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While previous research documents that women in
STEM doctoral programs tend to fare better when their
advisor shares their gender identity, this study provides
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Further, all students, regardless of gender, tended to
report higher quality advising when their advisor was a
woman, pointing to potential gender inequities in
advising expectations of faculty. Implications for
research, theory, and practice are discussed.
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1 | INTRODUCTION

Despite the great strides women have made toward parity in higher education, gender inequity
persists across science, technology, engineering, mathematics (STEM) fields and manifests in a
myriad of ways. While women's representation remains markedly low in certain STEM disci-
plines like computer science and engineering, in the biological sciences, women earning gradu-
ate degrees now outnumber men, making up 58% and 53% of master's and PhD degree
recipients, respectively (National Science Foundation, 2018). Yet, women are significantly less
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likely to be hired as postdoctoral researchers in the top laboratories that account for nearly all
new faculty hired at elite research institutions (Sheltzer & Smith, 2014). Accordingly—and
despite being the majority of PhD recipients—women make up 42% of new assistant professors
and 30% of tenured faculty in life sciences (National Science Foundation, 2018). Other evidence
suggests that women are less frequently promoted to full professor, relative to men in the bio-
logical sciences (Gumpertz et al., 2017; Nelson et al., 2007), collectively revealing ways in which
gender inequities persist.

One perspective on ways to remedy such gender inequities emphasizes the importance of
having women as faculty mentors and role models (Etzkowitz et al., 2000). More specifically,
researchers have documented reduced gender gaps in STEM spaces when instructors are
women (Solanki & Xi, 2018). Further, faculty gender may take on a unique importance among
STEM doctoral students whose interactions with faculty are often characterized by the appren-
ticeship relationship between student and advisor (Austin & McDaniels, 2006; Sallee, 2011). In
fact, student-advisor interactions have been identified as a key component of doctoral socializa-
tion and success (Nettles & Millett, 2006; Paglis et al., 2006; Weidman et al., 2001). Of particular
importance to the present work, one recent study found that having a dissertation chair with
the same gender identity positively predicted degree completion for women pursuing science
and engineering doctorates (Main, 2018). Still, much remains unknown about how, why, and
under what conditions an alignment between student and faculty gender identities impacts doc-
toral student outcomes.

The present study addresses this gap in the literature by examining the role of advisor gen-
der identity among doctoral students in the biological sciences, taking other aspects of student-
advisor interactions into account. The focus on the biological sciences in the present work is an
important one, because it permits the examination of gender dynamics where interactions are
not necessarily skewed by the rarity of women as students and faculty (see Fox, 2006). Specifi-
cally, this study focuses on the role of advisor gender identity alignment between doctoral stu-
dents and their advisors in predicting key graduate school outcomes, paying careful attention to
how the quality of student-advisor interactions might mediate or moderate these relationships.
The following questions frame this study:

1. To what extent do student-advisor interactions differ by advisor gender and student-advisor
gender identity congruence?

2. To what extent do advisor gender and student-advisor gender congruence predict desirable
outcomes for doctoral students (i.e., sense of belonging, self-efficacy, and research skill
development)?

3. To what extent do student-advisor interactions mediate or moderate the relationship
between advisor gender/student-advisor gender congruence and student outcomes?

2 | THEORETICAL FRAMEWORK

The present work is broadly guided by identity-based motivation theory (see Oyserman, 2009),
merged with graduate socialization theory (Weidman et al., 2001; Weidman & Stein, 2003).
While identity-based motivation theory guided our focus on student-advisor gender identity
congruence, graduate socialization provided a framework for examining the role of gender in
the larger context of how students are impacted by socializing interactions with advisors. More
specifically, and as discussed below, graduate socialization theory guided our decision to focus
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on advisor interaction quality as a potential mediating and moderating variable. Both theories
guided our selection of dependent variables, our hypotheses, and the interpretation of results,
which we discuss below. In our application of these theories, our goal was not to make causal
inferences. Rather, we sought to deconstruct and document complexity in how gender identity
congruence might operate within the larger context of graduate socialization experiences.
Below, we describe how identity-based motivation theory and graduate socialization theory pro-
vided a framework for this inquiry.

2.1 | Identity-based motivation theory

Research on women's graduate training experiences document that women graduate students
often fare better when they have an advisor who shares their gender identity (e.g., Main, 2018).
Existing theories of identity can provide a framework for understanding how an advisor's gen-
der might shape doctoral student outcomes, particularly for women in STEM contexts. Building
on the broader literature on homophily in social networks—which documents ways in which
individuals form relationships with others who share their salient identity characteristics (see
McPherson et al., 2001)—identity-based motivation theory posits that “people use identities to
prepare for action and to make sense of the world around them” (Oyserman, 2009, p. 252). Two
key tenets underlie this theory: (1) individuals are motivated to act in ways that are congruent
with their salient identities and (2) identity salience is highly situational and malleable
(Oyserman, 2009, 2014). Further, the more an individual perceives an action as identity-congru-
ent, the more they may be motivated to persist through difficulty, interpreting difficult actions
as “important and meaningful;” on the other hand, an individual who perceives an action as
identity-incongruent might be deterred by experienced difficulty, leading them to feel “that the
behavior is pointless” (Oyserman, 2014, p. 216). As such, gender identity is generally expected
to shape the way students experience environments dominated by men, like STEM doctoral
training. In the case of our study, we focus on the biological sciences, where women are well-
represented among doctoral students but remain underrepresented in the professoriate.

At the same time, identity-based motivation theory highlights the ways in which identities
are socially constructed and dynamic, suggesting that changes to the environment (e.g., the
presence of women role models) can change individuals' understanding of identity-congruence.
Though some literature suggests that having a greater proportion of women faculty may benefit
all students (e.g., Pezzoni et al., 2016; Sax, 2008), within the context of many STEM fields, fac-
ulty and advisor gender identity may take on unique importance for women students’ motiva-
tion and outcomes. For example, Solanki and Xi (2018) applied identity-based motivation
theory to study student-instructor gender matching in undergraduate STEM contexts to explain
why women students seem to benefit from the presence of women instructors. Their findings
support a “role model effect” such that women who had instructors of the same gender identity
demonstrated greater self-efficacy, STEM interests, help-seeking behaviors, and classroom
engagement, relative to those who had an instructor who was a man.

While identity-based motivation theory has primarily been applied to K-12 (e.g., Carlone
et al., 2014) and undergraduate settings (e.g., Jackson & Seiler, 2013), Burt (2018) recently found
that shared identity characteristics shape graduate student success and intention to pursue fac-
ulty careers, at least for students from minoritized groups. Burt posited that having an advisor
with a shared underrepresented identity helps students to “navigate some challenges and pres-
sures of being racially underrepresented in the academy” (Burt, 2018, p. 303). While Burt
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focused on social identities broadly, and racial/ethnic identity more specifically, other research
has considered gender homophily among women doctoral students, revealing that same-gender
advising relationships positively predict degree completion for women, but are non-significant
for men (Main, 2014). While the present study focuses specifically on the role of gender identity,
doctoral student outcomes are shaped by much more than identity congruence with advisors;
for this reason, we turned to graduate socialization theory to provide additional framing for
our work.

2.2 | Graduate student socialization theory

Graduate socialization theory—used to explain the processes by which graduate students
develop field-relevant skills and internalize the norms and behaviors of their discipline—has
been widely applied to understand doctoral student development (Weidman et al., 2001;
Weidman & Stein, 2003). Graduate socialization theory points to a range of socializing agents,
which include interactions with other graduate students, experiences with disciplinary associa-
tions, and family support. Most relevant to the present work, Weidman and colleagues empha-
sized the importance of student-advisor relationships in predicting desirable outcomes
(e.g., self-efficacy, research skills). In terms of doctoral training specifically, advisors have long
been considered the primary socializing agent, conveying field norms and expectations, devel-
oping skills, and providing other forms of support to doctoral students (Baird, 1995; Barnes &
Austin, 2009).

