD. Gender differences in publication
productivity, academic position, career duration and funding among US academic radiation oncology
faculty. Acad Med. 2014; 89(5):767.

Nittrouer CL, Hebl MR, Ashburn-Nardo L, Trump-Steele RCE, Lane DM, Valian V. Gender disparities in
colloquium speakers at top universities. Proc Natl Acad Sci U S A. 2018; 115(1):104—108. https://doi.
org/10.1073/pnas.1708414115 PMID: 29255050

Dutt K, Pfaff DL, Bernstein AF, Dillard JS, Block CJ. Gender differences in recommendation letters for
postdoctoral fellowships in geoscience. Nat Geosci. 2016; 9:805-808.

Madera JM, Hebl MR, Martin RC. Gender and letters of recommendation for academia: Agentic and
communal differences. J Appl Psychol. 2009; 94(6):1591-1599. https://doi.org/10.1037/a0016539
PMID: 19916666

PLOS Biology | https://doi.org/10.1371/journal.pbio.3001771 September 8, 2022 22/24


https://doi.org/10.1098/rspb.2012.0822
https://doi.org/10.1098/rspb.2012.0822
http://www.ncbi.nlm.nih.gov/pubmed/22719028
https://doi.org/10.1073/pnas.1014871108
http://www.ncbi.nlm.nih.gov/pubmed/21300892
https://doi.org/10.1073/pnas.1211286109
https://doi.org/10.1073/pnas.1211286109
http://www.ncbi.nlm.nih.gov/pubmed/22988126
https://doi.org/10.1073/pnas.1418878112
https://doi.org/10.1073/pnas.1418878112
http://www.ncbi.nlm.nih.gov/pubmed/25870272
https://doi.org/10.1073/pnas.1810862116
http://www.ncbi.nlm.nih.gov/pubmed/30782835
https://doi.org/10.12688/f1000research.5878.2
https://doi.org/10.12688/f1000research.5878.2
http://www.ncbi.nlm.nih.gov/pubmed/25653845
https://doi.org/10.1038/s41593-020-0658-y
https://doi.org/10.1038/s41593-020-0658-y
http://www.ncbi.nlm.nih.gov/pubmed/32561883
https://doi.org/10.1038/387341a0
https://doi.org/10.1038/387341a0
http://www.ncbi.nlm.nih.gov/pubmed/9163412
https://doi.org/10.7326/0003-4819-151-11-200912010-00009
https://doi.org/10.7326/0003-4819-151-11-200912010-00009
http://www.ncbi.nlm.nih.gov/pubmed/19949146
https://doi.org/10.1097/ACM.0b013e31821836ff
https://doi.org/10.1097/ACM.0b013e31821836ff
http://www.ncbi.nlm.nih.gov/pubmed/21512358
https://doi.org/10.1097/ACM.0b013e3182305aa6
http://www.ncbi.nlm.nih.gov/pubmed/21952061
https://doi.org/10.1097/ACM.0000000000001272
https://doi.org/10.1097/ACM.0000000000001272
http://www.ncbi.nlm.nih.gov/pubmed/27276003
https://doi.org/10.1097/ACM.0b013e31823be028
http://www.ncbi.nlm.nih.gov/pubmed/22104061
https://doi.org/10.1073/pnas.1708414115
https://doi.org/10.1073/pnas.1708414115
http://www.ncbi.nlm.nih.gov/pubmed/29255050
https://doi.org/10.1037/a0016539
http://www.ncbi.nlm.nih.gov/pubmed/19916666
https://doi.org/10.1371/journal.pbio.3001771

PLOS BIOLOGY

Gender and mentorship in academic training

53.
54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Stack S. Gender, children and research productivity. Res High Educ. 2004; 45(8):891-920.

Morgan AC, Way SF, Hoefer MJD, Larremore DB, Galesic M, Clauset A. The unequal impact of parent-
hood in academia. Sci Adv. 2021; 7(9):eabd1996. https://doi.org/10.1126/sciadv.abd1996 PMID:
33627417

Rivera LA. When two bodies are (not) a problem: Gender and relationship status discrimination in aca-
demic hiring. Am Sociol Rev. 2017; 82(6):1111-1138. https://doi.org/10.1177/0003122417739294

Noy S, Ray R. Graduate students’ perceptions of their advisors: Is there a systematic disadvantage in
mentorship? J High Educ. 2012; 83(6):876-914.

Fried LP, Francomano CA, MacDonald SM, Wagner EM, Stokes EJ, Carbone KM, et al. Career devel-
opment for women in academic medicine: Multiple interventions in a department of medicine. JAMA.
1996; 276(11):898-905. PMID: 8782639

Seagram BC, Gould J, Pyke SW. An investigation of gender and other variables on time to completion
of doctoral degrees. Res High Educ. 1998; 39(3):319-335.

Curtin N, Malley J, Stewart AJ. Mentoring the next generation of faculty: Supporting academic career
aspirations among doctoral students. Res High Educ. 2016; 57(6):714—738.

