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Inspiration, inoculation, and introductions are all
critical to successful mentorship for undergraduate
women pursuing geoscience careers
Paul R. Hernandez 1✉, Amanda S. Adams2, Rebecca T. Barnes 3, Brittany Bloodhart4, Melissa Burt 5,

Sandra M. Clinton2, Wenyi Du6, Heather Henderson6, Ilana Pollack5 & Emily V. Fischer5

Diversity in the geosciences is low despite efforts to improve the representation of different

groups in society, for example in terms of gender. Specifically, women are underrepresented

in recruitment and retention at every stage of the academic to professional pipeline. Men-

toring programs can improve women’s motivation and persistence in science, technology,

engineering and mathematics (STEM) career pathways. However, mentorship programs

consist of multiple components that vary in complexity and cost, which can limit scalability.

Here we present results from a randomized experiment with 158 undergraduate women

majoring in a geoscience field to identify the critical elements of a successful mentorship

program. The combination of three factors was necessary to increase mentoring, motivation,

and persistence: inspiration through exposure to geoscience careers via female role models,

inoculation through training on how to grow their mentor network and overcome obstacles,

and an introduction to a local female geoscientist mentor.
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Recent research points to a persistent disparity in the
representation and inclusion of individuals in the geos-
ciences based on gender, ability status, ethnicity and race,

and sexual orientation1–13. Mentoring and role modeling are
recognized as part of a solution for achieving greater recruitment
and retention of students from the underrepresented groups in
science, technology, engineering, and mathematics (STEM) fields,
such as the geosciences3,14–21. In recent years, numerous men-
toring and role modeling programs have been implemented to
support aspiring women in the geosciences at various early career
stages, including at the undergraduate, graduate, and postdoctoral
levels16,22–30. Furthermore, recent advancements in mentoring
theory point to the importance of developing a network with
multiple mentoring relationships (relative to none or one rela-
tionship) for degree and career success, especially for women in
male-dominated fields29–33. Social science research indicates that
role models and mentors support persistence in STEM because
they inspire and motivate mentees, particularly those from the
underrepresented groups, by helping the mentees to see them-
selves as a scientist and belonging in their field of study (e.g.,
strengthening their scientific identity), inoculating them from
negative social stereotypes, and promoting skills to effectively
cope with barriers to STEM careers34–38.

PROmoting Geoscience Research, Education, and SuccesS
(PROGRESS) is a prototypical multi-component mentoring and
role modeling program aimed at supporting first- and second-
year college women interested in geoscience careers24,29,30.
PROGRESS involves participation in a “kick-off” workshop
designed to expose undergraduate women to geoscience careers
via interactive panels with diverse female geoscience career role
models (Inspiration)36,39,40, as well as to provide training on how
undergraduates may grow their network of career mentors and
develop coping skills to overcome barriers to success in
geoscience careers (Inoculation)16,41. In addition, PROGRESS
facilitates post-workshop introductions between the under-
graduate women and local female geoscientists (Introduction)42.
Longitudinal research indicates that, compared to similar women
in a propensity score-matched control group, women in PRO-
GRESS identify more female career role models and develop
stronger mentorship networks, which in turn results in the
development of a stronger science identity and higher intentions
to persist in their scientific career pursuits in the short term
(6 months post-workshop). Research also indicates higher rates of
persistence for women in PROGRESS, such as seven times higher
rates of persistence in a geoscience major in the medium term (up
to 18 months post-workshop)29,30, and ultimately higher long-
term rates of persistence in a geoscience major (94.7% vs. 76.3%
persistence rate) or any STEM major (91.7% vs. 81.4% persistence
rate) through their senior year of college, compared to matched
control group participants.

Despite promising evidence of success and clear links to social
science theory, important questions about mentorship programs,
such as PROGRESS, remain unanswered. First, social science
research has not yet distinguished between benefits associated
with identifying inspirational career role models from benefits
associated with receiving tangible support from career mentors.
That is, the existing role modeling social science literature largely
examines benefits associated with relatively low cost interventions
focused on reading about or listening to several short inspira-
tional biographies of career role models, with no opportunity to
form supportive mentoring relationships43–46. Similarly, the
existing mentoring literature largely examines benefits associated
with tangible relational supports provided to mentees, with no
opportunity to experimentally isolate the impact of role modeling
from that of mentorship support17,47–50. Therefore, one goal
of this study was to identify the unique contributions that

role models vs. mentors play in college women’s persistence in
STEM fields.

