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Abstract

This study explored the mentoring experiences of doctoral students in science, technology,
engineering, and mathematics (STEM) doctoral degree programs at Northwestern University.
Research suggests that mentoring relationships support student success in STEM disciplines, and
further, that lack of mentorship may be a barrier for female students. A mixed-methods approach
employing an artifact analysis, surveys, and interviews was used to measure students’
perceptions of their mentoring relationships over independent themes including student gender,
mentor gender, and doctoral STEM discipline. Findings revealed a significant correlation
between STEM program satisfaction and mentor satisfaction. Additionally, female students
exhibited a preference for female mentorship and departments with gender-balanced faculty.
Implications for practice and theory, including the positive potential of peer mentoring programs,
are also provided.
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Research Question

What types of mentoring relationships exist for doctoral students in science, technology,
engineering, and mathematics (STEM) disciplines at Northwestern University and how does (1)
gender of the doctoral student, (2) type of STEM discipline, and (3) gender of the mentor affect
doctoral students’ perceptions of these mentoring relationships?
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Introduction/Background of Master’s Project
The current shortage of American students graduating from and working within the fields
of science, technology, engineering, and mathematics (STEM) has made STEM education a hot
topic for higher education research in the 21st century (Koonce, Zhou, Anderson, Hening, &
Conley, 2011). Issues concerning STEM attrition have also attracted attention within Congress as
federal policymakers contend that not enough students are pursuing degrees in STEM fields to
meet increasing employer demands for highly skilled workers (U.S. Congress Joint Economic
Committee, 2012). For instance, a recent study conducted by the National Education Association
[NEA] (2012) revealed that just 5% of America’s workforce is qualified to advance in STEM
careers requiring graduate education; and the President’s Council of Advisors on Science and
Technology [PCAST] (2012) predicts the need to add one million more STEM professionals
over the next ten years to meet some of the fastest growing occupations in engineering, computer
science, and advanced manufacturing. Moreover, the U.S. Bureau of Labor Statistics reports that
job openings within STEM fields may increase as much as 29% by the year 2020 (BLS, 2011).
Although it is difficult to quantify the economic or social value of a STEM doctoral
degree, most authors agree that doctoral students generate new knowledge important for global
competitiveness, innovation, commercialization, and engineering enterprises (Chen, 2013;
Koonce et al., 2011; Lott, Gardner, & Powers, 2009). Additionally, many federal agencies
(including the National Education Association) recognize the role that STEM doctoral degreeholders provide in teaching advanced technical skills in math and science (NEA, 2012). For
instance, several reports by the NEA and PCAST have recommended increased engagement of
higher education to address the shortage of workers in STEM occupations given that doctoral
graduation rates in STEM fields have not kept up with workforce demands (NEA, 2012; PCAST,
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2012). These fields include so-called “critical disciplines” (p. 2) such as the physical sciences,
where doctoral student attrition rates are as high as 50% in fields such as physics and
mathematics, which have average time-to-degrees of six or more years (Chen, 2013).
In addition to national and institutional concerns pertaining to overall STEM doctoral
student attrition, there exist significant inequities in the demographics of students who complete
doctoral degrees in STEM fields. For instance, many studies have pointed to the lack of women
within STEM disciplines as a recurring issue (Berg & Ferber, 1983; Clark & Corcoran, 1986;
Etzkowitz, Kemelgor, & Uzzi, 2000; Margolis & Romero, 1998). Although the percentage of
women receiving STEM doctoral degrees has improved since the mid-20th century (e.g. women
represented 48% of all STEM degree recipients in 2009 compared to 8% in 1958), considerable
gender disparities still exist; “particularly in the fields of math, physical science, computer
science, and engineering” (Burrelli, 2008, p. 2). These gender differences have been shown to
persist over time, even at the most selective research institutions (Gillen & Tanenbaum, 2014;
Strenta, Elliot, Adair, Matier, & Scott, 1994).
This study seeks to better understand the mentoring relationships of doctoral students in
STEM disciplines at Northwestern University (a research university with very high research
activity [RU/VH]), including how mentoring relationships encourage and support doctoral
student success in STEM, and how institutions can be a resource in fostering mentoring
relationships for doctoral students. For instance, literature on mentoring relationships has shown
that doctoral students who are mentored are “more likely to be satisfied with their graduate
experience” (Johnson, 2002, p. 90; Nettles & Millett, 2006), “more likely to become mentors
themselves” (Johnson, 2002, p. 90), and more likely to enter the STEM workforce (Chen, 2013).
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While doctoral student persistence rates in STEM fields at Research 1 [RU/VH]
institutions are largely healthier than national doctoral graduation rates (which average 50% over
ten years), it is important to more fully understand the degree to which mentoring relationships
contribute to graduate student success within STEM disciplines at highly-selective research
institutions (NSF, 2013). Because of their comparatively strong graduation rates, RU/VH
institutions are uniquely positioned to educate future leaders in STEM and fill employer
demands for highly educated workers (Jones-White, Radcliffe, Huesman, & Kellogg, 2008).
Doctoral student satisfaction is also important to institutional stakeholders because graduates
who are satisfied with their experiences in their doctoral programs are more likely to recommend
their institutions to prospective students, ensuring a healthy supply of future doctoral candidates
(Johnson, 2002).
Additionally, this study explores how current and former doctoral students perceive the
role and function of mentoring relationships at Northwestern University, including what types of
mentors are preferred (e.g. faculty, staff, post-doctoral students, graduate students, etc.), and the
campus-specific barriers in finding and developing these mentoring relationships. This
investigation seeks to ascertain if and how mentoring relationships for doctoral students in
STEM programs are promoting doctoral student persistence at Northwestern University, and
more specifically explore the nature of the relationship between mentorship, gender, and STEM
education (especially among women in physical science and engineering).
The following literature review approaches the research question by way of four
domains: 1) doctoral mentoring relationships at research institutions, 2) issues of persistence and
retention for women in doctoral STEM disciplines, 3) socio-cultural experiences of students in
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doctoral STEM disciplines, and 4) academic decision-making in STEM at the undergraduate and
graduate levels.
Broadly speaking, this review outlines the background and history of mentorship in the
STEM fields, the various types and models of mentoring relationships within graduate education,
and potential impacts of mentorship on doctoral students as a function of gender and type of
STEM discipline. Institutions considering implementation of a doctoral mentorship program or
student affairs professional seeking to understand the value of positive mentoring relationships
may find this study relevant as it outlines several characteristics of effective mentorship
(mentor/mentee) models.
Literature Review
Introduction
While issues affecting doctoral student attrition in STEM institutions are both diverse and
multi-faceted, there is little argument that doctoral student persistence and graduation are
important to institutional stakeholders interested in increasing and retaining the number of
students entering science, technology, engineering, and math [STEM] disciplines at the doctoral
level (Koonce et al., 2011). Much of the higher education literature within the past 20 years has
identified mentoring relationships as important agents of graduate student persistence and
success in academia (Crosby, 1999; Freedman, 1993; Quarterman, 2008). For instance,
mentoring relationships are frequently cited as one of the greatest contributors to doctoral
completion (Anderson, 1998; Luna & Cullen, 1998), as well as one of the most important
elements of doctoral training; particularly for women (Benditt, 1992; Grant, 1992).
Interest in mentorship has also peaked within the doctoral student community due to
increasing pressures from doctoral students (especially women) to improve professional and
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academic support within STEM disciplines (Nealy, 2009, p. 18). For instance, doctoral students
have cited ‘poor’ mentoring relationships as reasons for leaving (or transferring out of) their
doctorate programs (Gillen & Tanenbaum, 2014; Golde, 2000). As such, there is a growing need
to examine doctoral students’ perceptions of their mentoring experiences, especially in relation
to factors influencing positive mentoring relationships.
With these considerations as a backdrop, this literature review seeks to identify factors
that contribute to doctoral student success in order to provide a theoretical foundation for
understanding how mentoring relationships in STEM disciplines are perceived at Northwestern
University. The hope is that such knowledge will contribute to improved mentoring relationships
and increased student success in STEM at Northwestern University and at research institutions
generally. Four domains emerge from the literature in relation to this topic: doctoral mentorship
within STEM disciplines at research institutions, issues of persistence and retention for women
in doctoral STEM disciplines, socio-cultural experiences of students in doctoral STEM
disciplines, and academic decision-making in STEM at the undergraduate and graduate levels.
The first domain addresses the origins of mentoring relationships within doctoral
education, including an examination of the history and role of mentorship within academia,
mentorship at research institutions, benefactors of mentoring relationships, and benefits of
mentorship in STEM disciplines. This domain emphasizes literature investigating research
institutions with ‘very high research activity’; i.e. doctorate-granting institutions with a high
number of research doctorates awarded as defined by the Classification of Instructional Programs
(CIP), in order to align closely with the institutions of interest defined by the research question.
The second domain examines issues specific to doctoral STEM disciplines, including systematic
barriers to women entering doctoral education in STEM, gender disparities within doctoral
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STEM education, and factors influencing doctoral student participation. The third domain
addresses socio-cultural frameworks unique to doctoral student experiences; establishing the
context for this study by exploring influential views on social and cultural climate within STEM
disciplines. This domain includes quantitative and qualitative studies examining how
institutional culture and society react to independent variables such as doctoral student gender
and gender of the mentor. This domain also explores socio-cultural differences among STEM
disciplines. The fourth and final domain examines factors influencing academic decision-making
in STEM at the undergraduate and graduate level. This domain explores why students choose to
pursue doctoral degrees in STEM; emphasizing the question of doctoral students’ motivations
and how those motivations relate to their decision-making behaviors. Factors (other than
mentorship) impacting progress toward doctoral degrees in STEM are also explored.
Definition of Terms
Before examining each of these four domains in detail, it is first necessary to define two
of the major concepts that this literature review addresses, including the acronym ‘STEM’ and
the term ‘research institution’. The ensuing section provides a brief summary of the historical
roots and applications of these terms in order to explain how their usage has evolved over time
within the higher education literature. This section also outlines a lens for how each of these
concepts will be contextualized within the literature review.
STEM. In its most basic understanding, the acronym STEM refers to ‘the academic
disciplines of science, technology, engineering, and mathematics’ (Ramaley, Olds, & Earle,
2005). The official ‘branding’ of the STEM acronym is widely credited to Judith A. Ramaley,
the former director of the National Science Foundation, who in 2001 began to classify STEM
disciplines as a tool for measuring and improving educational outcomes in the fields of physical
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science and engineering (Koonce et al., 2011). However, many organizations and institutions in
the United States now follow broader STEM guidelines set forth by the National Science
Foundation (NSF), a federal agency whose primary role is to provide financial support for
research and education within STEM disciplines (Gonzalez & Kuenzi, 2012). In addition to the
fields of physical science, technology, engineering, and mathematics, the NSF also includes
“academic disciplines in the fields of chemistry, computer science, geoscience, life science,
mathematical science, social science (anthropology, economics, psychology, and sociology), and
STEM education and learning research” (NSF, 2014, p. 1).
Although the NSF explicitly defines the term ‘STEM’, academic disciplines classified
under the purview of ‘STEM’ are highly variant depending on the higher education institution,
research institute, or governmental organization defining the acronym. For the purposes of this
study, what constitutes a STEM discipline will be defined by the 2014 NSF Graduate Research
Fellowships classification system in order to fully capture the scale and scope of institutional
STEM education efforts at the doctoral level (see Appendix A) (NSF, 2014). This study will
focus principally on the fields of math, physical science, computer science, and engineering since
these disciplines fall underneath the traditional definition of STEM and offer the largest
opportunity to study traditionally male-dominated fields.
Research institution. This study adopts the term ‘research institution’ as it is defined in
the 2010 Carnegie Classification of Institutions of Higher Education by the Carnegie
Corporation. The Carnegie Corporation defines research institutions as a ‘subset’ (p. 1) of
doctoral-degree granting institutions that conduct research (Carnegie Foundation for the
Advancement of Teaching, 2012). Research institutions are colleges or universities that award at
least 20 different types of doctoral degrees and engage with academic research at a ‘high’ level
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as determined by research expenditures, number of STEM doctorates awarded, number of faculty
conducting research, and other factors (Carnegie Foundation, 2012).
Now that the initial context for the study has been established and major concepts have
been defined, it is now possible to explore the first domain of literature; which reviews the
history and application of mentorship and mentoring relationships as they pertain to higher
education and STEM doctoral study. First, this domain provides a brief summary of the types of
mentorship and mentoring relationships that exist within doctoral education, including the
history of the term ‘mentorship’, mentoring relationships as they exist within doctoral education,
and general benefits of mentorship and mentoring relationships for both doctoral students and
their institutions. Second, this domain outlines characteristics of mentoring relationships within
the STEM disciplines, including the roles, functions, and outcomes of doctoral mentoring
relationships within STEM doctoral programs.
Doctoral Mentoring Relationships at Research Institutions
Mentoring relationships can be found in virtually every academic and professional area;
including business and corporate development, mental health counseling and behavioral
medicine programs, and secondary and post-secondary education. Literature addressing
mentoring relationships within graduate education reveal that mentorship is a complex, dynamic
process involving time and dedication from mentoring participants but one that, if cultured
properly, can result in positive outcomes for both graduate students and their mentors (Zalaquett
& Lopez, 2006).
Mentoring in doctoral education. Because mentorship is (by nature) an individual
process which can take many different forms, addressing mentoring relationships as they exist
within higher education (and more specifically doctoral disciplines) requires both an historical
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understanding of mentoring roles and relationships, as well as an understanding of distinct
mentoring elements rooted in doctoral education. For instance, some of the literature concerning
the function of mentors within doctoral education distinguishes doctoral student mentors as “role
models and supporters, masters of subject areas, providers of professional guidance, and/or
providers of psychological and social guidance” (Robbins, 1999, p. 24). More modern
conceptions of the faculty/student relationship have also described mentoring as an
“apprenticeship” (p. 62) in which doctoral students act as novice researchers while observing and
replicating ‘master’ researchers in their ‘trade’ (Hall & Burns, 2009). Doctoral student mentors
may include faculty members, institutional staff or administrators (Burgos, Hager, & London,
1999), peers such as other graduate students, or non-academic mentors such as family members
or friends (Kram, 1983; Zalaquett & Lopez, 2006).
However, this ambiguity has not prevented authors from yielding dozens of operational
definitions, which are often sorted according to discipline and interest (Luna & Cullen, 1995).
These definitions also provide marginally different variants on the role and function of
mentoring relationships as a function of numerous independent variables including (but not
limited to) age, gender, experience, and power of the individuals engaged in the mentoring
relationship (Anderson & Shannon, 1988; Kram, 1983; Zalaquett & Lopez, 2006).
Operational definitions of mentorship. Most of the literature seems to be in agreement
that a mentoring relationship requires (at minimum) two individuals: (1) a mentor who serves as
a teacher, sponsor, or role model, and a (2) mentee or protégé who is the direct or indirect
recipient of the values, customs, teachings, or resources bestowed unto them by the mentor
(Anderson & Shannon, 1988; Hall & Burns, 2009; Luna & Cullen, 1995). Faye Crosby (1991)
provides a definition of mentorship which captures the principle of this relationship, defining a
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mentor as an individual who “through his own virtues, achievements, and way of living…may be
an exemplar that the protégé can admire and seek to emulate” (p. 98).
For the sake of consistency, this study will adopt a broad interpretation of mentoring
using Anderson & Shannon (1988), who define a mentoring relationship as “a nurturing process
in which a more skilled or experienced person, serving as a role model, teaches, sponsors,
encourages, counsels and befriends a less skilled or experienced person for the purpose of
promoting the latter’s professional and/or personal development” (p. 38). This expansive
conception of mentoring is thought to allow for a fuller range of individuals who may be
considered doctoral student mentors outside of those individuals found strictly within academia
(see Figure 1 below).

Figure 1. From “Toward a Conceptualization of Mentoring,” by Anderson & Shannon, 1988, p.
41.
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Historical conceptions of mentorship. There are several foundational literature sources
exploring theories of mentoring that exist in areas outside of the realm of academia; namely,
developmental psychology (Erikson, 1964), corporate management (Ragins, 1999), K-12
education (Luna & Cullen, 1995), and undergraduate education and college development theory
(James, 1999). Several psychologists, including Erik Erikson (1964) and Luna & Cullen (1995),
emphasize the role that individual adults play in the social and academic development of
students. Other authors such as Alexander Astin (1984), William Perry (1970), and Kathy Kram
(1983) have explored the role of mentors in supporting an ‘emerging adulthood’ in
undergraduates as a function of college student development theory (see Appendix B for a list of
these historical mentoring definitions).
Academic advising and mentoring. It is important to note that some of the more recent
literature makes distinctions between academic advisors and mentors (Creighton, Parks, &
Creighton, 2008). Although several authors have associated advising with mentoring, including
Regina Dixon-Reeves (2003) and Green & Bauer (1995), the inclusion of advising with
mentoring has been widely disbanded because of the type and manner in which academic
advisors disseminate information. According to Dixon-Reeves (2003), an academic advisor is an
individual “who guides [students] through the requirements and procedures of the [student’s]
program and the university’s requirements for the degree” (p. 158). Dixon-Reeves (2003)
contends that advisors may provide psychological and social guidance as part of this role.
However, several authors have argued that because advisors do not act as primary role models in
guiding doctoral students through their graduate programs, they should not be classified as
mentors (Ervin, 1993; Schlosser, Hill, Moskovitz, & Knox, 2003).
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For instance, Elizabeth Ervin (1993) maintains that because academic advisors do not
possess specific academic knowledge of doctoral disciplines, they do not meet basic mentor
requirements as either ‘masters of a subject area’ or ‘providers of professional guidance’.
Schlosser et al. (2003) have also argued that because academic advising goals are dictated by
institutions; namely, to ensure that students graduate, any interactions between doctoral students
and their academic advisors are geared toward degree completion as opposed to academic or
professional development specific to academic disciplines.
Mentorship within STEM disciplines. The literature underscores many differences
between mentoring definitions, and therefore the task of identifying the role of mentors within
different doctoral programs can be quite cumbersome. However, the fact that a mentor might
play multiple roles to a doctoral mentee (e.g. as an advisor, role model, master, etc.) does not
necessarily imply that these distinctions are unimportant. For instance, Pamela Robbins (1999)
argues that mentoring relationships between doctoral student mentees and their mentors are
uniquely defined by their ‘continually evolving’ nature, and can change based on the level of
academic experience, influence, and success that doctoral students gain during time spent in their
doctoral programs. Over the course of their education, a doctoral student may seek out a mentor
who provides one or more ‘roles’ (Schlosser et al., 2003). For instance, Schlosser et al. (2003)
argues that younger (first and second year) doctoral students may require mentors that serve
more of an advisory role as opposed to mentors that serve a more ‘peer’ or social role; while the
reverse is true of older doctoral students who may be utilizing their mentoring relationships to
develop professional connections.
This concept of ‘evolving mentorship’ may be historically rooted in mentoring meanings
derived from Erik Erikson (1964), who thought that mentoring involved a kind of ‘educational
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survival’ in which mentees and their mentors could exchange roles in the mentoring relationship
based on their level of knowledge or expertise in particular areas. For instance, Erikson (1964)
believed that an individual could serve as a mentor for professional development (e.g. providing
career guidance), while at the same time serving as a mentee in their personal development (e.g.
receiving relationship advice), and vice versa. Individuals might also take turns serving as a
mentor in the same area of expertise; i.e. a reciprocal mentoring relationship (Erikson, 1964).
Characteristics of STEM mentoring relationships. Doctoral mentoring relationships as
they exist within STEM disciplines also possess several unique characteristics not typically
witnessed in other academic areas (Adams, 1993). For instance, doctoral STEM mentoring
relationships are much more long-term than doctoral mentoring relationships found in the social
sciences and humanities, in part because STEM time-to-degrees are (on average) six or more
years as opposed to (on average) four or more years in non-STEM doctoral programs (Galbraith,
2003; Quarterman, 2008). STEM doctoral programs are also longer than both STEM and nonSTEM master’s programs, which have average time-to-degrees of one to two years (NSF, 2013).
STEM faculty mentors also tend to meet more often with their mentees; “going well beyond
simply providing information” (p. 16), by also interacting with their mentees in social domains
outside of their disciplines (e.g. group gatherings or social events) (Galbraith, 2003). These
mentoring relationships are also distinctive in that they are almost always entered voluntarily as
opposed to being assigned (Nettles & Millett, 2006). As a result, it is not unusual for STEM
doctoral students and their faculty mentors to become lifelong academic colleagues (Adams,
1993; Galbraith, 2003).
STEM disciplines also demand unique forms of mentoring in learning, training, and
thinking beyond the province of the classroom. For instance, Burgos et al. (1999) and Crisp &
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Cruz (2009) contend that doctoral student mentors provide training in the way of academic
culture in that they teach students how to participate in different ‘communities of research
practice’. A study by Melissa Anderson (1998) argues that doctoral student mentors are essential
for student success in STEM, since mentors can provide enriched professional and academic
experiences through networking at academic conferences. Doctoral students who possess
mentors also tend to produce more research and ‘experience greater comfort’ with the research
methods of their disciplines (Lyons, Scroggins, & Rule, 1990). A newer study by Rose (2005)
has expanded on the work done by Anderson (1998) by developing the “Ideal Mentor Scale” (p.
58), which defines the role of a doctoral mentor as an individual “who exhibits virtue and
principled action and can be emulated as a role model” (p. 57) in three areas of graduate study:
Integrity (e.g. research integrity), Guidance (e.g. practical research support), and Relationship
(e.g. sharing life vision and/or worldview).
As opposed to the substantial amount of literature exploring characteristics of mentoring
relationships between STEM and non-STEM disciplines, there are little to no studies exploring
the roles, functions, and outcomes of doctoral mentoring relationships within STEM disciplines.
However, several scholars have hypothesized, largely the basis of anecdotal reasoning, that
doctoral students in experimental STEM disciplines (e.g. psychology or geoscience) may
experience fundamentally different forms of mentoring relationships than students in theoretical
STEM disciplines (e.g. mathematics or theoretical physics). For instance, a study by CronanHillix, Gensheimer, Cronan-Hillix, & Davidson (1986) hypothesized that doctoral students in
psychology at a state university may require more ‘personal supportiveness’ in their mentors as
opposed to students in the hard sciences who might require mentors with more ‘professional
competence’. A number of case studies have also examined doctoral mentoring relationships
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within independent STEM student populations, including engineering (Paglis, Green, & Bauer,
2006), and psychology (Lark & Croteau, 1998). However, methodological concerns such as
differences in operational definitions of mentoring, as well as varied experimental designs have
severely limited the ability of researchers to draw any conclusive characteristics involved in
mentoring relationships within specific STEM disciplines.
Benefits of doctoral mentorship. Irrespective of academic discipline, the benefits of
doctoral mentoring relationships have long been recognized within higher education literature.
For instance, several studies have examined the value of mentorship within graduate academic
and career advising (Bandura, 1995; Kador & Lewis, 2007; Lloyd & Bristol, 2006). Many
authors have also examined mentoring relationships as they pertain to learning, training, and
mastery in academic, social, and psychological areas of graduate school. Much of this literature
has emphasized a strong correlation between mentorship and self-efficacy (i.e. self-confidence in
the ability to reach goals) within doctoral student research (Bandura, 1995; Lloyd & Bristol,
2006). For instance, Albert Bandura (1995) argues that the stronger an individual’s self-efficacy,
the more likely they are to complete a task. By extension, several authors have posited that
efforts to strengthen mentorship for doctoral students at the individual level may improve
doctoral student confidence and research productivity (Bandura, 1995; Cascio & Gasker, 2001).
Overall, the literature on mentoring relationships is optimistic, indicating largely positive
relationships between mentorship, student persistence, and academic and social outcomes (e.g.
inclusive academic environments) (Kador & Lewis, 2007; Lloyd & Bristol, 2006). One notable
exception is a study conducted by Lark & Croteau (1998), which found that lesbian, gay, and
bisexual (LGB) doctoral students at a four-year research institution who did not come out to their
mentors were more likely to experience “negative or null mentoring environments” (p. 768)
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because they did not “perceive their mentor as an LGB advocate” (p. 779). However, the authors
also found that LGB students who shared their sexual orientation with their faculty mentor were
more likely to receive emotional support in handling personal and academic issues; in part
because they were able to pair more frequently with “LGB-affirmative role models” (Lark &
Croteau, 1998, p. 755).
Mentors of doctoral students may also benefit from mentoring relationships; including
university faculty and staff, graduate students, peers, friends, and family members (Kram, 1983;
Philip & Hendry, 2000). For instance, Philip & Hendry (2000) found that mentoring
relationships are capable of facilitating professional and personal development for mentors;
addressing deeper interpersonal needs such as reciprocity and emotional connectivity.
Additionally, Cascio & Gasker (2001) found that mentors acting in an academic capacity depend
on mentees for debate and sharing of opposing viewpoints. There is also evidence indicating that
faculty and staff mentors who engage in frequent mentoring relationships may be less likely to
experience decreases in academic productivity (Pullen, Murray, & McGee, 2001). These studies
illustrate the two-directional nature of mentoring relationships, in which personal, academic,
and/or professional development can also exist as benefits for mentors. However, there are some
authors who are quick to clarify that although mentoring relationships can be reciprocal,
mentorship from a conceptual framework requires a hierarchy in which a mentor serves in some
supervisory role over a mentee (Johnson-Bailey & Cervero, 2002).
Factors impacting successful mentoring relationships. It is important to note that the
literature have shown that mentoring relationships must possess certain qualities in order to
positively influence doctoral student outcomes (Boyle & Boyce, 1998; Nettles & Millett, 2006).
For instance, Nettles & Millett (2006) argue that mentorship must be sustained in both formal
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(e.g. where mentors are assigned) and informal (e.g. organic) relationships in order to see
significant benefits. Furthermore, a study by Boyle & Boyce (1998) indicated that length of the
mentoring relationship, as well as frequency of communication between mentors and mentees,
were the most important factors of perceived mentoring benefits (as cited by doctoral students).
For instance, Boyle & Boyce (1998) concluded that although faculty mentors positively impact
mentees’ research productivity at the onset of mentoring relationships, students only demonstrate
significant improvement after six months (after becoming familiarized with research methods).
Mentorship at research institutions. Doctoral students and their mentors are not the
only stakeholders who stand to benefit from mentoring relationships. For instance, mentorship
has become a national interest as institutions have begun implementing doctoral student
mentoring programs with intent to increase student self-efficacy in a number of areas (Crisp &
Cruz, 2009; Ehrich, Hansford, & Tennet, 2004). For institutions with doctoral programs, research
production (e.g. academic publishing and prestigious fellowships), doctoral graduation rates, and
doctoral career outcomes are all part of developing a strong academic reputation (Burgos et al.,
1999; Chen, 2013). As such, research institutions with mentoring programs seek to benefit from
quantitative outcomes such as increased doctoral student performance, degree retention, and
career placement measures; all of which positively contribute to the reputation of an institution’s
doctoral programs, departments, and the college or university as a whole (Crisp & Cruz, 2009).
Evaluation of institutional mentoring programs. It is worth noting that a majority of
doctoral student mentoring studies have been conducted as case studies at four-year research
institutions (Golde, 2000; Nealy, 2001; Quarterman, 2008). Although several authors including
Lloyd & Bristol (2006) have investigated the effects of mentoring relationships on specific
student populations (e.g. first-generation doctoral students), it is unclear to what extent these

