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1 | INTRODUCTION

The historically low number of women in science, technology, engineering, and math (STEM) fields across the globe,
have raised concerns about equitable workforce opportunities and developments within these fields (MacLean, 2017;
Ramirez & Kwak, 2015; Roberts, 2014; U.S. Department of Commerce, 2017). The exclusion of women in STEM relat-
ed disciplines in higher education and careers from several ethnic backgrounds leads to untapped and limited oppor-
tunities for innovation prospects, global competitiveness, economic development, and job creation (Mullins, 2018).
Holman et al. (2018) assert that “despite recent progress, the gender gap appears likely to persist for generations” and
“the gender gap will not close without further reforms in education, mentoring, and academic publishing” (p. 1). To ad-
dress STEM gender disparities, educational and workforce mentoring programs have been implemented over the last
several decades to encourage the retention of women in STEM fields (Dennehy & Dasgupta, 2017; Jensen et al., 2017;
Rosser, 1993; STEMconnector, 2017). These mentoring initiatives were implemented to help women offset the social
and structural challenges associated with navigating through traditional and historically male-dominated fields (Cad-
well & Kern, 2019; Cain & Leahey, 2014; Hughes et al., 2017; Williams & Ceci, 2015).

In this paper, we review the existing literature on mentoring programs internationally that target women in STEM
disciplines. Our goal was to identify the challenges and barriers women in STEM fields face, and we articulate the

mentoring models used to enable women to face these challenges. The research questions that guided this study are:

(i) What can we learn from a meta-synthetic review of existing mentoring programs in STEM, from a critical feminist
perspective?
(i) What challenges and barriers for women in STEM fields were reported?

(iif) How do the existing mentoring models align with the tenets of critical feminist perspective?

We combine the work of Dickerson (2015) and Welch et al. (2012) to create a conceptual framework to analyze
these mentoring initiatives. We also use this lens to investigate whether the models disrupt oppressive and hegemonic
STEM environments for women, thereby promoting structural and systemic change in their institutions to support
equity and inclusion. In this light, four primary strands of critical feminist analysis - (i) gender, (ii) oppression and patri-
archy, (iii) social institutions, and (iv) systemic - were used to review mentoring programs in science and engineering,
medicine and biosciences, computer science information and technology, and mathematics.

We suggest, as mentoring programs aim to support and increase the number of women in STEM fields, there is a
need to understand the various program approaches and frameworks. Thus, our work is timely in that we provide a
robust body of empirical research documenting the approaches, methods, and programming efforts used to support
women in STEM fields. It is our hope that identification of mentoring programs' best practices will lead to future pro-
grams and systemic changes that further close the STEM gender gap in both the U.S. and abroad.

2 | THEORETICAL FRAMEWORK

Our paper is grounded in a critical feminist theory (CFT), which merges critical theory and feminist theory. While
feminist theory analyzes gender inequality and patriarchy (Martin, 2003), critical theory allows us to examine gender
inequality in STEM by identifying “prevailing structures and practices that create or uphold disadvantage, inequity, or
oppression” (Baxter & Braithwaite, 2008, p. 290). CFT was largely developed in the field of psychology as a response
to androcentric research that claimed women had underdeveloped morality unfit for the workplace, and that this
research perpetuated gender inequalities and exclusion of women from positions of power in society (Wigginton &
Lafrance, 2019). CFT is a field of inquiry that promotes systemic change and examines whether or not inequalities or
exclusions are the result of existing patriarchal systems, and suggests alternatives for institutions to promote egali-

tarian opportunities.
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To change STEM's ethnocentric and androcentric culture requires a framework that critically analyzes how struc-
tural systems of power work and continue to work in the lives of those who are marginalized (Charleston et al., 2014;
Nganga & Beck, 2017). Early feminists in science have helped to expose and problematize how the STEM community
developed along androcentric assumptions, gendered binaries, and ethnocentric systems of knowledge production,
thus excluding and marginalizing the contributions and efforts of women's perspectives and ways of knowing (Har-
ding, 1996). Critical feminist theory places women at the center of research study, exposes sex and gender inequity,
and explores the ways power and privilege are granted or denied (Stevens & Martell, 2019). Unlike liberal feminism,
critical feminism addresses the historical roots of sexism and theorizes how patriarchy continues to reinvent itself
throughout each generation (Bucholtz, 2014). At its core, CFT calls us to continuously reevaluate social structures
challenging gender equality and equity, and provides aframework for understanding how power relationships in social
structures, like educational institutions, reinforce patriarchy through male supremacy (Andersen & Witham, 2011).
While scholars have utilized CFT to understand the experiences of women in STEM, our approach is unique in applying
CFT to STEM mentoring frameworks. This lens helps us to understand the goals and models of mentoring programs
that are designed to support the retention and occupational advancement of women in STEM fields.

In the sections below, we outline the four primary tenets of CFT, which include the interrelated terms gender,
oppression and patriarchy, systemic, and social institutions. We developed these salient themes through a review of
the critical feminist literature. We later used these themes as codes for our analysis of mentoring programs. While the
salient themes in which we focus are complementary parts of interacting systems (Walby, 1989), we have chosen to
keep each concept analytically distinct in order to better understand STEM mentoring programs from a CFT lens. For
instance, some programs address gender (i.e., women peer to peer mentors) without addressing the systemic or social
structures that call for the need of mentoring programs in the first place. Therefore, our attempt to analytically sep-
arate the concepts allows us to see which areas of support are emphasized and/or lacking through the lens of critical

feminist theory.

2.1 | Gender

Gender is an integral part of identity and is deeply ingrained in the way society postulates and positions individuals
on the male-female (or masculine-feminine) binary (Nentwich & Kelan, 2014; West & Zimmerman, 1987). According
to Nentwich and Kelan (2014), it is difficult to restructure or escape gender, for it is a social construct that impacts
our social perceptions, values, activities, and even the occupational practices and advancements of individuals. For
instance, how we acknowledge gender could be understood within workplace relations. Hall et al. (2007) call us to
consider the ways women's work and men's work are socially constructed; they explore how various job occupations
are categorized as masculine or feminine. Professions such as waitressing, childcare, or teaching, are often associ-
ated with women's work and femininity, while professions such as construction or plumbing, are viewed as men's
work and masculine (Hall, 1993). These gendered categories become problematic when women work in masculine or
male-dominated fields (or vice versa), because doing so violates normative social expectations of what is considered
“masculine” or “feminine” work.