Second, mentorship programs face replicability challenges due
to their multifaceted design. That is, many research-based pro-
grams, such as PROGRESS, contain multiple components of
varying complexity, resource intensity, and cost, which preclude
the identification of essential components for success50. The
complexity of successful programs can also make transferability
to and replicability by new implementers more challenging and
ultimately can hamper scalability and sustainability50–52. There-
fore, the second goal of this study was to isolate and evaluate the
most critical components of PROGRESS to address scalability
and sustainability.

To meet these goals, we conducted a randomized experiment
to identify the combination of elements required to directly
promote undergraduate women’s role modeling and mentoring
experiences, as well as to indirectly promote scientific identity,
coping skills, and ultimately persistence intentions, see Fig. 1
(Conceptual model). That is, we randomly assigned participants
to one of the three workshops and we systematically varied
workshop content and post-workshop experiences from the least
to the most resource-intensive (i.e., Inspiration, Inspiration &
Inoculation, Inspiration, Inoculation, & Introduction) to deter-
mine what level of program support is needed to impact positive
role modeling and mentoring experiences, as well as downstream
persistence-related outcomes. We chose these three components
because they are distinct aspects of a recently developed men-
toring program24, each with a strong foundation in gender or
educational psychology. We expose the students to allied female
career role models (Inspiration) to increase their sense of
belonging39. Training on how to overcome obstacles (Inocula-
tion) appears important for academic tenacity53, overcoming
stereotype threat54, and invalidating sexism55. Finally, we intro-
duced students to a local female geoscientist mentor (Introduc-
tion), as there is some evidence that same-gender mentoring is
particularly effective for undergraduate women56,57.

We recruited undergraduate women of any rank majoring or
intending to major in a geoscience-related field from ten uni-
versities (see “Methods” section and Supplementary Data 1). We
purposely recruited from a wide range of universities with
geoscience undergraduate degree programs, including (a) six
large, public, research intensive, primarily White serving insti-
tutions (PWI), (b) two large, public, minority serving institutions
(i.e., one teaching intensive Hispanic serving institution [HSI]
and one research intensive Historically Black College and Uni-
versity), (c) one mid-sized, teaching intensive, PWI, and (d) one
small, private, teaching intensive, PWI. All applicants who
identified as female or a gender minority (transgender woman or
gender non-binary/fluid), who were ≥18 years of age, currently or
intending to major in a geoscience-related field, and intending to
pursue a geoscience-related career received an email invitation to
participate in one of the three 1-day professional development
workshops held at local university. A blocked randomization
procedure was used to assign applicants within each university to
a workshop to ensure that applicants from the same university
were distributed equally across conditions. The study team pro-
vided transportation to and from the professional development
workshops for all participants.

Out of 187 women who participated in the study, we report on
a final sample of 158 women who both participated in one of the
three possible 1-day (8 h) professional development workshops
and completed pre- and post-workshop surveys. Participants
were randomly assigned to one of the three groups: (1) Inspira-
tion: exposure to geoscience careers via female career role models
with no post-workshop interactions (2) Inspiration & Inocula-
tion: which added training on how to both grow their mentorship
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network and overcome obstacles to careers in the geosciences
with no post-workshop interactions, or (3) Inspiration, Inocula-
tion, & Introduction: which was identical to the Inspiration &
Inoculation workshop but also included an email from the
research team to facilitate a post-workshop introduction to a local
female geoscientist (see “Methods” section for complete details).
Because prior research suggests that mentoring relationships are
more successful when the mentor and mentee perceive a high-
degree of shared similarities, a “birds of a feather” procedure was
used to match participants with geoscience mentors. The intro-
ductory email from the research team highlighted three areas of
similar hobbies and interests42. All participants completed pre-
and post-workshop surveys focused on the quantity and quality
of their career role models and current mentoring relationships
(i.e., asked to identify up to three role models and up to three
mentors), as well as psychological measures of scientific identity,
coping skills, and intentions to pursue a scientific career. Surveys
took place 1 week prior to and 3 months after the workshop (see
“Methods” section and Supplementary Data 2). A university
institutional review board approved all study procedures (Insti-
tutional Review Board (IRB# 14-4829H).

