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Intersectional approach to inclusive mentorship of
women in engineering disciplines

Abstract

Despite women now comprising just over 25% of the engineering doctorate degrees
awarded annually in the United States, women remain significantly underrepresented in both
academia and industry, posing a considerable challenge for supporting the mentorship for women
doctoral students in engineering. Positive mentoring experiences are crucial for retaining and
advancing those who hold marginalized identities in STEM as it contributes to their persistence in
their field in a variety of ways. Researchers have emphasized the mutual benefits when graduate
students can connect with mentors who share their values and lived experiences; however, the
severe underrepresentation of women contributes to the often-disproportionate burden of
mentorship placed on women faculty and faculty with other marginalized identities.

Therefore, the intended aim of this work is to inform more inclusive mentoring strategies,
expanding access to mentorship in engineering that is responsive to women’s needs. This work
used an asset-based case study approach with semi-structured interviews to explore existing,
strongly positive mentorships between doctoral candidates in engineering disciplines who identify
as women and their most influential mentors. The goal of the work was to address two research
questions: 1) What does effective, inclusive graduate mentorship look like for women doctoral
candidates in engineering, applying an intersectional lens? 2) How does this mentorship affect the
way they navigated the dissertation process?

Fourteen total participants were recruited for this study, representing a total of seven
mentoring pairs. Mentors were not limited by gender, and the study focused primarily on the
mentoring that took place during the mentee’s doctoral journey. Grounded in Yosso’s Community
Cultural Wealth framework, this paper presents results of the collective case analysis of the
resistant and aspirational capital from the larger study and offers suggestions for applying these
findings to improve current mentoring and advising practices for women graduate students in
engineering disciplines who hold additional marginalized identities, such as BIPOC,
neurodivergent, and first-generation college students.

Introduction

The pursuit for gender parity in engineering remains an ongoing challenge, as women still
only constitute a quarter of annual engineering doctorate recipients in the United States [1]. This
disparity and resulting hegemonic masculine culture persists into the workplace and associated
leadership roles, both in academia and industry, which contributes to limited access to mentorship
in engineering that is inclusive and responsive to women’s needs [2]-[8]. When referring to
mentorship throughout this paper, we adopt the operationalized definition developed by the
National Academies of Sciences, Engineering, and Medicine (NASEM), which describes
mentorship as “a professional, working alliance in which individuals work together over time to
support the personal and professional growth, development, and success of the relational partners
through the provision of career and psychosocial support” and contend also that mentorship is
“essential to the holistic development of [engineers], including but not limited to developing a
strong identity as an [engineering professional], developing confidence in one’s ability to work as
an [engineering]| professional, and successfully navigating the culture of STEMM” (Science,



Technology, Engineering, Math, and Medicine) [9, p. 37]. Within this study, “positive” mentorship
implies that both the mentee and mentor identify the mentoring relationship as enriching or
beneficial to their lives in some way. The term “positive” does not however imply a specific length
or depth of mentoring relationship, nor does it necessarily imply that the mentoring practices they
use are inherently inclusive.

Researchers have frequently demonstrated the reciprocal benefit that is created when
students are able to connect with mentors who “look like them” and shared similar lived
experiences and values. For the mentee in particular, it often contributes to an improved self-
efficacy and sense of belonging for those who hold marginalized identities in STEMM fields,
including those who identify as women, BIPOC (Black, Indigenous, and People of Color), low-
income, first-generation, neurodivergent, or as a member of the LGBTQ+ community [9].
Unfortunately, the underrepresentation of these identities in university engineering faculties
oftentimes exacerbates the already reduced access to mentors with whom women doctoral
candidates can identify or share similar lived experiences. This disparity along the lines of
marginalized identities was highlighted in an iconic study by Nettles and Millett in 2006, wherein
over 9,000 students from the top 21 doctoral-granting institutions in the U.S. were surveyed. The
results indicated that while every respondent recognized a faculty advisor, 43% of Black doctoral
students in STEM reported that they did not have a mentor, compared to 24% of their White
counterparts [10].