Applications of graduate socialization theory to doctoral training contexts show that advisor
interaction quality can play a significant role in shaping the extent to which students feel that
they belong within disciplinary and academic spaces (Curtin et al., 2013). Similarly, advisor
interactions have been shown to predict research self-efficacy among doctoral students (Curtin
et al., 2016), which is unsurprising when assuming that advisors are responsible for developing
students' research and other field-relevant skills. However, there is little empirical evidence
demonstrating that advisors directly influence doctoral student skill development (Feldon
et al., 2019). Despite this limitation, graduate socialization theory continues to be the dominant
framework in the United States for understanding graduate student experiences and outcomes
(see Weidman & DeAngelo, 2020).

Guided by Weidman et al.'s (2001) model of graduate socialization, we posit that
student-advisor interaction quality may predict key doctoral student outcomes and may
function as a mediating factor between advisor gender and student outcomes. Graduate
socialization theory further guided our consideration of both affective and skill-based out-
comes. That is, while much of the literature on doctoral education typically focuses on self-
ratings and affective outcomes, we chose to also incorporate a measure of scholarly perfor-
mance (i.e., demonstrated research skills), in keeping with recent recommendations that
researchers utilize tangible measures of skill development in studies of graduate student
socialization (Feldon et al., 2010).

3 | LITERATURE REVIEW

In addition to the guiding theories above, our work is informed by broader studies of graduate
training. Below we review this relevant literature, focusing first on key student outcomes within
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extant literature on STEM doctoral training. Next, we discuss how faculty advisors may shape
doctoral student outcomes, before presenting literature on the role of student-faculty gender
identity congruence. We conclude with a brief discussion of the ways in which gender is socially
constructed within STEM training environments.

3.1 | Key doctoral student outcomes

To understand the impact of gender and advisor interactions on doctoral student success, we
must first identify and define key outcomes within the literature on doctoral training. Across
studies, researchers have focused on a range of outcomes, both affective and skill-based in
nature. Recognizing this, the present study examined sense of belonging and self-efficacy out-
comes, as well as research skill development. Below, we define and synthesize key literature on
these three outcomes.

3.1.1 | Sense of belonging

Sense of belonging—defined as the extent to which one feels that they “fit in” and are valued
within a given domain (Goodenow, 1993)—is an important outcome for doctoral students, as
it is a documented predictor of retention, satisfaction with graduate school, and other mea-
sures of success (Freeman et al.,, 2007; Ostrove et al., 2011; Pittman & Richmond, 2008;
Strayhorn, 2012). As such, sense of belonging has been a focus within the literature on doc-
toral socialization (see Curtin et al., 2013; Gardner & Holley, 2011; Ostrove et al., 2011;
White & Nonnamaker, 2008). Some of this work reveals that sense of belonging is associated
with advisor support (Curtin et al., 2013), and that advisors may play a particularly important
role in fostering sense of belonging among women graduate students (Le et al., 2016). Studies
of sense of belonging in graduate school tend to rely on students’ self-reported feelings that
they belong within their graduate program or the larger field (see Bollen & Hoyle, 1990;
Curtin et al., 2013; Ostrove et al., 2011). Because we are particularly interested in the role of
advisors within the biological sciences, we decided to focus specifically on doctoral students'
sense of belonging within their research group or lab where the advisor holds a unique super-
visory role (see Maher et al., 2020).

3.1.2 | Research self-efficacy

Self-efficacy, or one's belief about their ability to be successful in a given domain
(Bandura, 1997), is associated with future academic achievement (Lent et al., 1986; Multon
et al., 1991; Zimmerman et al., 1992) and identity as a scientist (Robnett et al., 2015). Self-
efficacy has been explored in studies of gender and student-faculty interactions in STEM
contexts. For example, Solanki and Xi (2018) found that undergraduate women in STEM
reported greater self-efficacy when they were exposed to women instructors. Notably—and
in keeping with the present work—studies of doctoral training tend to focus more specifi-
cally on research self-efficacy (e.g., Litson et al., 2021), documenting the importance of fac-
ulty mentorship in supporting more positive research self-efficacy outcomes among
students (Overall et al., 2011).
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3.1.3 | Research skills

While much of the literature on doctoral student training has focused primarily on affective
measures (e.g., sense of belonging and self-efficacy), developing research skills has been identi-
fied as a primary outcome of science education, both generally and in graduate education
(Weidman et al., 2001). Within a STEM graduate training context, “research skills” encompass
students’ abilities across several key domains, including experimental design, data analysis, and
presentation and communication of results. While several measures have been developed to
assess specific subsets of skills related to research abilities (e.g., scientific reasoning;
Lawson, 2008), other studies have used rubric-based assessment of research products to mea-
sure specific and collective research skills (e.g., Hackett & Rhoten, 2009; Timmerman
et al., 2013). Although prior research using performance-based measures has not documented a
direct connection between faculty advisors and research skill development among STEM doc-
toral students (Feldon et al., 2019), recent applications of graduate socialization theory stress
the importance of considering tangible measures of skill development in addition to exploring
affective student outcomes (e.g., Feldon, 2020; Gopaul, 2016).

3.2 | Advisor effects on students and the significance of faculty
gender

While the importance of faculty has been well established within the broader literature on
STEM education and career pathways (e.g., Pugh et al., 2021), faculty—particularly the faculty
advisor—play a unique role within STEM doctoral training. Doctoral education has long been
considered an apprenticeship model, in which doctoral students acquire disciplinary knowledge
and an understanding of the norms of academia through one-on-one interactions with their fac-
ulty advisor (Flores-Scott & Nerad, 2012; Gardner, 2010a; Littlefield et al., 2015; Weidman
et al., 2001). Researchers have identified the various roles advisors play in the doctoral training
process, which include (1) providing intellectual and instrumental support, (2) helping students
build their network in their chosen field, and (3) supporting students personally and psychoso-
cially (Tenenbaum et al., 2001; Zhao et al., 2007). By serving in these different roles, advisors
may impact doctoral student development and career outcomes. For example, Overall
et al. (2011) surveyed doctoral students across disciplines and found that students tended to
have the highest levels of research self-efficacy when they had faculty advisors who provided
skill-development support coupled with opportunities for research autonomy. More recent
research, also using quantitative data from doctoral students across fields, documents the
importance of networking support, which predicts doctoral students' interest in an academic
career (Curtin et al., 2016). While Curtin and colleagues also found psychosocial support to pre-
dict doctoral student academic career interests and self-efficacy, others found that students
tended to have the lowest levels of research self-efficacy when their advisors focused exclusively
on providing personal support (Overall et al., 2011). Taken together, existing literature suggests
that students benefit from robust advising practices that include instrumental, networking, and
psychosocial support.

In addition to the nature and quality of advising, other studies highlight the significance of
faculty and advisor gender in shaping student outcomes. Within this literature, the importance
of having a diverse faculty is broadly recognized and the negative impacts of inequitable gender
representation are well-documented. Studies have found that students, regardless of gender,
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generally benefit from being in programs with a greater proportion of women faculty
(Sax, 2008). Other research focuses specifically on advisor gender identity congruence. For
example, one case study of students at the California Institute of Technology revealed that
women students saw the lowest publication rates when their advisor was a man, but that all
students—regardless of their gender—generally published more frequently when their advisor
was a woman (Pezzoni et al., 2016). In the field of chemistry, Gaule and Piacentini (2018) found
that doctoral students tended to be more productive when they had an advisor who shared their
gender identity, though this study was somewhat limited by their reliance on student and advi-
sor names to determine gender. Another study—this one focusing on humanities and social sci-
ence disciplines and relying on multi-institution survey and administrative data—revealed that
having a woman as a dissertation chair predicted degree completion for women students
(Main, 2014).