Results
Workshop differences in role models and mentor networks.
Prior to testing our model, we examined the descriptive statistics
and particularly the changes in the number of role models and
mentors across conditions, Supplementary Data 2. The analysis
revealed that women in the Inspiration group showed significant
gains in the identification of multiple female STEM career role
models from pretest to posttest (+22.7%, Wilcoxon Signed Rank
Test Z= 2.68, p= 0.007), whereas women in the Inspiration &
Inoculation and the Inspiration, Inoculation, & Introduction
groups did not change from pretest to posttest (0%, Z= 0.47, p=
0.64 and −2.1%, Z= 0.33, p= 0.74, respectively). Furthermore,

women in the Inspiration, Inoculation, & Introduction group
showed significant gains having multiple mentors from pretest to
posttest (+20.8%, Z= 2.64, p= 0.008), whereas women in the
Inspiration and the Inspiration & Inoculation groups did not
change from pretest to posttest (−7.5%, Z= 0.17, p= 0.86 and
1.8%, Z= 0.90, p= 0.37, respectively).

Next, a robust bootstrapped path analysis was used to test the
effects of the type of workshop on role modeling, mentoring, and
downstream persistence-related outcomes, statistically controlling
for pre-workshop levels of these outcomes, see Fig. 1 (Statistical
model). All pretest control variables were centered for the
analysis. Global model fit statistics indicated that the model
provided excellent fit to the data, χ2(df= 86)= 83.05, p= 0.57,
comparative fit index (CFI)= 1.00, root-mean-square error of
approximation (RMSEA)= 0.00 with 90% confidence interval
(CI) [0.00, 0.04], standardized root-mean-square residual
(SRMR)= 0.066. Having achieved excellent model fit, we next
evaluated the direct and mediated effects of experimental group
assignment on persistence intentions through role modeling,
mentoring, and motivation and coping.

The results indicate that women in the “Inspiration” group
were more likely to identify multiple female STEM career role
models compared to women in the “Inspiration & Inoculation”
and “Inspiration, Inoculation, & Introduction” groups (Fig. 2a;
complete details found in Supplementary Data 3). However,
women in the “Inspiration, Inoculation, & Introduction” group
were significantly more likely to report having multiple mentors
than those in the “Inspiration” group (Fig. 2b). In addition,
women across the three groups did not differ in the quality
mentorship support they received from their mentors (Fig. 2c).
The mentoring results indicate that variations in the workshop
content and post-workshop experiences helped to increase
undergraduate women’s mentor network but did not necessarily
increase the quality of support from mentors within their

Fig. 1 Experimental process model linking group assignment (gray box) to impacts (black boxes) on persistence through role modeling, mentoring,
motivation, and coping skills. Notes: Conceptual model: students were randomly assigned to one of the three experimental groups emphasizing (1)
Inspiration (2), Inspiration & Inoculation, or (3) Inspiration, Inoculation, & Introductions. We measured and compared the identification of female STEM
career role models (0, 1, or multiple female role models), mentor network size (0, 1, or multiple mentors), the quality of mentorship support received,
science identity (motivation), and coping skills between groups, as well as their persistence intentions. Statistical model: group assignment, posttest role
models, and posttest mentors were recoded for analysis, such that each is treated as a binary variable. A number of regression paths are not shown for the
sake of parsimony, such that the paths are linking (a) group assignment to motivation & coping skills and to persistence, (b) role modeling and mentorship
to persistence, and (c) pretest role modeling & mentorship, motivation & coping skills, and persistence to their posttest counterparts.
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networks, which was relatively high at both pre- and post-
workshop.

Multiple mentors support motivation, resilience, and ulti-
mately persistence. Within the same path analysis model, we
next evaluated the degree to which the type of workshop directly
and indirectly influenced science identity, coping skills, and
persistence intentions through the identification of role models,
the size of women’s mentor network, or the quality of mentoring
support. Consistent with prior research, the model indicated that
having multiple mentors exhibited a positive direct effect on

posttest science identity, active coping, emotion support seeking
coping, and information support seeking coping controlling for
pretest (see Fig. 3, complete details in Supplementary Data 3).
Contrary to expectations, the model revealed a significant nega-
tive direct effect of identifying multiple female role models and a
negative direct effect of being in the “Inspiration & Inoculation”
group on posttest science identity, controlling for pretest science
identity (see Supplementary Data 3). However, we interpret this
as a spurious relationship due to a “classical” statistical suppres-
sion effect because identifying multiple role models was uncor-
related with science identity at pretest and posttest but is
positively correlated with having multiple mentors (see Supple-
mentary Data 4)58. Furthermore, the model also indicated that
only posttest scientific identity exhibited a significant positive
direct effect on posttest persistence intentions, controlling for
pretest intentions (Fig. 3 and Supplementary Data 3).