In the case of women in STEM fields, the mismatch between women's gender identity and stereotypes of STEM
as masculine work often raises difficulties for women in these fields because they are engaging in tasks that challenge
gender boundaries and binaries. As Nentwich and Kelan (2014) write, “it is assumed that a job ‘has’ a certain gender as
do the persons performing it. Here, one ‘does’ gender when doing the job and the gender of both the individual and the
job are constructed while doing the job” (p. 126). Therefore, when considering women in STEM fields, it is unrealistic to
ignore gender because of the ways the social construction of gender is deeply embedded in occupational expectations
and the work women do in these fields. Thus, seeing gender as a situated social practice is integral to understanding

how social structures work, and the ways power systems, hierarchies, and the persistence of inequalities are embed-
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ded within them. Therefore, CFT aims to challenge the societal construct of gender where the experiences of men
prevail over the experiences of women.

2.2 | Oppression/patriarchy

Patriarchy is a culture firmly situated in hierarchy and the gender binary. It privileges the masculine over the feminine
and “elevates some men over other men and all men over women” (Gilligan & Snider, 2018, p. 6). A patriarchal society
lends itself to sustaining and maintaining male power (dominant group) and females (oppressed group) with minimal
or no power. A patriarchal culture maintains gender stereotypes of women being the weaker group that must be over-
seen by adominant gender (men).

Patriarchy and the notion of power comes into clearer focus when understanding interpersonal relationships.
Individuals shape and affect power relations just as much as the social institutions they are a part of (Collins &
Bilge, 2016). This speaks to the roles we play (and our individual responsibility) in perpetuating social inequities, as
well as to the ways we believe and internalize gendered norms about women in STEM. Therefore, patriarchy is not
solely about male domination but also about how all people (men and women) internalize, believe in, and perpetuate
oppressive ideologies in social relationships.

It is not by chance that fewer women and young girls choose STEM fields. In publicly supported schools from
kindergarten (K) through 12th grade (K-12) and up to the professional ranks of the academy and industry, we continue
to see the ways power and oppression afford opportunities to some (in this case, boys and men) while denying them
to others (girls and women). Patriarchal ideologies shape everyday relationships that affect the administration of re-
wards, punishments, and promotions. These ideologies not only “shape what we think and do” (Collins & Bilge, 2016, p.
28) but also structures opportunities “that put people's lives on paths that make some options seem viable and others
out of reach” (Collins & Bilge, 2016, p. 9). This in turn can impact why fewer women choose to enter into STEM fields. A
critical feminist lens allows us to examine how power relationships and conscious and unconscious behaviors perpet-

uate the unequal status of women in these environments.

2.3 | Socialinstitutions

Patriarchy enacts a system of power and control that is perpetuated within large social institutions and structures.
Collins and Bilge (2016) delineates four interconnected yet distinct social institutional domains: cultural, structural,
interpersonal, and disciplinary. Walby (1989) furthers these claims and identifies six structures of patriarchy to in-
clude male violence against women, patriarchal modes of production, patriarchal relations in sexuality, and patriarchal
relations in cultural institutions such as religion, media, education, and the state (i.e., the government). These com-
bined definitions allow us to recognize that patriarchy does not work by itself, but rather through a system of social
relations (Walby, 1989). A critical feminist lens calls us to examine how (unequal) power relations operate within social
spaces (i.e., supervisor/supervisee in a lab setting or instructor/student in a course).

Looking at power in this way allows us to highlight dimensions of hegemony and “reveal how oppression is con-
structed and maintained” (Carastathis, 2014, p. 307) in each level within organizations. When considering the expe-
riences of women in STEM fields, an analysis of social institutions allows us to see how oppressive power dynamics
work to impact women in education and the workplace. In our review of the literature below, we share the ways social
institutions like schools and colleges have worked to address inequalities by initiating mentoring programs that seek
to change the culture by increasing the numbers of women in STEM fields.
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2.31 | Systemic

A systemic lens examines intersecting structures that work simultaneously to oppress individuals. It involves under-
standing that oppression or inequality occurs by not just one factor (i.e., gender) but through an intersection of various
factors, such as gender, race, sexuality, nationality, religion, age, and so on (Agosto et al., 2016). In this vein, a systemic
analysis acknowledges that women's experiences are not universal (Charleston et al., 2014), but vary in relation to
their “social class, power, ethnicity, [and] sexuality within local cultures at particular historical moments” in the world
(Qin, 2004, p. 298). For instance, international women who are perceived as an “alien” or “immigrant” may hesitate to
speak up for themselves in hostile work situations when compared to women who are a part of the dominant racial/
ethnic or nationality group. Thus, CRT helps us understand complex power structures, and the ways women who are
a part of the dominant group might use their racial privilege to maintain patriarchal power structures from which
they benefit. Therefore, a CFT lens recognizes women's collective experiences as well as their unique intersectional
identities.

A systemic approach also calls us to challenge the male-female binary and highlight the experiences of individuals
who do not identify within the dichotomy of biologically determined sex (i.e., sex assigned at birth) and gender (cul-
turally attributed roles assigned to sex). For example, the experience of LGBTQ+ individuals in STEM is understudied
and few mentoring programs focus on their experiences (Freeman, 2020; Hughes, 2018). Stout and Wright (2016)
notes that LGBTQ+ students report increased rates of marginalization and low sense of belonging in STEM more than
individuals who identify as women, historically underrepresented minorities, and heteronormative individuals. There-
fore, the dominant agentic attributes perpetuated in male-dominated STEM fields can negatively affect the participa-
tion of nonbinary individuals in STEM.