PERCEPTIONS OF MENTORING

19

studies are generalizable to student experiences at other four-year institutions. Furthermore,
Crisp & Cruz (2009) have questioned the generalizability of mentoring studies to other
institutional types, such as liberal arts colleges and community colleges (p. 525).
The attention paid to research institutions is perhaps unsurprising given that they contain
the both the largest and most well-financed STEM programs (NCES, 2009; NSF, 2014). Several
notable STEM research institutions have existing and formalized doctoral mentoring programs in
place, including Northwestern University (the Excellence in Doctoral Mentoring Program) and
the University of Chicago (the Faculty and Alumni Mentors Program), which target doctoral
students in all academic disciplines and aim to develop primarily faculty/student relationships
(College, 2014; TGS, 2014). These institutions have also implemented similar mentoring
programs at a departmental level in several STEM disciplines, including the AWC Chemistry
Mentoring Program (Northwestern University) and the Society for Women in Physics Mentoring
Program (University of Chicago), whose primary goals are to connect female doctoral students
with faculty members in their respective STEM disciplines (AWC, 2015; SWIP, 2015).
However, several authors, despite allowing that individual institutional programs may be
successful, have argued that long-term benefits of these institutional mentorship programs are
largely unknown because they are rarely standardized (Crisp & Cruz, 2009; Ehrich, Hansford, &
Tennet, 2004). For instance, some programs train mentors, some allow mentees to select their
mentors, and some specify the number and duration of meetings (while others do not).
Additionally, many mentoring programs have very restrictive definitions of doctoral mentors;
often including faculty or staff members, but very rarely acknowledging graduate students (Crisp
& Cruz, 2009). For instance, the Northwestern University Excellence in Mentoring Initiative
outwardly acknowledges the role of faculty members as “professional mentors and partners” to
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doctoral students (Excellence in Mentoring Initiative, 2015, p. 1); sponsoring ‘special topic
sessions’ and ‘ongoing support’ for individual faculty/doctoral student relationships. However,
the program does not acknowledge the role of peer mentorship, instead encouraging “earlier
career doctoral students” (p. 1) to mentor undergraduate students as part of a hierarchal
‘mentoring chain’ (Excellence in Mentoring Initiative, 2015).
Similarly, although the University of Chicago Faculty and Alumni Mentors Program
does acknowledge that “graduate students can make good mentors and can [help] for some
purposes” (p. 1); the program couriers to the idea that peer relationships do (or should) take a
secondary role to faculty mentoring relationships (College, 2014). Even when effectively
institutionalized, official mentoring programs like the Excellence in Mentoring Initiative and the
Faculty and Alumni Mentors Program often fail to articulate what or how their desired
mentoring outcomes will be achieved; often relying solely on self-reported data from a subset of
‘active’ program participants, and failing to gain perspectives from graduate students or mentors
who have withdrawn from the program (TGS, 2014).
Moreover, a majority of the mentorship literature maintains that institutional mentoring
programs remain largely unevaluated, or evaluated by imprecise techniques, resulting in mixed
benefits for participants (Ehrich et al., 2004; Gonzalez, 2001). For instance, mentoring programs
that fail to track their doctoral students’ desired mentoring outcomes from year to year may
discover that their mentoring structures lack long-term adaptability and effectiveness; even
among graduate students with pre-established mentoring relationships (Crisp & Cruz, 2009).
Additionally, programs that fail to clearly communicate expectations to participants may also
experience waning participation, or worse, create the perception among program participants that
their mentoring relationships are dispensable (Ehrich et al., 2004; Gonzalez, 2001).
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Recent attention to STEM doctoral mentoring at research institutions may be also due to
their unique educational climate, which promotes long-term relationships between
undergraduates, graduate students, faculty, and post-doctoral students within scientific research
settings. Cristina Gonzalez (2001) contends that boundaries between graduate and undergraduate
education are ‘blurring’; e.g., students may stay at the same institutions for multiple degrees, and
sometimes even continue working with the same faculty members post-graduation. Furthermore,
Gonzalez (2001) argues that graduate mentoring programs are able to “speak to the primary
mission of the research university, which is not carrying out research but training students to do
research” (p. 1625). Given this momentum, an institution might be inclined to believe that
implementing mentoring programs would result in positive outcomes for participants (or at least
would not create significant drawbacks).
However, several authors caution that mentoring practices applied broadly (and without
theoretical foundation) may not create meaningful mentoring relationships within doctoral
education (Adams, 1993). Long (1997) goes as far as to state that under certain conditions,
mentoring programs “can actually be detrimental to the mentor, mentee, or both” (p. 115),
highlighting poor planning, unsuccessfully mentor and mentee matching, and mentors’ lack of a
formal understanding of mentoring responsibilities as catalysts for negative mentoring outcomes
(e.g. declining grade point averages). Thus, an analytical lens may be needed in order to
understand the unique social experiences of doctoral students within both their educational and
mentoring communities.
Now that mentorship within STEM doctoral programs has been explored, it is important
to examine more closely issues related to female doctoral STEM students, who are not only
underrepresented in the STEM fields but also face unique challenges in their mentoring

PERCEPTIONS OF MENTORING

22

relationships, including gender stereotyping, inadvertent discrimination, and lack of female role
models. This next domain addresses the relationship between mentorship and female attrition in
the STEM disciplines, including how social support in mentoring relationships has been shown
to improve graduation rates and career outcomes for female doctoral students.
Issues of Persistence and Retention for Women in Doctoral STEM Disciplines
There is little dispute that women continue to be underrepresented in the majority of
STEM doctoral degree programs. Female attrition within the ‘STEM pipeline’ is an issue that is
both persistent and progressive; a recent report from the National Center for Education Statistics
(NCES) revealed that as the degree of education attainment increases; the more likely a STEM
degree program will reveal gender disparities among male and female graduation rates (Chen,
2013). These gender disparities are often explained by difference in participation; females (on
average) are less likely than males to complete STEM doctoral degree programs (NSF, 2013).
Female attrition in STEM. A recent trend in the higher education literature has begun
exploring the role of mentoring relationships in offering important social exchanges which help
women and other minority groups succeed within historically socially homogeneous academic
disciplines such as medicine, business, and the STEM fields (Burreli, 2008; Ehrich et al., 2004).
Although women and minorities have made significant gains within these disciplines, special
attention has been paid to STEM doctoral programs due to concerns regarding growing
undergraduate and doctoral student attrition rates. For instance, the percentage of students
interested in pursuing STEM disciplines has continued to decline; more than 40% of
undergraduate students who initially plan STEM majors now end up switching to other
disciplines (Chen, 2013). Moreover, a recent study by Xianglei Chen (2013) indicates that both
male and female doctoral students exit STEM doctoral programs at average rates of 50% across
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all STEM disciplines. A study by Barbara Lovitts (2001) also indicated that disciplines in the
physical sciences and mathematics have higher attrition rates (on average) in comparison to other
STEM disciplines, ranging upwards of 50% depending on the institution and program.
While women have made “significant gains” (p. 2) in STEM doctoral fields since 1958,
differences still exist in the proportion of women graduating with Ph.Ds. from the “fields of
mathematics (30%), physical sciences (29%), computer sciences (21%) and engineering (20%)”
(Burreli, 2008, p. 1). Women also continue to exit STEM programs at twice the rate of their male
counterparts (Chen, 2013). The relatively low proportion of women within STEM has been
examined within several studies concerned with gender inequities in male-dominated and/or
influenced academic professions. Achievement gaps have been demonstrated in a variety of
STEM data, including “disparities by gender in test scores, degree attainment, and employment”
(Gonzalez & Kuenzi, 2012, p. 12). Although almost half of all doctoral degrees now go to
women (49%), indicating that the number of women earning STEM Ph.Ds. is increasing overall
(Primé, Bernstein, Wilkins, & Bekki, 2015), a recent study by the National Science Foundation
(2013) revealed that “only 28% of enrollments” (p. 65) in graduate programs in mathematics,
computer science, and engineering in 2012 were women, while only 22% of graduates from
those subjects in 2012 were women (NSF, 2012).
The reasons for these gender disparities are varied, although most authors seem to agree
that high female attrition rates in STEM are related to an academic and social campus climate
that is both isolationist and discriminatory towards women (Pinheiro, Melkers, & Youtie, 2012;
Preston, 2004). These next subsections discuss some of the studies that have explored gender
disparities within STEM disciplines, including the relationship between mentorship and female
retention in STEM doctoral programs, as well as proposed solutions to attrition in STEM.
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Women and mentorship. A number of studies have sought to provide explanations for
female attrition in STEM (Preston, 2004; Sandler & Hall, 1987). One recent line of work has
begun exploring the relationship between attrition in the STEM disciplines and doctoral students’
experiences within mentoring relationships. For instance, Anne Preston (2004) argues that
women are more likely than men to leave STEM fields because of ‘lack of’ mentoring and worklife balance. A landmark study by Sandler & Hall (1987) has also posited that the social climate
for women studying within male-dominated STEM fields is not ideal for their academic
achievement, because some doctoral mentors may hold deep-seated beliefs that fields such as
engineering and physics are not appropriate for women.
More recent studies have argued that positive mentoring relationships are necessary for
female retention because women must overcome additional obstacles in order to complete STEM
doctorates on account of their gender (Fabert & Bernstein, 2009; Primé et al., 2015). These
obstacles include inadvertent gender discrimination as a function of a lack of a critical mass of
female representatives in STEM disciplines (e.g. senior faculty members, post-doctoral students,
or other graduate students), which can lead to campus climate issues such as a devaluation of
academic achievements and/or contributions (e.g. fellowships or academic publications) made by
women (Etskowitz et al., 2000; Preston, 2004). The lack of female representation in STEM fields
can also lead to a sense of ‘isolation’ in academia (Primé et al., 2015, p. 65), which can interfere
with academic productivity, self-esteem, and overall sense of belonging in the field.
Several books have been published on the subject of female isolationism in academia
from the perspective of doctoral students who choose to have children while completing graduate
school, including Evans & Grant (2008), who offer personal insights into the struggles that
women with children face in establishing a work-life balance within their doctoral programs.

PERCEPTIONS OF MENTORING

25

Margaret Sallee (2014) has also written about the post-pregnancy career penalties for both men
and women in academia, who “[become] less involved in professional organizations, reduce
conference attendance, and produce fewer publications” (p. 142) after having children as a
function of spending less time on academic and professional networking, and more time on
familial activities such as childrearing.
Dearth of female role models. Jacob Blickenstaff (2005) posits that doctoral students’
feelings of isolation in STEM may also be the result of too few female role models and mentors.
For instance, a study by Holley & Caldwell (2012) revealed that women desire feminine insights
in their mentoring relationships, and “seek acceptance and confirmation from mentors to a
greater extent than do their male peers”. Mentoring relationships are especially important when
doctoral students look for mentors similar to them (such as a shared gender), or with similar life
experiences (e.g. as a woman in a particular STEM discipline) (Lloyd-Jones, 2011).
Combined, the literature implies a negative feedback loop for female success in the
STEM fields. For instance, a study conducted by Pinheiro, Melkers, & Youtie (2012) argues that
female students who already experience a shortage of academic and professional mentoring
opportunities (or who prioritize time away from academic pursuits due to family commitments),
will in turn experience exclusion from social events (e.g. networking opportunities) that offer
academic mentoring necessary for research collaboration and professional references.
Furthermore, a recent case study conducted by Primé, Bernstein, Wilkins, & Bekki
(2015) argues that the quality of doctoral mentoring relationships; namely, the level of academic
and psycho-social support that they provide, is one of the “great[est] influence in persistence
toward degree completion” (p. 65) for female doctoral students in STEM degree programs.
Primé et al. (2015) used a Likert-scaled mentorship support inventory (the Advisor Working
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Alliance Inventory) of 293 women at a large Southwestern state university to show that female
doctoral students who perceive their mentors as “guides” (p. 72) as opposed to “monitors” (p.
72) make faster progress toward degree completion (see Table 1 below).
Table 1
Instrumental Support and Psychosocial Support Mentoring Subscales (As Salient Factors in
Mentoring Relationships at a Southwestern state university)
Factor
1
2
Instrumental support
My advisor helps me conduct my work within a plan.
My advisor helps me establish a timetable for the tasks of my graduate training.
My advisor is available when I need him or her.
My advisor provides frequent feedback.
I meet with my advisor frequently.
My advisor has established clear expectations of what is expected of me.
Psychosocial support
I get the feeling that my advisor does not like me very much.
I do not feel respected by my advisor in our work together.
My advisor welcomes my input into our discussions.
My advisor recognizes that I have family responsibilities and is willing to make
accommodations.
My advisor does not support my personal career goals.
My advisor respects my home, family and personal responsibilities.

.73
.60
.71
.80
.71
.58

.29
.24
.12
.14
.03
.03

.19
.13
.18
.14

.65
.67
.61
.68

.15
.12

.55
.74

Note: From “Measuring the Advising Alliance for Female Graduate Students in Science and Engineering” by Primé,
Bernstein, Wilkins, & Bekki, 2015, p. 71. Factor 1 represents “the classic functions of the advisor as a provider of
tangible forms of support and a guide for the student through the process of graduate school” (p. 72), while Factor 2
“represents these affective components of the advising relationship and the commensurate psychosocial support
provided by the advisor” (p. 73).