Recently, researchers have begun asking how, why, and under what conditions doctoral stu-
dents might fare better with advisors who share their gender identity. Some literature has
suggested that the answer may be related to faculty bias; that is, some men faculty may provide
students with fewer opportunities if they are women (Rosser, 2018; Sheltzer & Smith, 2014) and
may perceive women as less competent, even when they perform better than or equal to men
(Moss-Racusin et al., 2012). Similarly, De Welde and Laursen (2011) analyzed interview data
from doctoral students, revealing ways in which men faculty more frequently formed informal
relationships with men students, which led to increased networking opportunities for men but
not women. These findings are particularly disturbing, given that men faculty continue to serve
as the primary gatekeepers to academia and make up the majority of senior STEM faculty
(Rosser, 2018; Sheltzer & Smith, 2014).

3.3 | Contextualizing gender as a social construction

We must also contextualize our study and the studies cited above within broader understand-
ings of gender and gender identity. Gender inequities and sexism have been well-documented
in STEM doctoral training (e.g., Wofford & Blaney, 2021), among STEM faculty
(e.g., Rosser, 2018), and in academia beyond STEM contexts (e.g., Croom, 2017). Though long
understood to be a social construction (West & Zimmerman, 1987), sexism and gender ineg-
uities persist and often shape women's lived experiences in science and other academic contexts
(see Kachchaf et al., 2015). More recent research has provided insights into the ways in which
gender is often essentially constructed within STEM academic contexts, like the biological sci-
ences, contributing to especially hostile environments for women (Lockhart, 2021). Other
research shows that specific STEM disciplines vary in how gendered stereotypes manifest in the
field, which, in turn, relates to the representation of women (see Leslie et al., 2015).

Recognizing the socially constructed nature of gender, it is important to note that prior
research documenting that women doctoral students may benefit from having a woman advisor
(e.g., Main, 2014) does not indicate that gender identity is the determining factor that shapes
student outcomes. Rather, these prior findings represent how gender might operate only within
specific gendered contexts. The same logic holds for our study; that is, while we examine the
effect of gender identity congruence on doctoral student outcomes, we recognize that gender
identity is a social construction and seek to provide new insight into the complex role that con-
structions of gender might play in the specific context of mentorship in doctoral programs in
the biological sciences.
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3.4 | Gapsin the literature

As reviewed above, a large and growing body of literature has examined the role of student-
advisor interactions and the role of gender in predicting key doctoral student outcomes. Collec-
tively, these studies highlight the importance of high-quality advising interactions that include
student support for skill development, networking, and psychosocial needs (e.g., Ostrove
et al., 2011), as well as the ways in which women STEM students tend to benefit from having
an advisor who shares their gender identity (e.g., Main, 2014, 2018). However, little is known
about how student-advisor gender identity congruence might shape doctoral student success
within the larger context of student-advisor interactions. Further, much of the existing litera-
ture on student-advisor relationships and gender has focused exclusively on affective outcomes.
The present study addresses these gaps in the literature by exploring the direct and indirect rela-
tionships between student-advisor gender identity congruence, student-advisor interaction
quality, and three outcomes: sense of belonging, research self-efficacy, and research skills.

4 | THEORY-DRIVEN HYPOTHESES

Our first research question focuses on how the quality of student-advisor interactions may dif-
fer as a product of advisor gender and student-advisor gender match. We hypothesized that stu-
dents would report higher quality advising experiences when their advisor shared their gender
identity, in keeping with the broader literature on identity-based motivation theory and
homophilous relationships. Additionally, we hypothesized that advisor gender would predict
doctoral student outcomes, such that students would have more positive outcomes when their
gender identity was shared with their advisor (Research Question 2). However, in regard to our
third research question, we expected that this relationship may be mediated or moderated by
the quality of student-advisor interactions, given the theorized importance of advisor socializa-
tion experiences (Weidman et al., 2001). We also expected that the role of advisor gender may
change over time as students’ relationships with their advisors evolve. Finally, while we
expected that gender identity congruence may matter for all students, we hypothesized that
women students may more strongly benefit from same-gender advising relationships, due to
their gender identity being salient within the context of STEM doctoral training.

5 | METHODS
5.1 | Sample and data collection procedures

This study relied on data from a larger mixed-methods study of doctoral student development
in the biological sciences, focusing on 4 years of longitudinal data from a cohort of 336 students
who began their PhD programs in the biological sciences (i.e., microbiology, cellular biology,
molecular biology, developmental biology, or genetics) in fall of 2014 at one of 53 universities
across the United States. Of those universities, 42 hold an R1 Carnegie classification, seven hold
R2, and four hold other classifications. To recruit this sample, researchers contacted the pro-
gram directors and department chairs of the 100 largest biological sciences doctoral programs
in the United States to describe the study and request that they inform incoming PhD students
about the research project. Following, to diversify the prospective pool of participants, all
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similar programs at public flagship universities (research intensive), historically Black colleges
and universities, and Hispanic-serving institutions offering PhD programs were contacted.
Those who agreed forwarded recruitment information on behalf of the study to students, who
then contacted the research team expressing interest in participating. In instances where incom-
ing cohorts were six students or more, campus visits were arranged for a member of the
research team to present information to eligible students and answer questions during program
orientation or an introductory seminar meeting.

Surveys were administered to students each year of their program, focusing on their sociali-
zation experiences (e.g., faculty interactions), research lab experiences, and key outcomes. Addi-
tionally, we solicited sole-authored writing samples annually. For the purpose of the present
study, we restricted the sample to 281 students, removing those who left their doctoral program
during the first 4 years of data collection.' The sample included 62% women and 38% men. The
majority of participants were from white (58%) or Asian/Asian American (22%) racial/ethnic
groups. Students from underrepresented minoritized racial/ethnic groups (i.e., Black, Latinx,
and Indigenous students) made up 16% of the sample, and the remaining 4% of the sample indi-
cated an “other” racial/ethnic identity. More specifically, the sample included 10% underrepre-
sented racially minoritized women and 6% underrepresented racially minoritized men.

Because precise data on doctoral enrollment disaggregated by demographic characteristics and
field are not available either nationally or from many individual institutions, it is not possible to
determine precisely the extent to which our sample is representative. Data from the Survey of Earned
Doctorates provides information only on degree recipients in a given year, so data are missing from
students who either attrite or differ in their time to degree (National Center for Science and Engi-
neering Statistics [NCSES], 2016). To offer our closest approximation, we provide field-matched data
from 2014 (year of matriculation for our sample) as a basis for comparison (see NCSES, 2016). These
population estimates reflect 56% women and 14% students from underrepresented and racially
minoritized groups, which is highly similar to the distribution within our study sample.

5.2 | Endogenous variables

To assess the role of advisor gender, we measured three outcome variables: sense of belonging
in the research lab, research self-efficacy, and demonstrated research skills, which were each
measured annually and are described below.” These three outcomes were selected in accor-
dance with our guiding theoretical framework and because of their prominence within prior
studies of doctoral education (see Curtin et al., 2013; Feldon et al., 2019; Litson et al., 2021).
Collectively, these three outcomes capture key affective and skill-based outcomes.

5.2.1 | Sense of belonging to one's lab

Sense of belonging in the lab was measured using a three-item composite variable, adapted
from Bollen and Hoyle (1990), where students indicated their agreement with the following: I
feel a sense of belonging to my lab/research group; I feel that I am a member of the
lab/research group community; I see myself as part of the lab/research group community. Stu-
dents responded on a scale ranging from 1 (Strongly Disagree) to 11 (Strongly Agree). The three
items had a Cronbach's alpha ranging from 0.95 to 0.96; thus, items were added together to cre-
ate a scale ranging from 3 (low sense of belonging) to 33 (high sense of belonging).
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5.2.2 | Research self-efficacy

Research self-efficacy was measured using a composite variable made up of 10 items developed
by Kardash (2000), asking students to rate their abilities in the following areas: understand con-
temporary concepts in your field; make use of the primary scientific research literature in your
field; identify a specific question for investigation based on the research in your field; formulate
a research hypothesis based on a specific question; design an experiment or theoretical test of
hypotheses; understand the importance of “controls” in research; observe and collect data; sta-
tistically analyze data; interpret data by relating results to original hypotheses; and reformulate
your original research hypotheses (as appropriate). Students responded on a scale ranging from
1 to 5. Items were added together to create a scale ranging from 10 (low self-efficacy) to 50 (high
self-efficacy). The composite variable had a Cronbach's alpha ranging from 0.91 to 0.92.

