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Career success of women toxicologists requires intentional strategies designed to
encourage and support their professional and personal growth. Key among these are
mentoring approaches which should be initiated early in their academic careers and
continue as their careers progress. While undergraduate and graduate students as well as
postdoctoral fellows, women engaged in all STEM fields benefit from one-on-one
mentoring experiences offered by both their peers, near-peers and faculty. Here, they
not only receive encouragement and lessons on “how to be a good mentee”, but also gain
scientific and life skills. Networking opportunities and career planning advice are also
important benefits. As woman scientists progress in their careers, they continue to benefit
from one-on-one mentoring and structured career development programs adapted to
meet their changing needs ultimately culminating in leadership coaching as they reach the
pinnacles of their careers. While mentoring success is best facilitated by structured
programs that match mentees with mentors and offer training, support and
programming, the availability of these programs to women toxicologists is limited.
Opportunities for women to participate in structured mentoring programs should be
enhanced by institutions, funding agencies and scientific societies as a component of
accelerated diversity and inclusion efforts.
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INTRODUCTION

The success of the next generation of women toxicologists requires an assessment of their future
needs and challenges to allow for a correspondingly restructuring of the scientific community to
maximize their training and support. The impetus for change arises from the fact that our academic
and work environments were founded by men and traditionally best accommodate their needs and
work styles (Vasic 2021). As a consequence, women often report feelings of isolation and
marginalization at all stages of their careers and cite difficulties in balancing societal
expectations versus career needs as well as a lack of appropriate role models. Ultimately, they
may become less engaged and are at greater risk of experiencing career burn-out. Individuals who
have been historically underrepresented in the scientific community, as well as those who are first
generation college students often report similar experiences. Unfortunately, these commonly
experienced barriers often persist along the continuum of a woman’s career (O’Connell and
McKinnon 2021). A key and effective approach that has been shown to enhance the
participation of women and those from other underrepresented groups in the scientific
community is quality mentorship (Haeger and Fresquez, 2016; Hernandez et al., 2017; Estrada
et al., 2018). In this way, a more inclusive community of scholars who share a common science
identity can be created.
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Mentoring harbors both relationship and developmental
aspects that typically address both career and psychosocial
needs (Mullen and Klimaitis 2021). Traditional mentoring
wherein a junior protégée is dyadically paired with a more
senior advisor typically focuses on career progression and is
facilitated by one-way communication. More recently,
mentorship relationships have been expanded to encompass
multiple structures in large part to address problems that may
arise due to power hierarchies and constraints pertaining to
diversity and cultural differences (National Academies of
Sciences and Medicine, 2019). These mentoring structures may
take on a variety of configurations including triads, collective or
groupmentoring andmentoring networks. The involved mentors
may be peer or near-peer colleagues as well as multiple senior
colleagues who can work collaboratively to enhance the breadth
and depth of career and psychosocial mentoring functions. While
in person, face-to-face interactions are often preferred, virtual
environments can provide unique advantages including
enhanced access to alumni and to a range of scientific experts
(Tinoco-Giraldo et al., 2020). By engaging in a rich variety of
mentoring configurations formed via informal or formal means, a
woman toxicologist can better meet her ever changing range of
needs and receive the necessary advice and support for
successfully navigating both her career and life challenges.

NURTURING THE MENTORING
RELATIONSHIP

Mentoring often occurs within formal/organized or informal/ad
hoc structures (National Academies of Sciences and Medicine,
2019). Traditionally, mentoring relationships have formed via
informal mechanisms, often at the initiative of the mentee and
with a more senior colleague. Formal mentoring, occurring
within specifically designed, structured programs is becoming
more frequently used as a mechanism to promote inclusivity and
to promote quality mentoring (Guerrero et al., 2017).
Requirements for quality mentoring include identifying
effective mentors, facilitating an appropriate match between
the mentor and mentee, providing training on how to be good
mentors/mentees, establishing guidelines for clear expectations of
roles, commitment to the mentoring relationship, and a
supportive structure to facilitate networking and other
opportunities (Pfund et al., 2016). In addition, mentors
engaged in negative mentoring, which includes failure to
honor time commitments or undermining the mentoring bond
must be identified relatively early within the mentoring
relationship and their role within the mentoring program
must be reconsidered. Given that quality mentoring often
requires a significant time commitment, that women are
increasingly asked to perform mentoring roles and the high
risk of burnout faced by women in the workplace, it is
essential that mentoring transition from “invisible, but
expected” work and incorporated into formal job
responsibilities with clear expectations (Burns et al., 2021). A
key aspect of successful mentoring is a proactive mentee who
seeks out specific mentors, sets and manages their mentoring

expectations, approaches the mentoring relationships with a
positive attitude and intention and takes charge of their own
career development (Sarabipour et al., 2022).

What are aspects of a quality mentoring relationship/a good
mentoring match? Efforts to understand the factors that
contribute to quality mentoring have often focused on how
well the mentor and mentee “mesh” with respect to their
personalities, perspectives and expectations. It is important to
understand the mentoring relationship as a collaboration wherein
both the mentees and mentors engage as “active learners” (Pfund
et al., 2016). Personalities traits often described as the “Big Five”
(emotional stability, extraversion, openness to experience,
agreeableness and conscientiousness) of both the mentee and
mentors play important roles. With respect to the ability of a
mentee to obtain and receive quality mentoring, personality,
emotional stability was found to be amongst the most
consistent predictors (Bozionelos et al., 2014). Mentees who
perceive that their values are similar to those of their mentors
are also most likely to report mentoring success (Illies and Reiter-
Palmon 2018). With respect to characteristics of “good mentors”,
a survey of graduate students indicate that the most desired
qualities in a mentor are communication skills and providing
feedback whereas top mentoring attributes are integrity, guidance
and relationship (Rose 2003). This latter study informed the
development of the “Ideal Mentor Scale” which may be used to
assess mentoring quality (Sozio et al., 2017). It should also be
noted that for women mentees, having women mentors as role
models and being able to engage in a same-gender mentorship
relationship has been highly successful in advancing the careers of
women scientists (Deanna et al., 2020).