Finally, the analysis of indirect or mediated effects revealed that
women in the “Inspiration, Inoculation, & Introduction” group
developed higher science identity, stronger skills to cope with
barriers to success in geoscience careers, and ultimately reported
stronger intentions to persist in their scientific career pursuits due
to having more support from multiple mentors, compared to
women in the “Inspiration” group (i.e., indirect effect tests were
statistically significant; see Fig. 3 and Supplementary Data 3).

Discussion
Although prior research on mentoring programs provides pro-
mising evidence for supporting women’s pursuit of geoscience
degrees and careers3,17,30, the existing literature has neither
identified which elements or combinations of elements of multi-
component support programs are necessary to reproduce similar
results50,51 nor clearly distinguished the unique benefits asso-
ciated with role modeling from those of mentoring. Our rando-
mized experiment indicates that hosting a 1-day professional
development workshop emphasizing women’s successful jour-
ney’s into geoscience careers (i.e., Inspiration group) is sufficient
to help undergraduate women identify multiple female career role
models but is insufficient to help them develop more robust
multi-mentor networks. In contrast, facilitating an introduction
between an undergraduate and a potential geoscience mentor, in
combination with inspiration and inoculation, is necessary to
spur growth in the development of multiple supportive mentor-
ing relationships. Although the positive link between social cop-
ing and persistence in STEM for college women has been well
established59, we found that only science identity ultimately
predicted greater persistence in STEM in our model. This may be
because the large effect of science identity on persistence over-
whelmed any effects of coping mechanisms and/or because
receiving social support (which is likely a direct consequence of
active, emotional, and information-seeking coping skills) is highly
related to women’s sense of belonging and identity in STEM60.
We did not hypothesize or test these links, but future research
should explore this possibility. Consistent with social science
mentoring theory41, the development of multi-mentor networks,
in turn, promotes higher levels of motivation in the form of
scientific identity, coping skills, and intentions to persist in a
scientific career. The current findings help to clarify the science of
effective mentorship in STEM by showing that the combination
of inspiration, inoculation, and introductions are necessary
to reproduce findings from prior largely non-experimental
research3,17,30,50.

Despite addressing several challenges related to identifying the
essential combination of elements of successful mentoring pro-
grams, there are additional factors in need of further study. For
example, the present study found that introducing women to a

Fig. 2 Reported mentorship and role models. a The percentage of students
reporting 0, 1, or multiple female career role models, b percentage of
students reporting 0, 1, or multiple mentors, and c average quality
mentorship support received as a function of group, controlling for pretest.
Notes: Bar graph values represent percentages or means. Error bars reflect
the lower and upper limits of bias-corrected bootstrapped 95% confidence
intervals. Asterisks are used to highlight where groups differences are
statistically significant.
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geoscience mentor was critical to gains in having multiple men-
tors, which in turn promoted intentions to persist in science. If
mentors provide the similar levels of inspiration and inoculation
information as is delivered through the workshop, then facil-
itating introductions with a mentor would provide the most
efficient and least resource-intensive way to promote similar
results. Future studies should test the relative benefits of Intro-
duction alone vs. Inspiration, Inoculation, & Introduction. Future
work should also quantify the amount of interaction that students
had following their introduction to a local same-gender mentor.
We kept the mentoring expectation modest for this experiment in
part to maximize the commitment from volunteers, but we
encouraged productive mentor–mentee pairs to continue inter-
acting. Even with introductions, our rate of mentorship was
relatively low (Fig. 2). In all our efforts associated with this
project, we have found that many undergraduate women are
hesitant to initially engage with mentors, even same-gender
mentors within geoscience fields. Furthermore, the present study
only paired female undergraduates in geoscience majors with
female geoscientists, who are themselves a numerical minority in
the profession. Further research is needed to determine the extent
to which similar benefits could be achieved by matching female
undergraduates with local male geoscientists. In addition, the
current study limited the number of potential role models and
mentors to a maximum of three persons, which may have cen-
sored or put a low ceiling on those variables and influenced our
choice of analyses. Future studies should aim to measure role
models and mentors in an unrestricted manner in order to treat
them as continuous variables and to test whether the cutoffs used
in the present study (i.e., none, one, multiple) have equivalent
predictive power. Finally, our experiment included undergraduate
students from a range of 4-year colleges and universities across
two geographic regions. Despite inclusive recruitment efforts and
holding half of the workshops at a minority serving institution,
most of the undergraduate women who participated in our study
were White and cisgender women, thereby preventing us from
specifically testing whether this program can benefit women with
other intersecting minority identities. Thus the next step is to test