Furthermore, the attrition of doctoral students remains remarkably high in STEM and
disproportionately so for those who hold marginalized identities in their fields [11]; some studies
estimate that over 50% of doctoral students will not finish their degrees [12], [13]. It may not come
as a surprise that insufficient mentoring can negatively impact graduates students’ decision to
persist in their degree programs, among a myriad of other factors; however, research has also
demonstrated that well-intentioned but poorly informed mentoring can also be detrimental to the
mentee [9]. When paired with the knowledge that most faculty in STEMM fields are not typically
trained in mentoring strategies - let alone strategies that foster inclusivity and cultural
responsiveness - this observation can be alarming. The culture surrounding graduate education,
particularly in STEMM, propagates flawed power structures that introduce disproportionate
challenges for those who hold marginalized identities within these spaces, especially as institutions
of higher education are seldom created with them in mind [14].

With these inequities in mind, this research work strove to elevate the voices of a diverse
group of women in engineering and highlight the nuances in their graduate mentoring relationships
to contest the experiences of White, cisgender men as the normative standard in engineering spaces
[15], [16]. This paper is part of a larger study that aims to delve into positive, effective mentoring
relationships between women doctoral candidates in engineering disciplines and their most
influential mentors during their dissertation research process [17]. The overall study is guided by
the following research questions:

1. What does effective, inclusive graduate mentorship look like for women doctoral
candidates in engineering?
2. How does this mentorship affect the way they navigate their dissertation process?
This subset of the research will focus on answering these questions specifically with regards to
resistant and aspirational capital.



Using an asset-based case study approach, the work uses semi-structured interviews to
explore how diverse women mentees navigate, sustain, and leverage positive mentoring
relationships with their mentors through the lens of Yosso’s Community Cultural Wealth
framework [14]. Fourteen total participants were recruited for this study, representing a total of
seven mentoring pairs. An intersectional lens was employed to better understand how the mentees
and mentors’ intersecting or conflicting identities beyond gender may introduce additional nuance
into the mentoring relationships, as it recognizes that marginalized identities are not mutually
exclusive [18]. For example, an intersectional lens recognizes that nuances introduced by gendered
racism may appear differently than effects of racism or sexism in isolation.

By thematically analyzing the trends in resistant and aspirational capital accrued through
this mentorship, this paper offers insights and recommendations to enhance current mentoring
practices for faculty who are supporting women graduate students in engineering. By unpacking
the impacts of the mentoring pair’s unique collections of identities through a lens of
intersectionality, we aim to unpack facets of the mentoring relationship surrounding the accrual of
resistance and aspirational capital by the woman mentee. In doing so, we aspire to contribute to a
more equitable and inclusive engineering community that values diverse backgrounds and
perspectives.

Theoretical Framework

The study used Yosso’s Community Cultural Wealth (CCW) framework (Figure 1) to re-
center a growth mindset in developing mentoring skills, and “instead focus on and learn from the
array of cultural knowledge, skills, abilities and contacts possessed by socially marginalized
groups that often go unrecognized and unacknowledged” [14].
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Figure 1. The cultural capitals that contribute to building Community Cultural Wealth [14]. The
bolded capitals that have been outlined here (resistant, aspirational) are the focus of this paper.

While all six types of cultural capital were queried in the larger study [17], this paper
narrows its scope to focus on resistant and aspirational capitals. Resistant capital (RC) refers to
“knowledge and skills fostered through oppositional behavior that challenges inequality,” and to
the practice of passing that knowledge on to others [14, p. 80]. In the context of the current study,
evidence of RC could be the mentor informing the mentee about subtle structures of racism or
sexism present in engineering higher education spaces with the intent of equipping them with the
strategies to resist these structures, or even imbue mentees with a motivation to transform and



remove these barriers to promote inclusivity. Meanwhile, aspirational capital (AC) refers to “the
ability to maintain hopes and dreams for the future, even in the face of real and perceived barriers”
[14, p. 77] and is often evidenced by resiliency the in face of adversity. For example, a first-
generation student may express how they aspired to become the first in their family to earn a
doctorate degree. Much of the mentees’ aspirational capital appeared to have been accrued prior
to their dissertation research; however, AC may also manifest in this study as statements about
who or what inspired them to pursue a PhD or career in their field.