However, a few studies have argued that high female attrition rates in STEM have less to
do with a lack of quality mentorship and more to do with familial factors such as lack of childcare in graduate school (NCES, 1990), and an implied ‘glass ceiling’ on career opportunities for
female STEM graduates. For instance, Noy & Ray (2012) argue that white males enjoy a kind of
“privileged status” (p. 877) in academia because they are the dominant group in a majority of
STEM disciplines. One of these implicit benefits is that white males are more likely to have their
research interests viewed as “mainstream” and are able to “stake claims on a majority of spots in
graduate departments [and research groups]” (Noy & Ray, 2012, p. 877).
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Solutions to attrition in STEM. Several authors have argued that mentorship could help
improve student persistence within some STEM doctoral programs; namely, because doctoral
mentors have been shown to serve an important function in the academic and social development
of doctoral students (Arvey et al., 1994; Quarterman, 2008). For instance, Lovitts (2001) argues
that the “number one reason” (p. 50) that students choose to withdraw from their doctoral
programs are because of negative relationships with institutional faculty and/or staff. As such,
several authors have posited that an increase in effective mentoring relationships could improve
overall doctoral student retention and graduation rates; especially for women (Kram, 1985;
Ragins & Cotton, 1996).
There is recent research indicating that in spite of an overall growth in structured
institutional mentoring programs, women continue to experience quantitatively different
mentoring relationships than their male colleagues; for instance, reporting more instructional or
‘paternal’ relationships, as opposed to collegial or reciprocal relationships (Eagan, Herrera,
Garibay, Hurtado, & Chang, 2011). A study by Brenda Lloyd-Jones (2011) argues that this is
because institutional mentoring programs have made little effort to attract role models who share
social and cultural experiences with their female (and underrepresented) STEM doctoral student
mentees, communicating a negative message to students, faculty, and other administrators,
“affect[ing] their feelings of welcome and sense of belonging” (p. 4) within their doctoral
programs.
Together, these studies suggest that institutional mentoring programs may not be taking
into consideration qualitatively different interactions in the mentoring relationships of male and
female doctoral students in STEM disciplines. Recognizing the crucial role that effective
mentoring relationships can play in the success of a marginalized group (e.g. female doctoral
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students in STEM), it is important to explore the various sociocultural experiences of students
within STEM doctoral degree programs, and the diverse mentoring experiences that follow from
these differences.
Sociocultural Experiences of Students in Doctoral STEM Disciplines
This next domain explores some of the social and cultural barriers students encounter
when entering STEM doctoral programs, including weak academic preparation in math and
science, personal beliefs about ability to succeed in STEM (e.g. self-efficacy), and lack of
awareness of STEM career outcomes. This section also explores the sociocultural experiences of
female STEM students, who face unique barriers to succeeding in STEM doctoral programs
including stereotyping and tokenism. Finally, this domain discusses ways in which mentoring
relationships can assist doctoral students in overcoming sociocultural barriers that impede their
success in STEM doctoral programs.
Systematic barriers to STEM education. The aforementioned barriers to STEM
doctoral degree completion (and especially those barriers which speak to gender disparities),
serve in highlighting the importance of positive sociocultural environments within doctoral
education. For instance, Lloyd-Jones (2011) posits that poor sociocultural climates; i.e. the
culture, community, and faculty which made up a department, can lead students to see their
doctoral program as a poor ‘fit’, thus making them more likely to leave their institutions. Several
authors have argued that perceived institutional ‘fit’ can be defined by a doctoral student’s
relationship with their mentors (Eagan et al., 2011; Lovitts, 2001).
Sociocultural barriers to STEM education. Students’ academic experiences within
STEM doctoral programs themselves can represent systematic barriers to doctoral completion;
namely, course-related barriers such as “negative experiences encountered in gatekeeper or
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introductory math and science courses” (Chen, 2013, p. 4). Students with weaker academic
backgrounds (e.g. low test scores or grades) in science and mathematics are also significantly
less likely to elect STEM doctoral programs (Whalen & Shelly, 2010). Student attitudes such as
lack of motivation, confidence, and belief about ability to learn (e.g. self-efficacy) have been
shown to negatively affect student retention in doctoral STEM disciplines (Burtner, 2005).
Doctoral students’ lack of awareness of STEM career outcomes has also been deemed an
ongoing barrier to doctoral completion, in part due to ongoing differences in the educational and
occupational definitions of STEM. For instance, institutions rely on the theory, study, and
research definitions of STEM, “for which mathematics, natural science, and computer science
are the foundation” (Koonce et al., 2011, p. 8). However, definitions for STEM occupations are
primarily based on data from the Bureau of Labor Statistics, which relies on the most-used job
titles to define STEM fields (Rothwell, 2013). This can create significant confusion for doctoral
students considering an occupation that does not fall under a defined academic discipline, or vice
versa. For instance, the Bureau of Labor defines ‘food and agriculture technicians’ as STEM
occupations, which does not fall under a STEM designated field at either the NSF or a majority
of research institutions. The ramifications of such definitional differences is that institutions
(which focus on educating doctoral students) have a conception of STEM which differs from
organizations focusing on employment and industry needs, leading to a fragmented
understanding of doctoral STEM career outcomes. Mentors, to the extent that they are willing to
take part in activities such as professional and career development, may alleviate some of these
issues by educating doctoral student mentees about academic and/or career readiness in a variety
of fields.
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Sociocultural experiences of STEM students. To that end, a number of studies have
investigated sociocultural factors distinctive to STEM doctoral disciplines. For instance, a recent
study by Holley & Caldwell (2012) found that doctoral students in the ‘natural and laboratory
sciences’ are more likely to have relationships with faculty mentors and advisors than doctoral
students in the humanities. The authors concluded that although STEM doctoral students interact
more frequently with their mentors, they also more often perceive inadequate institutional
support, career counseling, and academic advising in their disciplines (Holley & Caldwell,
2012). It is generally assumed that this trend is due to the belief that STEM doctoral students, in
particular, are supposed to learn by an individual trial-and-error process.
For instance, Whalen & Shelly (2010) have argued that STEM disciplines in themselves
can present barriers to doctoral students’ social and cultural integration because of implicit
beliefs held in the sciences that doctoral students should solve problems independently without
assistance, instead of admitting to gaps in understanding. Additionally, a study by Blickenstaff
(2005) demonstrated that discipline-specific norms in STEM sub-fields (e.g. the idea that
theoretical physicists should conduct their work independently) can create a disinclination for
doctoral students to ask questions or show uncertainty in their subject area for fear of appearing
less knowledgeable than their peers.
Sociocultural experiences of female STEM students. A study by Lloyd-Jones (2011)
critically examined barriers specific to women in STEM fields, including prejudice and sexual
discrimination. Sue & Sue (2013) argue that sexual biases are capable of influencing a student’s
perceptions of and way in which they interact within their sociocultural environment; using the
term ‘microaggressions’ to describe implicit or explicit sexist messages which demonstrate
negative insults. The authors argue that microaggressions are not often recognized in STEM
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fields because it is perceived as a normal part of the culture; being neither deliberate nor
conscious (Sue & Sue, 2013).
Chang, Eagan, Lin, & Hurtado (2011) argue that sexism is particularly potent within
STEM disciplines, because a majority of doctoral programs remain male-oriented in their
curriculum, culture, and workforce. As such, women often must work harder for the same level
of recognition achieved by their male peers, creating an unwelcome program culture on the basis
of gender alone (Chang et al., 2011). Moreover, Blickenstaff (2005) argues that women show a
general distaste for the competitive climate within STEM disciplines because they more often
experience a general non-recognition of accomplishments. Worse, Carl Sindermann (2008)
revealed that women in STEM experience significantly greater role stereotyping than non-STEM
disciplines, and can be castigated for having children on the basis of not showing “total
commitment” (p. 6) to science.
Women also experience increased stereotyping and tokenism in STEM disciplines on
account of false beliefs that all STEM doctoral students possess similar characteristics. For
instance, Lloyd-Jones (2011) argues that biased perceptions (e.g. that women possess inferior
math or science abilities) are extremely damaging for female doctoral students’ identity
development, self-confidence and efficacy. Blickenstaff (2005) has also argued that stereotyping
within doctoral education can lead to social and academic isolation.
Mentorship and the sociocultural experience. The sociocultural factors listed above
have been widely considered worthy of investigation, especially as it pertains to issues of student
attrition in STEM disciplines. However, there is a growing need to investigate these factors
simultaneously and from a student perspective; specifically, in what ways the guidance of a
mentor can change the sociocultural experience of doctoral students in STEM disciplines by
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helping them overcome socioeconomic barriers that impede their success. Moreover, there is
some literature suggesting that mentors may be able to deflect female stereotyping by increasing
doctoral students’ visibility in their sociocultural communities by purposefully sponsoring them
for academic or research scholarships (Ragins & Cotton, 1999). Several authors have argued that
mentors are critical for exposing doctoral students to networking opportunities that would
otherwise be unattainable (Eagan et al., 2011; Kram, 1985).
As such, while much of the mentoring literature focuses on doctoral students’
sociocultural experiences within their STEM degree programs, it is also important to understand
the external experiences that shape students’ decisions to pursue STEM doctoral education in the
first place. The fourth and final domain of the literature review explores how, and why, students
choose to pursue career trajectories in the STEM fields. This section investigates academic
decision-making at both the undergraduate and graduate level, focusing on individual factors that
influence persistence in STEM fields over time, including national career outcomes, individual
academic ability, and mentoring relationships. Finally, this section reviews how institutions are
leveraging mentorship programs to address attrition within STEM disciplines.
Academic Decision-making in STEM at the Undergraduate and Graduate Level
Literature concerning doctoral student mentorship serves as evidence that mentors in the
STEM fields can positively, and quantifiably, impact doctoral persistence in STEM degree
programs. In many ways, a doctoral student’s development within their degree program will be
shaped by the academic, social, cultural, professional, and/or personal support that they have
received over the course of their mentoring relationships. However, the individual process of
academic decision-making (i.e. choosing a degree program) appears to involve more than
consultation with a trusted mentor.
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General academic decision-making in STEM. For instance, numerous studies over the
past fifteen years (2000-15) have examined factors influencing career development and
vocational decision making at the undergraduate and graduate levels; including independent
variables influencing students’ decisions to pursue degrees in STEM disciplines. These factors
have included individual interest and ability in science and mathematics (Watt & Eccles, 2008),
success in high-level mathematics courses in secondary education (Watt, 2006), perceived
difficulty of STEM disciplines, including self-efficacy and competence beliefs (Eccles, 2005),
and individual expectations of academic and career outcomes in STEM (Watt & Eccles, 2008).
The literature also reveal that demographic characteristics, such as “gender, race, ethnicity, and
socio-economic status” (p. 167) can also play a role in shaping students’ educational and
occupational aspirations in STEM (Buschore, Berweger, Frei, & Kappler, 2015).
In general, the data reveal that students with low interest or ability in science and
mathematics are less likely (on average) to pursue degrees in STEM disciplines at all degree
levels (bachelor’s, master’s, and doctoral) (Bushore et al., 2015). Moreover, a broad body of
literature has highlighted the strong correlation between early interest in STEM, high grades
(G.P.A.) in STEM courses, and the subsequent choice of an undergraduate or graduate degree in
STEM; especially for women (Poglia & Molo, 2007; Watt, 2006).
Undergraduate decision-making in STEM. According to Chen (2013), the decision to
pursue a STEM ‘major’ at the undergraduate level appears directly related to student ability and
self-efficacy in math and science. As such, the stronger an individual’s ability and confidence in
STEM, the higher their grades will be and the more likely they will be to develop an interest in a
STEM career track (Chen, 2013). The variance for this effect is somewhat mitigated by gender,
since men with lower grade-point-averages have been shown to persist in undergraduate STEM
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programs at higher rates than women with lower grade-point-averages (p. 134), and are 2.4 times
more likely than women to choose a STEM major overall (Moakler & Kim, 2014, p. 135).
Moreover, a recent report by the NCES (2013) demonstrated that “taking lighter credit
loads in STEM courses in the first year, taking less challenging courses in the first year, and
performing poorly in STEM classes relative to non-STEM classes were [all] associated with an
increased probability of switching majors” (p. 7). The NCES (2013) results further indicated that
the probability of exiting STEM disciplines was significantly higher for low performing students
(with grade point averages of less than 2.5). A study by Moakler & Kim (2014) found several
positive indicators of STEM major choices, including “having parents with a STEM occupation,
having higher SAT and GPA scores, having spent more hours studying or doing homework, and
having higher academic confidence” (p. 138). The authors also found, consistent with previous
studies, that being female is a ‘negative predictor’ for STEM choice (Moakler & Kim, 2014, p.
138).
Factors influencing undergraduate academic decision-making in STEM also appear to
hold true on an international landscape. For instance, according to Buschore et al. (2015), who
examined female decision-making in STEM among 843 high school students in Switzerland,
“early science-related learning experiences…played a crucial role in [female students’] decisionmaking processes” (p. 171).
Doctoral decision-making in STEM. In contrast to undergraduate decision-making in
STEM, academic decision-making at the doctoral level appears much more multifaceted and
individual, involving a combination of factors including desired career outcomes, personal
pleasures derived from education, and desire for positions which offer increased intellectual
freedom; e.g. as provided by employment in private research laboratories or universities (Brown
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& Scase, 2005). Additionally, several authors have recently called into question the implication
that academic decision-making is directly related to career decision-making. For instance,
Gordon & Kline (1989) argue that career development studies often assume that degree choices
flow from career choices. However, many of these studies utilize large, national samples with
old data (Jacobs, 1996), while many studies exploring individual decision-making traits are
limited to smaller populations, such as individual student interviews (Slaney, 1984). For
instance, a study by Robert Slaney (1988) suggests that students can be motivated to pursue
STEM doctoral degrees because of a lack of career decidedness; e.g., students may pursue
doctoral degrees in order to figure out what kinds of careers they want.
It seems sensible to reason that individual decision-making characteristics would
influence students’ decision to pursue STEM doctoral education. For instance, Brown & Scase
(2005) argue that students who choose STEM doctoral programs feel more confident in their
decision than students who choose degrees in non-STEM fields (which often have more open
and flexible degree requirements). However, data from the NCES (2009) reveals that students
can be influenced to pursue STEM doctoral degrees at research institutions on account of more
competitive grant funding landscapes than funding provided by non-STEM disciplines.
Mentoring and doctoral academic decision-making. Whatever students’ reasons for
initially enrolling in doctoral STEM disciplines, most of the literature seems to agree that
doctoral students value mentoring relationships to at least some degree in the academic decisionmaking process. For instance, Holley & Caldwell (2013) argue that “the interaction between the
individual student and faculty member” (p. 245) is vital in developing a basic understanding of
differences between doctoral STEM programs. As such, doctoral student mentors teach students
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the norms of the discipline while also building their sense of academic confidence, identity as a
scientist, and self-efficacy in STEM (Noe, 1996).
Although several studies have examined the role of mentoring relationships within
academic decision-making (Holley & Caldwell, 2013; Noe, 1996), there is a notable gap in the
research surrounding mentor influence on students exploring several different academic
pathways (i.e. STEM and another discipline). For instance, according to Jamie Workman (2015),
academically ‘undecided’ students often rank low on career decisiveness measures, as well as
overall decision-making ability; suggesting that students may be seeking advice from individuals
“to aid in major academic and career decisions” (p. 24). Unfortunately, the role and function of
these mentoring relationships remains largely unknown; although Workman (2015) suggests
that parental influence may be “pressuring” (p. 27) students toward STEM degree programs as a
function of perceived career outcomes; e.g. financial success.
Institutions and academic decision-making. Institutions are also interested STEM
academic decision-making at the doctoral level because of a general desire to adjust for gender
disparities among STEM doctoral graduates (Gordon & Kline, 1989). For instance, successful
institutional mentoring programs have been shown to positively influence female doctoral
student retention in STEM disciplines, as well as better prepare them for future careers (Ehrich et
al., 2002). However, ineffective mentoring relationships can weaken female interest in STEM,
principally because doctoral students are not receiving a level of quality in mentoring needed to
be successful in their academic disciplines (Eagan et al., 2011). As such, while research on
graduate student outcomes, success, and persistence are important, it is also important that
institutions consider the quality and function of mentoring relationships in enhancing discipline-
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specific goals (e.g. improved sociocultural environments) in order to promote student success
and persistence in STEM doctoral degree programs.
Although key STEM experiences (e.g. institutional mentoring programs) can be
structured to improve the retention and persistence of doctoral students in STEM disciplines,
very little is known about how other types of experiences affect post-undergraduate STEM
trajectories. Specifically, little is known about which experiences lead students into the
workforce as opposed to STEM doctoral programs, and which experiences divert STEM-tracked
students into non-STEM alternatives. These factors are proving increasingly important to
understand as one of the nation’s challenges continues to be a declining pool of STEM graduates
with the expertise necessary to work in a technology-based economy. For instance, a study by
Moakler & Kim (2014) revealed that less than 1% of U.S. high school graduates eventually
receive doctoral degrees in STEM disciplines from four-year institutions.
The need for a strong channel of qualified STEM doctoral graduates has remained largely
undisputed since the early 21st century, as a number of federal agencies, including the National
Science Foundation [NSF] (2013) and President’s Council of Advisors on Science and
Technology [PCAST] (2012) continue to predict the need to add one million more STEM
professionals over the next ten years to fill some of the fastest growing occupations in STEM.
As such, it is becoming increasingly important to understand the academic and non-academic
factors that influence undergraduate and graduate decision-making; namely, how institutions
might leverage these factors to increase student persistence in STEM at the doctoral level.
Conclusion
Although mentorship has only been studied within higher education for the past several
decades, it has already been identified as an important agent of graduate student success in
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academia (Crosby, 1999; Freedman, 1993; Quarterman, 2008). For instance, mentoring
relationships are frequently cited as one of the greatest contributors to doctoral completion
(Anderson, 1998; Luna & Cullen, 1998), as well as an important element of doctoral training;
particularly for women (Benditt, 1992; Grant, 1992). Within STEM doctoral education, it is
often assumed or expected that students will form positive mentoring relationships with faculty,
staff, graduate students, post-doctoral students, family, and/or friends who will serve a
constructive role in their academic, social, and psychological development during graduate
school. Indeed, effective mentoring relationships have been shown to have a number of benefits
for STEM doctoral students, including higher grade point averages, increased academic
publications, better job acquisition rates, improved research skills, and timely graduation rates.
This literature review examined research and findings in the following domains: (1)
doctoral mentoring relationships at research institutions, (2) issues of persistence and retention
for women in doctoral STEM disciplines, (3) sociocultural experiences of students in doctoral
STEM disciplines, and (4) academic decision-making in STEM at the undergraduate and
graduate level. Overarching themes emerged from all four domains; namely, gender inequities in
STEM, isolating STEM cultures, and misalignment between doctoral students’ expectations and
perceptions of mentoring relationships.
However, the literature domains have also revealed that individual differences among
doctoral students, mentors, and STEM doctoral programs can put doctoral students in a
challenging position to both find and form effective mentoring relationships. For instance, it has
been suggested that female STEM doctoral students may require additional support in
developing mentoring relationships due to systematic sociocultural barriers such as gender
stereotyping, discrimination, or tokenism within STEM disciplines (Lloyd-Jones, 2011; Sue &

PERCEPTIONS OF MENTORING

39

Sue, 2013). Additionally, the literature reveals that STEM disciplines in themselves may present
barriers to the success of mentoring relationships, due to the implicit belief that doctoral students
should learn by a trial-and-error process (Whalen & Shelly, 2010). Unfortunately, doctoral
students have cited ‘poor’ mentoring relationships as reasons for leaving (or transferring out of)
their doctoral programs (Golde, 2000).
There has been rising attention to mentoring relationships and their ability to support
doctoral student success in the STEM disciplines. For instance, several authors have cited a
national interest in bolstering overall participation in STEM doctoral programs in order to fill a
growing need for trained scientists, as well as maintain a competitive advantage in a rapidly
globalizing economy. Others have posited that mentorship could provide a solution to gender
disparities in doctoral STEM disciplines (Quarterman, 2008). However, much of the literature
concerned with attrition in STEM tends to center on how to increase academic decision-making
in STEM at the undergraduate and graduate levels, as opposed to improving the design and
operation of STEM mentoring relationships themselves. Thus, additional research is needed to
establish the nature of the relationship between mentorship and doctoral student success and
persistence within STEM doctoral education (especially among women in physical science and
engineering).
From the literature, it is apparent that many authors believe that mentoring relationships
have value at the doctoral level. This belief is primarily based on historic studies of mentoring
relationships, indicating their ability to promote positive academic outcomes such as strong
grade point averages and robust graduation rates. Several authors have suggested that doctoral
student mentors are in a unique position to encourage and guide students through STEM doctoral
degree programs by providing academic, personal, and professional advice. However, it is
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essential to keep in mind that both formal and informal mentoring relationships may fail in
reaching their full potential; even creating negative consequences for doctoral students such as
reduced academic achievement or career success (Long, 1997). As such, it is crucial to
understand doctoral students’ perspectives on not only what makes an effective mentor, but an
ineffective mentor as well.
The knowledge gained from these research inquiries serves as a starting point for the
present study, which seeks to shed further light on factors influencing the perceived role and
function of doctoral mentoring relationships within STEM disciplines at Northwestern
University, a four-year research university with very high research activity (RU/VH). Numerous
researchers have observed many of the factors that can influence student success in STEM
doctoral programs, and this study observes which of those factors interact within mentoring
relationship types at Northwestern University to promote or hinder student success in STEM
doctoral disciplines. As such, a primary objective of the current study is to be able to contribute
to the removal of some of the aforementioned barriers, such that a greater number of students can
become empowered in their mentoring relationships.
Data Collection Methodology
Introduction
The major goal of this study was to determine the types of mentoring relationships that
exist for doctoral student candidates in STEM disciplines; namely, who doctoral students
consider to be mentors to them, what characteristics doctoral students look for in a mentor, and
whether and how doctoral students consider their mentoring relationships valuable to them.
Further, this study sought to determine the role that academic discipline, gender of the mentor,
and gender of the doctoral student play in the type and function of mentoring relationships that

PERCEPTIONS OF MENTORING

41

exist within STEM doctoral programs. As such, a mixed-methods model was employed to
explore mentoring relationships from the perspective of doctoral students utilizing a combination
of quantitative analysis (e.g. descriptive statistics modeling) and qualitative survey and interview
coding. The decision to use current doctoral candidates was chosen in order to address
limitations in previous studies, some of which have relied heavily on data from older doctoral
students or doctoral student alumni (Luna & Cullen, 1998; Lundy-Wagner, Vultaggio, &
Gasman, 2013), as opposed to data from younger doctoral candidates, who are often in the midst
of finding or forming their mentoring relationships. This research utilizes a case-study design,
sampling students in over 25 different STEM doctoral programs at a high-impact research
institution with an RU/VH Carnegie classification.
The qualitative design for this study was based on the constructivist model employed by
Manning (1999), which emphasizes an integrative approach in which subjects may elicit lengthy
and unrestricted responses to qualitative and open-ended questions. Such a model allowed for an
in-depth analysis of doctoral students’ interpretations of their experiences with mentorship and
mentoring relationships with respect to their individual academic disciplines. The goal of this
constructivist model was two-fold. First, the qualitative data explored the unique needs, if any, of
the STEM doctoral population currently enrolled in a top-tier research institution. Second, the
data collected reveal existing mentoring practices at the doctoral level at a top-tier research
institution, and illuminate what may or may not be working among those mentoring
relationships. The highly personal nature of the topic further highlighted the importance of
employing mixed-methods to capture different participant concerns and experiences.
This case study was conducted at Northwestern University, a mid-sized private institution
with very high research activity (R1/VH) in the United States. The participant site was selected
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for its large post-graduate STEM population (approximately 2,300 current doctoral candidates)
and variety in STEM doctoral disciplines (over 25 distinct STEM doctoral degree programs).
This institution was also chosen for its status as a top 25 post-graduate research institution, as
defined by U.S. News and World Report; a distinction that marks a strong, nationally recognized
research endowment and an active institutional research community.
Finally, this institution was chosen because it afforded a research setting where graduate
student mentorship of traditionally under-represented students had been a recent focus of
institutional attention. Because Northwestern prides itself on recruiting and graduating a diverse
student population, it was thought that a case study of the institution would reveal valuable
information about how well doctoral student mentors (at a selective institution) are currently
serving students who are under-represented in their STEM doctoral degree programs;
particularly female doctoral candidates. Likewise, statistics from the Integrated Postsecondary
Education Data System (IPEDS) indicate that doctoral students in historically under-represented
racial and/or ethnic groups within STEM (including African Americans, Latino/as, American
Indians, and Hispanics) now make up approximately 25% of all total doctoral programs at
selective institutions, suggesting the need to examine perspectives from a diversifying student
population (Lundy-Wagner, Vultaggio, & Gasman, 2013).
In an effort to triangulate findings in this study, the researcher used three data collection
methods and sources, all of which examined current doctoral students’ experiences with
mentoring relationships and STEM doctoral degree programs at Northwestern University. The
first source, an existing survey data set, was provided by the Northwestern Institutional Research
(IR) Office and The Graduate School on February 19th, 2015, and was used in conducting an
artifact analysis of doctoral student alumni. Two subsequent data collection methods, including
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an original doctoral student survey and individual doctoral student interviews, were also used by
the researcher to further clarify the mentoring experiences of current doctoral students at
Northwestern. The survey and interview protocols were created by the researcher in January
2015 and administered to current Northwestern doctoral candidates in February and March of
2015. All data resulting from these methods were collected at Northwestern University’s
Evanston campus and emerge from the perspectives of current, doctoral candidates in STEM
disciplines. Each of these three methods is discussed in detail in the succeeding sections.
Methods and Data Sources
This study utilized three data collection methods: an artifact analysis (utilizing a preexisting doctoral student exit survey), an original doctoral student survey created by the
researcher, and doctoral student interviews. All data collection methods excluded doctoral
students enrolled in non-STEM doctoral programs but did not exclude students with dual
appointments so long as one of their degree programs was in a pre-approved doctoral STEM
discipline. This study determined ‘STEM-qualified’ disciplines as those defined by the National
Science Foundation [NSF] Graduate Research Fellowship Program (see Appendix A). While the
data collection methods were designed with English speaking subjects in mind, international
participants and/or participants with English with a second language were not excluded.
The artifact analysis was performed utilizing a combination of public information found
on Northwestern University’s STEM program websites and pre-existing doctoral student survey
alumni data gathered from 2009 to 2014. Data over this multi-year time period were analyzed in
order to examine significant changes in doctoral alumni experiences and satisfaction with Ph.D.
degree programs over time. The survey of current doctoral students was used to gather
quantitative demographic and programmatic information about STEM disciplines at the
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institution; including students’ overall perceptions of their current doctoral programs and their
mentoring experiences within their doctoral programs. Individual interviews of current doctoral
students were also conducted in order to obtain comprehensive qualitative data about students’
experiences with mentorship over the course of their education; including the type, quality, and
form of their mentoring relationships within their specific STEM doctoral programs. The
information gathered through these three methods was analyzed in order to obtain an accurate
landscape of both the institution’s doctoral alumni population and current doctoral candidate
population; including who doctoral students consider to be mentors to them, what qualities
students look for in a mentor, and how the institution has historically promoted mentoring
relationships in under-represented student populations; e.g., women in STEM.
Triangulation of these three methods (i.e. the artifact analysis, student surveys, and
individual interviews) was used to enhance internal validity. Diverse methods, including both
closed questions (e.g. multiple-choice, matrix, and scaled) and open-ended questions (e.g.
opinion and feeling questions), were also utilized in order to provide a broader understanding of
the types of doctoral mentoring relationships that exist at the institution, as well as the kinds of
information that are being communicated among mentors and their doctoral student mentees.
These data present a useful framework for understanding the ethnography of the institution and
are discussed in greater detail below.
Artifact analysis. This study employed an artifact analysis by examining participant data
from a graduate student exit survey (i.e. the Ph.D. Exit Survey) administered by Northwestern
University over a multi-year period (2009 to 2014). The survey is managed by the Northwestern
Student Surveys Planning Group, which administers the survey to all graduating doctoral
students (i.e. students who have petitioned to graduate from the institution) four times a year
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continuous with the conclusion of the Fall, Winter, Spring, and Summer academic quarters.
Survey results are used to make improvements for current and future students and are compared
with other Ph.D. graduates at participating research institutions in the United States. The survey
averages a 25% to 35% response rate every term.
Data from the Ph.D. Exit Survey were obtained through a “Student Request for Existing
Survey Data” form through the Northwestern University Institutional Research Office. The data
request was fulfilled by William (Bill) Artz, the Associate Director for Research and Analysis at
The Graduate School on February 19, 2015. The data request included individual survey
responses for both STEM and non-STEM doctoral graduates; although it purposefully excluded
demographic information (including gender) in order to preserve the confidentiality of survey
participants; many who might have been identifiable based on small graduating class sizes.
Data breakdown. This study utilized pre-existing and de-identified data from the fiveyear set of individual survey participants (N = 2,352) in several areas relevant to the research
question. Namely, the study examined survey questions in the following domains: faculty
mentoring and advising, climate, obstacles to success, post-graduation plans, and ‘additional
information’ (see Table 2 below for a full list of questions analyzed). The data were then
grouped into two populations; STEM and non-STEM designated disciplines, and dis-aggregated
by academic program (but only in instances when the program was large enough to ensure
student anonymity). This distinction was chosen since, given the high number of participants
who had completed the survey, it was thought that participant data might reveal statistically
significant differences between the mentoring experiences of doctoral students in individual
doctoral degree programs. The data were also used to compare independent variables important
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to the research question, including individual STEM doctoral degree programs and students’
overall satisfaction with academic programs and program faculty.
Table 2
The Graduate School (TGS) Ph.D. Exit Survey Questions
Category
Question
Overall satisfaction
1. Would you select this same field of study?
2. Would you recommend this university to someone considering your field of
study?
Faculty mentoring and
1. Did you receive regular (or at least annual) feedback from your advisor and/or
advising
program about your academic progress?
2. What was your overall level of satisfaction with your advisor?
3. Would any of the following have helped improve your level of satisfaction with
your advisor?
4. What was the most valuable assistance you received from your advisor?
5. Please rate your effectiveness with the following: (4 items)
6. Was there another faculty member whom you considered to be a mentor (i.e.
faculty member who gave you advice about your education and career
development or other matters of concern to you as a graduate student)?
7. If yes - was the faculty member in your program/department?
8. How timely and helpful was the advice your received from your mentor in each of
these areas: (2 items)
9. Was the faculty member in your program/department?
Professional development During your doctoral program, were the following types of professional development
available to you and, if so, did you participate in them and how helpful were they?
Climate
To what extent do you agree or disagree with each of the following statements? (5
items)
Obstacles to success
1. Rate the extent to which the following factors were an obstacle to your academic
progress:
a. availability of program faculty
b. my advisor
2. Have you ever had a major conflict between you and your advisor?
3. Which of the following issues have been the reasons for a conflict between you
and your advisor?
Post-graduation plans
Since entering this graduate program, have you changed your mind about the type of
position you expect to have after you complete your graduate studies?
Additional information
Would you identify yourself as underrepresented in any of the following categories?