BEYOND MENTORING

In addition to mentoring, other forms of support that can play
key roles in advancing women toxicologists are coaching and
sponsorship. Coaching pertains to support in learning a specific
skill and typically involving practical work performed over a short
period of time followed by feedback that specifically addresses the
performance of the individual (Clutterbuck 2008). While the
definitions of coaching, mentoring and sponsorship are often
intertwined, coaching may be viewed as “helping”, mentoring as
“giving” and sponsorship as “investing” (Ang 2018). An example
of coaching used to address the career needs of scientists is a
group coaching intervention designed to enhance success in grant
submissions (Weber-Main et al., 2022). Coaching is also being
used to enhance educational efforts of faculty and at the executive
level, for leadership development (Kirk et al., 2019; Jordan et al.,
2021). Current thinking regards sponsorship (or sometimes
“championship”) as even more important than mentorship
given the heightened focus of sponsors on professional
development behaviors and contributions to three key
competencies to career success “know–why”, “know-how” and
“know-whom” (Ang 2018). Similar to that of a sponsor, a
“champion” is highly committed to the success of their
protégé, is well connected and willing to challenge the status
quo (Gallop and Chamorro-Premuzic 2021). While sponsorship
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has been shown to play a key role, especially for women, in
achieving career advancement, the sponsorship relationship
involving women appears to differ from that of men (Levine
et al., 2021). Here, women are less likely to seek out sponsorship
and less likely to receive sponsorship. Addressing these types of
issues to advance the careers of women toxicologists will likely
require more structured programs that can incorporate “best
practices” and formalize these types of relationships.

ADAPTINGMENTORINGANDSUPPORTAS
CAREERS PROGRESS

As women progress in their careers, their needs, expectations and
benefits with regards to mentorship will undergo corresponding
changes. Quality mentoring relationships that appropriately
adapt to these changes will benefit not only the mentee, but
also the mentor and the scientific community. Mentors receive a
number of benefits from the mentoring relationship that include
increased productivity, increase in engagement in the workplace
and scientific community and a heightened of belonging and
professional value. The scientific community benefits from the
increased scholarship, creativity and vibrancy. The following
sections will focus primarily on mentoring during different
stages of women’s academic careers, but many of these
concepts can be generalized to other sectors of the workforce.

Mentoring Undergraduate Students
It is well established that undergraduate students who are
involved in a mentoring relationship experience better
retention in their programs of study, are more satisfied with
their choice of academic program and more likely to attain
measures of success (i.e., higher exam scores) (Jacobi 1991;
Campbell and Campbell 1997). Undergraduate students report
a need for mentors who provide 1) support and encouragement
thereby creating an emotional safety net and 2) constructive
feedback as the student explores career options and sets goals
(Law et al., 2020). It has also been suggested that a great mentor to
undergraduates is one who can show them the big picture,
introduce them to the literature, offer ownership and provide
them with a stage to speak about their work (Deshpande 2017).
Student participation in undergraduate research experiences
provide major opportunities for engaging in mentoring
relationships within STEM programs and when coupled with
intentional mentoring that provides socioemotional support as
well as skills-based training, can be highly effective for
encouraging students from diverse population groups to
participate in scientific endeavors (Haeger and Fresquez;
Byars-Winston et al., 2015). For women undergraduates, a key
benefit of mentoring-development of a mentee’s scientific
identity, can be particularly enhanced when they have access
to women mentors (Hernandez et al., 2017). Interestingly,
women versus men mentees place a higher preference on the
relational aspects of mentoring (Rose 2005). However, it is
important to note that undergraduates struggle in knowing
how to find a mentor and those who place a high value on
mentoring appear to be more discerning in establishing positive

mentoring relationship (Wright et al., 2022). This type of “hidden
curriculum” disproportionally affects first generation and under-
represented groups, but can be addressed by incorporating soft
skills such as “how to be a good mentee” into the STEM
coursework (Wrighting et al., 2021). For women toxicologists,
the undergraduate years present a critical window of opportunity
wherein the most savy, well-informed and well-advised
individuals are able to participate in mentoring relationships
to form a strong foundation for building their future careers.

Mentoring Graduate Students
Mentorship during an individual’s graduate career is positively
linked to a mentees scientific impact (Ma et al., 2020). Given
that a scientist typically engages in the highest level of contact
with mentors during their graduate training, these mentors are
often key gatekeepers to a mentee’s scientific success. It has
been previously proposed that faculty mentors play three
major roles as allies, ambassadors and master-teachers
(Lechuga 2011). As allies, mentors focus on the individual
needs (academic or otherwise) of their mentees and take a
supportive approach towards their working relationship. As
ambassadors, faculty introduce their students to their scientific
discipline, instill a sense of professional identity and
familiarize their students with the types of activities their
future careers will entail. As master-teachers, faculty allow
students to work relatively independently to demonstrate their
research abilities and become expert researchers. Early-career
mentees are advised to engage with multiple mentors who are
able to provide perspectives from a variety of backgrounds and
experiences as well as expertise in specific skills (Sarabipour
et al., 2022).

A number of issues that currently impact graduate students
raise concerns regarding the future of women toxicologists and
highlight the need for significant reenvisioning of our structures
and support of their budding careers. Despite the importance and
value of mentoring, some, in particular traditionally
underrepresented women report a lack of availabilities of
mentors which can significantly impact our efforts to enhance
diversity and inclusion (Guy and Boards 2019). Some reports
indicate success in using peer mentoring programs to address
these issues (Levy-Tzedek et al., 2018). An additional concern is
that interest amongst graduate students to pursue faculty
positions is in decline with women from traditionally
underrepresented populations demonstrating the least interest
and gender bias within the academic environment persisting
(Gibbs et al., 2014; Remich et al., 2016; Wood et al., 2016).
Many graduate students, in particular those from traditionally
underrepresented populations harbor significant concerns
regarding the extent to which an academic career impacts on
work/life balance. Incorporating opportunities for career
development via experiential learning (i.e., job simulations,
employer site visits, shadowing and internships) can allow for
more intentional career-planning discussions (Van Wart et al.,
2020). Success in these types of endeavors for women
toxicologists would be greatly enhanced by incorporating
women mentors from all sectors of the workplace into these
types of academic programs.
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Mental well-being of graduate students is a key concern with
many students reporting emotional exhaustion and depression as
they conduct their research projects (Rigg et al., 2013; Gin et al.,
2021). Some of these issues can be addressed by improving and
supporting mentoring such that mentors can better normalize
struggle and failure to promote a growth mindset (Posselt 2018).
Additional measures that mentors can undertake include
breaking down research projects into smaller tasks, increasing
collaborative work, offering work flexibility, and ensuring that the
work aligns with a mentee’s interest or passions. Mentors can also
ensure that their mentees are making good progress and receive
appropriate emotional support. Finally, our academic institutions
must be more effective in addressing bullying and harassment to
create a more positive research culture that exemplifies diversity,
collaboration, transparency, value and support of the
contributions of individual researchers and nurture creativity
(Lancet 2022).