Systemic approaches recognize the sociopolitical marginalization of intersectionality and challenge the discur-
sive norms that bind individuals into socially set categories. STEM mentoring programs that seek to disrupt power and
the marginalization of nondominant groups examine the culture and structure of the organization and analyze how
institutional policies, practices, and strategic plans impact individuals' work. For instance, a systemic approach would
analyze tenure and promotion guidelines, the rate at which women move into leadership positions, and unaccommo-
dating family leave policies. These kinds of academic and workplace systems can impact how women feel, progress,
and succeed along their individualized STEM pathways. As such, the goal of systemic inquiry is to expose inequity
and “call for larger structural social change” within the institution for all constituents (Stevens & Martell, 2019, p. 2;
Meyerson & Kolb, 2000).

3 | METHODOLOGY

We are a multicultural team of educational researchers with an interest in STEM fields and social justice. Our position-
ality as diverse women - a refugee from South Asia, an immigrant from China, two first generation immigrants, one
from Jamaica and one from China, and two European descendants - informs our experiences and advocacy on this
topic. Our personal experiences as STEM professionals, researchers, and social justice advocates informs our critical
lens and drives the impetus for our continued work in this area.

To answer the research questions, we implemented a meta-synthesis method (Cooper, 2015; Higgins, 2016) to
conduct a systematic review of the research literature and interpret/synthesize the results through a critical feminist

lens.
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3.1 | Datacollection

Six researchers participated in various stages of the data collection. The first round of review of existing literature in-
cluded STEM literature published during the years 2010-2018. This time frame provided a boundary for the most cur-
rent literature cited exclusively on mentoring programs for women in STEM fields. We also included older publications
that were closely related within the mentoring scholarship, such as Mayer et al. (2008) and Sambunjak et al. (2006).
We used educationally focused databases such ERIC and JSTOR as well as Google Scholar. The key search terms in-
cluded “mentor or mentoring,” “women,” “STEM” (or one of the STEM disciplines), and “post-secondary support.” A
total of 2019 peer-reviewed journal articles, book chapters, and national reports published in English were tagged.
Of these entries, we first reviewed the abstract and keywords associated with the electronic search. Sixty-seven ar-
ticle abstracts were found to specifically mention mentor or mentoring women in STEM fields (professional or K-12
and postsecondary education). The full text of each of the 67 articles was read to determine fit in addressing the re-
search questions - challenges and barriers in mentoring women in STEM and/or presentation of a specific mentoring
program. Ultimately, 46 articles relevant to the research questions were included for synthesis analysis of this study
(Appendix A contains information on the 46 articles).

3.2 | Dataanalysis

Initially, the analysis included assigning papers according to the STEM focus to researchers with that expertize. Each
researcher contributed to an Excel matrix where they sorted and summarized each article into the following cate-
gories: article title, authors, the article's reference, abstract, methods, participants, challenges/barriers, mentoring
programs to support women in STEM, theoretical approach used in the mentoring program, and the place (e.g., nation)
where the study was conducted.

Discussion about the meaning and criteria for critical feminism was centered around the dissertation of one of
the research team members (Dickerson, 2015). After discussion and scrutinization, the research team decided on four
key themes: gender, oppression/patriarchy, social institutions, and systemic. The themes and association codes were
developed and placed in a codebook (see Appendix B).

From the matrix, a Word document with two columns cataloging the observed barriers/challenges and the compo-
nents of the mentoring program design for each article reviewed was created. We then went through several rounds
of individual and group analysis of each article for codes and themes based on our four critical feminist themes (i.e.,
gender, oppression/patriarchy, social institutions, and systemic). Ultimately, a collated document of all researchers'
code-themed findings for each article was reviewed and synthesized. It was decided when three or more researchers
identified a theme in a particular article, the theme was attributed to the article. Many articles were assigned more
than one theme (see Appendix A). From this synthesized table, descriptive statistics were developed to determine the
number of occurrences for each theme in each article and STEM discipline. A Fleiss's kappa (Fleiss et al., 1979, 2013)
was determined for the reliability of the six researchers' agreement for the themes assigned to each article. Details on
Fleiss's kappa are in Appendix C.

4 | RESULTS

We present the findings using a mixed-methods approach drawing on quantitative and qualitative components to pro-
vide a cohesive picture of the findings. The findings are organized into two subsections - quantitative findings and
qualitative findings. The quantitative findings give the overall scope of the articles and distribution of patterns (e.g., a
summary of the geographic locations on the research conducted in the reviewed articles; and frequency comparison
of CFT themes across STEM disciplines of mentoring programs). The qualitative findings provide depth and detail of
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the challenges and mentoring programs organized by the tenet of a critical feminist framework: (a) the social construct
of gender, (b) how oppression and patriarchy are manifested as a hostile work and classroom environments, (c) the
ways gender bias is ingrained in social institutions, and (d) how systemic level concerns contribute to the low retention

numbers of women in STEM.

4.1 | Quantitative findings

Of the 46 articles, 12 (26%) were globally based programs, five of which were single-country programs outside of the
U.S., and seven were multi-country programs; the majority 34 (74%) of programs reviewed were situated in the U.S.
Among the 46 manuscripts, 26 addressed challenges and barriers, while 28 of the articles described models to address
women pursuing or persisting in STEM fields. This means that not all articles addressed challenges and barriers, not
all articles provided mentoring models and programs, and some articles addressed both. Figure 1 demonstrates the
frequency of the 26 articles citing challenges and barriers in the four CFT themes across disciplines - STEM, science,
technology, engineering, and mathematics. For example, three articles cited challenges and barriers in the engineer-
ing discipline, among which only the CFT themes of gender (two articles) and social institutions (one article) were
identified.