Note. The questions selected for this study represent a subset of a much larger survey.
Additionally, much of the mentoring literature makes a distinction between the types of
mentoring relationships that exist in STEM and non-STEM academic programs, suggesting that
an investigation into individual degree programs could reveal important information about how
mentoring relationships are utilized across academic disciplines at the institution. As such, the
researcher examined independent variables relevant to the research question (such as gender of
the mentor, gender of the doctoral student, and academic degree program) with survey responses
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to questions about perceived value of mentors to see if statistically significant correlations
existed. Descriptive statistics were the main tool of the study to show the prevalence of certain
mentoring benefits and trends based on gender and STEM field.
Doctoral student surveys. Though the aforementioned artifact analysis helps establish
an overall understanding of institutional ethnography, this study’s major design contribution to
the field of mentoring research is the set of survey and interview data from current doctoral
students participating in STEM research. More specifically, this study sought to sample doctoral
students participating in STEM disciplines in order to capture their unique experiences, including
finding, developing, and engaging with mentorship while at the institution. This data set was
chosen in order to capture a wide range of students; from new first-year graduate students, all the
way up to senior graduate students in their fifth, sixth or seventh years.
A random subset (N = 500) of the total enrolled doctoral student population at
Northwestern University was recruited by e-mail to participate in a doctoral student survey
through the Associate Director of Research & Analysis at Northwestern University (see
Appendix C). Invited doctoral students received an e-mail containing a link to a 15 minute
online survey hosted by the website SurveyMonkey (Appendix D). Doctoral students in this
subset were 18 years or older and were randomly selected from the total population of doctoral
students currently enrolled in qualified science, technology, engineering, and mathematics
[STEM] doctoral programs (approximately 2,000-2,300 total students), with an effort to include
an even distribution of students from each year, gender, race, ethnicity, age, and STEM
doctoral program. This subset necessarily oversampled female doctoral students in certain
academic programs (such as physics Ph.D. candidates) because they were not represented
equally in all of the institution’s STEM doctoral programs. This survey excluded students
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enrolled in non-STEM doctoral programs, but did not exclude students with dual appointments
so long as one of their degree programs was in a pre-approved STEM discipline.
The participant subset was both created and managed by the Associate Director of
Research & Analysis, who has access to a listserv of all current doctoral students. The survey
was then distributed to this participant subset via e-mail by the Associate Director so that
participants remained anonymous. Students were sent one invitation e-mail on February 23rd,
2015 and two reminder e-mails on March 11th and March 20th (see Appendix E for data
collection timeline). The survey remained open for four weeks and closed on April 1st, 2015.
Participants who completed the doctoral student survey also had the option of entering
their name into a drawing to win a $100 Amazon gift card. At the conclusion of the survey,
participants were routed to a “Thank You” page containing a hyperlink to a second
SurveyMonkey link where they were given the option to enter their name and e-mail address
into a second survey. Participation in this survey was voluntary and was not associated with
responses from the student survey. The winner was selected and notified on April 1st, 2015 and
the e-gift card was delivered to the winner’s e-mail.
Doctoral student interviews. A small group of doctoral students who completed the
doctoral student survey (n = 50) were also invited to participate in an individual (one-on-one)
interview. Like the subset recruited for the doctoral student survey, interview participants were
chosen randomly from the group of survey participants in an effort to include a reasonable
distribution of students from each year, gender, race, ethnicity, age, and STEM doctoral
program. Again, this subset necessarily oversampled female doctoral students as women were
not equally represented in all STEM doctoral programs at the institution.
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The object of these interviews was to fill any gaps in the doctoral student survey, and
also to gather additional information about how mentorship is perceived culturally at the
institution, and more specifically within STEM doctoral programs. A semi-structured interview
approach with open-ended questions was utilized to explore the participants’ perceptions of
their mentoring relationships within their Ph.D. programs at Northwestern University;
including how well they believed their Ph.D. program supported mentorship, their perceptions
of their mentor(s), and the content of their conversations with their mentors. Open-ended
questions provided flexibility and allowed for unanticipated statements and stories pertinent to
participants (Appendix F).
Interview participants were recruited through the Associate Director of Research &
Analysis, who reached out to students individually by e-mail on two separate occasions; March
2nd, 2015 (one week after the survey was distributed) and on March 16th, 2015 to capture any
students who completed the survey after the first round of interview invitations (Appendix G).
Those students who agreed to an interview were instructed to contact the researcher by e-mail
to schedule a one-on-one interview between March 3rd, 2015 and April 1st, 2015. Interviews
took place on Northwestern’s Evanston campus at various campus buildings chosen by the
participants, and took approximately 40-45 minutes. Students who completed the interview
received a $5 Starbucks gift card at the conclusion of the session.
Consents Secured
This study was approved by the Northwestern University Institutional Review Board
(IRB) on February 9th, 2015 as Exempt (Appendix H). All human subjects participating in data
collection for this study, including both survey and interview participants, viewed and signed
(either electronically or in-person) a consent form authorizing use of their responses in this
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Master’s project, future talks, and published research (Appendices D & I). Participants were
informed that the purpose of this study was “to more fully understand the mentoring experiences
of doctoral students at Northwestern University”. The language included in the consent form for
both the survey and the interview stated the purpose of the study, detailed participants’ time
commitment, and described the risks, benefits, and associated rights and confidentiality of
participation in this study.
The researcher asked all survey and interview participants to consent to participate in the
study at the start of the survey and before individual interviews began. Survey participants were
asked to provide electronic consent prior to beginning the survey (Appendix D). Likewise,
student interviewees received a description of the informed consent and were given the consent
form to sign and date at the start of the interview (Appendix I).
An abbreviated version of this consent form was present on the first page of the online
survey, and was also repeated aloud to study participants prior to their participation in a one-onone interview. The consent form was also e-mailed to all interview participants for their review
prior to the interview. This statement indicated that participation in both the survey and interview
was voluntary, and that participants could skip any question or exit the study at any time
(without any negative consequences). Interview participants were also told that their responses
would be electronically recorded and transcribed using GarageBand with their permission, and
that a copy of the transcription would be provided for their review if requested.
Ethics Considered
All subjects were informed that there were no anticipated risks of physical,
psychological, or emotional harm associated with participation in this study beyond those
incurred by the everyday expression of personal opinion. The topic explored, mentoring
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relationships experienced by STEM doctoral students, solely asked participants to discuss their
personal experiences with mentoring relationships at the institution and was unlikely to provoke
emotional distress (to the best knowledge of the researcher). All subjects were informed that they
could withdraw from or skip any question at any point during the study if they did not want to
answer for any reason.
Doctoral student survey. Subjects in the online survey were informed that their
participation would be completely anonymous. Participant names and other identifying
characteristics were not collected or available to the researcher at any time.
The participant subset was both created and managed by the Associate Director of
Research and Analysis at Northwestern University. The survey was distributed to this participant
subset by e-mail by the Associate Director so that participants remained anonymous. The
researcher then managed the survey database using SurveyMonkey, but did not have access to
student names or e-mail addresses and did not interact directly with survey participants. All
participant data was hosted on SurveyMonkey, which uses a secured, SSL/TLS encryption to
protect user information. Participant data was analyzed using Excel and SPSS software on the
researcher’s personal computer and was kept in password protected cloud storage on the
institution’s Google-Drive, which requires Northwestern University network identification.
Doctoral student interviews. While the researcher was not aware of the participants’
identification in the doctoral student survey, interview participants were not anonymous.
However, the researcher coded participant data using pseudonyms in order to mask individual
identities and ensure confidentiality. The names and program affiliations of individuals who
participated in this study were not used in any paper or presentations that resulted from this
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study. All hard-copy participant consent forms were kept in a locked file cabinet. Additionally,
audio-recorded conversations of all individual interviews were destroyed upon transcription.
Bias and Validity Issues Considered
This study acknowledges a reliance on self-reported data. Like many of its predecessors,
this study is vulnerable to one-sided self-reporting found in earlier studies of its type, which
utilize data provided by a combination of student mentees, mentors, and institutional
administrators. However, by analyzing data from both current doctoral students and doctoral
alumni, this study responds to some of this bias. For instance, a contribution of this research is a
synthesis of reports from both non-STEM and STEM academic degree programs over a
longitudinal period of five years. Additionally, it provides an opportunity to examine many types
of mentoring relationships across multiple STEM disciplines at a single institution, as opposed to
former studies which have been largely case studies of single STEM degree programs.
Conflicts of interest. This study also acknowledges the potential of several conflicts of
interest that may exist between the researcher, the Northwestern Institutional Research (IR)
Office, and The Graduate School (TGS) at Northwestern University. First, the researcher is a
current graduate student at Northwestern University in the Masters of Science in Higher
Education program, and as such may possess a positive bias toward graduate degree programs
(including doctoral programs) at Northwestern. Second, the researcher is a current graduate
assistant in the Northwestern University Office of the President, and supervises an undergraduate
fellowship program with a vested interest in seeing Northwestern undergraduates apply to, and
graduate from, doctoral degree programs at Research 1 institutions. Third, the researcher has
been asked by The IR Office and TGS to put together a report of the data in this study so that
institutional stakeholders might improve the overall experiences of STEM doctoral students at
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Northwestern University. To minimize the potential for these conflicts of interest, the researcher
did not interview any doctoral candidates with appointments in the Office of President or with
personal or professional connections to the researcher’s role as a graduate assistant.
Data Disposition
All participant data for this study was maintained in electronic format and stored on a
password protected, stand-alone laptop computer owned by the researcher on a secure network
server (SSL-VPN) with cloud storage. During the study, de-identified data from the artifact
analysis and surveys, as well as confidential data from the individual interviews, were
maintained under the supervision of the researcher. All individual interview data files were
stripped of personal and private identifiers following the conclusion of the study in June of 2015.
All de-identified data were retained by the researcher for three years following the conclusion of
the study, consistent with the Northwestern University Policy on Retention of Human Records.
After three years, all research data were destroyed.
Conclusion
Triangulation of sources strengthens both reliability and internal validity. In this study,
pre-existing data, doctoral student surveys, and doctoral student interviews all helped to highlight
both concurrences and discrepancies which can help explain and cross-validate themes in
doctoral student mentorship. These methods lead to a complex framework for understanding the
types of mentoring relationships that exist for students in STEM doctoral degree programs at
Northwestern University. An artifact analysis with doctoral alumni, quantitative surveys with
current doctoral students, and qualitative, open-ended interviews with current doctoral students
illustrated perceptions of mentorship within different doctoral degree programs as well as the
effect that mentoring relationships play in promoting doctoral student interest, study, and success
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within STEM disciplines. Additionally, triangulation of data sources allowed for in-depth
exploration of the nature of the relationship between mentorship, gender, and STEM education
as it pertains to both doctoral candidates and doctoral student alumni reflecting on their
experiences within their Ph.D. programs. Together, these methods provided valuable insights
into the needs of doctoral students and how existing mentoring relationships address those needs.
In collecting this data, the researcher possessed three significant ways to inform the
research question. The data focus on doctoral students’ perspectives, and are able to address the
type and function of mentoring relationships that students need to feel supported and encouraged
in their STEM doctoral degree programs. By exploring these individual narratives, the researcher
was able to explore how mentorship, gender of the student, gender of the mentor, and type of
STEM doctoral degree program played into the research question.
Data Results Summary
The purpose of this study was to examine how mentoring relationships in STEM
programs are perceived by students in STEM doctoral degree programs, and more importantly
explore the nature of the relationship between mentorship, gender, and STEM education
(especially among women in physical science and engineering). This study also sought to
discover the type and function of mentoring relationships best able to support student success in
STEM doctoral programs at Northwestern University. To achieve these goals, three data methods
were utilized: an artifact analysis of an existing data set, a researcher-created survey of current
STEM doctoral students, and interviews with current STEM doctoral students.
The existing data set was derived from the larger Ph.D. Exit Survey administered to
doctoral student alumni by the Northwestern University Institutional Research (IR) office from
2009 to 2014. The doctoral student survey was e-mailed to a random subset of 500 current
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doctoral candidates in designated STEM disciplines at Northwestern University. A random
subset of students (n = 50) from this participant pool (within STEM doctoral degree programs)
were invited to participate in individual interviews with the researcher. All interviews were
transcribed and coded. The results from these three data sources are reported first by method,
then by demographic information of the respondents, and finally by themes that appeared in each
data set. Further data analysis of these trends is provided in the data interpretation section.
Artifact Analysis
The 2009-2014 Northwestern University Ph.D. Exit Survey data set was analyzed to
understand larger trends in doctoral student satisfaction at the institution. The Ph.D. Exit Survey
population represents a subset of all Northwestern doctoral graduates (STEM and non-STEM)
over the course of seventeen non-consecutive eleven-week terms in the fall, winter, spring, and
summer quarters. The survey is optional for graduating students and averages a 25% to 35%
response rate every term.
Demographic data. The total population of the Ph.D. Exit Survey data set was 2,352
doctoral student alumni participants. However, 32.4% (n = 762) of the total participant pool did
not respond to any survey questions, leaving the set with a subset (n = 1,590) of usable survey
responses, or a 67.6% response rate (see Table 3 for a breakdown of usable survey responses by
academic term). The discrepancy in these two response rates can be attributed to how the Ph.D.
Exit Survey is constructed; for instance, the structure of the survey consent form allows the
collection of basic student demographic information through registered Northwestern e-mail
addresses. As such, each time a survey participant completes an online consent form through the
Northwestern Net-ID Identification Portal (a secure network), their name, Ph.D. degree program,
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and graduating year are automatically recorded, even if the student chooses to exit the survey
without answering any questions (n = 762).
Table 3
Survey Response Rate by Academic Term
Academic Term
Spring 2009
Fall 2009
Spring 2010
Fall 2010
Winter 2011
Spring 2011
Fall 2011
Winter 2012
Spring 2012
Summer 2012
Fall 2012
Winter 2013
Spring 2013
Summer 2013
Fall 2013
Winter 2014
Spring 2014
Total

Total (f)
192
139
107
103
129
5
155
49
96
21
68
44
124
120
89
35
114
1590

% of Total
Population
12.1%
8.7%
6.7%
6.5%
8.1%
0.3%
9.8%
3.1%
6.0%
1.3%
4.3%
2.8%
7.8%
7.6%
5.6%
2.2%
7.2%

Note: These data represent the set of all (n = 1,590) Ph.D. Exit Survey responses.
By this method, the researcher was able to identify 61 individual doctoral degree
programs within the data set, including 29 distinct STEM doctoral degree programs as
designated by the National Science Foundation (NSF) (see Appendix A). The sum of these
doctoral degree programs contains 2,352 students in both STEM and non-STEM disciplines. The
data reveal that there was a relatively even distribution of responses over each quarter and year;
thus, no significant bias over time was found.
Demographics of STEM doctoral degree programs. Approximately 80% (n = 1874) of
all doctoral student alumni in this data set were in STEM-designated doctoral degree programs
(see Table 4). These programs are broken down by frequency in the set of survey responses.
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Doctoral STEM disciplines with the largest representation are marked. The cut-off for
significance was determined as a rough benchmark to build up good statistics such that the
distributions of participant responses would be approximately well-distributed.
Table 4
Demographics of Doctoral STEM Population
% of STEM
Doctoral Degree Program
Total (f) Population
Non-STEM
478
n/a
Chemistry
250
13.3%
Applied Mathematics
9
0.5%
Learning Disabilities
3
0.2%
Psychology
64
3.4%
Computer Science
42
2.2%
Electrical Engineering
20
1.1%
Linguistics
14
0.8%
Chemical Engineering
80
4.3%
Neuroscience
134
7.2%
Communication Science
25
1.3%
Life Sciences
213
11.4%
Political Science
58
3.1%
Engineering/Applied Math
34
1.8%
Mathematics
41
2.2%
Sociology
54
2.9%
Electrical & Computer
76
4.1%
Engineering
Technology & Social Behavior
4
0.2%
Statistics
16
13.3%
0.5%
Clinical Psychology
30
0.2%
Economics
112
Earth & Planetary Science
12
3.4%
Physics & Astronomy
67
2.2%
1.1%
Anthropology
32
0.8%
Materials Science
149
Industrial Engineering
45
4.3%
Mechanical Engineering
75
7.2%
1.3%
Biological Sciences
92
Biomedical Engineering
76
11.4%
Civil/Environmental
47
3.1%
Engineering
Total
1874

Note: Doctoral STEM disciplines with significant representation in the alumni data set (n ≥ 30)
are bolded and present 21 usable fields.
Since the doctoral STEM population is the subgroup that this research seeks to better
understand, these degree programs are further consolidated into a set of eleven STEM sub-
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groups for visual clarity (see Figure 2). These sub-groups were also determined using NSF

Doctoral Degree Program

guidelines for research funding distribution in STEM (see Appendix A).
Geoscience
Physics/Astro
Comp. Science
Mathematics
Material Science
Chemistry
Psychology
Life Science
Social Science
Engineering
non-STEM

12
66
67
67
149
228
250
277
305
453
478
0

100
200
300
400
Number of Doctoral Student Participants

500

Figure 2. Distribution of STEM doctoral degrees (n = 1874) by NSF categories.
These two demographic sets (i.e. doctoral degree program and graduating academic
term), reflect collected data from both STEM and non-STEM doctoral student participants over a
recent, five-year period at Northwestern University. The slightly larger population of student
participants in engineering degree programs is not unusual given that the McCormick School of
Engineering confers 12 distinct Engineering doctoral degrees, or 41% of the 29 STEM degree
programs represented in the data. This proportion is larger compared to other STEM doctoral
degree programs at Northwestern.
It is important to note that student demographic information contained in the Ph.D. Exit
Survey are limited to graduation year and doctoral degree conferred, and do not contain data on
the gender of doctoral students or their mentors. As such, the subsequent sections reporting on
survey questions of interest to the research question are broken down by STEM (and non-STEM)
discipline and not by gender. Additionally, the Ph.D. Exit Survey has gone through a number of
iterations over time, and as a result not all of the survey questions of interest to the research
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question have been asked of graduating doctoral students each term. These variations are noted
as they occur. Thus, the Ph.D. Exit Survey data set will be used to address mentorship trends
across multiple years and STEM doctoral degree programs.
Doctoral student satisfaction questions. The Ph.D. Exit Survey asks all participants to
respond to a series of Likert-scaled questions regarding their overall satisfaction with their
doctoral program and research advisor. Each of these questions is reported on a 5-point
‘satisfaction’ scale from “Definitely not”, “Probably not”, “Maybe”, “Probably”, and
“Definitely” (Table 5).
Table 5
Combined STEM and non-STEM Student Satisfaction
Question
Total (f)
% of Total
Would you select this same field of study?
Definitely not
20
1.7%
Probably not
86
7.4%
Maybe
246
21.2%
Probably
20
1.7%
Definitely
788
67.9%
Total
1160
Would you recommend this university to someone considering your field of study?
Definitely not
33
2.1%
Probably not
67
4.2%
Maybe
257
16.2%
Probably
470
29.6%
Definitely
760
47.9%
Total
1587
What was your overall level of satisfaction with your advisor/mentor? (2 questions)
Poor
60
5.3%
Fair
85
7.5%
Good
165
14.5%
Very Good
272
23.9%
Excellent
556
48.9%
Total
1138
Was there another faculty member whom you considered to be a mentor?
Yes
845
53.7%
No
730
46.4%
Total
1575
Was the faculty member in your program/department?
Yes
658
75.9%
No
209
24.1%
Total
867

Note: This table represents the total set of (n = 1590) participants.
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In total, two questions are asked about students’ perceptions of their degree program;
including “Would you select this same field of study?”, and “Would you recommend this
university to someone considering your field of study?”. Doctoral students were also asked a set
of questions about their overall level of satisfaction with their advisor on three sub-scales
including quality of time, career and professional guidance, and teaching and pedagogical
guidance. These sub-scales have been collapsed into the composite set of Likert-scaled responses
regarding overall satisfaction with advisor. A significance level of p < .05 was used for all
statistical tests.
Overall advisor and mentor satisfaction results. It is important to note that doctoral
students were also asked about their satisfaction with a faculty member on two separate
occasions. Initially, students were asked, “What was your overall level of satisfaction with your
[faculty] advisor?” Next, students are asked: “Was there another faculty member whom you
considered to be a mentor?” (yes or no). Participants who answer “yes” were also asked “What
was your overall level of satisfaction with your mentor?” Since the Ph.D. Exit Survey does not
distinguish between the role or function of ‘faculty mentors’ and ‘faculty advisors’, the
normalized frequencies of these two questions have been reported together as “overall
advisor/mentor satisfaction” for the sake of continuity in Table 5. In all, 54% (n = 845) of
doctoral alumni participants indicated that they did have a second faculty member that they
considered to be a mentor to them.
Overall, doctoral students in both non-STEM and STEM doctoral programs reported high
levels of satisfaction with their faculty advisor/mentor (Table 5). 73% of all doctoral student
alumni reported their faculty advisor/mentor as “excellent” (n = 556) or “very good” (n = 272)
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while only 12% of doctoral students reported that their faculty advisor/mentor was “fair” (n = 85)
or “poor” (n = 60).
Overall program satisfaction results. Doctoral students also reported high levels of
program satisfaction (Table 5). 78% of all doctoral students reported that they would “definitely”
(n = 760) or “probably” (n = 470) recommend their doctoral degree program to someone in their
same field of study, while 70% of students said that they would “definitely” (n = 788) or
“probably” (n = 20) choose their same field of study again.
STEM and non-STEM comparisons in mentor and program satisfaction. The
researcher also examined doctoral students’ responses to these four ‘satisfaction questions’ as
correlated with mentor satisfaction. “Overall satisfaction with faculty advisor/mentor” and
“overall satisfaction with academic program” were strongly positively correlated for both STEM,
r(5) = .996, p < .001, and non-STEM doctoral degree programs r(5) = .987, p < .001. Both
STEM and non-STEM responses show a significant linear relationship (Figure 3).
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Figure 3. Relationship between program and mentor satisfaction by averaged 1-5 Likert-scaled
responses over the total population.
The data in Figure 3 and Figure 4 represent the set of aggregated responses from four
survey questions indicated in Table 5: “Would you select this same field of study?”, “Would you
recommend this university to someone considering your field of study?” (Y axis), and “What
was your overall level of satisfaction with your advisor/mentor?” (X axis). Figure 3 shows the
average score of doctoral students’ responses to these questions. “Strongly disagree” was scored
as ‘1’ while “Strongly agree” was scored as ‘5’; other Likert-scaled values correspond in
between.
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Figure 4. Relationship between program and mentor satisfaction by normalized 1-5 Likert-scaled
responses. Responses are categorized by students who indicated they possessed a secondary
faculty mentor.
Satisfaction with faculty advisor/mentor and satisfaction with doctoral degree program
were also strongly positively correlated for STEM students who indicated that they possessed
one or more faculty mentors internal, r(5) = .9652, p < .001, or external, r(5) = .9931, p < .001,
to their academic discipline (Figure 4). There was also a strong positive correlation for nonSTEM students who indicated one or more faculty mentors external, r(5) = .901, p < .036 to their
academic discipline, but there was no significant relationship for STEM students with an internal
mentor r(5) = .34, p < .54. All students had a positive trend in mentor and program satisfaction;
although STEM students appeared to demonstrate more variance in their responses.
STEM v. non-STEM satisfaction results. Overall, both STEM and non-STEM doctoral
students reported high levels of satisfaction with faculty advisors and mentors (Figure 5).
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However, doctoral students in STEM disciplines rate their satisfaction with their advisors
significantly lower than non-STEM doctoral students. STEM students are significantly less likely
to rate their faculty advisor satisfaction as ‘excellent’, and more likely to rate their experiences as
‘poor’ or ‘fair’ by a margin much greater than the error, X2 (4, N = 1,875) = 227, p < .001.