El-Alayli A, Hansen-Brown AA, Ceynar M. Dancing backwards in high heels: female professors experi-
ence more work demands and special favor requests, particularly from academically entitled students.
Sex Roles. 2018; 79(3—4):136—-150. https://doi.org/10.1007/s11199-017-0872-6

Guarino CM, Borden VMH. Faculty service loads and gender: are women taking care of the academic
family? Res High Educ. 2017; 58(6):672—694. https://doi.org/10.1007/s11162-017-9454-2

AlIShebli BK, Rahwan T, Woon WL. The preeminence of ethnic diversity in scientific collaboration. Nat
Commun. 2018; 9(1):5163. https://doi.org/10.1038/s41467-018-07634-8 PMID: 30514841

King MM, Bergstrom CT, Correll SJ, Jacquet J, West JD. Men set their own cites high: Gender and self-
citation across fields and over time. Soc Forces. 2017; 3:1-22. https://doi.org/10.1177/
2378023117738903

Lerchenmueller MJ, Sorenson O, Jena AB. Gender differences in how scientists present the importance
of their research: observational study. BMJ. 2019; 367:16573. https://doi.org/10.1136/bmj.l6573 PMID:
31843745

Yang Y, Chawla NV, Uzzi B. A network’s gender composition and communication pattern predict wom-
en’s leadership success. Proc Natl Acad Sci U S A. 2019; 116(6):2033—-2038. https://doi.org/10.1073/
pnas.1721438116 PMID: 30670641

Yu H, Willis KA, Litovitz A, Harriman RM, Davis MT, Meyer P, et al. The effect of mentee and mentor
gender on scientific productivity of applicants for NIH training fellowships. bioRxiv. 2021:
p. 2021.02.02.429450. https://doi.org/10.1101/2021.02.02.429450

Ginther DK, Kahn S, Schaffer WT. Gender, race/ethnicity, and National Institutes of Health RO1
research awards: is there evidence of a double bind for women of color? Acad Med. 2016; 91(8):1098.
https://doi.org/10.1097/ACM.0000000000001278 PMID: 27306969

West JD, Jacquet J, King MM, Correll SJ, Bergstrom CT. The role of gender in scholarly authorship.
PLoS ONE. 2013; 8(7):1-6. https://doi.org/10.1371/journal.pone.0066212 PMID: 23894278

Cheryan S, Ziegler SA, Montoya AK, Jiang L. Why are some STEM fields more gender balanced than
others? Psychol Bull. 2017; 143(1):1-35. https://doi.org/10.1037/bul0000052 PMID: 27732018

Cheryan S, Plaut VC, Davies PG, Steele CM. Ambient belonging: How stereotypical cues impact gen-
der participation in computer science. J Pers Soc Psychol. 2009; 97(6):1045—-1060. https://doi.org/10.
1037/a0016239 PMID: 19968418

Acuna DE. Some considerations for studying gender, mentorship, and scientific impact: commentary
on AlShebli, Makovi, and Rahwan (2020). OSF Preprints. 2020;10.31219. https://doi.org/10.31219/0sf.
io/ybfk6

Serano J. Homogenizing versus holistic views of gender and sexuality. Excluded: making feminist and
queer movements more inclusive. Berkeley, CA: Seal Press; 2013. p. 138-168.

Roughgarden J. Evolution’s rainbow: diversity, gender, and sexuality in nature and people. Berkeley,
CA: University of California Press; 2004.

Barres BA. Does gender matter? Nature. 2006; 442(7099):133-136. https://doi.org/10.1038/442133a
PMID: 16848004

Goldberg AE, Kuvalanka K, Dickey L. Transgender graduate students’ experiences in higher education:
A mixed-methods exploratory study. J Divers High Educ. 2019; 12(1):38-51. https://doi.org/10.1037/
dhe0000074

Atherton TJ, Barthelemy RS, Deconinck W, Falk ML, Garmon S, Long E, et al. LGBT climate in physics:
building an inclusive community. College Park, MD: American Physical Society; 2016.

PLOS Biology | https://doi.org/10.1371/journal.pbio.3001771 September 8, 2022 23/24