whether this approach can ensure that everyone feels they belong
in the geosciences. Real progress will also require addressing
persistent culture problems in the geosciences that continue to
marginalize women and minorities13,61–64.

Despite these limitations, this study can inform the develop-
ment of new mentoring programs, as well as the transferability
and sustainability of existing programs. Specifically, our experi-
mental design shows that the benefits associated with a 2-day
professional development workshop with follow-up mentoring
opportunities can be replicated in a compressed 1-day workshop
with follow-up mentoring opportunities30. It is also clear that a
relatively low-intensity mentoring opportunity infrastructure is
sufficient to help undergraduate women grow their mentorship
networks through a brief training followed by an email-facilitated
introduction to a local similar potential mentor (see “Methods”
section for more details). We found a reasonably sized pool of
potential mentors by inviting women in a wide range of profes-
sional roles and by clearly setting mentoring commitment
expectations. Specifically, we recruited women from a wide range
of career stages in the geosciences, including post-baccalaureates
(graduate, postdoctoral), scientists outside of the academy, and
faculty. To reduce demands on volunteer mentors, we asked the
pair to meet on one occasion (e.g., 1 h over coffee), but more
interactions were encouraged if the pair felt that a good men-
toring relationship could be formed. Finally, pairing students with
potential mentors was based on a scalable “birds of a feather”
approach, where matching is based on shared interest discovered
through a brief “getting to know you” survey. Together, these
practices are easily adoptable for STEM organizations looking to
increase diversity and could immediately be widely implemented
to better support undergraduate women.

Methods
Participants. In spring 2019, 187 undergraduate college women in geoscience
majors from 10 universities from 2 regions of the U.S. participated in a 1-day
regional professional development workshop. Undergraduates were invited to
participate in the workshop if they met the following inclusion criteria: (a) they
were ≥18 years of age, (b) they self-identified as female, (c) they were currently
pursuing or planning to pursue a major in a geoscience-related field, and (d) they

Fig. 3 Indirect effects of being in the “Inspiration, Inoculation, & Introduction” group on motivation, coping skills, and persistence intentions through
multiple mentorships. Notes: Values outside of brackets represent unstandardized regression/path coefficients, while values inside brackets represent the
lower and upper limits of bias-corrected bootstrapped 95% confidence intervals [lower limit, upper limit]. “Inspiration, Inoculation, & Introduction” is a
binary indicator of experimental group status (Inspiration, Inoculation, & Introduction group= 1, other type of workshop= 0). “Multiple mentors” is a
binary indicator of mentor network size (two or more mentors= 1, other type of workshop= 0). For the sake of parsimony, only variables and paths
associated with statistically significant indirect effects of group status on downstream motivational, coping, and persistence intentions are shown here.
Complete details are provided in the “Methods” section.
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were interested in pursuing an Earth Systems or Environmental Science career. As
described in the main text, participants were randomly assigned to participate in
one of the three versions of the professional development workshops (“Inspira-
tion”, “Inspiration & Inoculation”, or “Inspiration, Inoculation, & Introduction”
groups). Of the total sample of workshop participants, 29 were not included in the
analytic sample due to failure to complete either the pre- or the post-workshop
surveys. Preliminary analysis indicates no differences in missing data on the pre- or
post-workshop surveys across the three groups (χ2(df= 2)= 1.14, p= 0.57).

The number of undergraduate participants (N= 158) was nearly equally split across
groups (nInspiration= 53, nInspriation & Inoculation= 57, nInspiration, Inoculation, & Introduction= 48).
Workshop participants were primarily in the first-, second-, or third-year of
college, and most were either majoring in Earth Systems science or to a lesser
extent Engineering or Biological Science (Supplementary Data 1). Self-reported
demographic information revealed that most participants were of European/
Caucasian descent or to a lesser extent of African American descent or of multiple
races/ethnicities (Supplementary Data 1). Consistent with the randomized design,
preliminary analysis indicated no group differences on any of the pre-workshop
academic or demographic variables (Supplementary Data 1 notes).