In existing literature, CCW has been more widely applied to studies in undergraduate
education; however, it is being increasingly applied to the context of graduate education. In a
recent 2020 systematic review of CCW in STEM education studies, Denton et al. [19] noted that
only one qualitative study focused on graduate students that both presented empirical data and
included at least one type of CCW capital in its results or discussion. Their findings inspired
Jaumot-Pascual et al. [20] to conduct a qualitative meta-synthesis of empirical research on women
of color in computing graduate education conducted between 1999 and 2019; their meta-synthesis
of 11 qualitative and mixed methods studies found positive mentors to be a critical social factor in
Women of Color’s motivation to persist in their fields when applying a CCW lens [20].

Other relevant applications of CCW in graduate education include applying it to mentoring
practices for international students [21] and examining the origins of early STEM interests in Black
males in engineering through qualitative interviews of Black male graduate students [22]. Espino
(2014) used CCW as a framework to qualitatively analyze the life narratives of 33 Mexican
American students who earned their doctorates prior to 2006 across a variety of disciplines,
although it is unclear how many of the six STEM PhD recipients in the study were women [23].
In 2018, DeCrosta employed CCW to examine individual and institutional factors that contribute
to the persistence of minority and first-generation women in STEM graduate programs; the
drawbacks of the study is that it is limited to interviews of five participants that all graduated from
a single large public research university [24]. Most recently, Flores (2023) examined the lived
experiences of 10 Latina doctoral students from various STEMM and non-STEMM disciplines
using a qualitative phenomenological approach [25].

With regards to existing literature, this study offers novel contributions to scholarly
literature in that it:

1. Specifically explores the cultural capital that is accrued by women through positive
mentorships in engineering fields,

2. Uses an asset-based approach to elevate the voices of marginalized mentees in STEM and
challenge the deficit narrative, and

3. Triangulates the perspectives of both the mentee and mentor using individual interviews to
provide a more holistic perspective on the mentoring that took place.

Methods

This paper presents a subset of the work of a larger study that used a multiple case study
approach that was bounded by both time and activity (completion of the dissertation phase of an
engineering doctoral program) [26]-[28]. The primary data collection was through conducting in-
depth, semi-structured one-on-one 60—75-minute interviews with the women mentees and the



person whom they identified as being their most influential mentor during their dissertation
process. Recruitment occurred through distribution of a pre-screening survey via “calls for
participation” in popular listservs of professional engineering societies, such as ASEE, WEPAN,
SWE, and IEEE, and direct emails to departmental graduate coordinators and chairs of engineering
departments at large, research-intensive universities in the U.S. Over two months of recruitment,
28 mentees met all of the larger study’s inclusion criteria [ 17]. The most pertinent inclusion criteria
were that the mentees must identify as women and be near their doctoral graduation (within eight
months) or be recent graduates (within two years) from a highly research-intensive university, and
neither they nor their mentors could be from the researchers’ home institution to support ethical
validity. They also had to identify the mentoring relationship as “strongly positive” and provide at
least one example of how their mentor had supported them in their doctoral journey.

Seven mentees were purposively sampled from these 28 responses to achieve a wide and
diverse representation of marginalized identities in STEMM that was also representative of the
demographics of those who completed the pre-screening survey, and then their self-identified
“most influential” mentors were invited to participate in separate interviews to triangulate
perspectives on their mentoring relationship. No two mentees shared the same mentor, and none
of the seven mentoring pairs came from the same doctoral program. Roughly half of the mentees
were Women of Color (including two Black women, one Asian woman, and one Latina), and half
shared the same race or ethnicity as their mentors. Other identities that were represented included
first-generation college students, international graduate students, members of the LGBTQ+
community, and neurodivergent women. In slightly over half of the mentoring pairs, women
mentees had male mentors; half of the pairs were from engineering education research doctoral
programs whereas the other half were from more disciplinary engineering doctoral programs. In
some cases, the mentors also served as the mentees’ official faculty advisors, and in some cases
the mentee was the mentor’s first official PhD student that they had mentored.