Of the 46 articles, 28 articles cited specific models mentoring women in STEM disciplines and fields. Of the men-
toring models analyzed, the majority were formal programs (86%) with mentees and mentors being matched for at
least 1 year. Asmaller percentage (14%) of the models involved informal mentorship activities (e.g., networking events
and panelist presentations) bringing mentees and mentors together for an indeterminate amount of time. Among the
models, mentees and mentors engaged in face-to-face meetings in approximately 95% of the models, while some mod-
els had an online component, making them hybrid models. Furthermore, about 43% were peer-to-peer among the
participants, while 52% were peer-to-peer along with faculty mentors. Sixteen percent of mentee target participants
were K-12 students, 37% were undergraduate and/or graduate students, 37% were faculty, and 10% were profession-
als in the field. The remaining models comprised a spectrum of education/career levels. Four of the 28 articles cited
that mentoring models had a theoretical perspective that guided the specific mentoring program (see Appendix A):
community of practice, living learning community, nested mentoring approach, and relationship cultural theory and
narrative practice.

The mentoring models were coded according to the themes: gender, oppression/patriarchy, social institutions,
and systemic. Figure 2 indicates the number of articles reviewed and focused on or demonstrated a particular critical
feminist characteristic in the mentoring program. Of the 28 articles reviewed, nine articles cited mentoring programs
in the general STEM discipline, among which only three CFT themes of gender (three articles), oppression/patriarchy
(five articles), and social institutions (one article) were identified.

Next, we address each of the four CFT framework themes (see Appendix B) with the goal of identifying how chal-
lenges and barriers women in STEM fields experience (Research Question 1) are addressed by targeted models (Re-
search Question 2).

Figure 3 provides a comparison of the themes for the articles identified the challenges and barriers versus those
identified mentoring models directly addressed those challenges and barriers. From this analysis, we found the men-
toring models identified in the literature were inconsistent with the barriers and challenges faced by women in STEM
fields. From Figure 3, it appears many of the models addressed the social institutional level models; however, the
social institutions represented a spectrum of mentoring programs: ad hoc, U.S. National Science Foundation, peer
mentoring, and other funded programs. Below, we discuss the nuances and limitations of these institutional men-
toring models.
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FIGURE 1 Cross-disciplinary comparison of critical feminist theory themes relating to challenges and barriers
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FIGURE 2 Cross-disciplinary comparison of critical feminist theory themes addressed by mentoring models

4.2 | Qualitative findings

In this section, we qualitatively review the models used to mentor women in STEM fields. We used the four themes of
a critical feminist framework - gender, oppression/patriarchy, social institutions, and systemic - to analyze the men-
toring models found in the literature. For each theme, we address the challenges and barriers women face, as well as
the mentoring models we found addressing those challenges.

421 | Theme 1: Gender

Of the articles reviewed, 50% of the 26 articles that identified challenges and barriers cited “gender” as an obstacle
for women and girls in STEM fields (see Figure 1). Inequitable gender biases ingrained in the U.S. culture impact girls
while in grade school and have lasting (psychological) effects up through college and into their chosen professional
field. Brickhouse et al. (2000), for instance, noted that girls tended to lose interest and become alienated in science

by seventh and eighth grades. Also, during science lessons they noticed that boys became more didactic and assertive
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FIGURE 3 Frequency of identified challenges and barriers versus mentoring models aimed at addressing them

answering science questions, thus impacting girls' participation and encouragement in the topic beyond high school.
These observations are not meant to assert that boys are the reason girls appear to be disinterested in STEM, but
rather to call attention to the structure and culture of K-12 classrooms as having an impact on girls' interest in the
field. For these reasons, 11% of mentoring programming initiatives we reviewed targeted young girls (Cole, 2014;
Guise et al., 2017; Stoeger et al., 2017).

Reid et al.(2017) suggests how society plays arole inreinforcingimplicit gender bias. They draw on Hill et al. (2010)
that note:

Although the aim of increasing participation of women in STEM is important, it is not easily achieved.
Societal beliefs, expectations and gender bias have a negative impact on participation of women in
STEM. Implicit bias is common, even among individuals who reject gender stereotypes. People are
more likely to associate STEM with men than with women. Negative stereotypes lower women's test
performances and aspirations for careers in STEM (p. 19).

As they note, gender bias is influenced by negative stereotypes situated in incongruent expected roles of who
should be a scientist or mathematician (Aikens et al., 2017). These stereotypes can also be seen in college settings
where student evaluations have shown significant overall bias for male STEM faculty over women professors (Ar-
nett, 2015; Graves et al., 2017). Gender bias can also be seen in who gets selected for STEM positions as well as how
women and men are evaluated for competency (Arnett, 2015). Even when women have identical qualifications (and
in some cases have achieved advanced degrees at higher rates than men), men are often selected for positions (Ar-
nett, 2015) and occupy a larger percentage of jobs at the higher management and administration levels (Block &
Tiejien-Smith, 2016).

Mentoring models seeking to address gender bias sought to promote psychosocial and emotional support for
women and girls. Stout et al. (2011) provide a typical mentoring program found in the literature. Their goal was to help
change the way women view themselves in STEM fields by focusing on undergraduate women. Their program tested a
stereotype inoculation model exploring same-sex mentors who were peers, faculty, and professionals in STEM fields.
In a longitudinal study and from a series of three studies, they found women role models improved women mentees'
self-concepts even when negative group stereotypes were addressed. They also found “the more women identified
with same-sex experts the more they reported wanting to pursue STEM careers” (p. 262).

Many of the same-sex mentoring models addressed cultural stereotypical gender perceptions either through for-
mal (Van Oosten et al., 2017) and informal (Welch et al., 2012) mentoring approaches. Across the board, their program
goals were developed to help women overcome gender bias by instilling positive self-concepts thereby improving
“women's self-concept..., attitudes toward STEM, and motivation to pursue STEM careers” (Stout et al., 2011, p. 255).