Procedure. Recruitment and invitation to participate: Undergraduates enrolled at
10 universities were recruited to participate in regional 1-day professional devel-
opment workshops for women interested in Earth Systems or Environmental
Science careers. Advertisements for the professional development workshop were
distributed via email. Specifically, emails were distributed by (a) targeted adver-
tisements sent directly to female undergraduates in geoscience-related majors as
identified by a university registrar’s office, (b) general advertisements sent to
geoscience-related distribution lists forwarded by local campus partners (e.g.,
university faculty or staff), or (c) general advertisements distributed by local
campus partners to students in geoscience-related classes. Emailed advertisements
emphasized that the 1-day professional development workshop was an opportunity
for college women to learn more about Earth Systems and Environmental Science
careers, meet peers with similar interest, and network with geoscience profes-
sionals. Students interested in participating in the workshop completed a brief
online application that asked questions about their gender identity (e.g., woman,
transgender woman), university affiliation, college rank (e.g., first-year student),
major, interest in pursuing an Earth Systems and Environmental Science career
(i.e., yes, no), racial/ethnic identity, and age (i.e., ≤17 years, ≥18 years), as well as a
university IRB-approved informed consent form. All applicants who identified as
female or a gender minority (transgender woman or gender non-binary/fluid),
were ≥18 years of age, who were currently or intended to major in a geoscience-
related field, and who intended to pursue a geoscience-related career received an
email invitation to participate in one of the three 1-day professional development
workshops held at local university. A blocked randomization procedure was used
to assign applicants within each university to a workshop to ensure that applicants
from the same university distributed equally across conditions.

Applicants completed online surveys 1 week prior to attending the workshop
(i.e., pretest survey), as well as an online survey 3 months after the workshop (i.e.,
posttest survey). The pretest survey included measures of demographic
characteristics, academic interests and performance, mentoring experiences,
research experiences, and psychological processes such as science identity, as well
as a “getting to know you” survey used for “birds of a feather” matching (see
“Measures” section below). The posttest survey was identical to the pretest survey,
with the exception that demographic and “getting to know you” questions were
omitted. Participants received a small incentive for completing surveys (a $20
Starbucks E-Gift Card or a $20 Amazon E-Gift Card for completing each survey).
A priori estimates of the sample required to achieve acceptable levels of statistical
power (i.e., β= 0.80) to detect potential experimental effects on mentoring and
mediated effects on persistence intentions were derived using the G*Power
software v3.0165 and MedPower66. The power analyses revealed that a minimum
sample size of 130 (or n= 43 per group) would be required to achieve adequate
power to detect the expected experimental and mediated effects. All study
procedures were approved by a local IRB (IRB protocol 14-4829H).

Workshops and post-workshop experiences: The study team provided
transportation to and from the professional development workshops for all
participants. Workshops were developed to test for the critical elements of a
successful mentoring and role modeling program (i.e., PROGRESS) aimed at
increasing women’s persistence in the geosciences24,29,30. Workshop content and
post-workshop experiences were systematically varied to identify essential elements
of mentoring programs, such as distinguishing the unique benefits of role modeling
(lower resource intensity) from those of mentee resilience training and follow-up
mentoring (higher resource intensity).

Workshop 1 (Inspiration) focused on exposure to geoscience careers via female
career role models. The workshop included (1) a brief introduction to Earth
Systems and Environmental Sciences careers, as well as a discussion of challenges
to success in scientific careers (e.g., implicit bias), (2) a panel session focused on
successful professional and personal “Pathways to Earth and Environmental
Sciences” featuring a diverse group of female geoscientists, and (3) a panel session
focused on “A Day in the Life of an Earth and Environmental Scientist” featuring a
diverse group female geoscientists. In addition, Workshop 1 included social
activities and ice-breakers leading to an introduction to a website

(geosciencewomen.org) and private Facebook page where participants could view
inspirational stories of women in the geosciences posted by the project team and
continue contact with their peers, respectively. The discussion of implicit bias used
here includes interactive exercises on automatic thinking. Stereotyping is defined as
automatic thinking applied to social groups. For example, the students participate
in a “mock” version of the Implicit Association Task67, meant to demonstrate that
implicit biases regarding gender and occupations are deeply embedded68. The
module also explains the concept of stereotype threat and provides specific
examples of its impact on academic performance69,70. The facilitator emphasizes
that recognizing and confronting implicit biases is important, and the module ends
with a discussion of how individuals can confront these issues on behalf of
themselves or others.