5.2.3 | Demonstrated research skills

To begin to capture demonstrated research skills, we collected sole-authored writing samples
(e.g., manuscripts in progress, dissertation proposals, etc.), utilizing an established rubric for
assessing doctoral student research skills in the biological sciences (Feldon et al., 2019). Each
participant selected and provided only one sample each year. An overall rate of 95% of partici-
pants submitted a writing sample in at least one of the 4 years. The response rates for research
skills (i.e., writing samples) were 73% in year 1, 77% in year 2, 69% in year 3, and 52% in year
4. A missing values analysis showed that the missing data across time met the assumption for
missing completely at random (MCAR; Little, 1988), x*(312) = 346.41, p = 0.09.

Pairs of expert raters, drawn arbitrarily from a pool of eight with PhDs in relevant subfields
of biology, blindly (i.e., raters were blind to the participants’ characteristics, including their gen-
der and their advisor's gender) and independently scored each writing sample using the rubric
to measure discrete research skills. This rubric yielded intraclass correlations (ICC; two-way,
random effects) for individual planks between 0.818 and 0.969. The rubric measured the follow-
ing research skills: setting context for a study (ICC = 0.881), generating testable hypotheses
(ICC = 0.911), establishing appropriate controls (ICC = 0.888), research/experimental design
(ICC = 0.942), appropriate selection of data for analysis (ICC = 0.893), presentation of data
(ICC = 0.953), data analysis (ICC = 0.818), drawing conclusions based on data (ICC = 0.873),
exploring alternative interpretations of data (ICC = 0.883), identifying research design limita-
tions (ICC = 0.898) generating implications for findings (ICC = 0.894), effective use of primary
literature (ICC = 0.969), and overall writing quality (ICC = 0.869). Raters evaluated all criteria
on a scale from 0 to 3.25, and ratings were averaged across raters for each skill. Ratings across
skills (excluding overall writing quality) were averaged to create the research skills score. This
scale had high reliability across years, McDonald's omega ranged from 0.91 to 0.95. This rubric
measuring research skill has been established and utilized within prior studies, and the full text
of the rubric is available online (see Feldon et al., 2019, table S1).

This approach to measuring research skills has a high level of face validity, as it entails
experts examining authentic scholarly products according to shared criteria. The specific rubric
used evolved from a previous version published by Timmerman et al. (2011) over multiple itera-
tions used in a variety of studies (e.g., Feldon et al., 2011). Timmerman and colleagues
established validity based on an extensive review of research on component scientific inquiry
skills and scientific reasoning, other relevant published rubrics, comparisons with professional
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research quality criteria, and multiple rounds of recursive feedback from stakeholders who also
served as content experts. Across these studies, and in the current one, the measurement of
research skills through written products may impact the interpretation of research skills. For
this reason, overall writing ability was included as a criterion on the rubric, but writing ability
ratings were not included in the composite measure of research skills used in the present study.
If research skills were confounded with writing ability, the plank measuring writing skills dis-
cretely would have significant relationships with the same variables as the research skill planks.
In our study, measured research skills do have significant relationships with relevant variables
but writing skill scores do not (i.e., included 0 in the 95% confidence interval). Details of this
analysis are reported in the results section.

5.3 | Exogenous variables
5.3.1 | Advisor characteristics

A standard practice in lab-based biological sciences doctoral programs is for students to par-
ticipate in lab rotations during the first year before they select a permanent lab (and
corresponding advisor) by the start of their second year (see Maher et al., 2018). Thus, after
students indicated that they entered a permanent lab, we administered a short survey asking
them to provide the name and rank (1 = non-tenure track, 2 = assistant, 3 = associate,
4 = full) of their advisor. To determine advisor gender, members of the research team
reviewed each advisor's professional webpage, using gender pronouns from their biographical
statement to identify the advisor's gender as a woman (pronouns she/her/hers) or man (pro-
nouns he/him/his). This was used to compute a dichotomous measure of gender (0 = woman,
1 = man). Approximately a quarter of advisors in our sample were women and three-quarters
were men.

5.3.2 | Advisor interaction quality

To better understand the role of advisor gender, we also account for the quality of student-
advisor interactions. To measure this, we relied on a 12-item composite measure adapted from
Barnes et al.'s (2011)° measure of graduate advisor function where students indicated their
agreement with the following: my primary advisor is readily available to talk with me when
needed; my primary advisor treats me with respect; my primary advisor teaches me strategies
for succeeding in my field; my primary advisor cares about me as a person; my primary advisor
helps me get to know other faculty members at the university; my primary advisor helps me get
to know other faculty or professionals in my field; my primary advisor helps me navigate
departmental politics; my primary advisor initiates discussions about the progress I am making
toward my degree; my primary advisor is knowledgeable about formal degree requirements; my
primary advisor provides information about career paths open to me; my primary advisor gives
me constructive feedback on my progress toward degree completion; overall, my advisor per-
forms the advising role to my expectations. For each item, students responded on a 3-point scale
(1 = Disagree; 2 = Neither agree nor disagree; 3 = Agree), and items were summed to create a
scale ranging from 12 (low advising quality) to 36 (high advising quality). Advisor interactions
were measured in years 2, 3, and 4 (i.e., each year after students would have selected their

ASURDIT SUOWO)) dANEaI) A[qeardde dyy Aq PaUIdA0S 218 SI[INIE V() (asN JO I[N 10§ AIRIQIT SUIUQ A[IAY UO (SUONIPUOI-PUB-SULIA)WOY K[IM" ATeIqI[oul[uoy/:sd)y) SUONIPUO)) pue SWa [, 3y 29§ “[£202/50/$T] U0 Areiqry surjuQ) A[IA\ “ANSIOAIUN ABIS YeIN AQ [9L 7 83)/Z001 0 1/10p/wod" Kaim’ Kreiquiautjuoy//:sdiy woiy papeo[umo(] ‘g ‘20T ‘9€LT8601



BLANEY ET AL. J RST‘N‘WI LEY | 1427

permanent advisors). Cronbach'’s alphas for this 12-item composite measure ranged from 0.83
to 0.86, indicating reliability.

5.3.3 | Student gender

Students reported their gender on the survey as a woman, man, or non-binary identity. No stu-
dents in our analytic sample selected a non-binary gender identity, so we relied on a dichoto-
mous measure of gender (0 = woman; 1 = man).

5.4 | Analytical procedures
54.1 | Research question one

In order to examine descriptive differences in student-advisor interactions by advisor and student
gender, we first ran independent sample t-tests to examine mean differences in advisor interaction
quality scores in years 2, 3, and 4 as a product of advisor gender. To determine the appropriateness
of our analytical approach, we first examined homogeneity of variance of advisor interaction across
advisor gender using Levene's test (Gastwirth et al., 2020), finding that variance across advisor gender
for the t-tests were equal in the second (Levene's test = 2.45, p = 0.12) and fourth (Levene's test = 0.07,
p = 0.80) years; there was less evidence for equality of variance in third year (Levene's test = 5.37,
p = 0.02) of doctoral study, suggesting that a test assuming non-equal variances is more appropriate
for this time point, so we adjusted the analysis accordingly by allowing variances across groups in the
Mplus models to be freely estimated. Visually, data showed some skewness (—1.68 < skew < 0.44)
and kurtosis (—1.13 < kurtosis < 3.59), which was accounted for in the analysis by using full-informa-
tion maximum likelihood estimator with robust standard errors to account for non-normality.

Next, we used two-way analysis of variance (ANOVA) to examine whether advisor interac-
tion quality differed as a product of student gender and advisor gender together (i.e., student-
advisor gender interaction), evaluating the main effects of both student and advisor gender and
further evaluating the interactive effect between student and advisor gender to evaluate gender
congruence versus incongruence. Simple effects examining gender congruence and incongru-
ence were calculated and interpreted only for significant F-statistics. These analyses were con-
ducted by using model constraints in Mplus version 8.3 (Muthén & Muthén, 1998-2019) to use
a sandwich estimator (i.e., Type = Complex in Mplus) to control for students nested within uni-
versities (code provided in Appendix A). This method of handling nested data was selected
because our research questions were not related to level-two variables, and our goal was to sim-
ply control for variability at the university-level (Muthén & Satorra, 1995).