25Ua01 SUOWLIOD BAER.D 3[Rt iddte ) Aq PeueA0B @12 SO IR VO 188N J0 3N 10 ARRIC1T 2U1IUO 3|1/ UO (SUOIPUOO-PUB-SULBILI0D A8 IW AReACl U1 UO//SCHIL) SUONIPUOD PU. SWB | 8U) 385 *[£202/E0/80] UO ARIq1T BUIIUO ABIN 'Hn'08 UeNSD ieqUiBLL-<U100q US> AQ 62.2T 0eMB/TTT T OT/I0p/LI0D" 8|1 AReIGIRUIUO//SCI WO1 PAPROIUMOQ 'T ‘2202 ‘ZEV08IPT



176 WI LEY BECKET AL.

422 | Theme 2: Oppression/patriarchy

Of the articles reviewed, 58% percent of the 26 papers that addressed challenges cited oppression or patriarchy as a
major barrier for women in STEM fields (see Figure 1). Patriarchy often fosters hostile work environments for wom-
en in predominantly male departments or institutions (Pechtelidis et al., 2015). Low representation of women in the
field frequently causes them to feel isolated or invisible, and their work contributions are seen as insignificant (Borum
& Walker, 2012; Herzig, 2010; Pechtelidis et al., 2015). According to Clancy et al. (2017), women of color reported
feeling unsafe in the workplace due to gender, and 28% reported feeling unsafe due to their race. Many of the women
in the sample found themselves skipping out-of-work or professional events because of the hostile culture of their
departments (Clancy et al., 2017). Dennehy and Dasgupta (2017) describe what hostile work environments look like

inthe field of engineering:

Many engineering environments are subtly unfriendly or sometimes overtly hostile for women. The
numeric scarcity of women, nonverbal behavior from male colleagues that excludes women from pro-
fessional conversations, use of masculine pronouns to refer to all scientists and engineers, and the
prevalence of sexist jokes all signal to women that they are outsiders who do not belong in engineering
(p. 5964).

Similarly, Herzig (2010) describes hostile and patriarchal environments in mathematics:

In mathematics in particular, women have reported blatantly sexist behavior, including unwanted sex-
ual advances from faculty, tolerance of public sexist comments, and professors who openly state that

women are not as smart, dedicated, or talented as men (p. 5).

Moreno et al. (2014) similarly indicated women in their study attributed patriarchy and stereotype of gender
roles as one of the main obstacles in their progression to succeed in computer science technology. The women cited
chauvinistic attitudes from teachers, other students, and employers as reasons women choose to isolate themselves
in their place of work. The women in their study also reported feeling uncomfortable in social gatherings due to so-
cially exclusive conversation topics or activities not appealing to them, thus causing further isolation at these events.

Mentoring models addressing hostile patriarchal structures overtly addressed power structures in the institu-
tion. These models also sought to advance women to leadership positions to help rebalance the power structure at
the top of the organization. The Leadership Lab provided an exemplary formal face-to-face mentoring approach to
address the redistribution of leadership by women in STEM fields (Van Oosten et al., 2017). Participants engaged in
experiential learning modules over three months and were mentored by women instructors to help participants “ex-
plore their passion, values, career aspirations, emotional triggers, and developmental focus” (p. 4). The program also
sought to help women understand the barriers often associated with male-dominated workplaces and provided strat-
egies and skills sets to help them “flourish professionally and personally” (p. 3). The program incorporated 360-degree
feedback, coaching, and a course curriculum aimed to help women navigate, succeed, and ultimately incite change
in “male-dominated and technology-driven organizations” (p. 1). The effectiveness of the program was noted by one

participant, an aerospace research engineer, who stated,

The program was an eye opener for me because | felt as if a veil was lifted and | finally saw how un-
der-represented women are in my organization.... We have 30 project managers and only one woman -
me.... In meetings, men would take the seats at the table and women would sit behind them.... so at the
next meeting, | started sitting at the table. The program gave me courage and tools to manage those
difficult situations (p. 4).
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The Leadership Lab is highlighted because it simultaneously addressed oppression and patriarchy within a social
institution. Exemplary programs such as these aim to help participants navigate hostile work and learning environ-
ments, pursue leadership positions, and allow women to feel encouraged and supported by other women in the field.

423 | Theme 3:Social institutions

Of the articles we reviewed, 49% identified challenges within the institution as forming barriers for women pursuing
and persisting in STEM careers. Institutional obstacles such as lack of career guidance, institutional support, and ac-
knowledgment of success were most commonly identified. Varkey et al. (2012) indicate the institutional challenges

for women faculty:

Women faculty's failure to make substantial gains in academic rank and leadership is even more alarm-
ing given the attention and efforts to correct this imbalance for over 20 years. Lack of mentoring, de-
mands of clinical practice, and family obligations, as well as poor or absent succession planning, have

been identified as possible contributors to these disparities (p. 3).

Other challenges, including biased institutional support for women in STEM careers and professions, result in
the lower salaries, smaller lab spaces, and fewer substantive mentors and administrative support for women than are
available for their male counterparts (Lodish, 2015; Robbins & Fikes, 2017). Furthermore, some articles cited the low-
er number of women researchers and authors of journal articles and books in STEM fields. Holman et al. (2018) state,

Despite recent progress, the gender gap appears likely to persist for generations, particularly in
surgery, computer science, physics, and maths. The gap is especially large in authorship positions
associated with seniority, and prestigious journals have fewer women authors. Additionally, we esti-
mate that men are invited by journals to submit papers at approximately double the rate of women
(pp. 1-2).

To promote collaboration and participation in scholarly activities, program developers have designed mentoring
programs to foster institutional mechanisms supporting professional networking, goal setting, and tools for work-life
balance.

The institution-level mentoring models we reviewed sought to retain women and girls and provided pathways for
advancement to promotion and leadership in the field. Exemplary mentoring models also encouraged networking, pro-
vided career advice, and offered professional development through online and face-to-face mentoring courses. One
such model was created at the University of Michigan to target first-generation, underrepresented minority women
undergraduate and graduate students interested in all STEM fields (Maltby et al., 2016). Through a living-learning
community (LLC) mentoring model, students lived together in a designated residence hall and were matched accord-
ing to similar academic and career goals. Program advisors enrolled LLC students in the same STEM classes to create a
“critical mass” of women and to combat feelings of isolation - they believed placing women together helped to reduce
stereotype threat. Participating students reported gains in learning outcomes and achieved higher GPAs than those
students who lived in university housing but did not participate in an LLC.