Fourteen total 60-75-minute interviews were conducted and recorded via
videoconferencing software that were later transcribed and verified by a team of undergraduate
and graduate researchers. The interview protocol focused most heavily on aspects related to
navigational, social, and resistant capital as they were the emphasis of the larger study to explore
mentoring strategies, although aspirational, familial, and linguistic capital were also captured in
follow-up questions [17]. Findings regarding the other capitals beyond resistant and aspirational
are presented in a different publication. Using MAXQDA 2022™ software, the transcripts were
qualitatively coded using several cycles of a priori, in vivo, and emergent coding using a four-
person coding team. All members of the coding team were trained on a subset of the interview data
(two full transcripts) and achieved a high level of intercoder agreement (k >0.90) prior to coding
the full dataset using Brennan and Prediger’s kappa co-efficient (k) calculations [29]. Across all
14 finished transcripts, a high level of intercoder agreement (k >0.85) was maintained between the
primary researcher and the other three members of the coding team. Thematic analysis was
conducted on the coded data to explore emergent themes in both resistant and aspirational capital
that was accrued by the women mentee through their mentoring relationship. Throughout the
study, quality measures to support credibility and trustworthiness included, but were not limited
to: peer debriefing, negative case analysis, conducting member checks, extensive bracketing by
the researchers to reduce bias, and triangulating the perspectives of the mentee with the mentor
during analysis [28], [30].



Discussion of Results and Implications

In the collective case analysis, the focus was on analyzing and identifying trends observed
across the seven mentoring pairs. Resistant capital (RC) and aspirational capital (AC) are the focus
of this paper, and the implications of the emergent themes within these capitals will be discussed.
The emergent themes observed within RC included fostering dialogues surrounding inequities in
higher education based on one or more of the mentee’s marginalized identities, recontextualizing
failures in academic publishing to promote resiliency, and leveraging the mentor’s institutional
power or social influence to advocate for positive change that would impact their mentees.

Resistant capital most commonly took the form of mentors intentionally fostering open and
honest dialogues with the mentee about possible racist, sexist, or otherwise inequitable and
prejudiced structures that the mentee may face in academia or engineering spaces based on one or
more of their marginalized identities. The intent of promoting these dialogues was explicitly
identified by the mentors was to promote transparency of the struggles that their mentees could
expect to face, especially as it pertained to biases that are often exhibited more subtly in academia.
In its transformational sense, resistant capital would then extend to equipping the mentees with
strategies to resist the oppressive structures and inequality they encounter and motivate them to
tear down such barriers to promote inclusivity.

It is worth noting that while all of the mentoring pairs gave examples of these dialogues
that built resistant capital, the discussions surrounding racism appeared limited by the racial and
ethnic identities of those in the mentoring pair. Namely, in pairs where neither the mentor nor
mentee identified as BIPOC, the systemic impacts of racism were not discussed at length as part
of the mentoring relationship. These impacts were, however, discussed among nearly all other
pairs. This is a critical observation of an area where White faculty advisors and mentors could do
better to help their mentees develop improved awareness of the negative impact of systemic
racialized biases in engineering higher education in the U.S., especially as it relates to the
intersectionality of multiple marginalized identities.