Workshops 2 and 3 (“Inspiration & Inoculation” and “Inspiration,
Inoculation, & Introductions”, respectively) contained identical content on
exposure to geoscience careers via female career role models and further
included training on how to grow a network of mentoring relationships and
overcome obstacles to success in geosciences careers. The workshops included
(1) a brief introduction to Earth Systems and Environmental Sciences, as well as
a discussion of challenges to success in scientific careers, (2) a panel session
focused on successful professional and personal “Pathways to Earth and
Environmental Sciences” featuring a diverse group of female geoscientists, (3) a
panel session on developing, maintaining, and setting appropriate expectations
for successful mentoring relationships in the geosciences featuring a diverse
group of female geoscientists, (4) a mentor network mapping and strategic
growth activity, and (5) two activities focused on building a toolkit for resilience
and success in the geosciences (i.e., emphasizing grit, growth mindset, goal
setting for developing mentoring relationships, and practice activities initiating
mentoring relationships and developing professional correspondence with
professors or other mentors). In addition, Workshops 2 and 3 held a session that
introduced a website (geosciencewomen.org) and private Facebook page where
participants could view project team posted inspirational stories of women in the
geosciences and continue contact with their peers, respectively.

Finally, Workshop 3 participants received a follow-up email within 1 week of
completing the workshop introducing them to a local similar female geoscientist.
The introductory email set the expectation that the pair should meet on one
occasion for up to 1 h. In addition to facilitating the introduction, the email listed
three ways that the pair were similar according to their responses to the “getting to
know you” survey. All participants and volunteer mentors completed a brief
“getting to know you” survey prior to the date of the workshops42. A “birds of a
feather” procedure was used to both match the pairs and heighten their perceived
similarity—a key attribute of initiating successful mentoring relationships57,71,72. In
addition to matching volunteer mentors with participants based on similarity on
three responses from their “getting to know you” survey, proximity (i.e., close
enough in proximity to meet in person on one occasion) and disciplinary focus
(e.g., Earth science majors with Earth scientists) were also considered but not
highlighted in the introductory email. The volunteer mentors were directed to send
a follow-up email within 1 week of the introduction to schedule the meeting time
and location. Volunteer mentors were offered reimbursement up to $10 for inviting
their matched potential mentee(s) to meet with them in person for coffee or
ice cream.

Measures. Unless otherwise specified, scales were administered at both pretest and
posttest.

Outcome: Scientific career persistence intentions. This three-item scale
measured the degree to which participant’s intended to pursue a scientific career
(e.g., “What is the likelihood of you obtaining a science-related degree?”, “To what
extent do you plan to pursue a science-related graduate degree?”, and “To what
extent do you plan to pursue a science-related research career?”)73. Participants
rated their agreement with each statement on a Likert scale from 1 (strongly
disagree) to 7 (strongly agree). Scientific career persistence intentions scale scores
were calculated as the average of responses to the three items, with a higher score
indicating a higher level of persistence intentions. Descriptive statistics and
reliability estimates are shown in Supplementary Data 2 and 4.

Motivation and coping skills (Mediators): Scientific identity. This 6-item
scale (adapted from the original 14-item scale) measured the degree to which
participant’s think of themselves as a scientist (e.g., “I have come to think of
myself as a scientist”)74. Participants rated their agreement with each
statement on a Likert scale from 1 (strongly disagree) to 7 (strongly agree).
Scientific identity scale scores were calculated as the average of responses to the
six items, with a higher score indicating a higher level of science identity.
Descriptive statistics and reliability estimates are shown in Supplementary
Data 2 and 4.

Coping skills. Three two-item subscales measured coping with problems via
active coping (“I’ve been taking action to try to make the situation better”),
emotional support seeking coping (e.g., “I’ve been getting emotional support from
others”), and information support seeking coping (e.g., “I’ve been getting help and
advice from other people”). The 3 subscales (6 items in total) were taken from the
original 28-item Brief Coping with Problems Experienced scale75,76. Participants
rated their agreement with each statement on a scale from 1 (I haven’t been doing
this at all) to 4 (I’ve been doing this a lot). Active, emotion support seeking, and
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information support seeking coping scale scores were calculated as the average of
responses to each two-item subscale, with a higher score indicating a higher level of
coping skills. Descriptive statistics and reliability estimates are shown in
Supplementary Data 2 and 4.