Normalized Frequency (%)

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Poor
Good
Level of "Overall Satisfaction" with Faculty Advisor and Mentor
(responses combined)
Non-STEM Disciplines

Excellent

STEM Disciplines

Figure 5. Frequency of doctoral student responses to the question(s): “What was your overall
level of satisfaction with your faculty advisor/ mentor?”
Graduate Student Survey
To supplement the data gleaned from doctoral student alumni, an electronic survey was
distributed to current doctoral candidates currently enrolled in STEM-designated doctoral degree
programs at Northwestern University’s Evanston campus. The targeted population was a random
sampling of 500 doctoral candidates in a range of distinct STEM doctoral programs (n = 28). The
purpose of collecting this data was to gain an understanding of doctoral students’ perspectives on
their mentoring relationships while they were enrolled at the institution. The hope was that this
data would provide an ethnographic context for the Ph.D. Exit Survey, which is administered
solely to doctoral alumni and does not survey current doctoral students on their levels of
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satisfaction with their doctoral degree programs or specific demographic information such as
gender. It was thought that this survey would provide a forum for current doctoral candidates in
STEM to share their perspectives on their doctoral programs and mentoring relationships both
inside and outside of the institution. The resulting data from this graduate student survey is
presented first by student demographics, then by themes; including (1) reasons for pursuing
doctoral study, (2) types and satisfaction with mentoring relationships, and (3) perceptions of
mentoring relationships with STEM doctoral degree programs.
Doctoral survey demographics. Survey participants were asked to provide their gender,
age, school and/or college at Northwestern, and doctoral degree program affiliation for the
purposes of this survey. All survey questions were optional. Of the original pool of 500 students
solicited to participate in the survey, 109 doctoral students successfully completed the survey (a
22% response rate). Only one participant did not respond to any of the survey questions. All 109
participants met the study criteria (doctoral degree-seeking, in a STEM-designated field, current
Northwestern student, and over the age of 18 years old). 50.9% (n = 55) of the survey
respondents were male and 49.1% (n = 54) of the respondents were female. The mean age of the
population was 25 years (SD = 2.89). 99% of the respondents indicated that they were pursuing a
doctoral degree full-time (n = 108). Table 6 describes participants’ academic discipline of study.
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Table 6
Frequency and Percentage of Participants’ Discipline of Study
Department

Anthropology
Applied Mathematics
Applied Physics
Biomedical Engineering
Chemical and Biological
Engineering
Chemistry
Civil and Environmental
Engineering

Total
(f)

% of
Total

2
1
3
4

1.8%
0.9%
2.8%
3.7%

5
21

4.6%
19.3%

6

5.5%

Clinical Psychology PhD

1

0.9%

Computer Science
Earth and Planetary Sciences

3
1

2.8%
0.9%

Economics PhD
Electrical Engineering
Industrial Engineering and
Management Sciences
Integrated Graduate Program in
the Life Sciences

5
1

Department
Interdepartmental Biological
Sciences Graduate Program
(IBiS)
Learning Sciences
Life and Biomedical Sciences
Linguistics
Materials Science and
Engineering
Mathematics

Total
(f)

% of
Total

8
2
3
1

7.3%
1.8%
2.8%
0.9%

16
3

14.7%
2.8%

1

0.9%

2

1.8%

7
2

6.4%
1.8%

4.6%
0.9%

Mechanical Engineering
Medical Scientist Training
Program: Combined MD and PhD
Northwestern Interdepartmental
Neuroscience Program (NUIN)
Physics and Astronomy
Plant Biology and Conservation
PhD
Political Science

2
1

1.8%
0.9%

1

0.9%

Psychology

4

3.7%

2

1.8%

Sociology

1

0.9%

Note: Doctoral STEM disciplines with the largest representation in the set are bolded.
The data set revealed a relatively even distribution of first-year (22%), second-year (20%), thirdyear (15%), fourth-year (19%) and fifth-year (17%) doctoral students, with only 8 students (7%)
indicating that they were currently in their sixth-year or beyond.
Laboratory demographics. Doctoral participants were also asked to provide information
about their current faculty research advisors and/or principal investigators (PIs). In the context of
this study, PIs are considered individuals responsible for the preparation, conduct, and
administration of a research grant. Research advisors are considered tenured or tenure-track
individuals who provide guidance to doctoral candidates in a research context. Because these
terms are often used interchangeably by doctoral students to describe faculty/doctoral student
mentoring relationships in a research context, it is important to understand the proportion of
students that already have these relationships in place at the institution.
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Approximately 91% (n = 100) of participants surveyed indicated that they currently had a
faculty research advisor, while only 9% (n = 9) of participants indicated that they did not
currently have an advisor. Of the nine students who indicated that they did not have an advisor,
five indicated that they also did not have a principal investigator. Of the 100 students who noted
having a faculty research advisor, 83% (n = 83) also had a principal investigator. In 94% (n =
94) of cases, participants noted that their faculty advisor and principal investigator were
functionally the same person.
The vast majority of participants (n = 105) indicated that they worked in a laboratory
setting with faculty member(s), post-doctoral student(s), graduate student(s), and/or
undergraduate student(s). A significant fraction of these lab environments (n = 42) had at least
one member of each category. All 90 participants indicated that their lab contained, at minimum,
one other graduate student. A breakdown of these lab compositions can be found in Table 7.
Results further indicates that 57% (n = 51) of students were in their labs between 2-4 years
(Table 8).
Table 7
Laboratory Composition: Members
Faculty
member(s)
Y
Y
Y
Y
N
N
N
N

Post-doctoral
student(s)
Y
Y
N
N
Y
Y
N
N

Graduate
student(s)
Y
Y
Y
Y
Y
Y
Y
Y

Undergraduate
student(s)
Y
N
Y
N
Y
N
Y
N
Total

Total
(f)
42
18
7
3
13
3
2
2
90

% of Total
46.7%
20.0%
7.8%
3.3%
14.4%
3.3%
2.2%
2.2%
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Table 8
Laboratory Composition: Time
How long have you been at your
current lab?
1 quarter
2 quarters
3 quarters
1 year
2 years
3 years
4 years
5 years
6+ years
Total

Total % of Total
(f)
4
4.4%
12
13.3%
3
3.3%
9
10.0%
18
20.0%
16
17.8%
17
18.9%
10
11.1%
1
4.4%
90

Reasons for pursuing doctoral study. When asked when they decided to pursue their
doctoral degree, a majority (73%) of male (n = 35) and female (n = 31) students indicated that
they made the decision while a student at their undergraduate institution (Figure 6).

Total (f) of Participant Responses

70
60
31

50
40

30
20

35

10
0

3
2

9

2
5

Middle school While in high
or earlier
school

During my
bachelor’s
degree.

5

4
3

2
2

2
2

After obtaining
my bachelor’s
degree.

During my
master’s
degree.

After obtaining
my master’s
degree.

Other

Participant Responses
Male Female

Figure 6. “When did you decide that you wanted to pursue your Ph.D.?”
When asked “What or who was most influential in your decision to pursue a Ph.D.?”
67% of participants specified an individual such as a parent, spouse, faculty member, or friend (n
= 75) as opposed to a personal conviction, idea, or life event (33%, n = 37). 38% of participants
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(n = 42) indicated that a faculty member and/or a research experience was influential in their
decision to pursue graduate study (Figure 7). No significant differences were found in respect to
gender or doctoral STEM discipline in the decision to pursue graduate study.

37
42

2

Faculty member
Family member
Graduate student
Myself
Other individual
non-Individual

9
3

19

Figure 7: “What or who was most influential in your decision to pursue your Ph.D.?”
Types of mentoring relationships. Participants were also asked to provide specific
information about individuals they considered to be mentors to them in their doctoral degree
programs. These answers were given simply as open-ended responses; which were later coded to
reflect major themes in these mentoring relationships. Participants could indicate up to two
individuals they considered to be mentors to them. The following results represent the set of
responses correlated to the first and second mentor that the student mentioned.
First set of mentoring questions. Of all 108 survey participants surveyed, 75% (n = 77)
indicated that they had someone who they considered to be a mentor to them. Of the 77 students
who said they did have a mentor; 69% (n = 53) indicated a faculty member, 16% (n = 12)
indicated a graduate student, 12% (n = 9) indicated a post-doctoral student, and 4% (n = 3) of
students indicated a mentor outside of the university system. When asked where their mentor
worked, 74% (n = 59) of students said their mentors worked within their doctoral program, 13%
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(n = 10) said their mentor worked outside of their program but within the institution, and 14% (n
= 11) said their mentor worked outside of their doctoral program and the institution.
In total, 75% of participants indicated that their mentor was male (n = 60), while 25% of
participants indicated that their mentor was female (n = 19).
Second set of mentoring questions. The 108 participants who completed the first set of
mentorship questions about their mentor were also asked to respond to the question: “Do you
consider anyone else to be a mentor to you?” Of the 77 students who responded to the question,
38% (n = 29) indicated that they did have another individual who they considered a mentor to
them. Of those individuals, 59% (n = 17) indicated a faculty member, 17% (n = 5) indicated a
graduate student, 13% (n = 4) indicated a post-doctoral student, and 10% (n = 3) of students
indicated a mentor outside of the university system.
When asked where their mentor worked, 45% (n = 14) of students said their mentors
worked within their doctoral program, 16% (n = 5) said their mentor worked outside of their
program but within the institution, and 12% (n = 12) said their mentor worked outside of their
doctoral program and the institution. In total, 81% of participants indicated that their mentor was
male (n = 25), while 19% of participants indicated that their mentor was female (n = 6).
Types of mentoring relationships by gender. Overall, the combined set of mentoring
questions revealed that 77 doctoral student participants had 106 distinct (and current) mentoring
relationships with faculty members (n = 70), graduate students (n = 17), post-doctoral fellows (n
= 13), and other individuals outside of the university (n = 6). Female mentors by proportion are
more likely to come outside of the faculty (as opposed to male mentors). A breakdown of these
relationships by mentor title and mentor gender can be found in Figure 8.
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Frequency of Responses
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Post-doctoral Graduate student
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3
3
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university

Mentor Title
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Figure 8. Mentor title by mentor gender. Indicates the combined set of first and second
mentoring relationships mentioned by doctoral student participants (n = 104).
Additionally, the researcher conducted a comprehensive cross-tab examination of gender
of the doctoral student and gender of the mentor (in Figure 8) in order to measure for differences
between populations (Figures 9 & 10). Chi-squared tests reveal that female doctoral students
were significantly more likely than male doctoral students to draw on female mentors overall, as
well as female mentors from outside of the faculty X2(3, N = 62) = 12.9, p < .001 (Figure 9).
45

Frequency of Responses

40
35
30
25
20
15
10
5
0
Outside university Graduate student

Post-doctoral
Faculty member
fellow
Mentor Title
Female Student/Male Mentor
Female Student/Female Mentor

Figure 9. Cross-tab analysis of female doctoral students by mentor gender.
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Moreover, chi-squared tests revealed that male doctoral students were significantly less
likely than female doctoral students to draw on female mentors, X2(3, N = 37) = 63, p < .001
(Figure 10). Only one male survey participant (3%) indicated that they had a female mentor (a
post-doctoral fellow); all other mentoring relationships (n = 36) were between male students and
male mentors.
45

Frequency of Responses

40
35
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25
20
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10
5
0

Outside university Graduate student

Post-doctoral
fellow
Mentor Title

Male Student/Male Mentor

Faculty member

Male Student/Female Mentor

Figure 10. Cross-tab analysis of male doctoral students by mentor gender.
Overall, these data suggest that female doctoral students possess quantifiably more
mentoring relationships (n = 62) than male doctoral students (n = 37). Both male and female
students appeared equally likely to have at least one faculty mentoring relationship; faculty
mentors made up 69% (n = 43) of all mentoring relationships for female students; while 53% (n
= 23) of all mentoring relationships for male students. However, female doctoral students
possessed significantly more female mentoring relationships than male doctoral students at a
proportion of 37:1 (z = 7.4, p < .001).
Types of mentoring relationships by doctoral STEM discipline. A diversity of the types
of mentoring relationships was also revealed in the breakdown of mentor titles by doctoral
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STEM degree program (Table 9). The chemistry and materials science and engineering
departments revealed both the largest and most diverse types of mentoring relationships; with the
chemistry department (n = 21) coming in at four mentoring relationship types (outside the
university, faculty member, graduate student, and post-doctoral fellow), and the materials
science and engineering department (n = 16) with three mentoring relationship types.
Table 9
Types of mentoring relationships by doctoral STEM degree program
STEM Doctoral Degree Program
Anthropology
Applied Mathematics
Applied Physics
Biomedical Engineering
Chemical and Biological Engineering
Chemistry
Civil and Environmental Engineering
Clinical Psychology PhD
Computer Science
Earth and Planetary Sciences
Economics PhD
Electrical Engineering
Industrial Engineering and Management
Sciences
Integrated Graduate Program in the Life
Sciences
Interdepartmental Biological Sciences
Graduate Program (IBiS)
Learning Sciences
Life and Biomedical Sciences
Linguistics
Materials Science and Engineering
Mathematics
Mechanical Engineering
Medical Scientist Training Program:
Combined MD and PhD
Northwestern Interdepartmental Neuroscience
Program (NUIN)
Physics and Astronomy
Plant Biology and Conservation PhD
Political Science
Psychology
Sociology
Total

Outside
university (f)

1
1
1

Faculty
member (f)
4
2
1
5
2
12
1
1
2

Postdoctoral
fellow (f)

Graduate
student (f)

Total
4
2
3
6
5
21
1
1
2
2
2
1
2

2
2
6

2

2
2
1
2

0
5
3
2
1
4
3
2
1
4

6

2
2
2
4
1
69

2

7
3
3
1
13
4
2
1

1
3

3
1

1

5
1
1

17

12

3
3
2
4
1
104

Note: Indicates the combined set of first and second mentoring relationships mentioned by the
total set of doctoral student participants (n = 77).
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Approximately 50% of participants (n = 40) indicated that they were the ones to initiate
their mentoring relationship, while 25% (n = 25) of students indicated that their mentor was the
one to initiate the relationship. The final fourth (n = 25) indicated ‘neither’, stating that the
relationship had originated organically (n = 7), was ‘mutual’ (n = 3), or was facilitated by a
principal investigator who worked in the same laboratory (n = 9). Of the 50 students who did not
initiate their mentoring relationship, 19 indicated that their mentor was assigned to them.
Satisfaction with mentoring relationships. Doctoral students were also asked to rate
their mentors on seven Likert-scored ‘mentor satisfaction’ subscales, which asked participants to
rate the extent to which their mentor answered their questions and concerns in various areas, and
served as a role model. By and large, the majority of participants indicated that their mentors
were excelling on most of these subscales. For instance, on mentor satisfaction sub-scales one
through six, 75% (n = 60) or more of all doctoral participants said that they “Strongly” or
“Slightly agreed” with each statement about their mentor (see Figure 11).
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Total (f) of Participant Responses
30
40
50

20

60

48
1.

18

18

27

7

1

19

14

2

Discussed your questions or concerns regarding relationships with your peers and supervisors.
32

9

4

Discussed your questions or concerns regarding feelings of competence within your program and profession.

24
7.

2

Displayed attitudes and values similar to your own.

35
6.

11

Shared personal experiences as an alternative perspective to your problems.

44
5.

30

Conveyed feeling of respect for you as an individual.

45
4.

0

Served as a role model.

48
3.

80

30

58
2.

70

24

14

18

Discussed your questions or concerns regarding relationships with work and family conflicts.
Strongly Agree

Slightly Agree

Slightly Disagree

Strongly Disagree

Figure 11. Breakdown of mentor satisfaction subscales (questions 1-7).
However, participants appeared evenly divided in their Likert-scaled responses to
subscale seven, “rate the extent to which your mentor discussed your questions or concerns
regarding relationships with work and family conflicts” (M = 2.33, SD = 1.13), with 30% (n =
24) of participants selecting “Strongly agree”, 30% (n = 24) of participants selecting “Slightly
agree”, 18% (n = 14) of participants selecting “Slightly disagree”, and 23% (n = 18) of
participants selecting “Strongly disagree” (see Figure 11).
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Next, the researcher submitted each of the seven ‘mentoring satisfaction’ subscales to a
comparative analysis in order to check for any significant differences in the gender and/or STEM
doctoral degree program of survey participants. Although the researcher did not find any
differences in STEM doctoral degree program among any of the subscales, one significant
gender difference did emerge for subscale seven (see Figure 12).
0.5

Normalized Frequency (1-4)

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0
strongly disagree

slightly disagree
slightly agree
Likert-scaled Responses (1-4)
Female mentees

strongly agree

Male mentees

Figure 12. Normalized frequency of responses to the question, “Rate the extent to which your
mentor discussed your questions or concerns regarding relationships with work and family
conflicts” by mentor gender. ‘1’ represents “Strongly agree” while ‘4’ represents “Strongly
disagree”.
Chi-squared testing revealed that the percent of doctoral students that spoke to their
mentors about personal and/or familial issues did differ by gender: X2 (3, N = 80) = 18, p < .001.
These data demonstrate that female students are significantly more likely than males to discuss
personal and/or familial issues with their mentors (on a Likert satisfaction scale from 1-4); even
when accounting for differences in participant response rates and scaled error.
Perceptions of STEM doctoral degree programs. After completing the set of
mentoring relationship questions, participants were asked a set of four Likert-scaled doctoral
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degree program satisfaction questions on a 4-point scale from “Strongly agree”, “Slightly agree”,
“Slightly disagree”, and “Strongly disagree”. Students were asked to provide their perceptions on
how well their doctoral degree program had addressed their mentoring needs, questions, and
concerns. A summary of these data are found in Table 10.
Table 10
“Please rate the extent to which you agree or disagree with the following statements about your
Ph.D. program:”
Question
My Ph.D. program has done a
good job in making mentorship
opportunities available to me.
I find it easy to develop
mentoring relationships within
my Ph.D. program.
Overall, my Ph.D. program
encourages development of
mentoring relationships.
My Ph.D. program offers less
mentorship opportunities than
other STEM Ph.D. programs at
Northwestern.

Strongly
agree (1)

Slightly
agree (2)

Strongly
disagree
(4)
20

Total Weighted
average

36

Slightly
disagree
(3)
27

21

104

2.44

22

33

27

21

103

2.46

23

37

26

17

103

2.36

7

25

52

17

101

2.78

Note: The weighted average is the average of the Likert-scaled responses as they are scored on a
numerical scale from 1-4 where ‘1’ represents “strongly agree” and ‘4’ represents “strongly
disagree”.
Overall, doctoral students were neutral on their perceptions of mentorship within their
doctoral degree programs with weighted averages firmly between “slightly agree” and “slightly
disagree” on all four questions. No significant differences in gender or doctoral degree program
emerged from these particular data.
However, the researcher also compared the set of four doctoral program satisfaction
questions with the set of seven mentor satisfaction questions (summed over all questions) in
order to assess the overall relationship between mentor satisfaction and program satisfaction. The
researcher conducted a normalized frequency of the sum of the Likert-scaled mentor satisfaction
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questions versus the normalized frequency of the sum of the Likert-scaled program satisfaction
questions (Figure 13).

Program Score (Normalized Satisfaction)

12

10

8

6

4

2

0
0
-2

5

10

15

20

25

30

Mentor Score (Normalized Satifaction)
Individual response

Linear (Individual response)

Figure 13. Normalized frequency of doctoral mentor score versus doctoral degree program score.
These data reveal a positive correlation between mentor score and program score
emerged, r(77) = .28, p < .007. Doctoral students who reported having low satisfaction with
their mentors were also more likely to rate their doctoral degree programs lower, and vice versa.
Gender in STEM doctoral degree programs. Participants were also asked to estimate the
(1) gender balance of their Ph.D. program, (2) gender balance of their academic work
environment, and (3) the percent of female faculty in their Ph.D. program (see Figure 14). For
the most part, participants indicated that they did not perceive gender parity at Northwestern
University.
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Total (f) of Participant Responses

45
40
35
30
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15
10
5
0
Less than 5% 5% women 10% women 25% women 50% women 75% women More than
women
75% women
Proportion of Women perceived by Doctoral Participants
Gender Balance in Ph.D. Program
Gender Balance in Academic Work Environment
Percent of Female Faculty in Department

Figure 14. Gender distribution across STEM Ph.D. programs, laboratory environment, and
department faculty. The vertical blue line indicates gender parity.
For instance, a significant proportion of survey participants (55%, n = 60) indicated that
they belonged to male-dominated STEM Ph.D. programs containing 75% or more male doctoral
students (z = 6.2, p < .001). Additionally, a majority of participants (56%, n = 61) indicated that
they belonged to male-dominated work environments (containing 75% or more men) (z = 6.2, p
< .001). Z-tests revealed that this effect is also significant when survey participants were asked to
estimate the percent of female faculty in their department (z = 17, p < .001); over 88% of
students (n = 95) indicated that their doctoral program contained 25% or less female faculty
members. These data suggest that participants feel that the gender balance is slightly more even
within their doctoral programs (M = 4.38, SD = 0.91) than within the faculty members of their
department (M = 3.30, SD = 1.05) (Figure 14).
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Mentor Satisfaction (Scored Frequency)

10
9
8
7

6
5
4
3
2
1
0
10% women/90% 25% women/75% 50% women/50% 75% women/25%
men
men
men
men
Perceived Gender Balance in Ph.D. Program

Figure 15. Gender balance in Ph.D. program versus frequency of doctoral student mentor
satisfaction as reported by female doctoral students.
The data also showed a strong relationship between gender balance in Ph.D. program,
gender balance of female faculty in the department, and overall mentor satisfaction. For instance,
female doctoral students who perceived higher percentages of female representation in their
STEM doctoral degree programs, also reported slightly higher levels of overall mentor
satisfaction over the set of normalized seven mentor satisfaction subscales (Figure 15). Similarly,
female students who perceived high female faculty representation in their programs also reported
significantly higher levels of overall mentor satisfaction (Figure 16).