By sparking these transformative and challenging conversations among themselves and
their White colleagues, they can act as agents of change in advancing diversity, equity, and
inclusion in STEMM; the failure to engage in such pivotal discussions only allows those same
racialized inequities to perpetuate [31]. Espino (2014) also noted this trend in RC in how the Latinx
doctoral graduates they interviewed often built RC in learning how to acclimate (and work with)
the system rather than challenge (or work against) the system [23]. It is not enough to give advice
on adjusting to or acclimating to sexist or racist structures in STEMM; instead, mentors should be
encouraging their mentees on how to actively challenge these inequities and thrive despite them,
or at least helping guide them to resources or other individuals that could help them in this goal.
There are many resources out there to facilitate such dialogues and reflections that faculty mentors
or mentees could use to support these tough mentoring conversations, and the researchers of this
work encourage interested mentors and mentees to seek these resources out [32]-[34]. By bringing
these topics to the forefront of conversation, we can spark meaningful dialogues surrounding the
positive, inclusive mentorship of all women in engineering disciplines that is responsive to their



intersectional identities, so that faculty advisors of any gender or background can feel more
comfortable in reaching out for guidance in how to support their women mentees.

Other dialogues that mentors fostered with their mentees involved recontextualizing
rejections in academic publishing to avoid damaging the mentees’ self-efficacy in research and
helping them build resiliency, as these rejections are often accompanied by baffling or
contradictory feedback from reviewers that can be difficult to detangle (another problematic norm
that mentors remarked upon). Mentors often reaffirmed the uniqueness or transformative nature of
the mentee’s work, especially when the mentee was engaged with social justice initiatives. Another
theme across resistant capital was when mentors mentioned instances wherein they leveraged their
social and political influence within their department or institution to push back against larger
systemic issues affecting graduate students in academia, such as hostile or toxic lab environments,
poverty wages for graduate assistants, and problematic academic mindsets (e.g., viewing
traditional summative assessments as necessary and irreplaceable measures of students’
performance, the “statistical impossibility” that all PhD students will pursue tenure-track positions
post-graduation).

The other resistant capital that surfaced during analysis was attributed to other sources
beyond their primary mentor and often included co-mentors, social justice organizations, friends,
and colleagues, and previous lived experiences. Three of the mentees described knowledge and
skills that resembled resistant capital but attributed its accrual through negative experiences at
previous institutions. In fact, these same mentees also cited those experiences as what helped fuel
their desire to transform those aspects of engineering or higher education for future students and
ultimately inspired their final dissertation topic selection. This is consistent with findings from
other CCW studies in graduate education, wherein negative past experiences for Latinx students
drove their desire to overcome the adversity and aspire to pursue their PhD [23], [25]. Therefore,
a link between the extent of accumulated resistant capital and resulting aspirational capital could
exist, but further studies should be conducted to explore this link in further depth.

In contrast to the themes within RC, the two emergent themes observed within AC were
less frequently attributed as being accrued from the mentor except as role models, but include
resistant capital as aspirational capital for pursuing research or engaging in activities to promote
diversity, equity, and inclusion (DEI) in STEMM, and the potential for certain interactions with
others in academic or STEM spaces to damage mentees’ aspirational capital. Overall, there were
very few instances in the interviews where mentees mentioned accruing or building aspirational
capital through their interactions with their mentors. From the instances that were described, the
mentor served as a role model where the mentees “see themselves” in their mentors or in how they
treat people. Aspirational capital was nurtured through mentors helping their mentees pivot and
forge new paths to follow new research passions, and acknowledging to mentees that they will not
force them to “walk the same [professional] path” as the mentor.

While none of the seven mentees acknowledged an instance wherein their aspirational
capital was damaged by their mentor, several noted ways in which their aspirational capital and
desire to persist in their PhD program was damaged by interactions with others in academia (e.g.,
other faculty, students, administrators). These ways included 1) witnessing inauthentic
engagement with their research area by others (e.g., in the case of Kianna, where she encountered



many faculty who treated DEI initiatives as transactional and required extrinsic monetary
motivation to view the initiatives as “worthwhile”), 2) other faculty questioning the validity of
their doctoral degree (e.g., as in the case of Mae, whose department had members voicing concerns
about whether or not engineering education was a “real” engineering degree, leading to imposter
syndrome), and 3) previous faculty advisors questioning their competencies or ability or achieve
a goal (e.g., as in the case of Meredith, who recalled her previous faculty advisor, an “old White
gentleman” who “kept shutting [her ideas] down and saying ‘No, no, no, I don’t think you’re
capable of doing this”).