5.4.2 | Research questions two and three

The remaining two research questions ask about the extent to which advisor gender statistically
predicts doctoral student outcomes (i.e., sense of belonging, self-efficacy, and research skills)
and the extent to which those relationships might be mediated or moderated by student-advisor
interactions. To examine these questions, we used structural equation modeling, which com-
bined latent growth curve modeling, mediation analysis, and controlled for the hierarchical
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nature of students nested within universities using a sandwich estimator via the command
type = complex in Mplus version 8.3 (Muthén & Muthén, 1998-2019). All mediation models used
bootstrapping methods to account for the non-normal distribution of the mediated effects
(Williams & MacKinnon, 2008). Importantly, this structural equation modeling approach was used
to simultaneously (1) examine the impact of the potentially changing nature of both advisor interac-
tions and the outcomes of interest using latent growth models and (2) test for indirect relationships
using mediation analysis. Because doctoral students in lab-based biological sciences typically declare
their permanent advisor at the beginning of their second year in the program (i.e., after completing
lab rotations in the first year), we structured the analyses so that estimates are centered on year 2 (i.-
e., the first year after students would have selected their permanent advisor).

Analyses were conducted separately for each of the endogenous variables.* All models
included faculty rank as a covariate, given prior research demonstrating how faculty and advi-
sor interactions differ by rank (see Lechuga, 2011; Maher et al., 2013). To more closely examine
the significance of student-advisor gender alignment, we used a multigroup framework to gen-
erate separate estimates by student gender. In instances where the estimates for women and
men students were similar (i.e., all relationships were in the same direction and of similar mag-
nitude), we removed the multigroup framework and reported estimates for all students in the
aggregate. The code for these procedures is included in Appendix B.

To ensure the appropriateness of these procedures, statistical power’ was evaluated by
reviewing literature on latent growth mediation models. One large simulation study that con-
sidered many different model population parameters (Cheong, 2011) showed that a sample size
of 200 had adequate statistical power to detect medium and large effects in latent growth media-
tion, if a large proportion of variance (0.80) was attributed to the growth factors. Given the high
reliabilities of the scales and generally strong within construct correlations with our measures
(Appendix C, Table C1), this condition holds for our models.

54.3 | Missing data

Some data were missing in the study, as is expected in longitudinal research (e.g., Laird, 1988).
To reduce estimation bias, we used full information maximum likelihood estimation with
robust standard errors to account for missing data in all analyses (Enders, 2010). No patterns of
missingness were detected using Little's (1988) MCAR test, indicating that missing data would
not introduce any bias into the analyses. Missingness for each variable is also shown in
Appendix C.

6 | FINDINGS

Descriptive statistics were evaluated for all variables and are shown in Appendix C.
6.1 | Research question one: Gender differences in advisor
interactions

We found that all students, both women and men, had significantly higher mean scores on
advisor interaction quality when their advisor was a woman (31.52 < M < 33.17) relative to
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when their advisor was a man (30.27 < M < 31.67); these differences were significant in
both the second, #246) = 3.04, p = 0.002, Cohen's d = 0.39, and third, #233) = 4.77,
p < 0.001, Cohen's d = 0.62, years of the doctoral program (i.e., the first 2 years after stu-
dents would have identified their permanent advisor). However, this difference was just
beyond the bounds of statistical significance in the fourth year of the program, ¢
(232) =1.957, p = 0.05.

Next, results of the 2 (student gender) x 2 (advisor gender) ANOVA revealed no significant
interaction effect of advisor and student gender together in year 2, F(1, 244) = 0.10, p = 0.75,
year 3, F(1, 231) = 0.03, p = 0.86, or year 4, F(1, 230) = 0.06, p = 0.81, of their doctoral pro-
gram. The main effect of advisor gender across all years in the ANOVAs reflected the same find-
ing as the r-test reported above. In other words, while all students reported higher-quality
interactions when their advisor was a woman, having an advisor of the same or different gender
as the student had no further bearing on how students reported the quality of their advisor
interactions. Because these effects were not significant, post-hoc tests and simple effects were
not evaluated.

6.2 | Research questions two and three: The indirect role of advisor
gender

We found that, while advisor gender inconsistently predicted the outcome variables of inter-
est, gender-outcome relationships were most often mediated by student-advisor interaction
quality. For this reason, we report the results from the second research question (i.e., the role
of advisor gender and student-advisor gender congruence) and third research question
(i.e., the mediating role of advisor interaction quality) simultaneously. In no instances did
advising quality moderate the relationship between advisor gender and the outcomes (i.e., the
effect of advisor gender did not depend on advising quality). Effect sizes were compared to
the recommended effect size interpretations reported in Ferguson (2009). When considering
standardized g coefficients that are reported in the following results, the recommended mini-
mum effect size of a practically significant effect is # = 0.20, a moderate effect is § = 0.50, and
a strong effect is f = 0.80. Indirect effects are interpreted in relation to the strength of the
combination of f effects.

6.2.1 | Sense of belonging

Preliminary analyses of sense of belonging revealed that model estimates were very similar
for women and men; as such, we only report parameter estimates for the full sample. As
shown in Figure 1, students who had women as advisors, regardless of their own gender,
tended to report higher quality advising experiences in the second year of the program,
p = —0.18, 95% CI [—0.33, 0.00], p = 0.04, though the effect was not practically significant
according to Ferguson's (2009) guidelines. At the same time, advising quality in year 2 mod-
erately and positively predicted sense of belonging in the same year, § = 0.72, 95% CI [0.50,
1.02]. However, advisor gender played no role in predicting the slope of advising quality,
p = 0.01, 95% CI [—0.25, 0.24], though the slope of advising quality did moderately posi-
tively predict the slope of belonging scores, f = 0.64, 95% CI [0.30, 1.49]. In other words,
students who reported increasingly positive advising quality over time also reported
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Y2410 || Y3amq || Y4aQ

Advisor’s
Gender

FIGURE 1 Structural equation model predicting sense of belonging. *Indicates that the confidence interval
did not include 0; AIQ, advisor interaction quality; SOB, sense of belonging. The growth portion of the model
shows non-standardized estimates while the structural (mediation) portion of the model shows standardized
estimates. Rank was included as a covariate predicting both the mediator and outcome variables but is not
included in the figure. All paths reflect direct effects, and indirect effects are noted in text. Model fit: y* = 86.64,
df = 20, p < 0.001; RMSEA = 0.10; CFI = 0.84; SRMR = 0.05

increasing sense of belonging scores over time; this relationship was not statistically nor
practically predicted by the gender of the advisor, # = 0.14, 95% CI [—0.20, 0.26]. Advisor
gender indirectly predicted sense of belonging (intercept) through initial advisor interaction
quality (intercept), indirect effect = —0.13, 95% CI [—0.33, —0.00]. That is, students who
had women as advisors tended to have greater sense of belonging, but only because they
also had higher-quality interactions with their advisors.