Mentor Satisfaction (Scored Frequency)
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25% women

50% women

Perceived Percent of Female Faculty in the Department

Figure 16. Percent of female faculty in the department versus frequency of doctoral student
mentor satisfaction as reported by female doctoral students.
Overall, the survey data indicate that when female doctoral students perceive greater
gender parity among their Ph.D. programs, work environments, and among the faculty in their
respective departments, they also experience significantly higher overall mentor satisfaction t(
51) = 3.93, p < .001.
Graduate Student Interviews
Interviews were solicited through an e-mail request sent out to a random set (n = 50) of
STEM doctoral student survey participants. The purpose of these interviews was to collect
qualitative data on students’ perceptions of their mentoring relationships within their STEM
doctoral degree programs. Interview participants were asked to comment on their reasons for
pursuing a doctoral degree, their perceptions of their mentoring relationships, and their
experiences within their STEM doctoral degree programs. Overall, N = 15 STEM doctoral
students were interviewed. The data is summarized and organized in terms of three prominent
themes that presented themselves during interviews, including the (1) circumstances under which
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participants decided to pursue graduate study in STEM, (2) a breakdown of the types of doctoral
mentoring relationships by mentor job title, and (3) individual perceptions of doctoral
mentorship within distinct STEM doctoral degree programs. All interview participants were
coded as ‘SP’ (student participant) with a number ranging from one to fifteen.
It is important to note that very little demographic information was taken from interview
subjects in order to provide confidentiality. Furthermore, the interviewer did not ask participants
to provide names of mentors in order to keep results more general for all STEM doctoral
students. Demographic information collected from interview participants is displayed in Table
11. In all, 6 male (40%) and 9 female (60%) doctoral students were interviewed.
Table 11
Demographic Information for Interview Participants
Interviewee
Code
SP14
SP7
SP3
SP13
SP8
SP1
SP10
SP15
SP4
SP9
SP12
SP11
SP6
SP5
SP2

PhD Program
Biomedical Engineering
Chemical and Biological Engineering
Computer Science
Mechanical Engineering
Anthropology
Chemistry
Chemistry
Chemistry
Chemistry
Chemistry
Chemistry
Civil and Environmental Engineering
Physics
Psychology
Statistics
Total

School/College
McCormick
McCormick
McCormick
McCormick
The Graduate School
The Graduate School
The Graduate School
The Graduate School
The Graduate School
The Graduate School
The Graduate School
The Graduate School
The Graduate School
The Graduate School
The Graduate School
15

Gender
Female
Male
Male
Male
Female
Female
Female
Female
Male
Male
Male
Female
Female
Female
Male

Year in
Program
4
4
2
4
3
4
3
6
4
5
4
5
5
2
5

Although the researcher originally intended to solicit an even distribution of academic
disciplines, a majority of chemistry doctoral students were interviewed (n = 6). The average class
standing for the data set was 4 years (Figure 17). No first-year doctoral students were
interviewed. All 15 interview participants indicated that they currently possessed a faculty
advisor in their respective department(s).
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Year in Program

6th
5th
4th
3rd
2nd
1st
0

1

2

3
4
Frequency
Female

5

6

7

Male

Figure 17. Distribution of frequencies in academic class standing by gender.
Circumstances for beginning a doctoral program. A variety of responses were given
for what prompted students to seek out formalized doctoral study in STEM disciplines. These
experiences reveal the diverse academic, social, and cultural backgrounds of participants.
Three interviewees revealed that their biggest inspiration for pursuing doctoral study was
a family member; for instance, two chemistry doctoral students mentioned having parents with
Ph.D. degrees (SP1; SP12), and one interviewee (a male doctoral student in statistics) cited
having an ongoing “competition” with two siblings on who could get the most degrees (SP2). All
three interviewees cited having parents with strong educational values that encouraged them to
“go to the end” or “pursue their passions”. Participants also cited having “grown up with books
in the house”, being “taken to museums”, or “listening to their parents talk about research” as
major factors in their academic development and interest in doctoral study (SP1; SP2; SP12).
Ten students mentioned that a doctoral degree in STEM was the next step in attaining a
career goal, such as becoming a professor and/or teaching (n = 8) or working in industry (n = 4).
Two doctoral students in chemistry and physics described themselves as ‘career-changers’ in that
they had decided to leave industry research to pursue academic research (SP4; SP6). One of
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these students (a male in chemistry) cited an interest in returning to industry in order to move
into a “cush job” [sic] like his former manager (SP4), where they could make more money.
For the most part, interviewees indicated that their decision to pursue doctoral study was
“logical” result of their experience with prior STEM research at their undergraduate institutions
(n = 10). Many of these research experiences were qualified by “inspirational” faculty or
graduate students who had served in a supervisory role to a research project (SP7; SP9; SP13).
For instance, one female student in civil and environmental engineering said that she “admired
some of the women engineers she was around” which had made her think that academia could
“be a good path” (SP11). Several students, including a male in statistics and a female in
anthropology, already had Master’s degrees from Northwestern University and had chosen to
continue with ongoing research projects (SP2; SP8). Two interviewees had been working outside
of academia in industry for more than 10 years before deciding to return for a second degree
(SP6; SP8). One of these individuals, a 6th year female student in physics, said that she chose not
to go to graduate school for over 12 years because at the time she “had a mean boyfriend who
told [her] that [she] was too dumb to ever graduate from college, let alone graduate school”
(SP6). Only one student (a female in chemistry) indicated having no prior academic, research, or
career motivation for pursuing a doctoral degree, stating: “I graduated right in the middle of the
recession. Graduate school…kind of bought me some time [to figure out a career path]” (SP15).
One theme that the researcher pursued with many interviewees was their interest in their
academic disciplines; namely, why and how participants chose to pursue a particular branch of
STEM (i.e. a sub-field). Almost all participants (n = 14) spoke at length about how their research
passions had developed during their undergraduate careers; citing experiences in research
laboratories as undergraduates, mentorship from research faculty, or being influenced by family
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members in similar fields of study. One student, a female in anthropology, indicated that they
had chosen an academic sub-field prior to their undergraduate experience; citing an ongoing,
eight year experience working in Iceland on a Viking anthropological research dig (SP8).
Summary of mentoring relationships. Thirteen out of 15 participants answered “yes” to
the question “Do you have someone who you would consider to be a mentor you?”. Of the 13
students who had a mentoring relationship, approximately 62% (n = 8) mentioned a faculty
member, 15% (n = 2) mentioned another doctoral student, 15% (n = 2) mentioned a post-doctoral
fellow, and one person (8%) mentioned a parent. When asked a follow-up question, “Is there
anyone else who you would consider to be a mentor to you?” 73% (n = 11) of students listed a
second or third individual who served in a mentorship capacity to them. Of these mentors, 40%
(n = 6), were faculty members, 27% (n = 4) were graduate students, 7% (n = 1) were family
members, and 20% (n = 3) were staff members. A breakdown of these mentoring relationships
by participant gender can be found in Table 12.
Of the two participants who did not currently have a mentor, one stated having a former
post-doctoral mentor “a long time ago” who helped to teach them research methods (SP9). This
participant (a male in chemistry) did not consider anyone a current mentor partially because they
were graduating and were “not currently looking for a mentoring relationship” (SP9). However,
they did consider their former mentoring relationship valuable.
Table 12
Types of Mentoring Relationships by Participant Gender
Participant
Faculty
Graduate
Post-doctoral
Family
Gender
member (f)
student (f)
fellow (f)
member (f)
Do you have someone who you would consider to be a mentor to you?
Male
4
0
1
0
Female
4
2
1
1
Is there anyone else who you would consider to be a mentor to you?
Male
3
1
1
0
Female
3
3
0
1
Total 14
6
3
2

Note: Frequencies indicate the number of times a mentor was mentioned.

Staff
member (f)

Total

0
0

5
8

0
3
3

5
10
28
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Overall, female participants had slightly more mentors (n = 18) than male participants (n
= 10). Female participants were also 50% more likely than male participants to indicate having a
second or third mentor; moreover, they were the only gender to indicate having a University staff
member as a mentor (n = 3). Although both male (n = 7) and female participants (n = 7) reported
the same number of faculty mentors, the data show that female students are more likely than
males to be mentored by other types of individuals, including post-doctoral fellows, graduate
students, or staff members (Table 13).
Notably, 93% (n = 14) of all faculty mentors mentioned by interviewees were male; only
one student, a male in chemical and biological engineering (SP7), mentioned having a female
faculty mentor (Figure 18).
16
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Figure 18. Total set of mentoring relationships mentioned by doctoral student participants (n =
28).
These data also reveal that the distribution of female mentors was much more even than
male mentors (Figure 18). In other words, female mentors were more likely than male mentors to
be found in roles other than the faculty. These data are consistent with doctoral student survey
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results; which revealed that (1) 82% (n = 57) of all faculty mentors were male, and that (2)
female mentors showed a more even distribution than males over all mentoring types (Figure 8).
Role and function of mentoring relationships. Interview participants indicated that their
mentors provided a variety of official and un-official mentorship functions (Figure 19). To allow
for the broadest continuum of mentoring services, the researcher employed bottom-up coding
utilizing Kathy Kram’s (1985) definition of psycho-social mentoring, which include seven major
“support” categories including information-sharing, career strategizing, job feedback, friendship,
confirmation, emotional support, and personal feedback. Participants’ responses were coded to
each of these seven areas and then collapsed to five major categories. Recognizing that mentors
can provide more than one support service, multiple occurrences were tallied independently for
each instance that they occurred, revealing that 65% of all doctoral mentors provided more than
one mentoring function.

Frequency of Reponses
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Faculty member Graduate student

Post-doctoral
fellow
Mentor Title

Research support
Academic support
Personal/psychological support

Family member

Staff member

Career support
Teaching support

Figure 19. Breakdown of mentorship functions by mentorship type (n = 43).
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A majority of doctoral student mentors provided ‘research support’ to their mentees
(44%), followed closely by ‘career and professional support’ (28%), ‘personal/psychological
support’ (16%), and ‘academic support’ (12%). Graduate student mentors provided the greatest
range of mentorship roles (n = 5), followed by faculty members and post-doctoral fellows (n =
4), and family members (n = 3). Staff members provided only one role to their doctoral mentees:
career support (n = 1). A description of these mentoring roles can be found in Table 13.
Table 13
Types of Support in Mentoring Roles
Mentor
functions
Research
support

Total Quote

Career support

12

Academic
support

5

Teaching
support

1

19

Personal/
7
psychological
support
Total 43

“[My faculty mentor provides] a lot of direction in terms of helping me
prioritize major courses of action in my research. Some of them are great at
writing NSF grants so we go back and forth on how to make our grants better.”
– SP5
“My [research] advisor says ‘I should really go to this conference’, or ‘I should
really publish this paper’. [They are] really proactive, like ‘you should go out
and get what you want in your career’.” – SP10
“I usually go to [my mentor] when I need to navigate a particular academic
situation in grad school, like, ‘how do I tell my advisor I need to graduate?’ or
‘what do I need to do to finish my degree?’.” – SP14
“I would not be smart enough to go through a PhD program without mentors. I
go to them when I need to know when to prioritize teaching and [my] classes.”
– SP6
“My [graduate student mentor and I] lean on each other for social and
emotional support because we are in different departments. We can work
together because we’re not working together on the same things.” – SP15

Almost all interview participants (n = 14) indicated ‘yes’ to the question “Have you
found it valuable to have a mentor in [your] doctoral degree program?”. Only one participant (a
male in chemistry) believed that it was not valuable to have mentors in doctoral study, stating:
“My lab and my life operate separately. There are grad students and post-docs, who are
'pseudo-supervisors' and the [principal investigator] holds ultimate power. So we're
dependent on our advisor to pay our way through grad school. So the advisor is thinking
about fundability of the research, and because of that, I'm not allowed to have ideas on
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my own. I just do what my boss tells me to do. There is no place to look for mentors”
(SP4).
Existence of ‘negligent’ mentorship. Although a majority of interview participants
believed that their mentoring relationships were valuable to them (n = 14), not all relationships
between mentors and doctoral students appeared to result in positive mentoring outcomes. For
instance, one female doctoral student in chemistry described in detail how her faculty mentor
provided general research advice by “telling [her] where to go to get the answers,” but failed to
provide individual guidance on her research projects (SP15). As such, she relied on another
graduate student to “help me with my research [funding] proposals” and in applying for research
grants (SP15). Another doctoral student, a female in civil and environmental engineering, stated
that although her faculty mentor provided research advice, they never served as a research
advisor, stating: “the faculty in my department are not trained to establish mentoring
relationships, and they won't do it” (SP11). These data indicate that doctoral students may
consider faculty members ‘mentors’ in some areas (e.g. as research role models) but associate
that relationship with negligent mentoring outcomes (e.g. future academic, research, or career
prospects).
Gender breakdown of mentoring relationships. Overall, interview participants reported
having a significant percent (75%) more male mentors (n = 21) than female mentors (n = 7).
Female doctoral participants also possessed a greater variety of mentoring relationships (n = 5)
than male doctoral participants (n = 3); who did not indicate having either a staff member or
family member as a mentor. Female participants reported a higher number of female mentors (n
= 6) than male participants overall (n = 1).
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Although there were no significant gender differences in the composition of faculty or
post-doctoral mentoring relationships, female doctoral students reported 83% more graduate
student mentoring relationships (n = 5) than males (n = 1). Female doctoral students also
possessed a higher proportion of female graduate student mentors overall (see Table 14).
Table 14
Types of Mentoring Relationships by Mentor Gender
Doctoral Student Gender (f)
Mentor Title

Mentor Gender (f)

Male

Female

Total

Faculty member

Male
Female
Male
Female
Male
Female
Male
Female
Male
Female

7
1
1
0
1
0
0
0
0
0
10

7
0
2
3
0
1
1
1
2
1
18

14
1
3
3
1
1
1
1
2
1
28

Graduate student
Post-doctoral fellow
Family member
Staff member
Total

Note: Frequencies indicate the composite gender breakdown of mentoring relationships.
Of the eight female doctoral students interviewed, approximately 25% (n = 2) indicated
that the ‘female gender’ was a characteristic they seriously considered when searching for a
mentor. Both of these students lamented the fact that their seemed to be a dearth of female
faculty members in their departments. One female student in anthropology remarked:
“So I guess most of my mentors have turned out to be women, but I haven't exactly
searched them out. But now the people I go to seem to be women…but women in physics
have issues about being taken seriously. So I think it's often for women in physics to
depreciate their work. It's something I definitely do, and it's a danger” (SP8).
No male participants mentioned gender as a characteristic (either ‘male’ or ‘female’) when
describing their ideal mentor.
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Types of support provided by mentoring relationships. In addition to the type and
function of their mentoring relationships, both male and female doctoral student participants
were asked to provide examples of situations in which they “went to their mentors for support”.
Interviewees responded in varied ways. The mentor they relied on for research, academic, career,
or personal decision-making was not often the same mentor they relied on for problem-solving.
Approximately 50% of the time (n = 7), doctoral student participants mentioned utilizing a older
graduate students for personal or academic ‘problem-solving’ support; either in understanding or
solving academic issues related to their research or faculty advisor such as “navigating a
professional situation with other lab members” (SP6), or personal issues such as “getting along
with other individuals in the lab” (SP4). In the process of problem-solving, participants also
described working with a graduate student or post-doctoral fellow to understand research
critiques or feedback provided by a faculty member (Figure 20).

7%
21%
50%

43%

Research guidance
Academic problem-solving

29%

Time management
Personal problem-solving

Figure 20. Distribution of types of mentoring support provided by doctoral student mentors in
relation to the question, “When do you go to your mentors for support?”
Perceptions of mentorship within STEM doctoral degree programs. Lastly, doctoral
students were asked to provide information about their perceptions of mentorship within their
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distinct STEM doctoral degree programs. First, participants were asked if they thought their
doctoral degree programs had done a good job in making mentorship opportunities available to
them (Figure 21). Approximately 47% (n = 7) of doctoral students indicated a distinct “no”,
while only one student (a female in chemistry) indicated “yes, absolutely, definitely” (SP10). Of
the students who indicated that their doctoral degree program had not done a good job in making
opportunities available to them, approximately half (n = 4) indicated that they were not aware of
any “official mentorship structure in place”, there were “no opportunities to meet other
professors”, and that their “department did not go out of their way to help students [find
mentors]”. One female student in chemistry indicated that:
“[There is] no guidance if you decide to go outside academia. People only know how to
give advice if you want to be a professor, but at the same time not everyone is going to be
a professor. But if you approach that conversation you will be told 'oh, you'll be fine' but
that's not realistic” (SP15).

Yes
7%

Neutral
47%

No
46%

Figure 21. Doctoral student responses to the question “Do you feel that your Ph.D. program has
done a good job in making mentorship opportunities available to you?”
Of the 47% (n = 7) of students who responded neutrally to the question, approximately
half indicated that their mentoring relationships had arisen organically (n = 3). Generally
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speaking, these students fell into two camps. Either they either considered their mentoring needs
met by their current mentoring relationships, or they put the obligation of forming the mentoring
relationship on themselves. For instance, one doctoral student in mechanical engineering claimed
that (unlike undergraduate programs) it was the role of a graduate student to “initiate mentoring
opportunities” (SP13). Most of these students claimed the administration was not doing a
“terrible job”, but the nature of the academy was such that it did not make sense to talk about
improving mentorship opportunities for doctoral students. For instance, a male student in
chemistry stated: “some undergrads have [mentoring] programs…but grad school is not like that.
You might have a ‘hellish’ relationship with your advisor and…that’s normal” (SP12).
The researcher obtained a number of perspectives on the topic of mentorship
opportunities from doctoral candidates in the Chemistry department, who were somewhat
divided on their perceptions of the overall success of mentoring relationships within the
department. Some students believed the department was doing a good job in addressing the
needs of students, while others believed there was “opportunity for improvement”. A neutral
response from a female doctoral student (SP15) addresses the crux of the issue, stating:
“I think [the Chemistry department has] relied on mentors within [research] groups.
[When] you join a group…you're on a project with an older person. But that only works
when you have a big group. But I'm in a small group and there are a bunch of people
trying to graduate, so there was a disconnect. When I first started, the administration
wasn't involved, and I think they're trying, but there is room for improvement” (SP15).
Overall, a majority of the interviewees (n = 14) noted that mentorship opportunities could
be improved at the departmental level. There was one student (a female in anthropology) who
was completely satisfied with her mentorship opportunities, however, she noted that she spent
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six months of her year “on an ice floe” (SP8) with another faculty member and as such she had a
significant bias. A breakdown of the question “Do you feel that your Ph.D. program has done a
good job in making mentorship opportunities available to you?” by doctoral degree program can
be found in Table 15.
Table 15
Mentorship satisfaction by doctoral degree program
Yes No
Doctoral Degree Program
1
Biomedical Engineering
Chemical and Biological Engineering
1
Computer Science
Mechanical Engineering
1
Anthropology
3
Chemistry
Civil and Environmental Engineering
Physics
1
Psychology
1
Statistics
7
Total 1

Neutral
1
1
3
1
1

7

Conclusion
The data presented from these three sources (an artifact analysis, doctoral student
surveys, and doctoral student interviews) were both incredibly dense and nuanced. Each source
focused on different aspects of doctoral student mentoring relationships, and asked distinct
questions of each participant sample. Across these data sets, themes surrounding doctoral student
gender, gender of the mentor, and doctoral STEM degree program began to emerge in the survey
and interview responses of doctoral student candidates and alumni. Emergent themes and the
conclusions that can be drawn about mentoring relationships and doctoral degree programs at
Northwestern University will be further explored in the succeeding data interpretation and
conclusion sections.
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Data Interpretation