Mentoring and role modeling: Female STEM career role models. Participants
were instructed to think of a career role model as “a person who inspires you,
someone with whom you identify emotionally, and someone you wish to emulate.
A career role model may or may not be aware of your admiration and may not be
aware that he or she is a role model for you”29,40. Participants were asked if they
had one or more persons who they considered to be a STEM career role model, and
if “Yes,” they were asked to list the name, gender, and the occupation of up to three
STEM career role model(s). A summary index of the number of female STEM
career role models was tabulated based on participant responses, with a range from
0 (no female STEM career role models identified) to 3 (three female STEM career
role models identified). Consistent with prior research, the posttest role modeling
variable was recoded into two variables representing having one female STEM
career role model (one role model= 1, otherwise= 0) or having multiple female
STEM career role models (multiple role models= 1, otherwise= 0)29. Descriptive
statistics are shown in Supplementary Data 2.

Mentor network size. Participants were instructed to think of a mentor as
“someone who provides guidance, assistance, and encouragement on professional
and academic issues. A mentor is more than an academic advisor and is someone
you turn to for guidance and assistance beyond selecting classes or meeting
academic requirements”30. With that definition in mind, participants were asked if
there were any persons they considered to be a career mentor, and if “Yes,” they
were asked to list the name and career stage of up to three career mentors. A
summary index of the number of career mentors was tabulated based on
participant responses, with a range from 0 (no career mentors) to 3 (3 career
mentors). Consistent with prior research, the posttest mentor network variable was
recoded into two variables representing having one career mentor (one mentor= 1,
otherwise= 0) or having multiple career mentors (multiple mentors= 1,
otherwise= 0)30,32,77. Descriptive statistics are shown in Supplementary Data 2.

Quality of mentorship support. Participants who indicated that they had one
or more mentors were asked follow-up mentorship support questions for each of
their career mentors. This adapted four-item scale measured the degree to which
each mentor in their network provided psychosocial support, instrumental
support, role modeling support, and overall relationship satisfaction (e.g., “To
what extent has your mentor conveyed empathy for your concerns or feelings
you have discussed with him or her?”)71,78,79. Participants rated the degree of
support received from each mentor on a scale from 1 (not at all) to 7 (to a large
extent). Quality of mentorship support scale scores were derived as the average
response across all mentoring items for all mentors, with higher scores
indicating higher levels of mentoring support. Descriptive statistics are shown in
Supplementary Data 2.

Plan of analysis. Our statistical approach was to fit a path model to our data to test
the hypothesized experimental process model shown in Fig. 1. As shown in Fig. 1,
we chose to analyze the rank-ordered categorical total number of female role
models and total number of mentors variables (i.e., measured from 0 to 3) as binary
indicators of having one or multiple role models or mentors in order to facilitate
the estimation of both direct and indirect (i.e., mediate) effects of the intervention
on the outcomes. An alternative, but equivalent, approach would have been to
analyze the rank-ordered role modeling and mentoring variables using ordinal
logistic regression; however, that approach would have precluded the estimation of
indirect effects, which were of central interest to the present study.

Path analysis was conducted in a structural equation modeling framework using
maximum likelihood estimation in Mplus version 8.0080. Consistent with best
practices, the adequacy of data-model fit was assessed using a variety of global fit
indices, including the χ2 test, RMSEA, CFI, and SRMR81,82. Observed fit indices
were compared to values representing “good”model fit, such as a non-significant χ2

test, CFI between 0.95 and 1.0, RMSEA between 0.00 and 0.05 (or a 90% CI that
included 0.05 but did not include 0.10), or SRMR between 0.00 and 0.08. In
addition, given our research interest in mediation and the non-normal distribution
of some variables used in the analysis, we implemented a robust bootstrapping
approach with 5000 iterations to estimate bias-corrected CIs around all model-
based direct and indirect effects83–85. The bootstrapping approach does not require
the assumption of normality to accurately estimate CIs around parameter estimates
for the model (i.e., it is robust to non-normality due to being a distribution-free
estimation procedure).

Data availability
The datasets generated during and analyzed during the current study are available in the
Mountain Scholars of Colorado and Wyoming repository (https://doi.org/10.25675/
10217/201607)86.
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