6.2.2 | Research self-efficacy

As was the case for the model predicting sense of belonging, the model estimates predicting
self-efficacy were similar for men and women, so we report coefficients for the full sample (Fig-
ure 2). However, compared to the sense of belonging model, advisor gender did not seem to
play a large role in predicting self-efficacy outcomes. While advisor gender showed a small pre-
dictive effect on advising quality intercepts—as it did in the sense of belonging model
(i.e., advising quality in year 2 was higher when students had a woman advisor)—f = —0.20,
95% CI [—0.36, —0.02], advisor gender did not significantly predict self-efficacy scores directly
or indirectly.
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Advisor’s
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FIGURE 2 Structural equation model predicting self-efficacy. *Indicates that the confidence interval did not
include 0; AIQ, advisor interaction quality; SE, self-efficacy. The growth portion of the model shows non-
standardized estimates while the structural portion of the model shows standardized estimates. Rank was
included as a covariate predicting both the mediator and outcome variables but is not included in the figure. All
paths reflect direct effects, and indirect effects are noted in text. Model fit: y* = 18.22, df = 20, p = 0.57;
RMSEA = 0.00; CFI = 1.00; SRMR = 0.05

6.2.3 | Research skills

Unlike the models predicting sense of belonging and research self-efficacy, the estimates
predicting research skill scores did differ by student gender; thus, we present separate parame-
ter estimates for women students and men students. As shown in Figure 3, both women and
men had higher quality advising intercept scores when their advisors were women ( = —0.23,
95% CI [—0.49, —0.02] and # = —0.20, 95% CI [—0.38, —0.02], respectively), though these effects
are rather small. However, the extent to which advisor gender and advisor interactions directly
predicted research skills varied by student gender. Among men, the quality of advising experi-
ences in year 2 (i.e., higher intercept scores) moderately positively predicted year 2 skills,
B = 0.57, 95% CI [0.004, 1.12]. Advisor gender also directly predicted skills, such that men stu-
dents who had women as advisors saw greater increases in their skills over time, relative to
those who had men as advisors, § = —0.55, 95% CI [—0.98, —0.03], and this effect was moder-
ate. No indirect effects were found. Notably, this was the only instance where advisor gender
directly predicted the outcome variable in the present study. For women, advising quality in
year 2 did not significantly predict increases in skill outcomes, § = 0.20, 95% CI [—0.18, 1.82].
Counterintuitively, women who had increasingly high-quality advising interactions over time
tended to have decreasing skills over time (i.e., the slope of advising quality scores negatively
predicted the slope of research skill scores), # = —0.54, 95% CI [—3.20, —0.18], and this effect
was moderate. Results showed that advising quality did not mediate any relationship between
advisor gender and research skill outcomes for women students.®

ASURDIT SUOWO)) dANEaI) A[qeardde dyy Aq PaUIdA0S 218 SI[INIE V() (asN JO I[N 10§ AIRIQIT SUIUQ A[IAY UO (SUONIPUOI-PUB-SULIA)WOY K[IM" ATeIqI[oul[uoy/:sd)y) SUONIPUO)) pue SWa [, 3y 29§ “[£202/50/$T] U0 Areiqry surjuQ) A[IA\ “ANSIOAIUN ABIS YeIN AQ [9L 7 83)/Z001 0 1/10p/wod" Kaim’ Kreiquiautjuoy//:sdiy woiy papeo[umo(] ‘g ‘20T ‘9€LT8601



12 | \W] LEY~\~ JRST BLANEY ET AL.

(a) Women Y210 || Y3aq || Y4a0
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FIGURE 3 Structural equation model predicting research skills. Panel (a) presents the results for women
and panel (b) presents the results for men. *Indicates that the confidence interval did not include 0; AIQ, advisor
interaction quality; RS, research skills. The growth portion of the model shows non-standardized estimates while
the structural portion of the model shows standardized estimates. Rank was included as a covariate predicting
both the mediator and outcome variables but is not included in figures. All paths reflect direct effects, and
indirect effects are noted in text. Model fit: ;(2 = 66.71, df = 42, p = 0.01; RMSEA = 0.07; CFI = 0.89;

SRMR = 0.08
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7 | DISCUSSION

This study explores how students’ experiences and outcomes descriptively differ as a product of
their advisor's gender and the extent to which student-advisor gender alignment might predict
key outcomes for doctoral students, particularly women. By examining these relationships
across 4 years and employing mediation analysis, we provide new insights into the complex role
of gender identity in doctoral student-advisor relationships. Our findings reveal differences in
how students report interacting with their faculty advisors as a function of advisor gender,
which is consistent with prior research documenting that women faculty tend to spend more
time on graduate instruction than their men counterparts (Carrigan et al., 2011). The role of
advisor gender also seems to change as students moved through their doctoral programs, with
advisor gender potentially playing less of a role. Collectively, our findings underscore the
importance of exploring the role of advisor gender in context and with a recognition that advis-
ing relationships and the salience of gender identity can change over time.

7.1 | Advisor gender functions similarly for women and men

Given the documented and theorized importance of shared identity characteristics in shaping
student-faculty interactions (e.g., Solanki & Xi, 2018), particularly for students from
minoritized groups (Burt, 2018), we expected that advisor gender would predict outcomes
among women, even if the role of advisor gender was mediated by other aspects of student-
advisor interactions. Somewhat in keeping with our hypotheses, women tended to report higher
quality advising experiences when they had an advisor who shared their gender identity. Yet,
men also appeared to benefit similarly from having an advisor who was a woman. In other
words, while prior studies have concluded that women in doctoral programs may benefit from
having an advisor who shares their gender identity, we found that all students reported higher
quality experiences when their advisor was a woman. We conclude that advising experiences do
not differ as a product of student-advisor gender identity congruence in the context of our
study, though this certainly does not suggest that gendered dynamics are not present in doctoral
training in the biological sciences. In fact, these findings suggest that gender inequities may per-
sist in expectations and responsibilities of faculty (e.g., women advisors may be expected to take
on more active mentoring than men advisors). This interpretation aligns with prior literature
on faculty service and teaching expectations, documenting gender inequities such that women
faculty are expected to spend more time on service and student-related activities (see Hanasono
et al., 2019; O'Meara et al., 2017; Winslow, 2010).

Advisor interaction quality predicted the outcome variables differently. Although students
who had women as advisors consistently reported more positive advising interactions, the
quality of those interactions did not reliably predict outcomes across variables. Advisor inter-
action quality did predict more positive sense of belonging at specific time points, mediating
the relationship between advisor gender and that outcome variable. Likewise, increases in
perceived advising interaction quality predicted increases in sense of belonging (slope
predicted slope). While the effects for self-efficacy and research skills are more complex, in
general, our findings suggest that advising quality plays a stronger role in predicting outcomes
than does advisor gender identity—and that this effect is similar for all students, regardless of
their gender.
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7.2 | The differential role of gender and advising quality of skill
development

One of our more peculiar findings is that increasing interaction quality over time was positively
associated with men's research skill growth but served as a negative predictor for women. While
we cannot be sure of the reason for this finding, we believe this provides further evidence indi-
cating the importance of longitudinal inquiry on advising relationships and their impacts on
women in doctoral programs over time. At the same time, our findings demonstrating that men
students had higher research skills when they had an advisor who was a woman also warrants
further inquiry, especially given that this was the only direct effect of advisor gender in all of
our analyses.

7.3 | Complicating existing theories of identity and graduate student
development

Collectively, our findings present a complex picture of the ways in which advisor gender and
interaction quality may impact various outcomes of interest for doctoral students. Typically,
accounts of doctoral student socialization and development anticipate that high quality interac-
tions with one's doctoral advisor would benefit the socialization process, yielding stronger sense
of belonging, self-efficacy, and research skills (Austin & McDaniels, 2006; Weidman
et al., 2001). Further, identity-based motivation theory (Solanki & Xi, 2018) posits that recog-
nized similarities in identity between mentors and mentees should boost students' efforts and
persistence with positive results. However, this study failed to consistently support these frame-
works. In particular, having a woman advisor positively predicted research skill development
for men students, playing no role in predicting skills for women students (direct or indirect).
Put differently, we found no evidence that having a woman advisor directly predicts desirable
outcomes for women graduate students.

While the focus of our study was on the role of student and advisor gender, we used
socialization theory as a framework to examine these relationships. This guided our decision
to control for advising quality in our analyses, as student-advisor interaction is a primary
mechanism underlying socialization theory. Interestingly, advising quality did not consis-
tently predict the outcomes explored in our study. In other words, our findings diverged from
socialization theory, which is consistent with other recent longitudinal studies which have
called socialization theory into question for its inability to explain doctoral student skill
development and other key outcomes (see Feldon et al., 2019; Feldon, 2020). The present
study provides further evidence suggesting that socialization theory does not adequately
explain doctoral student development and outcomes, which has important implications for
future research on doctoral training.