Another exemplary mentoring program, created for women residents and faculty in the field of emergency med-
icine (Welch et al., 2012), adopted a multidimensional mentoring program to support women physicians at various
stages of their careers. The model included virtual mentoring, peer mentoring, and senior mentors who were prac-
ticing physicians and faculty. As a result of the program, participants received promotions and more women were
nominated for departmental, institutional, and national awards. In addition, a benchmark paid-family-leave policy was

created for faculty physicians, and dedicated lactation spaces in the institution were established.
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These exemplary institutional mentoring programs initiated strategies to support women while promoting an in-
stitutional culture supporting women's work and accomplishments in the field. Our critical feminist framework pro-
vided us with the lens to examine the kinds of empowerment strategies and activities used to help women navigate

and succeed within their institutions.

424 | Theme 4:Systemic

As indicated by the articles reviewed, women in general often must adapt to the organizational structure and culture
of male-dominated STEM disciplines. Much of the bias among women and men is due to STEM disciplines being initial-
ly developed and managed under patriarchal cultural attributes. This point is articulated by Arnett (2015), who stated,
“Women have been expected to adapt to the organizational structure and culture of medicine and science built largely
by and for men” (p. S64). In STEM fields, women have lagged behind their male counterparts in the acknowledgment of
their contributions and achievements when compared to men. Take for example the 1962 Nobel Prize for Medicine/
Physiology awarded to James Watson, Francis Crick, and Maurice Wilkins for their discovery of the “alpha helix,” the
molecular structure of the nucleic acids instrumental to understanding the information transfer of life. However, it
was eventually revealed a woman, Rosalind Franklin, an X-ray crystallographer and fellow scientist, was the first to
observe and articulate the structure of the DNA double helix (Sayre, 2000).

Mentoring programs addressing systemic concerns in their institutions recognized women experience systemic
challenges related to policies and to the intersection of gender oppression and patriarchy (Welch et al., 2012). Of
the 28 models analyzed, two addressed systemic changes in an institution or organization. One exemplary program
in South Dakota, the Cultural & Attitude program, employed a formal, multitiered, multiyear approach targeting the
retention of low-income women pursuing undergraduate engineering degrees (Jensen et al., 2017). The program
provided participants with multiple levels of mentors, including peers, faculty, and field professionals, as well as fi-
nancial aid and scholarships. This organization-backed strategy sought to change institutional culture by helping to
build participants' confidence through social activities and technical support in lab exercises, along with multitiered
mentorship. As a result, the program had a 2%-10% increase of graduates (depending on major). This is an exemplary
program because it systematically provided mentorship, social interactions, and academic support and funding, ulti-
mately retaining women engineering students at their institution.

A second exemplary model, conducted by Whitehead Institute for Biomedical Research, initiated a mentoring
program for graduate students and postdocs (Lodish, 2015). Their multiple-mentor model includes peer-to-peer men-
tors and a lead faculty mentor who also served as the research lab director. The program focused on retaining women
in science by creating a supportive environment, promoting “growth and success of those with families” (p. 111). The
institution housed childcare facilities and lactation rooms for nursing mothers. Their model made changes to the exist-
ing structure of the institution by addressing the challenges of family life hindering the retention of women in science.

Systemic inequity is a principal barrier to women's participation in STEM environments. Pfund et al. (2016) point
to some specific systemic challenges and barriers for developing STEM researchers, indicating “inadequate mentor-
ing, lack of understanding about institutional requirements, lack of institutional support, and social, cultural, and en-
vironmental factors all posed obstacles to [their] success” (p. $239). For these reasons, systemic barriers contribute
to a myriad of concerns embedded within the workplace. From individual sexist and racist encounters to the lack of
institutional support and equitable family policies, systemic initiatives utilize a critical feminist lens and takes a pro-
active stance to address inequities by promoting inclusion and broadening the participation of those who have been

marginalized.
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5 | DISCUSSION

Our meta-synthesis speaks to the continued challenge of recruiting and retaining women in STEM fields. In her book,
Broad Influence, Newton-Small (2016) notes, “Perhaps the biggest challenge is getting and keeping girls interested in
STEM, from grade school through grad school. By the eighth grade, half of girls are already turned off these subjects”
(p. 100). These trends continue into adulthood as women are less likely to hold degrees in engineering, computing,
and physical sciences. Moreover, as noted by Dennehy and Dasgupta (2017), “the proportion of women with physical
sciences, engineering, and computer science [degrees] is very small relative to men and gets smaller still with every
level of advancement” (p. 5964). For those women who persist beyond college and enter into a STEM field, many ex-
perience burnout, isolation, and hostile work climates, often resulting in women leaving the field at a much higher rate
than men (Arnett, 2015; Dennehy & Dasgupta, 2017; Maltby et al., 2016).

In our review of the literature, we found women's experiences in STEM fields are enhanced when they have strong
mentors and facilitators to support their work (Jensen et al., 2017; STEMconnector, 2017). The evidence is clear that
traditional models of mentoring, such as institutionally enforced mentoring programs, are less successful for wom-
en as measured by retention, professional success, and self-stated professional satisfaction (Diekman et al., 2010).
Instead, models designed to specificity and intentionality match mentors with students and women in the profes-
sion were found to be effective in supporting their engagement and achievement (Cadwell & Kern, 2019). In addition,
mentoring models using a variety of approaches - such as symposia featuring strong women role models in the STEM
workforce, graduate/undergraduate mentoring, online forums, peer mentoring of cohorts with similar career goals,
and peer mentoring including senior faculty facilitators - provide a larger spectrum and network for supporting wom-
enin the field (Chesler & Chesler, 2002).