Mentoring Early Career Faculty
Early-career STEM faculty face many challenges that arise from
the increased emphasis on research success, the highly
competitive research environment, enhanced scrutiny on
“student success” and an often overwhelming workload
(Hollywood et al., 2020). Early career STEM women faculty
also cite a “chilly” working environment and experiences of
ostracism and incivility from their male colleagues and are
susceptible to higher workloads due to expectations of more
service and other “academic housekeeping” activities
(Macfarlane and Burg 2019; Miner et al., 2019; Casad et al.,
2021). These challenges are due in part, to the fact that STEM
women faculty are still underrepresented within their disciplines
and departments. Efforts to address these issues include strategies
to increase success in recruiting from a diverse application pool
(i.e., changes in recruiting efforts and training search committee
members on best practices), institutional mentoring and
networking opportunities and interventions to improve the
academic climate. Effective mentoring has been shown to be
very beneficial in advancing female academic careers whereas
inadequate mentoring often leads to isolation, limited career
development, job dissatisfaction, burn-out and attrition (Cross
et al., 2019). Institutional efforts to address these issues include
programing to provide structured mentorship, sponsorship, and
networking opportunities involving newly recruited and
established STEM women faculty and administrators
(Jamison-McClung 2022).

To achieve success in the tenure track at research-intensive
institutions, it has been recommended that early-career STEM
faculty should engage in long-term strategic planning as early as
possible (Boyce and Aguilera 2021). However, life events which
may require extended periods of leave (e.g., family leave) may
contribute to uncertainties and limit the effectiveness of such
planning. Measures in addition to mentoring, that can be
undertaken by institutional leaders include allowing early-
career faculty to focus on developing their research programs
by minimizing teaching expectations and clearly defining
expectations for teaching, service and research activities
(Sawarkar et al., 2019). Research support should include

sufficient start-up funds and equipment, availability of senior
faculty to provide constructive feedback and assistance in
developing grant proposals. Finally, to develop a sense of
community and sense of belonging, leaders should cultivate a
supportive and collegial environment. Early-career STEMwomen
faculty can also enhance their productivity and sense of
community by participating in faculty writing groups that
typically involve structured writing sessions and peer feedback
(Kwan et al., 2021). Bringing awareness to the specific challenges
facing early career women toxicologists and addressing them with
specific interventions is key for ensuring the vibrancy of our
toxicology community.

Mentoring Mid-Career Faculty
In general, mid-career professional women face three major
career issues; authenticity, work/life balance, burn-out and lack
of challenge-driven opportunities for professional growth (Burns
et al., 2021). As a consequence, a women’s career may stagnate
thereby adversely impacting institutional efforts in achieving
equity and diversity. The mid-career stage is the window of
opportunity wherein the leadership “track” typically begins, yet
many individuals and in particular, women, are poorly prepared
or lack aspirations for entry point leadership positions
(Templeton and O’Meara 2018; Baker et al., 2019). Many
organizations have attempted to address these issues by
supporting women-only leadership development programs
(Hopkins et al., 2008; Clarke 2011; DeFrank-Cole et al., 2016).
In these programs where women are in a majority position, a
“safe” environment can be created wherein participants can
openly share their frustrations and challenges. The
development of women leaders should include assessment of
leadership competencies, training and education with respect to
leadership skills, coaching and mentoring, networking, career
planning and experiential learning. However, these programs
may be limited in effectiveness if they fail to address the
realities that women face in their own organizations and fail
to provide growth opportunities for aspiring women leaders. It is
important to recognize that the leadership development needs for
women are unique (Gipson et al., 2017). As compared to men,
women exhibit differences in behaviors and leadership styles. For
example, women leaders are often credited with more democratic
and transformational leadership styles. In addition, performance
evaluation of women leaders are oftenmore scrutinized. Thus, the
most effective programs can bring awareness to the unique
leadership developments needs of aspiring women leaders and
develop strategies for advancing their career progression. When
closely aligned and integrated with the strategic objectives of the
organization, they can create much needed opportunities for
organizational transformation (Debebe 2009).

The Women’s Executive Leadership Development program
that I established at the University of Kentucky was designed to
address barriers that mid-career women faculty and staff may face
in attaining leadership positions. Prior to participating in the
program, individuals representing a variety of backgrounds and
disciplines, self-identified their needs which typically involved
building their network, confidence, focus and value as well as
specific skills such as leading change, managing others,
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negotiating and managing budgets. Testimonials from program
participants indicated that sessions most valued were those that
addressed conflict management, negotiations and budget
management that the most beneficial aspects were networking
opportunities and meeting women who are in a variety of roles
across the campus. These networks often formed the basis for
establishing mentoring relationships as well as sponsorship. An
example of gains obtained by program participants that were
revealed in our pre- and post-assessment surveys is shown in
Figure 1. Here, a single cohort of program participants self-
reported gains inmeasures of confidence, specific leadership skills
and institutional knowledge which are key for effectively
navigating the organizational culture. These findings are
consistent with those reported from similar women—only
leadership development programs (Hopkins et al., 2008;
Clarke 2011; DeFrank-Cole et al., 2016). Similar programs
could be within scientific communities and other organizations
to develop leadership of women toxicologists.

Mentoring and Seasoned/Faculty/Senior
STEM Women Leaders
Senior faculty retain positive views regarding mentoring as it
provides them with a means of leaving a legacy and maintaining a
professional identity (Grosshans et al., 2003). By engaging in
mentoring relationships, senior faculty can maintain career
vitality, as indicated by a recent survey. Here, four critical
strategies were cited; 1) engaging in sustained relationships
with students and others, 2) practicing self-efficacy to allow
them to manage their workload and prioritize their work, 3)
maintaining a positive/growth mindset and 4) engaging in the
scholarly life (Cruz and Herzog 2018). Senior faculty can also
participate in reverse mentoring. Reverse mentoring is
increasingly being used to increase retention of the younger
generation (i.e., Millennials) as well as enhance digital skills of
the more senior mentees (Morris 2017; Jordan and Sorell 2019).

Other potential advantages of reverse mentoring include a
positive impact on driving cultural change within the
organization, promoting diversity and enhancing teaching
effectiveness. Senior STEM women leaders report numerous
barriers to leadership, including balancing work/home life,
imposter syndrome and devaluing of achievements
(McCullough 2020). They are often prone to working in
isolation and most commonly rely on spouses/partners as well
as peers for support and encouragement. Strategies used to
address these issues include engaging in peer mentoring to
form a “mutual mentoring” program (List and Sorcinelli
2018). Thus, even at an advanced career stage, women
toxicologists can benefit from mentoring by serving as a
mentor, participating in reverse mentoring and engaging in
peer or mutual mentoring.

DO WOMEN TOXICOLOGISTS FACE
UNIQUE CHALLENGES?

The future of women toxicologists is strong as indicated by the
relatively high interest of women in obtaining doctoral degrees in
toxicology (Gillen and Tanenbaum 2014). Interestingly,
toxicology (as well as pharmacology) are the most gender-
balanced amongst the biology and biomedical fields with
respect to doctoral degrees awarded. Women’s interest in
toxicology remains high as they progress towards postdoctoral
fellowships with women representing 42% of those who study
within pharmacology/toxicology areas and pharmacology/
toxicology represented at levels comparable to those in similar
disciplines such as biochemistry or physiology (https://ncsesdata.
nsf.gov/home). Thus, our expectations that the status of women
toxicologists will continue to improve remain high.