It is worth drawing attention to the last example to clarify a key observation from the
conversations with the mentoring pairs. In the larger study, researchers found that a valuable
strategy used by mentors to help mentees accrue cultural capital and mature scientifically was to
frequently question the research decisions that the mentee made and probing for the rationale
behind them [17]. This behavior is not to be confused with this emergent trend in damaging AC,
which is where past advisors would question the mentee’s abilities to conduct research or complete
tasks. In the positive mentoring relationships explored, not a single mentee expressed at any time
that their mentor questioned their capability or competence. Simply put, they would question why
a mentee chose to do something in their research, but they never questioned their mentees’ ability
to do that thing. Thus, this research suggests that as a mentoring strategy, questioning mentees’
research decisions and the rationale behind those decisions should be encouraged; questioning the
mentees’ personal qualities, in terms of their ability to carry out those research decisions, should
be strongly discouraged.

Limitations

Some limitations exist for the findings of the study. First, as it was originally scoped to
better understand the nuances in doctoral mentoring relationships for women in engineering
research disciplines at research-intensive universities, not all its findings may be transferable to
the contexts of mentoring women in engineering master’s programs, as the demands of master’s
programs differ widely between institutions, as well as the nature of the student-faculty advisor
relationships. Further research would be needed to comment on the transferability of the findings
to the master’s degree context. Another limitation of the data is that it was self-reported and often
retrospective in nature, as it was collected via semi-structured interviews. To mitigate the risk of
unreliable data, the research participants from those who were near graduation (within eight
months of the interview) or had recently graduated (within the two previous years from the date of
their interview) so that they would be more likely to vividly recall the evolution of their mentorship
during their dissertation journey.

Further, it should be noted that the interview protocols were primarily designed to query
participants about navigational, social, and resistant capitals; therefore, limited data was collected
on the other types of capital (such as aspirational) and especially capital that came from another
source that was not from their most influential mentor. Conclusions should therefore be drawn
with caution and further research is encouraged in these areas, especially as it relates to exploring
capitals accrued from a wider constellation of mentoring support that goes beyond the main mentor
in this study. Lastly, the sample size remains relatively small (seven mentoring pairs), which limits
the generalizability of its findings.



Conclusions and Future Work

This study employed a case study design to qualitatively explore the cultural capitals
accrued by seven diverse women doctoral students in engineering disciplines through positive
mentoring relationships. While the collective case analysis suggests that much of the mentees’
resistant and aspirational capital was accrued prior to their doctoral studies (often based in past
experiences in K-12, college, or the workforce), there was evidence that mentors could still
positively influence the accrual of these capitals during the doctoral dissertation process. Based on
emergent themes, mentors may be invaluable in helping mentees learn how to leverage and direct
their accrued capital into conducting transformative research efforts that challenge inequities in
engineering higher education and/or provide strategic career advice or serve as role models for
mentees to pursue their aspirational career goals. The study’s findings are bounded by certain
limitations such as small sample size.

Despite these limitations, the study offers several critical insights that could enhance
existing mentorship practices for women in engineering disciplines, such as university
administrators and policymakers advocating for more inclusive and transformative dialogues
surrounding the impacts of systemic racism on the U.S. higher education landscape and mentors
reiterating the value of their mentees’ work and contributions to the field to combat imposter
syndrome. The research underscores the urgency for faculty advisors, irrespective of their
backgrounds, to engage in meaningful conversations and proactive strategies that foster inclusive
mentorship of women in engineering and promote a sense of belonging in STEM culture. By
building on these insights in future work, the engineering community can foster an environment
that supports and empowers all women pursuing higher degrees and leadership positions in
engineering spaces.
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