Although much of the literature points to mentoring as a successful means to support the recruitment and re-
tention of women in STEM fields, many of the models we reviewed were limited in their approach and scope from a
critical feminist perspective. For instance, all of the mentoring models were firmly situated in the gender binary. The
spectrum of support for individuals who do not fit into specific gender “boxes” continues to be under-recognized and
further marginalized individuals in STEM fields. Individuals belonging to sexual and gender minorities are often asked
to reveal themselves to others in their daily lives, even when they are uncomfortable doing so. This can further lead to
isolation, difficulties maintaining close relationships, and social avoidance. An exemplary mentoring program should
acknowledge these challenges for openly LGBTQ+ STEM students and professionals and should work to support indi-
viduals' sense of belonging in STEM fields. Thus, a critical feminist lens allows us to recognize and appreciate “alterna-
tive realities and demands of a highly diverse, fluid, and global world” (Gringeri & Roche, 2010, p. 25).

Moreover, few mentoring models addressed intersecting oppressions women face (Bottoms et al., 2013; Maltby
et al,, 2016). Gender rarely is a factor (or oppressor) by itself (Collins & Bilge, 2016). It usually intersects with other
factors oppressing women at all stages and levels, including race, class, gender, age, disability, and sexual preference
(Crenshaw, 1991). The mentoring model used at the University of Michigan came closest to addressing intersection-
ality, as program developers sought to support first-generation, underrepresented minority women graduate and un-
dergraduate students interested in all STEM fields. However, the majority of the models we reviewed did not overtly
address intersectionality or the ways mentors or institutions can help alleviate challenges associated with intersec-
tional oppressions. Thus, mentoring programs that involve inclusivity also recognizes the ways systemic barriers work
in complex ways to create and reinvent systemic barriers for women, including marginalized people.

Only 7 (24%) of the 28 reviewed articles that addressed mentoring models identified patriarchal oppression and
power dynamics perpetuated by both men and women (see Figure 2). Models that tackled issues of oppression in-
volved mentor-mentee discussions around unequal status and lower wages for women, hostility from peers or col-
leagues in leadership roles, slower achievement rates (e.g., number of published articles and rate of promotion), and
preconceived biases (e.g., women are weaker than men, more nurturing than men, or need overseeing by men). The
models we reviewed also sought to help women overcome barriers and challenges by addressing feelings of belong-

ingness, isolation, and work-life imbalance and by inviting women mentors to work with women mentees (Van Oosten
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et al.,, 2017). However, few addressed the unspoken reality of oppression and patriarchy perpetuated by colleagues
(men and women) who are adult bullies. Such conscious or unconscious behaviors preserve inequitable power dy-
namics, where eventually the oppressed, instead of striving for justice, may become the oppressors (Freire, 1970).
Mentoring initiatives circumvented these concerns by developing programs to help mentees navigate hostile work
environments rather than by addressing aggressive individuals who negatively impact a collegial climate within the in-
stitution. In these instances, the underlying premise for mentoring programs is to change the individual (who may fall
victim to abuse and consequently leave the field) rather than address the structures that allow patriarchy to persist.
Finally, of the programs reviewed, many utilized gender matching approaches (women mentees with women men-
tors). However, this approach can be limiting as mentees who persist in STEM fields rely on a variety of mentors at
varying stages. For example, mentees with both men and women mentors on similar career paths respond well to
having access to mentors while engaging in professional development activities and social networking opportunities.
Exemplary models also brought mentees together with a spectrum of mentors (some in leadership positions) for vary-
ing durations to meet the changing needs of mentees throughout their journeys (Dennehy & Dasgupta, 2017; Jensen
et al,, 2017). This varied-mentor approach aligns well with the notion of “STEM pathways” which require resilience
and adaptability, thereby boosting mentee attainment of their career goals, limiting feelings of isolation, and accessing

tools for work-life balance.

6 | IMPLICATIONS

The programmatic interventions reviewed in this paper all share similar goals to recruit, retain, and promote womenin
STEM fields. This research has implications for stakeholders, such as educators, administrators and leaders, program
developers, and researchers. A critical feminist lens provides a framework to facilitate mentoring women in STEM

disciplines, fields, and professions which as systematic, sustained, and equitable.

6.1 | Foreducators, K-12 and postsecondary

As role models, teachers' implicit or explicit perspectives can have an early impact on a student's understanding of
and decisions about engaging students in STEM fields. For this reason, teachers should take part in professional devel-
opment opportunities that enable them to identify implicit biases and inherent classroom practices which negatively
impact girls' critical engagement in STEM.

When making decisions on curriculum (e.g., textbooks), pedagogy, and instruction, these educators should be cog-
nizant of noncanonical texts reflecting diversity and inclusivity. Organizations and websites such as tolerance.org, re-
thinkingschools.org, and resilienteducator.com all provide resources, tools, and articles that help educators examine
their classroom practices from critically diverse perspectives. Thus, in order for educators to mitigate the hegemonic
practices infiltrating educational systems, they must reflect on following and implementing standard instructional
practices and consider the use of critical texts.

Additionally, educators should feel empowered to challenge the status quo at their institutions and question the
systemic practices perpetuating a traditional view of who can pursue STEM careers. Educators can lobby administra-
tors and policy makers to support initiatives encouraging representation in STEM fields. Initiatives to recruit, moti-
vate, and support women and other underrepresented individuals would enable a more representative, diverse, and

perhaps innovative workforce.
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6.2 | For administration, leadership, and program developers

In general, programs and organizations that depend on a human workforce develop programs to entice and recruit
individuals into their organizations. Most institutions and entities, public or private, have training and mentoring pro-
grams designed to support faculty and staff. However, most programs are developed and delivered to a general and
broad audience.

Program developers creating new mentoring programs should reflect on best mentoring practices aligned with
the needs of participants. Before designing a mentoring program, developers should conduct a thorough needs assess-
ment on participants' professional goals, expectations, and challenges experienced in the institution. This assessment
can inform the goals and structure of the program identified as valuable by participants.

It is crucial administrators, directors, and policy makers conduct a systematic evaluation of their existing pro-
grams and identify areas and opportunities to broaden participation, thus advancing diversity and inclusion. Once
those opportunities are determined, a systematic analysis of what aspects of “diversity and inclusion” should be man-
dated as institutional initiatives. The voices and perspectives of individuals from underrepresented and marginalized
constituents within the organization must be included.