7.4 | Contextualizing advisor interactions

To further contextualize our findings, it is important to acknowledge recent scholarship on
doctoral student mentorship. Recent literature documents the significance of “cascading
mentorship” where senior peers (e.g., postdoctoral researchers, senior graduate students)
often serve as the primary sources of active mentorship, which challenges traditional
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notions of the one-on-one mentorship model between advisor and student (Golde
et al., 2009). Like other emerging literature, our findings challenge the conventional cogni-
tive apprenticeship framework, in which the quality of faculty mentorship received is
asserted to drive graduate student development (e.g., Flores-Scott & Nerad, 2012;
Gardner, 2010a; Littlefield et al., 2015). One recent study suggests that the likelihood of doc-
toral students improving their research skills over time is not affected by interactions with
their supervising faculty members (Feldon et al., 2019). Instead, interactions with postdoc-
toral researchers in the laboratory environment substantially increase the odds of improve-
ment, which aligns with a model of cascading, rather than one-to-one, mentorship. Thus,
future research on gender identity congruence in doctoral training environments should
also consider other mentors and socialization agents, including postdocs and peers.

7.5 | Disciplinary distinctions within STEM

When interpreting how our findings diverge from existing theories, one important differ-
ence between this study and previous work is that our participants were drawn from only
one scientific discipline. This may be an important consideration for future work. While
STEM is often invoked as an umbrella term to enhance the apparent generalizability of find-
ings, it may obscure important cultural and contextual differences that impact the mecha-
nisms of training and their effects on doctoral students. Given that the explicit emphasis of
socialization theory is its ability to account for acculturation processes into a specific disci-
pline (Austin & McDaniels, 2006) and that such disciplinary contexts yield notable differ-
ences in both process and outcomes (e.g., Gardner, 2010b, 2010c), future research should
attend more deliberately to the potential impacts of discipline on findings and the suitability
of general theories to specific contexts. Indeed, one reason for our divergent findings may
be related to the unique context of the biological sciences, where women have reached par-
ity in terms of graduate school enrollments but the professoriate continues to be dominated
by men.

7.6 | Changing relationships over time

Finally, some of our findings may be explained by our longitudinal research design. Utiliz-
ing data on student experiences across 4 years highlighted changing relationships with
advisor gender and advising over time. Most directly, students reported more positive
interactions with advisors when their advisors were women in earlier years, but this differ-
ence was non-significant in year 4 of our study. As such, extrapolation of sustained effects
based on fewer years of data could have led to inaccurate assumptions about these effects
over time, failing to capture the complexity and dynamic nature of gender identity within
advising relationships. These findings are not particularly surprising, as identity-based
motivation theory (Oyserman, 2009) posits that identities are dynamic and identity
salience can change over time, especially as environments evolve (e.g., students build
deeper relationships with advisors over time, students identify other mentors who offer
support, etc.).
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7.7 | Limitations and suggestions for future research

When interpreting the above findings, it is important to consider the limitations of the present
work. First, there may be myriad factors that shape the impact of advisor gender which were
not captured in the present study, such as the departmental climate or the representation of
women in the lab or doctoral program. Similarly, other sociodemographic factors may shape
student-advisor interactions (e.g., Burt, 2018; Miles et al., 2020), including, race, class, sexual
orientation, age, and other salient identities. Most importantly, future studies should consider
how the intersectionality of race, ethnicity, and gender may further shape advising relationships
and student outcomes, especially in light of other recent research demonstrating the impact of
instructor racial diversity on whether or not Students of Color pursue and persist in STEM majors
(Bottia et al., 2018). Within such inquiry, studies should consider larger contexts that shape advis-
ing relationships. Some recent research has documented ways in which Women of Color identify
mentors within counterspaces in STEM programs, especially when they experience micro-
aggressions from their formal advisors (Ong et al., 2018). Accordingly, it is important to study the
intersection of gender and race as it relates to multiple mentoring relationships in STEM simulta-
neously. Indeed, the lack of significance of gender identity congruence in the present inquiry
could be explained by other relationships students seek out within their STEM department, which
we were not able to capture. Additionally, the composition of our sample limited our ability to
examine gender identity in a non-binary way. We relied on a binary measure of both student and
advisor gender; importantly, for non-binary or trans* identifying students, a lack of faculty repre-
sentation and role models could mean that finding a mentor with a shared gender identity is par-
ticularly elusive, something that should be accounted for in future research.

Beyond considering additional study contexts and identities, future research should also
consider additional advisor characteristics. More specifically, while we examine faculty rank as
a covariate, future studies might consider other advisor characteristics, such as the number of
students the faculty member advises or how long the advisor has been at the current institution.
Additionally, our measure of advisor interaction quality relied on students' self-reports. Thus,
student—faculty interaction quality may be confounded with gender differences in how students
rate their advisors (see Feldon, 2020). Specifically, some research suggests that students may be
more critical of women faculty in their evaluations of instructors (e.g., Superson, 2002). If this
was true in the case of our study, our findings may understate how advisor interactions differ as
a product of advisor gender. For these and other reasons, our reliance on self-reported survey
data makes it difficult for us to draw causal inferences from the findings.

Additionally—while written research products serve as an authentic representation of
research skills—our reliance on written research products to assess research skills may exclude
certain salient skills, such as bench techniques. Further, the nature of writing products shared
each year differed (e.g., students sometimes shared a journal article in one year and a disserta-
tion proposal in another year); this may have contributed to additional variance in scores due
to factors not directly related to research skills.

Ultimately, the ways in which gender dynamics play out in graduate training contexts are
nuanced and multi-layered, as are the evolving relationships between faculty advisors and their
students (Noy & Ray, 2012). Individually held expectations regarding appropriate and optimal
roles in this context inherently color the actions and reactions of both students and faculty as
they jointly navigate their mentoring relationships (Zhao et al., 2007). Thus, future research
may benefit from more nuanced measures of attitudes and beliefs related to gender, faculty,
and doctoral student roles to more clearly identify and control for differences that may impact
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reported perceptions of advisement interaction quality. Likewise, further investigation of how
gendered differences in expectations, conceptions, and execution of mentoring practices might
manifest among faculty may shed further light on the current findings.

8 | CONCLUSION

While previous research documents that women in STEM doctoral programs tend to fare better
when they have an advisor who shares their gender identity, the present study provides addi-
tional insights into the role of advisor gender for doctoral students within the biological sci-
ences. In this study, advisor gender indirectly predicted some desirable outcomes for women
students as a function of perceived advisor interaction quality. However, this relationship was
also present for men, suggesting that all students may have more positive outcomes when their
advisor is a woman; to be clear, the positive effects of having an advisor who is a woman were
largely indirect (i.e., mediated by advising quality). Further, student outcomes are certainly
shaped by many factors beyond gender identity. We conclude that doctoral programs should
work to ensure that all faculty are providing a high-quality doctoral training experience. This
will require faculty and administrators to consider why students might report lower quality
experiences when their advisor is a man. As a first step, administrators and faculty could collab-
orate to develop systems for making faculty contributions to teaching and mentoring visible
and transparent (see O'Meara et al., 2017), ensuring that they are holding all faculty to equitable
standards for providing high-quality advising.
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ENDNOTES

! Among the original n = 336 students in our sample, 55 were removed because they left their doctoral program
during the first four years of data collection, 40 of whom left in the very early stages of their program before
identifying a “permanent” advisor following lab rotations. The demographic characteristics of students who left
the study closely mirror those of the analytic sample.

2 For each endogenous variable, we evaluated the dimensionality of the construct by performing parallel analyses
(Horn, 1965), using the fa.parallel function in the R package, psych (Revelle, 2017). Analyses were conducted using
500 iterations, and results show that a one-component solution was generally supported for variables across years.
Research skills in year one were the only analysis that resulted in a solution suggesting more than one component
(two-components). Altogether, these analyses support using a single composite score for each endogenous variable.