https://doi.org/10.1126/sciadv.abd1996
http://www.ncbi.nlm.nih.gov/pubmed/33627417
https://doi.org/10.1177/0003122417739294
http://www.ncbi.nlm.nih.gov/pubmed/8782639
https://doi.org/10.1007/s11199-017-0872-6
https://doi.org/10.1007/s11162-017-9454-2
https://doi.org/10.1038/s41467-018-07634-8
http://www.ncbi.nlm.nih.gov/pubmed/30514841
https://doi.org/10.1177/2378023117738903
https://doi.org/10.1177/2378023117738903
https://doi.org/10.1136/bmj.l6573
http://www.ncbi.nlm.nih.gov/pubmed/31843745
https://doi.org/10.1073/pnas.1721438116
https://doi.org/10.1073/pnas.1721438116
http://www.ncbi.nlm.nih.gov/pubmed/30670641
https://doi.org/10.1101/2021.02.02.429450
https://doi.org/10.1097/ACM.0000000000001278
http://www.ncbi.nlm.nih.gov/pubmed/27306969
https://doi.org/10.1371/journal.pone.0066212
http://www.ncbi.nlm.nih.gov/pubmed/23894278
https://doi.org/10.1037/bul0000052
http://www.ncbi.nlm.nih.gov/pubmed/27732018
https://doi.org/10.1037/a0016239
https://doi.org/10.1037/a0016239
http://www.ncbi.nlm.nih.gov/pubmed/19968418
https://doi.org/10.31219/osf.io/ybfk6
https://doi.org/10.31219/osf.io/ybfk6
https://doi.org/10.1038/442133a
http://www.ncbi.nlm.nih.gov/pubmed/16848004
https://doi.org/10.1037/dhe0000074
https://doi.org/10.1037/dhe0000074
https://doi.org/10.1371/journal.pbio.3001771

PLOS BIOLOGY

Gender and mentorship in academic training

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Sugimoto CR. Academic genealogy. Beyond Bibliometrics: Harnessing Multidimensional Indicators of
Scholarly Impact. Cambridge, MA: MIT Press; 2014. p. 365-382.

Hunter JD. Matplotlib: a 2D graphics environment. Comput Sci Eng. 2007; 9(3):90-95. https://doi.org/
10.1109/MCSE.2007.55

McKinney W. Data structures for statistical computing in Python. Python in Science Conference. Austin,
Texas; 2010. p. 56—61. Available from: https://conference.scipy.org/proceedings/scipy2010/mckinney.
html.

SciPy 1 0 Contributors, Virtanen P, Gommers R, Oliphant TE, Haberland M, Reddy T, et al. SciPy 1.0:
fundamental algorithms for scientific computing in Python. Nat Methods. 2020; 17(3):261-272. https:/
doi.org/10.1038/s41592-019-0686-2 PMID: 32015543

Seabold S, Perktold J. Statsmodels: Econometric and statistical modeling with Python. In: Python in
Science Conference. Austin, Texas; 2010. p. 92—96. Available from: https://conference.scipy.org/
proceedings/scipy2010/seabold.html.

Waskom M, Gelbart M, Botvinnik O, Ostblom J, Hobson P, Lukauskas S, et al. mwaskom/seaborn:
v0.11.1 (December 2020). 2020. Available from: https://zenodo.org/record/592845.

Pedregosa F, Varoquaux G, Gramfort A, Michel V, Thirion B, Grisel O, et al. Scikit-Learn: Machine
learning in Python. J Mach Learn Res. 2011; 12(85):2825-2830.

Lariviére V, Ni C, Gingras Y, Cronin B, Sugimoto CR. Bibliometrics: Global gender disparities in sci-
ence. Nature. 2013; 504(7479):211-213. https://doi.org/10.1038/504211a PMID: 24350369

Holman L, Stuart-Fox D, Hauser CE. The gender gap in science: How long until women are equally rep-
resented? PLoS Biol. 2018; 16(4):e2004956. https://doi.org/10.1371/journal.pbio.2004956 PMID:
29672508

Topaz CM, Sen S. Gender representation on journal editorial boards in the mathematical sciences.
PLoS ONE. 2016; 11(8):e0161357. https://doi.org/10.1371/journal.pone.0161357 PMID: 27536970

Bachmann M. maxbachmann.github.io/rapidfuzz/. 2020. Available from: maxbachmann.github.io/
rapidfuzz/.

PLOS Biology | https://doi.org/10.1371/journal.pbio.3001771 September 8, 2022 24/24


https://doi.org/10.1109/MCSE.2007.55
https://doi.org/10.1109/MCSE.2007.55
https://conference.scipy.org/proceedings/scipy2010/mckinney.html
https://conference.scipy.org/proceedings/scipy2010/mckinney.html
https://doi.org/10.1038/s41592-019-0686-2
https://doi.org/10.1038/s41592-019-0686-2
http://www.ncbi.nlm.nih.gov/pubmed/32015543
https://conference.scipy.org/proceedings/scipy2010/seabold.html
https://conference.scipy.org/proceedings/scipy2010/seabold.html
https://zenodo.org/record/592845
https://doi.org/10.1038/504211a
http://www.ncbi.nlm.nih.gov/pubmed/24350369
https://doi.org/10.1371/journal.pbio.2004956
http://www.ncbi.nlm.nih.gov/pubmed/29672508
https://doi.org/10.1371/journal.pone.0161357
http://www.ncbi.nlm.nih.gov/pubmed/27536970
http://maxbachmann.github.io/rapidfuzz/
http://maxbachmann.github.io/rapidfuzz/
http://maxbachmann.github.io/rapidfuzz/
https://doi.org/10.1371/journal.pbio.3001771