While our understanding of mentoring and how it may be best
used to promote the development and growth of individuals at a
range of career stages and from diverse backgrounds is growing,

FIGURE 1 | A snaphot of self-reported gains in measures of confidence, leadership, career aspirations and institutional knowledge following participation in a
women’s leadership development program. Electronic surveys were administered to the 2019 cohort (n = 25) of the Women’s Executive Leadership Development
Program held at the University of Kentucky prior to and following participation in the 8 month program. Respondents rated the degree to which they agreed or disagreed
with the indicated statements using Likert-scale categories from “strongly disagree” through “strongly agree”. The Likert scales were adjusted to numerical scores
of 1 (“strongly disagree”) through 7 (“strongly agree”), the mean Likert scores and standard deviations were calculated for each question and statistical differences were
identified by utilizing an independent samples t-test. The dashed line indicates a neutral (“neither agree nor disagree”) response. Pre-assessment responses = 20 and
post-assessment responses = 8. *Significantly different (p < 0.05).
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the mentoring literature is still dominated by four disciplines;
academic medicine, industrial and organizational psychology,
education, nursing and psychology (Lefebvre et al., 2020).
Effective mentoring must address the specific barriers to career
progression that may be encountered within each discipline. A
brief review of the literature suggests that many of the challenges
faced by women toxicologists are similar to those reported within
other scientific fields and disciplines. For example, women in
neuroscience report challenges associated with subtle biases and
stereotypes including frequent interruptions during talks and
seminars, underrepresentation as authors in high-profile
journals and gender gaps in salary (Machlovi et al., 2021).
Similar issues have been noted by women in physiology
(Gordon 2014), cell biology (Gieniec 2022), zoology
(Slobodian et al., 2021) and other STEM disciplines (Birnir
and Eliasson 2018; Rosser 2018). Unfortunately, the COVID-
19 pandemic has exacerbated many of these challenges and
contributed to greater gender inequities within the academic
environment (Malisch et al., 2020). The gender pay gap has
remained consistent, however, with women overall earning
86% of what men earned in 2021 (Fry 2022). Like women in
other scientific disciplines, women toxicologists are
compensated at lower levels than their male counterparts
within all employment sectors (Sullivan and Gad 2020).
Addressing challenges faced by women toxicologists
requires heightened visibility and consistent reporting as
exemplified by the “Perspectives of Women in Toxicology”
session held at the ICTXV2019 meeting and reports by groups
such as the Women in Toxicology of the gender gap for awards
within the Society of Toxicology (Lewis 2019). Similar
successful efforts to address issues faced by women
toxicologists and facilitate systemic change and gender
equality are being undertaken by Women in Toxicology
within the American College of Medical Toxicology (Spyres
et al., 2019).

A few aspects that contribute to unique challenges experienced
by women toxicologists should receive greater scrutiny by our
professional societies. Early in their academic careers, women
toxicologists may face exceptional difficulties in identifying
women mentors due to the absence of representation of
toxicology within the curriculum of undergraduate-serving
communities. In addition, because of the highly
interdisciplinary nature of toxicology which spans the full
gamut of scientific fields ranging from Earth sciences,
biomedical sciences and engineering to social and clinical
sciences, potential women mentors are often housed in a
variety of academic units making them difficult for a young
woman STEM major to locate. Finally, because of the
underrepresentation of women at the senior level of faculty
ranks within biomedical disciplines of research-intensive
universities (Hamrick 2019) the pool of women mentors
available to these potential early career women toxicologists is
quite small. These issues may also affect women toxicologists as

they progress in their academic careers. Here, they may become
significantly isolated as they experience difficulties in identifying
mentors and supporters who understand their unique needs,
opportunities and challenges. As a result, career dissatisfaction
may arise as more mentoring of women scientists by other
women scientists corresponds to a greater sense of “voice” or
ability to influence their work environment as well as a reduced
perception of negative work environments, increased
connectedness and heightened sense of community (Ragins
1997; Settles et al., 2007). Women toxicologists may also face
difficulties in obtaining funding and publishing their work if they
study topics that are “gender-specific” and affect primarily
women (Mirin 2021). As we further evaluate these unique
challenges, we can then develop more specific measures to
ameliorate their impact.

CONCLUSION

While women toxicologists have made significant strides with
respect to improving the quality and advancement of their
careers, significant challenges persist. Mentoring can, in part,
address some of these challenges. However, to be effective for
enhancing the status of women toxicologists, the needs and
potential benefits must be adapted to each woman’s career
stage. In many cases, mentoring should be coupled with
additional interventions that include coaching and sponsorship
and must be valued within the workplace. Scientific communities,
funding agencies and academic institutions must work
coordinately to provide mentoring opportunities and
structures that promote the career advancement of women
toxicologists.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

HS is the sole author and contributor to this work.

FUNDING

This study was supported by NIEHS/NIH R25 ES 027684,
NIEHS/NIH P30 ES026529 and NIEHS/NIH grant P42
ES007380. The content is solely the responsibility of the
authors and does not necessarily represent the official views
of NIH.

Frontiers in Toxicology | www.frontiersin.org June 2022 | Volume 4 | Article 9206646

Swanson Women Toxicologists and Mentoring

https://www.frontiersin.org/journals/toxicology
www.frontiersin.org
https://www.frontiersin.org/journals/toxicology#articles


REFERENCES

Ang, J. (2018). Why Career Sponsorship Matters for Advancing Women. Women
Bus. 1 (4), 36–43.

Baker, V. L., Lunsford, L. G., and Pifer, M. J. (2019). Patching Up the "Leaking
Leadership Pipeline": Fostering Mid-career Faculty Succession Management.
Res. High. Educ. 60 (6), 823–843. doi:10.1007/s11162-018-9528-9

Birnir, B., and Eliasson, L. (2018). She Is in Science to Stay!. Acta Physiol. 223 (1),
e13048. doi:10.1111/apha.13048

Boyce, M., and Aguilera, R. J. (2021). Preparing for Tenure at a Research-Intensive
University. BMC Proc. 15 (2), 14. doi:10.1186/s12919-021-00221-8

Bozionelos, N., Bozionelos, G., Polychroniou, P., and Kostopoulos, K. (2014).
Mentoring Receipt and Personality: Evidence for Non-linear Relationships.
J. Bus. Res. 67 (2), 171–181. doi:10.1016/j.jbusres.2012.10.007

Burns, T., Huang, J., Krivkovich, A., Yee, L., Rambachan, I., and Trkulja, T. (2021).
Women in the Workplace. New York, NY: McKinsey Publishing. Available at:
https://www.mckinsey.com/featured-insights/diversity-and-inclusion/women-
in-the-workplace.