Typically, researchers study the efficacy of mentoring or training programs. However, much of this research is
short lived and focuses on the process and progress of the immediate program. Researchers should plan research

studies investigating the sustained and longitudinal impact of these programs.

6.3 | Atthesystemiclevel

Dashper (2018) notes that “mentoring and other career development initiatives have an important role to play, but
need to be underpinned by more far-reaching and systematic changes” (p. 554). From a systemic perspective, it is vital
to develop an institutional culture allowing all individuals to advocate for themselves and one another. Patriarchal
cultures and systems established in institutions of higher education tend to emphasize individualistic and competitive
environments that pit faculty against one another, rather than promote support for the common good. For instance,
faculty evaluation is often based on individual performance in research, teaching, and service, where research tends
to be weighed more heavily than the other two criteria. Research is often evaluated based on one's publication record,
where solo authorship carries a greater weight than the collaborative co-authored publications; whereas, collabora-
tive efforts are generally a more common and comfortable way for women to work (Holman et al., 2018). Faculty work
and efforts related to supporting mentorship are often placed in the category of “service,” which is even less valued.
To effect change, the faculty-evaluation system should hold in higher regard work encouraging the common good.
Initiatives such as mentoring women, as well as other underrepresented individuals in STEM, merits greater weight in
the evaluation system.

Systemic initiatives grounded in a critical feminist lens take a proactive stance to addressing inequities. Quite
often, those with less power or who are marginalized shoulder the burden of (and retribution for) calling attention to
issues of hegemony. Exemplary institutions enable forward-thinking leaders to proactively address inequalities ex-
isting in the system. These institutions also implement clearly articulated family-leave policies and accommodations
supporting women such as lactation rooms and flexible meeting schedules (Lodish, 2015).

Faculty and staff governance is another domain where institutions of higher education can improve - specifically,
by adding the establishment of mentorship programs, an inclusive campus culture, and a working environment to the
agenda of topics for discussion and action. Many institutions of higher education are often faculty governed, with a
term-appointed faculty senate. In many cases, the senate is empowered to act for the university faculty in all matters
pertaining to the immediate government of the university. Institutional governance must address issues of institu-
tional disproportion and imbalance in ways supporting efforts to promote diversity, equity, inclusion, and broadened

participation.
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6.4 | Subsequentresearch

While the STEM mentoring literature places emphasis on leveling the playing field for women and increasing their
participation in STEM fields, more research is needed to move beyond an “add women and stir” approach (Heybach
& Pickup, 2017; Martin, 2003; Noddings, 2001), to interrogating whether these mentoring programs disrupt the
isolating and exclusionary practices that created the gender imbalance and STEM crisis to begin with (Mansfield
et al., 2014). Moreover, additional research in the STEM mentoring literature is needed to explore the experiences of
non-white and underprivileged women, and the ways various forms of oppression (not just gender) are in separately
connected to create systems of domination for all women (Biana, 2020; Wildman, 2007). Such work could also explore
the inter-cultural issues among women as well as the nuanced experiences that differ between white women, indig-
enous, and women of color, and the subsequent mentoring, policies, and practices that are needed to address their

diverse needs and challenges.

7 | CONCLUSION

In this paper, we argue that a critical feminist lens allows us to highlight the voices, experiences, and perspectives of
women who are marginalized in male-dominated STEM fields. In particular, this framework allows us to pay close
attention to the ways women's experiences tell a similar recurring narrative over the past 35 years about gender ine-
quality, tokenism, and gendered segregation in the workplace (Seron et al., 2018; Tonso, 2014), and critically examine
programs (e.g., mentoring) aimed to reduce these structural barriers for the recruitment and retention of women in
STEM. Throughout our review, we also tackle many STEM education and career-related gender equity issues faced by
women globally. Our hope is to ascertain best practices for closing the STEM gender gap.

Itis crucial for employers and educational systems to acknowledge the disparities and barriers women encounter
as they pursue STEM careers in a male-dominated environment, and to provide support in terms of workplace/cam-
pus policies, training, and mentoring. Mentoring for women in male-dominated STEM fields include peer mentoring
(horizontal mentoring), role modeling, one-on-one vertical mentoring (dyad), and group-facilitated mentoring. These
mentoring programs have provided both mentors and mentees with inspiration and guidance, career advice in estab-
lishing goals and recognizing opportunities, work-life balance and integration, personal and emotional support, gen-
der bias acknowledgment, and access to networking and scholarly opportunities (Dennehy & Dasgupta, 2017; Welch
etal,2012).

Some would argue the very idea of gender equity measures targeting women can preserve how “femininity and
masculinity” is valued in male dominated organizations, and fail to disrupt the status quo. While this can prove true
with band-aid programmatic approaches, we believe that the complex task of organizational change can be achieved
when mentoring programs utilize a critical feminist lens. In this vein, program developers have three critical areas to
consider when initiating a new STEM mentoring program: (1) the culture of their institution, (2) the individuals they
serve, and (3) the role they intend to play as program developers.

The larger institutional focus should examine the culture of the institute and ways the program goals are de-
signed to disrupt the status quo. This includes the deep-seated assumptions that members of the organization hold
about gender inequity, the assumptions reflected and maintained within the cultural fabric of the organization, and
how these assumptions are legitimated by rewards, merit increases, or progress reports and evaluations (Meyerson
& Kolb, 2000). When designing and implementing mentoring programs, developers should consider programmatic
aims to place women in empowered positions to advocate for themselves in instances of discrimination, chauvinism,
racism, and sexism. Furthermore, programs can bring together the institutional resources that support and foster the
resilience of women who find themselves isolated in their departments. Lastly, program developers should reflect on
how they intend to stand in the cross fires to ensure they are intersectional activists (Moradi & Grzanka, 2017) for

those who experience discrimination. These are long standing systemic problems that cannot rely solely on mentoring
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programs for resolution, but rather demand greater systemic commitment to institutional policies promoting social
change.
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