3 As a preliminary step, we used confirmatory factor analysis on the items developed by Barnes et al. (2011)
which resulted in the 12-item composite variable used in the present study.

4 Analyses were conducted separately for each endogenous variable for two reasons: first, the research questions
do not ask about the relationships among the outcome variables. Second, latent growth mediation models are
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power intensive, and adding more complexity reduces power to detect effects, which requires increasing the
sample size needed to obtain interpretable effects.

v

In response to a reviewer request, we conducted a power analysis using expected estimates rather than the
obtained results. We adopted this strategy, because so-called post-hoc power analysis methods provide no use-
ful information due to the robust relationship between statistical power and alpha (against which p is com-
pared, resulting in statistical significance). Further, a post-hoc power analysis using obtained results is not
recommended to evaluate power of known statistical estimates due to this functional relationship. We recog-
nize our bias in knowing the results before conducting a power analysis and examined power of the current
sample size, n = 281, including missing data that increased from 0.1 to 0.5 across time, to detect a- and b-paths
ranging from 0.3 to 0.5 and indirect effects ranging from 0.09 to 0.25. These effects represent relatively small to
medium effects. Statistical power to detect the indirect effects given these other known values averaged 0.81.
Statistical power to detect specific a- and b-paths averaged 0.89.

o

To ensure that these significant findings were not a result of research skills being confounded with writing abil-
ity, the models reported in this section were separately evaluated using writing skill scores (in place of research
skill scores). Results showed that all effects between advisor interaction quality and writing quality for men
and women included 0 in the 95% CI. Likewise, all direct and indirect effects between advisor gender and writ-
ing quality for men and women included 0 in the 95% CI. Accordingly, we conclude that significant effects
observed for research skills could not be explained by writing quality.
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APPENDIX A

MPLUS MODEL FOR INDEPENDENT SAMPLES T-TEST (YEAR 2)

VARIABLE:
names are ID PartID univ p_gender s_gender Rank
Y1 FI_O Y2_FI_O Y3_FI_O Y4 _FI O
Y1_FI_Q Y2 FI_Q Y3_FI_Q Y4 FI Q
YILTSRT Y2LTSRT Y3LTSRT Y4LTSRT
Y1SE Y2SE Y3SE Y4SE
YlLab Y2Lab Y3Lab Y4Lab
Y1PubNum Y2PubNum Y3PubNum Y4PubNum
Y4Pubtot PI_Gender Match Mean FI_Q Mean_FI_O
Y2_AI_Q Y3_AI_Q Y4 _AI Q
Y1Skill Y2Skill Y3Skill Y4Skill;

usevar = p_gender Y2 AI Q weight;

cluster = univ;

weight = weight;

missing are all (-99);

grouping = p_gender (1 = Man Advisor 0 = Woman_ Advisor

DEFINE:
weight = 1;

ANALYSIS:
TYPE=COMPLEX MGROUP;
CONVERGENCE = .000000000001;
MODEL:

Y2 AL Q (1);
[Y2_AT Q];

Model Man_Advisor: [Y2_AI Q] (Al);
Model Woman_Advisor: [Y2_AI_Q] (A2);

MODEL CONSTRAINT:
new (diff);
diff = Al-A2;

OUTPUT:
stdyx cinterval (bcbootstrap);
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APPENDIX B

MPLUS MODEL FOR TWO-WAY ANOVA (YEAR 2)

VARIABLE:
names are ID PartID univ p_gender s_gende
Y1_FI_O Y2 _FI_O Y3 _FI_O Y4 FI O
Y1_FI_Q Y2 FI_Q Y3 FI_Q Y4 FI Q
Y1LTSRT Y2LTSRT Y3LTSRT YALTSRT
Y1SE Y2SE Y3SE Y4SE
YlLab Y2Lab Y3Lab Y4Lab
Y1PubNum Y2PubNum Y3PubNum Y4PubNum
Y4Pubtot PI_Gender_Match Mean FI_Q Mean_F
Y2 AT _Q Y3 _AI_Q Y4 AI Q
Y15kill Y25kill Y35kill Y4Skill;

usevar = pXxsgend Y2 AI_Q weight;

cluster = univ;

weight = weight;

missing are all (-99);

GROUPING = pXsgend (1 = WS_WA 2 = WS_MA 3

DEFINE:
weight = 1;
ANALYSIS:
TYPE= COMPLEX MGROUP;
CONVERGENCE = .00000000000000001;
Model:
Y2_AI_Q* (a)i
[Y2_AI _0*];
Model WS_WA:

[Y2_AI_Q*] (DV_k11);
¥2 AT 0 (a);

Model WS_MA
[Y2_AI_Q*] (DV_k12);
Y2_AI O (a);

Model MS_WA:

[Y2_RI_Q*] (DV_k21);
Y2_AI_Q (a);

Model

[Y2_AI_O*] (DV_k22);
Y2_AI_Q (a);

MODEL CONSTRAINT:
!Compute group & grand means

new (DV_kX1 DV_kX2) ;

DV_k11+DV_k21)/2; !women advisor grou
DV_k12+DV_k22)/2; !men advisor group

new (DV_k1X DV_k2X) ;
DV_k1X=(DV_k114DV_k12)/2; !women student grou
DV_k2X=(DV_k21+DV_k22) /2; !men student group

new (DV_kXX) ;
DV_kXX=(DV_k1X+DV_k2X) /2; !grand mean

188 for F statistics
new(ss_stuG ss_advG ss_int ss_tot ss_res);
ss_stuG=(154* (DV_k1X-DV_KXX) **2+94% (DV_k2X-DV

r pXsgend Rank

10

= MS_WA 4 = MS_MA);

p mean
mean

p mean
mean

kXX)**2); !154= nWS, 94= nMS

ss_advG=(66* (DV_kX1-DV_KXX) **2+182* (DV_kX2-DV_kXX) **2); !66= nWA, 182= nMA

ss_int=
45% (DV_K11+DV_KXX-DV_K1X-DV_kX1) **2+ 145 = n
109* (DV_k12+DV_kXX-DV_k1X-DV_kX2) **2+ 1109 =
21% (DV_k21+DV_KXX-DV_k2X-DV_kX1) **2+ 121 = n
73* (DV_k22+DV_KXX-DV_k2X-DV_kX2) **2; 173 = n

ss_tot=a*248; ltotal sum of squares
ss_res = ss_tot - ss_stuG - ss_advG - ss_int;

IDF for F statistics
new (df_stuG df_advG df_int df_tot df_res);
df_stuG = 2 - 1; ! ncategories_stuG - 1
df_advG = 2 - 1; ! ncategories_advG - 1
df int = (2 - 1)*(2 - 1);
df_tot = 248 - 1;
df_res = df_tot - df_stuG - df_advG - df_int;

IMS = §S / DF
new (ms_stuG ms_advG ms_int ms_res ms_tot);
ms_stuG = ss_stuG/df_stuG;
ms_advG = ss_advG/df_advG;
ms_int = ss_int/df_int;
ms_tot = ss_tot/df_tot;
ms_res = ss_res/df_res;

IF statistics

new (W_stuG W_advG W_int);
W_stuG = ms_stuG / ms_res;
W_advG = ms_advG / ms_res;
W_int = ms_int / ms_res;

tpartial eta-squared
new(eta_stuG eta_advG eta_int eta_tot);

eta_stuG = ss_stuG / ss_tot;
eta_advG = ss_advG / ss_tot;
eta_int = ss_int / ss_tot;

eta_tot = eta_stuG + eta_advG + eta_int;
Itests of Null Hypotheses simple effects
new (N_11v2l N_12v22 N_11v12 N_21v22);

N_11v21 = DV_k11 - DV_k21;

N_12v22 = DV_k12 - DV_k22;

N_11vl2 = DV_k11 - DV_k12;

N_21v22 = DV_k21 - DV_k22;

OUTPUT: stdyx;

of women stu, women adv
n of women stu, men adv
of men stu, women adv
of men stu, men adv

iresidual sum of squares
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