Byars-Winston, A. M., Branchaw, J., Pfund, C., Leverett, P., and Newton, J. (2015).
Culturally Diverse Undergraduate Researchers’ Academic Outcomes and
Perceptions of Their Research Mentoring Relationships. Int. J. Sci. Educ. 37
(15), 2533–2554. doi:10.1080/09500693.2015.1085133

Campbell, T. A., and Campbell, D. E. (1997). FACULTY/STUDENT MENTOR
PROGRAM: Effects on Academic Performance and Retention. Res. High. Educ.
38 (6), 727–742. doi:10.1023/A:1024911904627

Casad, B. J., Franks, J. E., Garasky, C. E., Kittleman, M. M., Roesler, A. C., Hall, D.
Y., et al. (2021) ’Gender Inequality in Academia: Problems and Solutions for
Women Faculty in STEM’, J. Neurosci. Res., 99(1), 13–23. doi:10.1002/jnr.24631

Clarke, M. (2011). Advancing Women’s Careers through Leadership Development
Programs. Empl. Relat. 33 (5), 498–515. doi:10.1108/01425451111153871

Clutterbuck, D. (2008). What’s Happening in Coaching and Mentoring? and what
Is the Difference between Them? Dev. Learn. Organ. An Int. J. 22 (4), 8–10.
doi:10.1108/14777280810886364

Cross, M., Lee, S., Bridgman, H., Thapa, D. K., Cleary, M., and Kornhaber, R.
(2019). Benefits, Barriers and Enablers of Mentoring Female Health Academics:
An Integrative Review. PLoS One 14 (4), e0215319. doi:10.1371/journal.pone.
0215319

Cruz, L., and Herzog, M. J. (2018). Setting the Faculty on Fire: Fostering Vitality in
Late Career Faculty. J. Fac. Dev. 32 (3), 25–34.

Deanna, R., Baxter, I., Chun, K. P., Merkle, B. G., Zuo, R., Diele-Viegas, L. M., et al.
(2020). It Takes a Village - Overcoming Gender-Biased Mentorship in
Academia’ OSF Preprints. Charlottesville, VA: Center for Open Science.
Available at: https://osf.io/25h7p (Accessed June 2, 2022).

Debebe, G. (2009). Transformational Learning in Women’s Leadership
Development Training. Adv. Women Leadersh. 29 (7), 1–12. doi:10.21423/
awlj-v29.a264

DeFrank-Cole, L., Latimer, M., Neidermeyer, P. E., and Wheatly, M. G. (2016).
Understanding "Why" One University’s Women’s Leadership Development
Strategies Are So Effective. Adv. Women Leadersh. 36, 26–35. doi:10.21423/
awlj-v36.a18

Deshpande, A. (2017). Four Lessons for Being a Great Mentor to Undergrads.
Washington, DC: American Association for the Advancement of Sciences.
doi:10.1126/science.caredit.aar5453

Estrada, M., Hernandez, P. R., and Schultz, P. W. (2018). A Longitudinal Study of
How Quality Mentorship and Research Experience Integrate Underrepresented
Minorities into STEM Careers. Lse 17 (1), ar9. doi:10.1187/cbe.17-04-0066

Fry, R. (2022). Some Gender Dispartities Widened in the U.S. Workforce during
the Pandemic. Washington, DC: Pew Research Center. Available at: https://
www.pewresearch.org/fact-tank/2022/01/14/some-gender-disparities-
widened-in-the-u-s-workforce-during-the-pandemic/.

Gallop, C., and Chamorro-Premuzic, T. (2021). 7 Pieces of Bad Career Advice
Women Should Ignore. Brighton, MA: Harvard Business Publishing. Available
at: https://hbr.org/2021/04/7-pieces-of-bad-career-advice-women-should-
ignore (accessed April 15, 2021).

Gibbs, K. D., Jr., McGready, J., Bennett, J. C., and Griffin, K. (2014). Biomedical
Science Ph.D. Career Interest Patterns by Race/Ethnicity and Gender. PLoS One
9 (12), e114736. doi:10.1371/journal.pone.0114736

Gieniec, K. A. (2022). Scope for Change. J. Cell Sci. 135 (10), jcs260039. doi:10.
1242/jcs.260039

Gillen, A., and Tanenbaum, C. (2014). Exploring Gender Imbalance Among STEM
Doctoral Degree Recipients. Washington, DC: American Institutes for Research.
Available at: https://www.air.org/resource/brief/exploring-gender-imbalance-
among-stem-doctoral-degree-recipients.

Gin, L. E., Wiesenthal, N. J., Ferreira, I., and Cooper, K. M. (2021). PhDepression:
Examining How Graduate Research and Teaching Affect Depression in Life
Sciences PhD Students. Lse 20 (3), ar41. doi:10.1187/cbe.21-03-0077

Gipson, A. N., Pfaff, D. L., Mendelsohn, D. B., Catenacci, L. T., and Burke, W. W.
(2017). Women and Leadership. J. Appl. Behav. Sci. 53 (1), 32–65. doi:10.1177/
0021886316687247

Gordon, S. E. (2014). Getting Nowhere Fast: The Lack of Gender Equity in the
Physiology Community. J. General Physiology 144 (1), 1–3. doi:10.1085/jgp.
201411240

Grosshans, O., Poczwardowski, A., Trunnell, E., and Ransdell, L. (2003). Senior
Faculty Retrospectives on Mentoring. Am. J. Health Educ. 34 (3), 146–153.
doi:10.1080/19325037.2003.10603546

Guerrero, L. R., Ho, J., Christie, C., Harwood, E., Pfund, C., Seeman, T., et al.
(2017). Using Collaborative Approaches with a Multi-Method, Multi-Site,
Multi-Target Intervention: Evaluating the National Research Mentoring
Network. BMC Proc. 11 (Suppl. 12), 14. doi:10.1186/s12919-017-0085-6

Guy, B., and Boards, A. (2019). A Seat at the Table: Exploring the Experiences
of Underrepresented Minority Women in STEM Graduate Programs.
J. Prev. Intervention Community 47 (4), 354–365. doi:10.1080/10852352.
2019.1617383

Haeger, H., and Fresquez, C. (2016). Mentoring for Inclusion: The Impact of
Mentoring on Undergraduate Researchers in the Sciences. Lse 15 (3), ar36.
doi:10.1187/cbe.16-01-0016

Hamrick, K. (2019). Women, Minorities, and Persons with Disabilities in Science
and Engineering. Alexandria, VA: National Science Foundation. Available at:
https://ncsesdata.nsf.gov/home June 1, 2019].