This study sought to explore both the type(s) and function(s) of mentoring relationships
that exist in STEM doctoral degree programs at Northwestern University, and to better
understand how mentoring relationships are perceived among STEM doctoral students. In
exploring this question, the researcher focused on three independent variables: the gender of the
doctoral student, the gender of the mentor, and the type of STEM doctoral degree program.
Several themes emerged in the data, including: trends in academic decision-making among
STEM doctoral students, the socio-cultural structure of STEM academic environments at
Northwestern University, the types of mentoring relationships that exist in STEM, the perception
of benefits associated with mentoring relationships, and trends in mentoring relationships by
gender and STEM doctoral degree program. These themes are outlined sequentially in the
interpretation below.
Trends in Academic Decision-making in STEM
Theories on academic decision-making presented in the literature review suggest the
importance of student self-efficacy and competency beliefs in science and mathematics in
instilling later interest in the pursuit of advanced academic degrees in STEM (Moakler & Kim,
2014). Several authors, including Holley & Caldwell (2013) and Workman (2015) have also
argued that mentoring relationships can play an integral role in supporting academic decisionmaking at the undergraduate level; e.g., by teaching students the norms of a discipline, and/or by
providing a basic understanding of differences between STEM programs. As such, mentors can
help students build their sense of academic confidence, identity as a scientist, and self-efficacy in
STEM (Noe, 1996). The correlation between pre-doctoral mentorship and academic decisionmaking in STEM is reflected in the data from the doctoral student survey, which revealed that
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73% (n = 66) of participants made their decision to pursue a doctoral degree in STEM while
students at their undergraduate institutions. Additionally, when participants were asked what or
who was most influential in their decision to pursue a Ph.D. in STEM, 67% of participants
specified an individual such as a parent, spouse, faculty member, or friend (n = 75) as opposed to
a personal conviction, idea, or life event (33%, n = 37); suggesting that individual relationships
were central in students’ decisions to pursue graduate study.
Moreover, data from doctoral student interviews indicates that most (67%, n = 10)
doctoral students felt that their decision to pursue a STEM doctoral degree was a decision
consistent with their experiences in STEM research at their undergraduate institutions (n = 10).
Almost all interviewed students (n = 14) believed that undergraduate research experience in
STEM was influential in their decision to pursue doctoral education. Several of these students
cited notable undergraduate research experiences in laboratories, conferences, classrooms, or
academic workshops; which they felt had provided opportunities for them to engage in extended
academic ‘dialogue’ with members of the graduate community (e.g. faculty members, postdoctoral students, and graduate students).
Pre-doctoral mentors. Additionally, data from the doctoral student survey revealed that
a majority (67%, n = 75) of participants specified an individual such a parent, spouse, faculty
member, or friend as being particularly influential in their decision to pursue graduate study.
Many of these students mentioned these individuals in the context of “role models” in STEM
education; such as a parent with a Ph.D., an influential undergraduate research advisor, or a
graduate student or post-doctoral student mentor (n = 42). Similarly, a majority of interview
participants (n = 14) spoke at length about how their interest in pursuing doctoral study had
developed under the guidance of research mentors during their undergraduate education; citing
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experiences in research laboratories, mentorship from senior research faculty, or being
influenced by family members in similar fields of study. These results are consistent with
findings in (Moakler & Kim, 2014), who argued that students who have had early mentorship in
STEM education are more likely to major in STEM as undergraduates.
These data may also demonstrate how doctoral students come to choose their academic
disciplines; for instance, of the 93% of student interviewees who cited having pre-graduate
research experiences (n = 14), a majority mentioned that those experiences were in academic
disciplines directly within (or similar to) their current STEM doctoral degree programs (n = 13).
These results suggest that doctoral students’ research experiences in their undergraduate
laboratories serve a central role in their later research interests (regardless of whether a specific
STEM research mentor was mentioned).
Notably, the researcher did not find any significant differences in academic decisionmaking between female and male doctoral students, or between doctoral students in different
STEM doctoral degree programs (Figure 6). These survey data may suggest that gender and
STEM discipline are less significant in doctoral students’ decisions to pursue graduate study than
other factors such as general research experiences in STEM, mentorship from STEM faculty, or
influence from close family members or friends with experience in STEM disciplines.
Organizational Structure of STEM Doctoral Degree Programs
Data from the doctoral student survey also revealed that the vast majority (96%) of
STEM doctoral candidates at Northwestern University work within a laboratory environment (n
= 105). Of the students who work within a laboratory environment, 77% work with a faculty
member or acting principal investigator. The most common working environment for STEM
doctoral students was also the most diverse; 46% of students (n = 42) indicated that they worked
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with at least one faculty member, post-doctoral fellow, graduate student, and undergraduate
student. These data suggest that STEM doctoral students at Northwestern are generally exposed
to diverse working environments; increasing their opportunities to collaborate with other
members of the academic community on research projects of various types.
Research environment. Data collected from doctoral student interview participants also
reveal that doctoral students frequently engage with other members of their laboratory
environments on research projects. For instance, two interviewees in psychology and biomedical
engineering described (at the time of their entry to their doctoral program) being “unofficially
assigned” to a research project supervised by an older graduate student or post-doctoral fellow
(SP5; SP14). These assignments were generally seen as positive experiences; opportunities for
new graduate students to engage with the research in a context where they would have a “go-to”
person to serve as a leader and research advisor, and answer questions related to academia,
research, and laboratory culture. These individuals were also seen as conduits to research
opportunities in the laboratory environment; e.g. to publish on an older research project, present
at a conference, or organize a new idea for a research project or grant. Students also frequently
cited the important of these relationships in assessing their ‘personality fit’ with the laboratory
environment. For instance, a female graduate student in biomedical engineering described the
importance of “getting a [doctoral] student’s perspective on what [faculty members] are like” in
order to help gauge whether a laboratory will be a good working environment (SP14).
These data are consistent with ideas presented by both George & Malcolm (2011) and
Herzing (2004), who describe the socio-cultural structure of STEM research environments as a
kind of hierarchy where faculty, post-doctoral students, and older graduates serve to integrate
new graduate students into fields of practice by serving as research ‘role-models’; facilitating the
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acquisition of necessary skills needed for graduate students to become researchers and scholars
in STEM. The data is also consistent with Lovitts’ (2001) idea of faculty and older laboratory
members serving as ‘student advocates’ by serving as gatekeepers to laboratory resources such
as research materials, information, and networks. Several graduate student interviewees with
self-identified ‘poorer’ lab networks (e.g. lacking a faculty member, post-doctoral fellow, etc.)
expressed frustration that they lacked an older graduate student or post-doctoral fellow to assist
with research trouble-shooting, provide professional guidance, and serve as a research ‘rolemodel’. For instance, one doctoral student in psychology described an experience of being in a
“cohort of one” when she first arrived to the University; lamenting that she “had no [current or]
older graduate students to tell her what she was supposed to be doing” (SP5). In her second year,
the student described moving to a laboratory where there was an older doctoral student, where
she “leaned on them a lot to help me…prioritize major courses of action in my research” (SP5).
Types of Mentoring Relationships
Literature detailing the academic and/or research socialization that doctoral students
receive in joining research communities of practice can begin to describe the impact of
mentoring relationships on the vocational side of mentoring within STEM doctoral education
(Herzing, 2004; George & Malcolm; Lovitts, 2001). However, master/apprentice and
supervisor/employee mentoring relationships do not address all of the psycho-social functions of
mentoring relationships that were revealed by the data, and as such do alone offer a complete
picture of all of the types of mentoring relationships that exist within STEM doctoral education.
To form a more complete understanding of mentoring functions, it was also necessary to
observe how doctoral students at Northwestern University viewed the role and function of their
STEM mentors both within, and outside of, their research laboratories. To that end, bottom-up
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coding utilizing Kram’s (1985) definition of psycho-social mentoring, (including role modeling,
acceptance and confirmation, friendship, and counseling) was useful for interpreting the type and
function of mentoring relationships within STEM education. These data revealed a diversity of
mentoring functions provided by faculty, peer, family, and staff members described below.
Faculty/student mentoring relationships. Overall, a majority of doctoral student survey
participants (65%, n = 70) indicated that a faculty member served as one of their primary STEM
mentors. Similarly, a majority of interview participants indicated that they considered one of
more faculty members to serve in a primary mentoring role (54%, n = 14). Doctoral student
indicated that their faculty mentors served a variety of functions; acting as research advisors,
principal investigators, academic advisors, career coaches, and ‘friends’. These results are
consistent with prior research that describes faculty members as primary conduits to academic
research and socialization in doctoral STEM disciplines (Hall & Burns, 2009; Lloyd-Jones,
2011; Quarterman, 2008).
Bottom-up coding of doctoral student interviews also revealed that faculty mentors
provide the greatest variety of mentoring functions (compared to other types of mentoring
relationships); including (1) research support, (2) career support, (3) academic support, and (4)
personal and psychological support. However, not all faculty mentors provided all types of
mentoring functions to their doctoral student mentees. Notably, several doctoral student
interviewees stated that they avoided speaking to their faculty mentors about career options,
because they felt that the academic culture of their doctoral STEM discipline did not support
career pathways outside of academia (e.g. industry professions). For instance, one doctoral
student claimed that: “There is no place to look for mentors outside the lab. If there is no one in
lab who fills that role, then you just don't have a mentor. As soon as you decide to turn away
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from science as a career, there is no one there to guide you” (SP4). In contrast, student
interviewees interested in career pathways within academia tended to go to their faculty mentors
more often (on average) for both research and career support.
Of all of the mentoring functions served by faculty mentors, doctoral student
interviewees were least likely (9%) to approach their faculty member with questions or concerns
regarding personal or psychological issues (n = 2). This is perhaps unsurprising given that
several studies including Blickenstaff (2005) and Holley & Caldwell (2012) have found that
implicit beliefs held in STEM disciplines; e.g. that doctoral students should solve problems
independently without assistance, can create a disinclination for doctoral students to ask
questions or show uncertainty in their subject area for fear of appearing as if they are struggling
or less knowledgeable than their peers. This literature also supports several of the findings from
doctoral survey data set, which revealed that 41% of doctoral students rarely or never speak to
faculty mentors about personal or family issues; perhaps out of fear that they will appear ‘weak’
compared to their peers, or that their concerns will not be adequately addressed.
Peer mentoring relationships. The second most frequent type of mentoring relationship
listed by STEM doctoral students were ‘peer’ relationships with post-doctoral fellows and/or
older graduate students. For instance, 43% of all survey participants listed a post-doc (n = 17) or
graduate student (n = 13) as a mentor, while 32% of doctoral student interviewees listed a postdoc (n = 3) or graduate student (n = 6) as a mentor. Like faculty mentors, peer mentors also
provide a range of functions to their doctoral mentees including research support, career support,
and personal and psychological support.
However, doctoral students seemed somewhat divided in their perspectives on the
functions of these mentoring relationships. For instance, several interviewees described their
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relationships with older graduate students and/or post-docs as ‘pseudo-supervisors’; acting in
place of a research advisor (SP4; SP11; SP13), while others described their relationships with
these individuals as ‘friends’ and/or teachers (SP7; SP9). Students in the former group tended to
go to other graduate students or post-doctoral fellows with “research problems” (such as flaws in
an experimental design) or for trouble-shooting in order to avoid bringing research issues to the
attention of a faculty member. In addition to research and career advice, doctoral students in the
latter group tended to go to their mentors when there were “lab politics” such as interpreting
feedback from their advisor, dealing with a disagreement with another student, or expressing
discontent with a class or research project.
The prevalence of these peer-to-peer mentoring relationships is somewhat surprising,
given that the literature has historically emphasized the role that ‘supervisory’ mentors (e.g.
faculty members, staff members) have played in doctoral student development (Hall & Burns,
2009; Robbins, 1999). Although the value of peer-to-peer relationships has been recognized
within the research (e.g. by Schlosser et al., 2003), they have usually played a secondary role to
more ‘traditional’ STEM mentoring relationships such as those between faculty members and
doctoral students; which are assumed to be more influential and/or important to doctoral student
persistence in STEM disciplines (Ehrich et al., 2004).
The idea that a peer mentor might be capable of serving in a primary mentoring role can
be best characterized by a statement made by a male doctoral student in chemistry, who directly
attributed his success in graduate school to his relationship with an older post-doctoral fellow,
stating: “I had [a post-doctoral mentor] a long time ago, who taught me about chemical
synthesis. I thought research was some genius making everything work behind the scenes, but
they taught me that I could do it” (SP9). The frequency of these peer relationships suggest that
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older graduate students and post-doctoral fellows may play more of a formative role in doctoral
STEM education and persistence than previously thought.
However, the high frequency of these peer relationships might also be explained by the
fact that doctoral students were asked to provide mentoring information for more than one
individual in this study. For instance, the first time students were asked to provide information
about an individual they considered to be a mentor to them, 69% (n = 53) of students provided
information about a faculty member and 20% (n = 15) provided information about a peer mentor.
However, the second time students were asked to provide information about a mentor, only 59%
(n = 17) gave information about a faculty member, while 28% (n = 8) provided information
about a peer mentor. As such, participants indicated a proportionally higher amount of peer
mentors over the second set of mentoring questions.
Other mentoring relationships. Apart from faculty and peer mentors, only 5.6% of
doctoral student survey participants (n = 6) indicated that they had a mentor outside of the
university system. Of these individuals, two were family members, two were faculty members at
an undergraduate institution, and two were former or current supervisors. Doctoral student
interviewees indicated a slightly more robust set of outside mentors; including two family
members (mother and a brother) and three University staff members (representing 18% of all
mentoring relationships). These results suggest that doctoral students develop most of their
mentoring relationships within the University system; a result that has also been found by Hall &
Burns (2009).
Family/student mentoring relationships. Both students who indicated having a family
member as a mentor (both of them in engineering fields) remarked that their mother and brother
(respectively) possessed a Ph.D. in a STEM field (SP11; SP14), suggesting that when doctoral
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students look outside of the University for mentorship, they may be searching for an
academically affiliated connection. These family members appeared to function in much the
same way as peer relationships in that students would approach family mentors for research
support, career support, and psychological support. Unlike peer mentors, however, family
members appeared to serve in a much more generalized manner, providing basic advice on how
to manage academic climate and laboratory culture, as well as how to take on more autonomous
research projects.
Staff/student mentoring relationships. Only three doctoral student interviewees (all of
them females) cited having a University staff member as a mentor, and all three stated that their
mentoring relationships functioned exclusively in the context of providing career support. One
interviewee, a female in the Chemistry department, said she approached the department director
for career guidance when she decided to pursue a career path outside of academia (SP1).
Similarly, the other two interviewees stated that their mentor provided networking support and
access to University career resources that they could not gain through other means (SP6; SP14).
Perceptions of Mentoring Relationships
Overall, data from the Ph.D. Exit Survey indicate a very strong correlation between
mentor satisfaction and doctoral program satisfaction for both STEM and non-STEM doctoral
students. The relationship between mentor and program satisfaction is especially strong for
STEM doctoral students by a positive correlation of r(5) = .996, p < .001. As such, doctoral
students who are less satisfied with their faculty mentoring relationships are also less satisfied
with their STEM doctoral degree programs (and vice versa).
This positive correlation is also reflected strongly in the doctoral student survey data,
which reveal that STEM doctoral students who reported having low satisfaction with their
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mentors were also more likely to rate their doctoral degree programs lower (and vice versa). A
positive correlation between mentor score and program score emerged, r(77) = .28, p < .007.
Unlike the Ph.D. Exit Survey, which only examines the relationship between faculty members
and doctoral students, the doctoral student survey includes data on a range of mentoring
relationship types including peer relationships (e.g. older graduate students or post-doctoral
fellows), family/student relationships, and staff/student relationships. These data suggest that the
relationship between mentor satisfaction and program satisfaction may be tied to other types of
mentoring relationships (outside of the traditional faculty/student relationship).
Many of the studies outlined in the literature review that have examined the relationship
between program satisfaction, mentor satisfaction, and overall persistence in STEM disciplines
have neglected to mention the role that these other mentoring types can play in fulfilling the
needs and expectations of doctoral student mentees within their doctoral degree programs.
However, a recent study by Ensher & Murphy (2011) argues that “mentoring relationship
effectiveness” (p. 254) can be determined by a friendship model, in which mentors provide their
services under an implicit understanding of reciprocity in the form of appreciation for their
services and/or a shared comradery (p. 255). Such a ‘friendship’ model might help explain the
role that these other types of relationships (especially peer relationships) play in supporting
doctoral students’ overall satisfaction with their STEM degree programs.
Perceptions of faculty/student relationships. Notably, not all STEM doctoral students
perceived their mentoring relationships as positive experiences. For instance, data from the Ph.D.
Exit Survey revealed that 13% (n = 145) of doctoral students in STEM disciplines rated their
satisfaction with their faculty advisors as either ‘poor’ or ‘fair’. Moreover, interviews with
current doctoral students revealed that students do not always expect their faculty mentors to fill
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mentoring functions, such as providing research or career advice. In one instance, an male
doctoral student in chemistry referred to their faculty mentor as “their boss”, stating: “I'm not
allowed to have ideas on my own” (SP4). In several cases, faculty mentors seemed to act more as
aspirational or research ‘role models’; and did not provide one-on-one guidance to their mentees.
These results are consistent with findings by Hall & Burns (2009), who argued that mentoring
relationships between faculty and students are reminiscent of those between a ‘master’ and their
‘apprentice’; in which the student observes the ‘trade’ (e.g. the research methods of the STEM
discipline) and attempts to replicate the ‘master’ using their own skill-set.
Trends in Mentoring Relationships by Gender and STEM Doctoral Degree Program
Although STEM doctoral students did not always agree on the role or function that their
mentors were supposed to serve within their mentoring relationships, female students did appear
to deeply identify with and seek out female mentorship (even if they were not conscious of the
decision to do so). For instance, female student interviewees who spoke specifically about the
gender of their mentors seemed to feel that they were highly supported within their doctoral
programs; particularly when their mentors showed symbolic or personal encouragement.
Notably, two female doctoral students in physics and psychology spoke about how they were not
initially aware of gender when seeking out their mentoring relationship; but that they now do so
because they ‘recognize the value that having a female mentor can have’ in a male-dominated
discipline (SP5; SP6).
Trends in mentoring relationships by gender. Even though female doctoral students
did not always explicitly speak to gender as a characteristic that they looked for in their
mentoring relationships, trends in this study’s survey data suggest that female doctoral students
are significantly more likely (on average) to have female mentors than male doctoral students, a

PERCEPTIONS OF MENTORING

107

result which has also emerged in Etskowitz et al. (2000), Preston (2004), and Primé et al. (2015).
Moreover, female doctoral students appear to possess more female mentors than male mentors
outside of the faculty population in general; including more female post-doctoral mentors,
graduate student mentors, and non-University mentors (such as family members or supervisors).
Arguably, these trends in gender could be reflective of female doctoral students’ implicit
desire for female mentors, a theory which has been noted by Holley & Caldwell (2012). More
importantly, these data indicate that female doctoral students may be looking for female
representation in the faculty. For instance, several female doctoral student interviewees noted,
when describing their ‘ideal mentor’, that they looked for themselves in their mentoring
relationships. One female doctoral student in physics noted:
“So I guess most of my mentors have turned out to be women, [pause] but I haven't
exactly searched them out. But now the people I go to seem to be women…women in
physics have issues about being taken seriously. So I think it's often for women in
physics to depreciate their work. It's something I definitely do, and it's a danger. I've
talked to other women who have to force themselves not to do it. I don't think I could
deal with someone who didn't respect the fact that I have a life outside of physics” (SP6).
However, survey data reveal that doctoral students at Northwestern tend to perceive a significant
gender imbalance among the faculty in their STEM disciplines (Figure 14); which may explain
why female students at Northwestern are more likely to males to have more than one mentor, as
well as a broader range of mentorship types (such as peer mentors or staff mentors).
Function of female mentoring relationships. Although female students at Northwestern
possess more female mentors than male students; both male and female doctoral students
reported equal levels of satisfaction with all of their mentors, indicating that both male and
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female mentors are providing positive mentoring functions overall (e.g. research support, career
support, etc.). However, one gender difference did emerge from the mentor satisfaction
subscales; namely, that female students were more likely than male students to talk to their
mentors about personal and/or familial issues (Figure 12). These results are consistent with a
study by Carl Sindermann (2008), who found that mentors of different genders may serve
different roles for male and female students when it comes to discussing ‘personal’ subjects such
as paid leave, vacation time, or family planning. As such, female students may be searching for
mentors; particularly, female mentors, to help fill some of these desired mentoring functions that
are not being fulfilled by their male mentoring relationships.
Trends in mentoring relationships by STEM doctoral degree program. Moreover,
female doctoral students who reported higher percentages of female representation in their
STEM doctoral degree programs also reported higher levels of overall mentor satisfaction
(across all mentor types) (Figure 16). These data suggest that STEM doctoral students (both male
and female) with high female representation in their doctoral degree programs will also
experience significantly greater levels of overall satisfaction with their faculty mentors. This
effect appears to be more pronounced for female doctoral students, who appear to benefit most
prominently from female faculty representation in their STEM doctoral degree programs,
perhaps because they perceive these female faculty members to be capable fulfill specific
mentoring functions (e.g. providing personal and/or familial advice).
Limitations
It should be noted that the trends in doctoral student gender, mentor gender, and STEM
doctoral degree program outlined in the preceding sections are specific to the experiences of
Northwestern University STEM doctoral students. As such, the results of this study may not be
generalizable to the larger STEM doctoral student population at other highly-selective (R1/VH)
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research institutions. This study also utilizes a non-STEM control group in only one data
collection method (the artifact analysis), and does not survey or interview any current doctoral
students in non-STEM doctoral degree programs. Moreover, this study does not study mentoring
relationships from the mentors’ perspective; data was collected solely from the perspective of
doctoral students in the hope of identifying characteristics of mentoring relationships important
to STEM doctoral students over various independent variables.
Furthermore, this study contains a high self-selection bias. As such, individual participant
characteristics may affect mentoring relationship measures and subscales; posing a threat to
internal validity. As a result of the study’s allowance for participant self-selection, biological
STEM disciplines (e.g. chemistry and materials science and engineering) are over-represented in
the STEM survey and interview data (Table 6 & 11). However, this may be partially due to the
fact that these disciplines are also the largest STEM doctoral degree programs at Northwestern
by a significant margin with average incoming class sizes of n = 49 (chemistry) and n = 34
(materials science and engineering) students per year between 2009 and 2014 (PhD Program
Statistics, 2014). The sum of all incoming doctoral students (per year) in all life sciences
programs at Northwestern University is N = 66 (74%), while all engineering, physical science,
and mathematics programs see an average incoming class size of N = 230 (29%) (PhD Program
Statistics, 2014). Because mentoring is both a developing and evolving process, it is believed
that the experiences of participants may significantly differ depending on the independent
student populations studied.
Assumptions. This study fully acknowledges the researcher’s bias toward the positive
potential of mentoring relationships within STEM doctoral education. It is also recognized that
interpretation section is framed in such a manner as to challenge the current set of mentoring
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literature, which emphasizes the traditional faculty/student mentoring relationship as opposed to
multiple mentoring relationships (e.g. peer relationships, family/student relationships, etc.). It is
presumed that all doctoral student mentors (whether or not they serve in an official capacity) aim
to positively serve doctoral students, even if their service may result in negative outcomes.
A number of procedural assumptions were also made in this study, including that doctoral
students were honest in their responses to survey and interview questions, and that the majority
of doctoral student participants had access to a computer and/or wireless internet and were able
to successfully access and complete the survey.
Conclusion
The data presented in this study present a rich but incomplete picture of doctoral
mentoring relationships at Northwestern University. Overall, the data indicates that a majority of
STEM doctoral students at Northwestern University were satisfied with the level of mentoring
support provided during their STEM doctoral degree programs from faculty members, postdoctoral fellows, graduate students, family members, staff members, and other individuals.
However, the data also indicate that female doctoral students may not be received the amount of
personal and/or familial support that they desire in their mentoring relationships. Moreover,
female students report a dearth of female faculty mentors in their doctoral degree programs; a
result which may be especially important as they seek acceptance in the STEM disciplines.
Additionally, STEM doctoral students report lower overall satisfaction with their mentors than
non-STEM doctoral students over the same set of subdomains, indicating that STEM mentoring
relationships may not be as robust as non-STEM mentoring relationships.
It should be noted that this study found that STEM doctoral degree program played no
statistically significant role in mentorship satisfaction. This finding is not surprising, however,
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given the small sample size in the data collection methods and the wide range of STEM doctoral
disciplines surveyed by this study. According to Darling, Bogar, Cavell, Murphy, & Sanchez
(2006), students are best served when their mentoring needs are addressed individually by their
mentors and STEM degree programs. As such, additional research exploring mentoring
outcomes among individual STEM degree programs may reveal new information on building
self-efficacy among doctoral students in STEM disciplines. These and other potential areas for
improvement will be further outlined in the ensuing conclusions section.
Conclusion
This study contributed to an understanding of STEM doctoral student mentoring
relationships at Northwestern University in several ways. Principally, results from this study
suggest that mentor satisfaction and degree program satisfaction are highly correlated. This
relationship is especially strong for students in STEM doctoral degree programs (p < .001).
Additionally, data from mentoring satisfaction subscales indicate that STEM doctoral students at
Northwestern appear to be satisfied with the quality of their mentoring relationships overall.
However, having a mentoring relationship does not appear to guarantee positive mentoring
outcomes; for instance, several student interviewees mentioned that they felt uncomfortable
approaching their faculty mentors for personal support (e.g. asking for time off) or career support
(e.g. advice on obtaining a position outside of academia). These findings suggest that while
mentors may be meeting professional definitions (e.g. master/apprentice) of mentorship (Kram,
1985), they may not be attending to all sociocultural mentoring functions desired by students.
Additionally, this study reveals that there are gender and program specific barriers for
doctoral student participation in (and satisfaction with) mentoring relationships in STEM
disciplines; particularly if doctoral students perceive inequity in the gender balance of their
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degree programs and among departmental faculty. For instance, survey data indicate that female
doctoral students experience greater mentor satisfaction when they perceive their STEM doctoral
degree programs to be gender balanced (p < .001). Moreover, survey data reveal that doctoral
students at Northwestern continue to perceive significant gender disparity among their
departmental faculty (z = 17, p < .001) and STEM doctoral degree programs (z = 6.2, p < .011).
Taken together, these data suggest that doctoral students at Northwestern perceive their doctoral
degree programs to be imbalanced in terms of gender; a barrier which female doctoral students
may perceive as an obstacle to finding and forming mentoring relationships.
This study also reveals that female doctoral students at Northwestern possess more
mentoring relationships (on average) than male doctoral students. Female doctoral students are
also more likely than male students to have a mentoring relationship with an individual other
than a faculty member (e.g. another graduate student, post-doctoral fellow, or staff member).
Additionally, female doctoral students possess significantly more female mentors than male
doctoral students by a significant margin (37:1).
Although both male and female doctoral students appear equally satisfied with their
mentoring relationships (on average), female students are significantly more likely than males to
discuss personal and familial issues with their mentors. These data suggest that female mentors
and female-to-female mentoring relationships may fulfill gender-specific mentoring functions;
e.g., role modeling or coaching to overcome barriers in male-dominated fields of study. These
psycho-social functions have been shown to be especially important for female persistence in
STEM disciplines; for instance, female students who do not see themselves reflected in the
professoriate are more likely than males to leave their STEM doctoral degree programs (Ragins,
Cotton, & Miller, 2009).
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Implications for Theory and Research
The results of this study suggest a number of implications for the field. Like previous
studies of its kind, this study found that faculty/doctoral student mentoring relationships (on
average) were the most prevalent type of mentoring relationship within a given doctoral degree
program (Galbraith, 2003; Hall & Burns, 2009; Quarterman, 2008). However, results from this
study also reveal that peer relationships (e.g. older graduate students, post-doctoral fellows) are
some of the more salient mentoring relationship types; representing a significant minority
(roughly 28%) of all doctoral mentoring relationships across both doctoral student surveys and
interviews. Taken together, these findings acknowledge the role that multiple mentors may play
in assisting doctoral students with professional and sociocultural integration into fields of
practice.
Importance of a peer-to-peer mentoring model. Interestingly, peer relationships often
appear to serve more functions than faculty mentoring relationships. For instance, in addition to
providing research support, teaching support, and psycho-social support (functions which are
also provided by faculty mentors), student interviewees revealed that peer mentors can also act
as intermediaries in resolving laboratory disputes. They can also serve as advisors in helping
younger doctoral students navigate social and cultural relationships with faculty and other
members of the research community; e.g. by helping to interpret a faculty member’s research
feedback, or helping students find a “personality fit” within a laboratory work environment. As
has been noted in prior research, effective research mentoring has been shown to be a central
function of doctoral persistence (Rose, 2005). Without peer support, doctoral students may be
left feeling unsupported in their STEM disciplines; choosing to leave their research groups or
their doctoral programs entirely.
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Informing Professional Practice
The saliency of peer mentoring relationships revealed by this study suggest a unique
opportunity for higher education practitioners to capitalize on the potential that older graduate
students and post-doctoral fellows have for increasing overall doctoral student satisfaction, while
at the same time decreasing feelings of isolation in STEM.
Potential of peer-to-peer mentoring programs. For instance, by instituting doctoral
peer-to-peer mentoring programs, institutions could serve a more active role in assisting STEM
doctoral students in overcoming academic and professional barriers, while also increasing
feelings of competency and self-efficacy in STEM. Peer-to-peer mentoring programs might also
provide a role in reducing gender-specific barriers by socializing female doctoral students into
fields of practice and increasing their visibility to faculty members and the larger institutional
community. Such programs could provide the interpersonal connection that STEM doctoral
students seek (but do not typically receive) in their faculty mentoring relationships.
Unfortunately, effective implementation of a doctoral peer-to-peer program presents its
own set of challenges; namely, participation and support from current post-doctoral fellows
and/or older graduate students at the institution. One solution is to make these programs
mandatory for program participants. However, a more effective strategy might be to ask for a
small pool of volunteers in order to capture those individuals with sufficient time and/or desire to
provide mentorship to younger doctoral candidates. Likewise, institutions could help doctoral
student mentees to establish mutually agreeable limits and mentoring outcomes with their
mentors in order to ensure a model of commitment, efficiency, and professional accountability
(with the goal of expanding program participation over time).
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Career support. Additionally, the data indicate a need for institutions to establish
methods for doctoral students to receive career guidance in a safe and supportive environment.
Though doctoral students at Northwestern University are largely satisfied with the ability of their
mentors to provide career and professional support within their STEM disciplines (e.g. academic
positions), several noted a significant gap in their mentors’ ability to provide information about
careers outside of academia and the professorship (e.g. industry positions). Many doctoral
students also feel that the culture of their STEM degree program promotes the idea that students
are ‘unsuccessful’ if they leave academia, leading to a general unwillingness of doctoral students
to approach their STEM mentors for career advice.
There are a few ways that practitioners could address this gap. For instance, a workshop
series could be provided to doctoral students on how to communicate STEM specific skills in
resumes and interviews. These workshops could be taught by a combination of career advisors,
STEM program administrators, and/or STEM doctoral alumni in order to provide a broad range
of perspectives on doctoral career pathways. Additionally, practitioners could focus on creating
more professional connections with STEM doctoral degree recipients who currently work within
industry fields; e.g. with doctoral student alumni of the institution.
Additionally, institutional administrators could serve more of a direct role by providing
mentorship to STEM doctoral students in their respective departments; either in a formal,
directed mentorship program, or informally through one-on-one advising sessions. For instance,
this study’s findings indicate that staff mentoring relationships show a large potential for growth
at Northwestern University; as only 11% (n = 3) of doctoral student interviewees indicated
having a staff mentor, and no doctoral survey participants indicated having a staff member as a
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mentor. In particular, female staff mentors could play an integral role in supporting and advising
female doctoral students by serving as role models over gender-specific mentoring functions.
Lessons Learned
This study recognizes that mentorship can present itself in many ways; a doctoral mentor
may not necessarily need to have a formal relationship with a doctoral student mentee in order to
provide mentoring support. However, this study does not explicitly examine these informal
mentoring roles, partly because this research emphasizes those individuals who STEM doctoral
students perceive to be direct mentors to them. More narrowly focused questions asking about
informal mentors outside of academia (e.g. family member, religious leaders, etc.) might have
helped develop a deeper understanding of the roles that these individuals play in the day-to-day
experiences of doctoral students. Moreover, the research might have benefitted from a Q-Sort;
which would have allowed participants (many whom had never before been asked about their
mentorship opportunities) to consider what aspects of mentorship they found most valuable to
them. Further questions about the types of barriers that students encounter in their mentoring
relationships would also have been helpful when considering ways in which STEM doctoral
mentoring relationships might be improved.
Future Research
As one of the earliest studies focusing on doctoral mentorship within the context of
STEM disciplines, there is sizable room for growth and exploration. For instance, future studies
in this area might include measures in addition to gender of the student, gender of the mentor,
and doctoral STEM discipline; such as race and ethnicity, student outcomes (career and
academic), experiences with mentorship at prior institutions or secondary education, and gender
or minority specific barriers to success within STEM doctoral education. These items would be
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beneficial in creating institutional mentorship opportunities that more adequately serve doctoral
students’ diverse needs. Additionally, future research might consider readministering the
doctoral student survey and interviews used in this study, but with a non-STEM control group.
Another future research endeavor might replicate this study, but draw from the
perspectives of STEM doctoral students who have withdrawn from their academic programs. For
instance, although this study demonstrates a positive correlation between mentor and program
satisfaction, it does not reveal anything about the role that overall mentor satisfaction plays in a
student’s decision to ultimately leave their STEM doctoral degree program. Such a perspective
would greatly broaden the scope of both the mentoring literature, as well as the national
conversation surrounding student attrition in STEM disciplines.
A faculty perspective (such as a matched-paired or comparison study) might also prove
helpful for connecting doctoral students’ mentoring experiences to academia in a more
meaningful way, while at the same time providing multiple perspectives and increased
triangulation of doctoral mentoring relationships.
Reflections. Overall, the results of this study largely suggest that STEM doctoral students
at Northwestern University are receiving a positive amount of mentoring support within their
academic programs. However, the data also indicate that marginalized groups; e.g. female
doctoral students, may not be receiving the ideal amount of personal or psychological support
from their mentoring relationships. The lack of these mentoring functions may be contributing to
the “isolating climate” in STEM described by several doctoral interviewees, which has been
shown to discourage academic and social participation (Tsui, 2010).
This study provides a deeper look at the type and function of STEM doctoral mentoring
relationships at Northwestern University, as well as what the future of those experiences could
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be. Though there are areas in which higher education practitioners can offer greater guidance in
promoting and sustaining doctoral mentorship (e.g. for female students), the doctoral students
surveyed and interviewed in this study present a comprehensive picture of the ability of STEM
doctoral degree programs at Northwestern University to support a culture of meaningful
mentorship and academic persistence.
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Appendices
Appendix A