Hernandez, P. R., Bloodhart, B., Barnes, R. T., Adams, A. S., Clinton, S. M., Pollack,
I., et al. (2017). Promoting Professional Identity, Motivation, and Persistence:
Benefits of an Informal Mentoring Program for Female Undergraduate
Students. PLoS One 12 (11), e0187531. doi:10.1371/journal.pone.0187531

Hollywood, A., McCarthy, D., Spencely, C., and Winstone, N. (2020).
’Overwhelmed at First’: the Experience of Career Development in Early
Career Academics. J. Furth. High. Educ. 44 (7), 998–1012. doi:10.1080/
0309877X.2019.1636213

Hopkins, M. M., O’Neil, D. A., Passarelli, A., and Bilimoria, D. (2008). Women’s
Leadership Development Strategic Practices for Women and Organizations.
Consult. Psychol. J. Pract. Res. 60 (4), 348–365. doi:10.1037/a0014093

Illies, M. Y., and Reiter-Palmon, R. (2018). The Effect of Value Similarity on
Mentoring Relationships and Outcomes. Int. J. Evid. Based Coach. Mentor. 16
(1), 20–34.

Jacobi, M. (1991). Mentoring and Undergraduate Academic Success: A Literature
Review. Rev. Educ. Res. 61 (4), 505–532. doi:10.3102/00346543061004505

Jamison-McClung, D. (2022). “Mentorship, Sponsorship, and Professional
Networking,” in Uprooting Bias in the Academy (Cham: Springer), 175–187.
doi:10.1007/978-3-030-85668-7_10

Jordan, J., and Sorell, M. (2019). Why Reverse Mentoring Works and How to Do it
Right’, Havard Business Review. Brighton, MA: Harvard Business Publisher.
Available at: https://hbr.org/2019/10/why-reverse-mentoring-works-and-
how-to-do-it-right?autocomplete=true (accessed April 13, 2022).

Jordan, J., Yarris, L. M., Dorfsman, M. L., Wolf, S. J., and Wagner, M. J. (2021)
’Coaching Educators: Impact of a Novel National Faculty Development
Program for Didactic Presentation Skills’, AEM Educ. Train., 5(3), e10637.
doi:10.1002/aet2.10637

Kirk, V., Kania-Richmond, A., and Chaput, K. (2019). Executive Coaching for
Leadership Development: Experience of Academic Physician Leaders. hcq 22
(1), 54–59. doi:10.12927/hcq.2019.25835

Kwan, P. P., Sharp, S., Mason, S., and Saetermoe, C. L. (2021) ’Faculty Writing
Groups: The Impact of Protected Writing Time and Group Support’, Int.
J. Educ. Res. Open, 2, 100100. doi:10.1016/j.ijedro.2021.100100

Law, D. D., Hales, K., and Busenbark, D. (2020). Student Success: A Literature
Review of Faculty to Student Mentoring. J. Empower. Teach. Excell. 4 (1), 6.
doi:10.15142/38x2-n847

Frontiers in Toxicology | www.frontiersin.org June 2022 | Volume 4 | Article 9206647

Swanson Women Toxicologists and Mentoring

https://doi.org/10.1007/s11162-018-9528-9
https://doi.org/10.1111/apha.13048
https://doi.org/10.1186/s12919-021-00221-8
https://doi.org/10.1016/j.jbusres.2012.10.007
https://www.mckinsey.com/featured-insights/diversity-and-inclusion/women-in-the-workplace
https://www.mckinsey.com/featured-insights/diversity-and-inclusion/women-in-the-workplace
https://doi.org/10.1080/09500693.2015.1085133
https://doi.org/10.1023/A:1024911904627
https://doi.org/10.1002/jnr.24631
https://doi.org/10.1108/01425451111153871
https://doi.org/10.1108/14777280810886364
https://doi.org/10.1371/journal.pone.0215319
https://doi.org/10.1371/journal.pone.0215319
https://osf.io/25h7p
https://doi.org/10.21423/awlj-v29.a264
https://doi.org/10.21423/awlj-v29.a264
https://doi.org/10.21423/awlj-v36.a18
https://doi.org/10.21423/awlj-v36.a18
https://doi.org/10.1126/science.caredit.aar5453
https://doi.org/10.1187/cbe.17-04-0066
https://www.pewresearch.org/fact-tank/2022/01/14/some-gender-disparities-widened-in-the-u-s-workforce-during-the-pandemic/
https://www.pewresearch.org/fact-tank/2022/01/14/some-gender-disparities-widened-in-the-u-s-workforce-during-the-pandemic/
https://www.pewresearch.org/fact-tank/2022/01/14/some-gender-disparities-widened-in-the-u-s-workforce-during-the-pandemic/
https://hbr.org/2021/04/7-pieces-of-bad-career-advice-women-should-ignore
https://hbr.org/2021/04/7-pieces-of-bad-career-advice-women-should-ignore
https://doi.org/10.1371/journal.pone.0114736
https://doi.org/10.1242/jcs.260039
https://doi.org/10.1242/jcs.260039
https://www.air.org/resource/brief/exploring-gender-imbalance-among-stem-doctoral-degree-recipients
https://www.air.org/resource/brief/exploring-gender-imbalance-among-stem-doctoral-degree-recipients
https://doi.org/10.1187/cbe.21-03-0077
https://doi.org/10.1177/0021886316687247
https://doi.org/10.1177/0021886316687247
https://doi.org/10.1085/jgp.201411240
https://doi.org/10.1085/jgp.201411240
https://doi.org/10.1080/19325037.2003.10603546
https://doi.org/10.1186/s12919-017-0085-6
https://doi.org/10.1080/10852352.2019.1617383
https://doi.org/10.1080/10852352.2019.1617383
https://doi.org/10.1187/cbe.16-01-0016
https://ncsesdata.nsf.gov/home
https://doi.org/10.1371/journal.pone.0187531
https://doi.org/10.1080/0309877X.2019.1636213
https://doi.org/10.1080/0309877X.2019.1636213
https://doi.org/10.1037/a0014093
https://doi.org/10.3102/00346543061004505
https://doi.org/10.1007/978-3-030-85668-7_10
https://hbr.org/2019/10/why-reverse-mentoring-works-and-how-to-do-it-right?autocomplete=true
https://hbr.org/2019/10/why-reverse-mentoring-works-and-how-to-do-it-right?autocomplete=true
https://doi.org/10.1002/aet2.10637
https://doi.org/10.12927/hcq.2019.25835
https://doi.org/10.1016/j.ijedro.2021.100100
https://doi.org/10.15142/38x2-n847
https://www.frontiersin.org/journals/toxicology
www.frontiersin.org
https://www.frontiersin.org/journals/toxicology#articles


Lechuga, V. M. (2011). Faculty-graduate Student Mentoring Relationships:
Mentors’ Perceived Roles and Responsibilities. High. Educ. 62 (6), 757–771.
doi:10.1007/s10734-011-9416-0

Lefebvre, J. S., Bloom, G. A., and Loughead, T. M. (2020) ’A Citation Network Analysis
of Career Mentoring across Disciplines: A Roadmap for Mentoring Research in
Sport’, Psychol. Sport Exerc., 49, 101676. doi:10.1016/j.psychsport.2020.101676

Levine, R. B., Ayyala, M. S., Skarupski, K. A., Bodurtha, J. N., Fernández, M. G.,
Ishii, L. E., et al. (2021). "It’s a Little Different for Men"-Sponsorship and
Gender in Academic Medicine: a Qualitative Study. J. Gen. Intern Med. 36 (1),
1–8. doi:10.1007/s11606-020-05956-2

Levy-Tzedek, S., Moran, G. S., Alon, U., and Sal-Man, N. (2018). Peer Power.
EMBO Rep. 19 (12), e47246. doi:10.15252/embr.201847246

Lewis, L. (2019). Closing the Gender Gap for SOT Awards: Society of Toxicology. Reston,
VA: Society of Toxicology. Available at: https://www.toxicology.org/groups/sig/wit/
docs/WIT_Spring2019Newsletter_v2-compiled-2-22-19-vb-tm.pdf (accessed May 26,
2022).

List, K., and Sorcinelli, M. D. (2018). Increasing Leadership Capacity for Senior
Women Faculty through Mutual Mentoring. J. Fac. Dev. 32 (1), 7–15.

Ma,Y.,Mukherjee, S., andUzzi, B. (2020).Mentorship andProtégé Success in STEMFields.
Proc. Natl. Acad. Sci. U.S.A. 117 (25), 14077–14083. doi:10.1073/pnas.1915516117

Macfarlane, B., and Burg, D. (2019). Women Professors and the Academic
Housework Trap. J. High. Educ. Policy Manag. 41, 262–274. doi:10.1080/
1360080x.2019.1589682

Machlovi, S., Pero, A., Ng, S., Zhong, M., and Cai, D. (2021). Women in Neuroscience:
Where Are We in 2019? J. Neurosci. Res. 99 (1), 9–12. doi:10.1002/jnr.24570

Malisch, J. L., Harris, B. N., Sherrer, S. M., Lewis, K. A., Shepherd, S. L., McCarthy,
P. C., et al. (2020) ’In the Wake of COVID-19, Academia Needs New Solutions
to Ensure Gender Equity’, Proc. Natl. Acad. Sci. U.S.A., 117(27), 15378–15381.
doi:10.1073/pnas.2010636117

McCullough, L. (2020). Barriers and Assistance for Female Leaders in Academic
STEM in the US. Educ. Sci. 10 (10), 264. doi:10.3390/educsci10100264

Miner, K. N., January, S. C., Dray, K. K., and Carter-Sowell, A. R. (2019). Is it
Always This Cold? Chilly Interpersonal Climates as a Barrier to the Well-Being
of Early-Career Women Faculty in STEM. Equal. Divers. Inclusion An Int. J. 38
(2), 226–245. doi:10.1108/edi-07-2018-0127

Mirin, A.A. (20212002). GenderDisparity in the Funding ofDiseases by theU.S.National
Institutes of Health. J. women’s health 30 (7), 956–963. doi:10.1089/jwh.2020.8682

Morris, L. V. (2017). Reverse Mentoring: Untapped Resource in the Academy?
Innov. High. Educ. 42 (4), 285–287. doi:10.1007/s10755-017-9405-z

Mullen, C. A., and Klimaitis, C. C. (2021). Defining Mentoring: a Literature Review
of Issues, Types, and Applications. Ann. N.Y. Acad. Sci. 1483 (1), 19–35. doi:10.
1111/nyas.14176

National Academies of Sciences, E (2019). The Science of Effective Mentorship in
STEMM. Washington, DC: The National Academies Press. (

O’Connell, C., andMcKinnon, M. (2021). Perceptions of Barriers to Career Progression
for Academic Women in STEM. Societies 11 (2), 27. doi:10.3390/soc11020027

Pfund, C., Byars-Winston, A., Branchaw, J., Hurtado, S., and Eagan, K. (2016).
Defining Attributes and Metrics of Effective Research Mentoring Relationships.
AIDS Behav. 20 (Suppl. 2), 238–248. doi:10.1007/s10461-016-1384-z

Posselt, J. (2018). Normalizing Struggle: Dimensions of Faculty Support for
Doctoral Students and Implications for Persistence and Well-Being. J. High.
Educ. 89 (6), 988–1013. doi:10.1080/00221546.2018.1449080

Ragins, B. R. (1997). Diversified Mentoring Relationships in Organizations: A Power
Perspective. Amr 22 (2), 482–521. doi:10.5465/amr.1997.9707154067

Remich, R., Jones, R., Wood, C. V., Campbell, P. B., and McGee, R. (2016). How
Women in Biomedical PhD Programs Manage Gender Consciousness as They
Persist Toward Academic Research Careers. Acad. Med. 91 (8), 1119–1127.
doi:10.1097/ACM.0000000000001253

Rigg, J., Day, J., and Adler, H. (2013). Emotional Exhaustion in Graduate Students:
The Role of Engagement, Self-Efficacy and Social Support. Jedp 3 (3), 138–152.
doi:10.5539/jedp.v3n2p138

Rose, G. L. (2003). Enhancement ofMentor Selection Using the Ideal Mentor Scale.
Res. High. Educ. 44 (4), 473–494. doi:10.1023/a:1024289000849

Rose, G. L. (2005). Group Differences in Graduate Students? Cconcepts of The
Ideal Mentor. Res. High. Educ. 46 (1), 53–80. doi:10.1007/s11162-004-6289-4

Rosser, S. V. (2018). Breaking into the Lab: Engineering Progress for Women in
Science and Technology. GST 10 (2), 213–232. http://genderandset.open.ac.uk/
index.php/genderandset/article/view/490.

Sarabipour, S., Hainer, S. J., Arslan, F. N., de Winde, C. M., Furlong, E., Bielczyk,
N., et al. (2022). Building and SustainingMentor Interactions as aMentee. FEBS
J. 289 (6), 1374–1384. doi:10.1111/febs.15823

Sawarkar, R., Scherz-Shouval, R., Denzel, M. S., and Saarikangas, J. (2019) ’Chaperoning
Junior Faculty’, EMBO Rep., 20(1), e47163. doi:10.15252/embr.201847163

Settles, I. H., Cortina, L. M., Stewart, A. J., and Malley, J. (2007). Voice Matters:
Buffering the Impact of a Negative Climate for Women in Science. Psychol.
Women Q. 31 (3), 270–281. doi:10.1111/j.1471-6402.2007.00370.x

Slobodian, V., Soares, K. D. A., Falaschi, R. L., Prado, L. R., Camelier, P., Guedes, T.
B., et al. (2021). Why We Shouldn’t Blame Women for Gender Disparity in
Academia: Perspectives of Women in Zoology. Zoologia 38, 1–9. doi:10.3897/
zoologia.38.e61968

Sozio, S. M., Chan, K. S., and Beach, M. C. (2017). Development and Validation of
the Medical Student Scholar-Ideal Mentor Scale (MSS-IMS). BMC Med. Educ.
17 (1), 132. doi:10.1186/s12909-017-0969-1

Spyres, M. B., Moore, E. C., Ruha, A.-M., and O’Connor, A. D. (2019). Moving
Towards Gender Equality in Medical Toxicology. J. Med. Toxicol. 15 (4),
217–219. doi:10.1007/s13181-019-00737-8

Sullivan, D. W., and Gad, S. C. (2020). Tenth Triennial Toxicology Salary Survey.
Int. J. Toxicol. 39 (3), 189–197. doi:10.1177/1091581820910378

Templeton, L., and O’Meara, K. (2018). Enhancing Agency Through Leadership
Development Programs for Faculty. J. Fac. Dev. 32 (1), 31–36.

The Lancet, T. (2022). Power and Bullying in Research. Lancet 399 (10326), 695.
doi:10.1016/S0140-6736(21)02869-5

Tinoco-Giraldo, H., Torrecilla Sánchez, E. M., and García-Peñalvo, F. J. (2020).
E-Mentoring in Higher Education: A Structured Literature Review and
Implications for Future Research. Sustainability 12 (11), 4344. doi:10.3390/su12114344

Van Wart, A., O’Brien, T. C., Varvayanis, S., Alder, J., Greenier, J., Layton, R. L., et al.
(2020). Applying Experiential Learning to Career Development Training for
Biomedical Graduate Students and Postdocs: Perspectives on Program
Development and Design. Lse 19 (3), es7. doi:10.1187/cbe.19-12-0270

Vasic, M. (2021). Do Women Have to Be Masculine to Succeed in Academia. New
York City: Havard Business Publishing Education. Available at: https://hbsp.
harvard.edu/inspiring-minds/do-women-have-to-be-masculine-to-succeed-
in-academia (accessed April 13, 2022).

Weber-Main, A. M., Engler, J., McGee, R., Egger, M. J., Jones, H. P., Wood, C. V.,
et al. (2022). Variations of a Group Coaching Intervention to Support Early-
Career Biomedical Researchers in Grant Proposal Development: a Pragmatic,
Four-Arm, Group-Randomized Trial. BMC Med. Educ. 22 (1), 28. doi:10.1186/
s12909-021-03093-w

Wood, C. V., Campbell, P. B., and McGee, R. (2016). ’An Incredibly Steep Hill’:
How Gender, Race, and Class Shape Perspectives on Academic Careers Among
Beginning Biomedical Phd Students. J. Women Minor Scien Eng. 22 (2),
159–181. doi:10.1615/JWomenMinorScienEng.2016014000

Wright, B. C., Schadler, A. D., and Swanson, H. I. (2022). Mentorship in Undergraduate
Biomedical Education: Identifying StudentOpinions and Expectations. J.Med. Educ.
Curric. Dev. 9, 238212052210961. doi:10.1177/23821205221096101

Wrighting, D. M., Dombach, J., Walker, M., Cook, J., Duncan, M., Ruiz, G. V., et al.
(2021). Teaching Undergraduates to Communicate Science, Cultivate
Mentoring Relationships, and Navigate Science Culture. Lse 20 (3), ar31.
doi:10.1187/cbe.20-03-0052

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Swanson. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Toxicology | www.frontiersin.org June 2022 | Volume 4 | Article 9206648

Swanson Women Toxicologists and Mentoring

https://doi.org/10.1007/s10734-011-9416-0
https://doi.org/10.1016/j.psychsport.2020.101676
https://doi.org/10.1007/s11606-020-05956-2
https://doi.org/10.15252/embr.201847246
https://www.toxicology.org/groups/sig/wit/docs/WIT_Spring2019Newsletter_v2-compiled-2-22-19-vb-tm.pdf
https://www.toxicology.org/groups/sig/wit/docs/WIT_Spring2019Newsletter_v2-compiled-2-22-19-vb-tm.pdf
https://doi.org/10.1073/pnas.1915516117
https://doi.org/10.1080/1360080x.2019.1589682
https://doi.org/10.1080/1360080x.2019.1589682
https://doi.org/10.1002/jnr.24570
https://doi.org/10.1073/pnas.2010636117
https://doi.org/10.3390/educsci10100264
https://doi.org/10.1108/edi-07-2018-0127
https://doi.org/10.1089/jwh.2020.8682
https://doi.org/10.1007/s10755-017-9405-z
https://doi.org/10.1111/nyas.14176
https://doi.org/10.1111/nyas.14176
https://doi.org/10.3390/soc11020027
https://doi.org/10.1007/s10461-016-1384-z
https://doi.org/10.1080/00221546.2018.1449080
https://doi.org/10.5465/amr.1997.9707154067
https://doi.org/10.1097/ACM.0000000000001253
https://doi.org/10.5539/jedp.v3n2p138
https://doi.org/10.1023/a:1024289000849
https://doi.org/10.1007/s11162-004-6289-4
http://genderandset.open.ac.uk/index.php/genderandset/article/view/490
http://genderandset.open.ac.uk/index.php/genderandset/article/view/490
https://doi.org/10.1111/febs.15823
https://doi.org/10.15252/embr.201847163
https://doi.org/10.1111/j.1471-6402.2007.00370.x
https://doi.org/10.3897/zoologia.38.e61968
https://doi.org/10.3897/zoologia.38.e61968
https://doi.org/10.1186/s12909-017-0969-1
https://doi.org/10.1007/s13181-019-00737-8
https://doi.org/10.1177/1091581820910378
https://doi.org/10.1016/S0140-6736(21)02869-5
https://doi.org/10.3390/su12114344
https://doi.org/10.1187/cbe.19-12-0270
https://hbsp.harvard.edu/inspiring-minds/do-women-have-to-be-masculine-to-succeed-in-academia
https://hbsp.harvard.edu/inspiring-minds/do-women-have-to-be-masculine-to-succeed-in-academia
https://hbsp.harvard.edu/inspiring-minds/do-women-have-to-be-masculine-to-succeed-in-academia
https://doi.org/10.1186/s12909-021-03093-w
https://doi.org/10.1186/s12909-021-03093-w
https://doi.org/10.1615/JWomenMinorScienEng.2016014000
https://doi.org/10.1177/23821205221096101
https://doi.org/10.1187/cbe.20-03-0052
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/toxicology
www.frontiersin.org
https://www.frontiersin.org/journals/toxicology#articles

	Mentoring and Supporting Our Next Generation of Women Toxicologists
	Introduction
	Nurturing the Mentoring Relationship
	Beyond Mentoring
	Adapting Mentoring and Support as Careers Progress
	Mentoring Undergraduate Students
	Mentoring Graduate Students
	Mentoring Early Career Faculty
	Mentoring Mid-Career Faculty
	Mentoring and Seasoned/Faculty/Senior STEM Women Leaders

	Do Women Toxicologists Face Unique Challenges?
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	References