STEM Disciplines Defined by the National Science Foundation Division of Graduate Education
Table A1
Field of Study
Chemistry

Number
11

Computer and
Information
Science and
Engineering
(CISE)

15

Engineering

16

Geosciences

23

Life Sciences

17

Materials
Research

9

Mathematics

13

Academic Discipline
Chemical Catalysis, Chemical Measurement and Imaging, Chemical
Structure, Dynamics and Mechanism, Chemical Synthesis, Chemical
Theory, Models and Computational Methods, Chemistry of Life
Processes, Environmental Chemical Systems, Macromolecular,
Supramolecular, and Nanochemistry, Sustainable Chemistry.
Algorithms and Theoretical Foundations, Communication and
Information Theory, Computational Science and Engineering, Computer
and Information Security, Computer Architecture, Computer Systems,
Networking and Embedded Systems, Databases, Data Mining and
Information Retrieval, Graphics and Visualization, Human Computer
Interaction, Informatics, Machine Learning, Natural, Language
Processing, Robotics and Computer Vision, Software Systems and
Software Engineering.
Aeronautical and Aerospace Bioengineering, Biomedical, Chemical
Engineering, Civil Engineering, Computer Engineering, Electrical and
Electronic, Energy, Environmental, Industrial Engineering & Operations
Research, Materials, Mechanical, Nuclear, Ocean, Optical Engineering,
Polymer, Systems Engineering.
Atmospheric Chemistry, Aeronomy, Biogeochemistry, Biological
Oceanography, Chemical Oceanography, Climate and Large-Scale
Atmospheric Dynamics, Geobiology, Geochemistry, Geodynamics,
Geophysics, Glaciology, Hydrology, Magnetospheric Physics, Marine
Biology, Marine Geology and Geophysics, Paleoclimate
Paleontology and Paleobiology, Petrology, Physical and Dynamic
Meteorology, Physical Oceanography, Sedimentary Geology, Solar
Physics, Tectonics.
Biochemistry, Biophysics, Cell Biology, Developmental Biology,
Ecology, Environmental Science, Evolutionary Biology, Genetics,
Genomics, Microbiology, Molecular Biology, Neurosciences, Organismal
Biology, Physiology, Proteomics, Structural Biology, Systematic Biology.
Biomaterials, Ceramics, Chemistry of materials, Electronic materials,
Materials theory, Metallic materials, Photonic materials, Physics of
materials, Polymers.
Algebra, Number Theory, and Combinatorics, Analysis, Applied
Mathematics, Biostatistics, Computational and Data-enabled Science,
Computational Mathematics, Computational Statistics, Geometric
Analysis, Logic or Foundations of Mathematics, Mathematical Biology,
Probability, Statistics, Topology.
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Table A1 Cont.
Physics and
Astronomy

9

Psychology

13

Social Sciences

18

STEM
Education and
Learning
Research

5

Astronomy and Astrophysics, Atomic, Molecular and Optical Physics,
Condensed Matter Physics, Nuclear, Particle Physics, Physics of Living
Systems, Plasma, Solid State, Theoretical Physics.
Cognitive, Cognitive Neuroscience, Computational Psychology,
Developmental, Experimental or Comparative, Industrial/Organizational,
Neuropsychology, Perception and Psychophysics, Personality and
Individual Differences, Physiological, Psycholinguistics, Quantitative,
Social.
Archaeology, Biological Anthropology, Cultural Anthropology,
Anthropology, Decision Making and Risk analysis, Economics (except
Business Administration), Geography, History and Philosophy of Science,
International Relations, Law and Social Science, Linguistics, Linguistic
Anthropology, Medical Anthropology, Political Science, Public Policy,
Science Policy, Sociology (except Social Work), Urban and Regional
Planning.
Engineering Education, Mathematics Education, Science Education,
Technology Education, STEM Education and Learning.

Note. From the “Graduate Research Fellowship Program (GRFP),” NSF-14590, 2014, p. 13.
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Appendix B

Mentoring Definitions throughout History
Table B1
Author
Erikson (1964)

Description of Mentoring
Adults have an ethical role to extend their
knowledge to younger generations. Humans are
‘teaching animals’. Mentoring occurs in a
continuous and responsible manner.
Ragins (1999)
Mentoring serves to enhance business
relationships which in turn increase economic
outcomes; e.g. productivity, compensation, and
employee retention.
Luna & Cullen (1995) Mentoring enhances the social and academic
development of secondary students.

Discipline
Developmental
psychology

Astin (1984)

College student
development theory
College student
development theory
College student
development theory

Mentoring is viewed as an informal conduit for
the promotion of involvement in learning.
Perry (1970)
The role of mentoring is to assist individuals in
the creation and prioritization of goals.
Kram (1983)
Mentoring affects two broad areas:
psychosocial functions (interpersonal
relationships), and career functions (which
affect an individual’s relationship to an
organization).
Robbins (1999)
Mentoring is a continually evolving relationship
between individuals differentiated by academic
experience, influence, and success. More
experienced individuals provide guidance to
less experienced individuals.
Note. Mentoring definitions are adapted from original studies.

Corporate
management

K-12 education

Doctoral education
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Appendix C
Survey Communications

I.

E-mail Invitation to Potential Student Survey Participant

February 23rd, 2015
Dear [potential student participant],
My name is Lisa Blaskowski and I am a current graduate student in the M.S. in Higher
Education and Social Policy program in the School of Education and Social Policy at
Northwestern University. As part of my Master’s program, I am currently studying how doctoral
students in science, technology, engineering, and mathematics [STEM] programs are supported
in their academic disciplines by mentors. The goal of this research is to more fully understand
the mentoring experiences of doctoral students at Northwestern University.
I am pleased to invite you to participate in a short survey assessing the mentorship experiences of
STEM Ph.D. students at Northwestern University. You have been identified as a potential
participant because you are a current doctoral student in a STEM Ph.D. program at Northwestern
University. This survey will ask you to reflect on your mentoring relationships throughout your
time in your STEM graduate program.
The online survey takes approximately 15 minutes. After you complete the survey, you will have
the option of providing your contact information in a separate form to be entered in a drawing for
a $100 Amazon gift card. If you are willing to participate, please click on the link below to
access the survey:
https://www.surveymonkey.com/s/STEMentor
All responses will be recorded anonymously; the names of all respondents solicited will remain
confidential and will not be included in the final report. Your participation in this survey is both
voluntary and anonymous. You are free to withdraw from the study at any time.
All questions about the study should be directed to Lisa Blaskowski at
lisablas@u.northwestern.edu. Any questions about your rights as a research subject should be
directed to Dr. Lois Trautvetter, Faculty Advisor, (847) 491-3901 or
l-trautvetter@northwestern.edu and/or the Institutional Review Board at (312) 503-8338 or
irb@northwestern.edu.
Thank you very much for your time and support. Your responses are valuable for understanding
the experiences of doctoral students at Northwestern University.
Lisa J. Blaskowski
Higher Education Administration and Policy Program
School of Education and Social Policy
Northwestern University
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First Reminder E-mail to Potential Student Survey Participant

March 11th, 2015
Dear [potential student participant],
Last week, I wrote to you about participating in a short survey examining how doctoral students
in science, technology, engineering, and mathematics [STEM] programs are supported in their
academic disciplines by mentors. The goal of this research is to more fully understand the
mentoring experiences of doctoral students at Northwestern University.
As a current Ph.D. candidate in a STEM doctoral program, I hope you will be interested in
sharing your experiences.
I would like to invite you to complete a short online survey, which takes approximately 15
minutes. After you complete the survey, you will have the option of providing your contact
information in a separate form to be entered in a drawing for a $100 Amazon gift card. If you are
willing to participate, please click on the link below to access the survey:
https://www.surveymonkey.com/s/STEMentor
All responses will be recorded anonymously; the names of all respondents solicited will remain
confidential and will not be included in the final report. Your participation in this survey is both
voluntary and anonymous. You are free to withdraw from the study at any time.
All questions about the study should be directed to Lisa Blaskowski at
lisablas@u.northwestern.edu. Any questions about your rights as a research subject should be
directed to Dr. Lois Trautvetter, Faculty Advisor, (847) 491-3901 or
l-trautvetter@northwestern.edu and/or the Institutional Review Board at (312) 503-8338 or
irb@northwestern.edu.
Thank you very much for your time and support. Your responses are valuable for understanding
the experiences of doctoral students at Northwestern University.
Lisa J. Blaskowski
Higher Education Administration and Policy Program
School of Education and Social Policy
Northwestern University
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Second Reminder E-mail to Potential Student Survey Participant

March 20th, 2015
Dear [potential student participant],
As a reminder, you have been invited to participate in a short survey examining how doctoral
students in science, technology, engineering, and mathematics [STEM] programs are supported
in their academic disciplines by mentors. The goal of this research is to more fully understand
the mentoring experiences of doctoral students at Northwestern University.
As a current Ph.D. candidate in a STEM doctoral program, I hope you will be interested in
sharing your experiences.
I would like to invite you to complete a short online survey, which takes approximately 15
minutes. After you complete the survey, you will have the option of providing your contact
information in a separate form to be entered in a drawing for a $100 Amazon gift card. If you are
willing to participate, please click on the link below to access the survey:
https://www.surveymonkey.com/s/STEMentor
All responses will be recorded anonymously; the names of all respondents solicited will remain
confidential and will not be included in the final report. Your participation in this survey is both
voluntary and anonymous. You are free to withdraw from the study at any time.
All questions about the study should be directed to Lisa Blaskowski at
lisablas@u.northwestern.edu. Any questions about your rights as a research subject should be
directed to Dr. Lois Trautvetter, Faculty Advisor, (847) 491-3901 or
l-trautvetter@northwestern.edu and/or the Institutional Review Board at (312) 503-8338 or
irb@northwestern.edu.
Thank you very much for your time and support. Your responses are valuable for understanding
the experiences of doctoral students at Northwestern University.
Lisa J. Blaskowski
Higher Education Administration and Policy Program
School of Education and Social Policy
Northwestern University
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Appendix D
Online Survey Protocol
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If #1 is “no”, prompt: “I’m sorry, you are not qualified to take this study.”
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i.
ii.
iii.
iv.
v.
vi.
vii.
viii.
ix.
x.
xi.
xii.
xiii.
xiv.
xv.
xvi.
xvii.
xviii.
xix.
xx.
xxi.
xxii.
xxiii.
xxiv.
xxv.
xxvi.
xxvii.

Analytics
Anthropology
Applied Mathematics
Applied Physics
Biomedical Engineering
Biotechnology
Biotechnology Training Program
Chemical and Biological Engineering
Chemistry
Civil and Environmental Engineering
Clinical Psychology PhD
Clinical Investigation
Cognitive Science Specialization
Computer Engineering
Computer Science
Earth and Planetary Sciences
Economics PhD
Education Sciences
Electrical Engineering
Engineering Design and Innovation
Engineering Management
Environmental Engineering and Science
Environmental Geotechnics
Epidemiology and Biostatistics
Genetic Counseling
Geotechnical Engineering
Industrial Engineering and Management
Sciences
xxviii. Information Systems (through the School of
Professional Studies)
xxix. Information Technology
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xxx. Integrated Graduate Program in the Life
Sciences
xxxi. Interdepartmental Biological Sciences
Graduate Program (IBiS)
xxxii. Interdepartmental Neuroscience
ProgramJD-PhD
xxxiii. Learning Sciences
xxxiv. Life and Biomedical Sciences
xxxv. Life Sciences and Public Health
xxxvi. Linguistics
xxxvii. Materials Science and Engineering
xxxviii. Mathematics
xxxix. Mechanical Engineering
xl. Medical Anthropology
xli. Medical Informatics (through the School of
Professional Studies)
xlii. Medical Scientist Training Program:
Combined MD and PhD
xliii. MMM Program: Combined MBA from
Kellogg and MS from McCormick
xliv. Multidisciplinary Program in Education
Sciences (MPES)
xlv. Neurobiology
xlvi. Northwestern Interdepartmental
Neuroscience Program (NUIN)
xlvii. Northwestern University Institute for
Neuroscience (NUIN)
xlviii. Physics and Astronomy
xlix. Plant Biology and Conservation PhD
l. Political Science
li. Public Policy and Administration (through
the School of Professional Studies)
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lii.
liii.
liv.
lv.
lvi.

Psychology
Robotics
Sociology
Statistics
Structural Engineering and Materials

i.
ii.
iii.
iv.
v.
vi.
vii.

1st year graduate student
2nd year graduate student
3rd year graduate student
4th year graduate student
5th year graduate student
6th year graduate student
7th+ year graduate student

i.
ii.
iii.
iv.
v.
vi.
vii.

2015
2016
2017
2018
2019
2020 or later.
Unsure.
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lvii.
lviii.
lix.
lx.

Technology Industry Management
Technology and Social Behavior
Theoretical and Applied Mathematics
OTHER (please indicate)
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If #16 is “yes”, go to #17. If “no”, go to #18.
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If #18 is “yes”, go to #19. If “no”, go to #21.

i.
ii.
iii.
iv.
v.
vi.
vii.
viii.
ix.

1 quarter
2 quarters
3 quarters
1 year
2 years
3 years
4 years
5 years
6 or more years

i.
ii.
iii.
iv.
v.
vi.
vii.

Less than 5% women
5% women/95% men
10% women/90% men
25% women/75% men
50% women/50% men
75% women/25% men
more than 75% women

i.
ii.
iii.
iv.
v.
vi.
vii.

Less than 5% women
5% women/95% men
10% women/90% men
25% women/75% men
50% women/50% men
75% women/25% men
more than 75% women

i.
ii.
iii.
iv.
v.
vi.

Less than 5% women
5% women
10% women
25% women
50% women
75% or more women
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Questions #24-35 are duplicated for up to 2 mentors.
If Question #24 is “no”, go to question #43.
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i.
ii.
iii.
iv.
v.
vi.
vii.
viii.
ix.

1 quarter
2 quarters
3 quarters
1 year
2 years
3 years
4 years
5 years
6 or more years
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If #35 is yes, repeat #25, 26, 28, 29, 30, 32, 34
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Thank you for completing the survey!
Your responses will be valuable in understanding the current mentoring experiences of doctoral
students at Northwestern University.
If you would like to be entered in a raffle to win a $100 Amazon gift card, please click on the link
below to enter your contact information. This information will not be associated with your data.
https://www.surveymonkey.com/s/STEMraffle
We will be selecting and notifying a winner on April 1st, 2015.

Optional Prize Entry Form
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Appendix E

Data Collection Timeline
February 2015 to March 2015
Table C1
Week 1

Week 2

Week 3

Week 4

Week 5
Week 6

Monday
2/23
Survey invitation
sent (1st e-mail).
3/2
Interview
invitation sent
(1st e-mail).
3/9

Tuesday
2/24

Wednesday
2/25

Thursday
2/26

Friday
2/27

3/3

3/4

3/5

3/6

3/10

3/12

3/13

3/16:
Interview
reminder e-mail
sent (2nd e-mail).
SPRING
BREAK
3/30

3/17:

3/11
Survey reminder
sent (2nd e-mail).
3/18:

3/19:

SPRING
BREAK
4/1 Survey
closed.

SPRING
BREAK

3/20:
Final survey
reminder sent
(3rd e-mail).
SPRING
BREAK

SPRING
BREAK
3/31

Last day
interviews
conducted.
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Appendix F
Interview Protocol

2015 Survey of STEM Ph.D. Students at Northwestern University
Individual Interview Protocol
Purpose:
You are being asked to participate in a research study about Northwestern doctoral students in
science, technology, engineering, and mathematics [STEM] Ph.D. programs. The purpose of this
study is to learn more about the mentorship experiences of STEM Ph.D. students at
Northwestern University. You are being asked to participate in this study because you are a
current doctoral candidate in a STEM Ph.D. program at Northwestern University.
Disclosure:
You may choose to not answer a question or end participation at any time without any negative
consequences. Your identity will not be recorded and your responses will be coded to ensure
confidentiality. If you have consented to audio recording, the interview will be recorded using a
Macbook Pro. This recording will later be transcribed. If you would like for me to send you a
written copy of the transcription for your review, please let me know.
Consent:
All of this information is repeated on the Consent Form I provided you earlier. Would you take a
few minutes and review the information again and, if you agree to continue your participation in
the interview and the audio recording, please sign and date the Consent form. When you are done
signing the form, please return it to me.
[Allow time for interviewee to review the information on Interview Consent Form and to sign it
before proceeding to the introductions.]
Do you have any questions for me before we begin?
I would like to get a better sense from you of what it is like to be a Ph.D. student here. Let’s start
with some basic information about you and then on to questions about your mentorship
experiences.
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Individual Interview Questions
Demographic Information (5 min.):
1. What is your gender?
2. Which school(s) and/or college(s) do you attend at Northwestern University?
3. What Ph.D. program are you in and what is your research focus?
a. Probe: What are you currently researching?
b. Probe: Which academic department(s) are you a part of?
4. How long have you been in your Ph.D. program?
Academic Questions (10 min.):
1. What do you think are the most important factors to succeeding in your [insert
academic program]?
2. (If time) What inspired you to pursue your Ph.D.?
a. Probe: Was a Ph.D. a personal goal?
b. Probe: Were you looking for certain kinds of academic or professional
opportunities?
3. (If time) When did you first become interested in [insert academic program]?
Mentorship Questions (25 min.):
1. What is a mentor?
a. Probe: What characteristics do you look for in a mentor?
2. Do you have someone who you would consider to be a mentor to you; and if so what
role does this individual play in your life?
a. Probe: Is there anyone whom you look to for personal or professional
guidance; either inside or outside of academia?
If #2 is Yes:
3. Why is this person a mentor to you?
4. What is this person’s job title?
5. What is your mentor’s gender?
6. How did you meet your mentor?
7. How long have you known your mentor?
8. (If applicable) Is your mentor in your department?
9. (If time) Do you consider anyone else to be a mentor to you?
If #9 is Yes:
a. Why is this person a mentor to you?
b. What is this person’s job title?
c. What is your mentor’s gender?
d. How did you meet your mentor?
e. How long have you known your mentor?
f. (If applicable) Is your mentor in your department?
10. Have you found it valuable to have a mentor(s)? If so, why?
11. In what situations do you reach out to your mentor(s)?
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12. In what ways has/have your mentor(s) been helpful to you?
13. (If time) Is it important that you and your mentor have things in common?
a. Probe: Is it important to you if you and your mentor have any shared
experiences?
If #2 is No:
14. Why don’t you think you have a mentor?
15. Do you want a mentor?
a. Probe: Why or why not?
16. (If time) Have you ever tried to form a mentoring relationship?
If #16 is yes:
a. What were the challenges in doing so?
All participants:
17. Do you feel that your Ph.D. program has done a good job in making mentorship
opportunities available to you?
18. Do you feel that your program has more or less mentorship opportunities compared to
other STEM Ph.D. programs at Northwestern?
19. What do you think is or are the most important characteristics of mentors for PhD
students in STEM?
20. (If time) What advice would you give to an incoming STEM doctoral candidate about
how to find a mentor?
21. (If time) Have you ever been involved in an official mentorship program either at
Northwestern or at another institution?
If #16 is yes:
a. What was it?
b. Did you find the experience valuable to you?
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Appendix G

Interview Communications
E-mail Invitation to Potential Student Interview Participant
March 2nd, 2015
Dear [potential student participant],
My name is Lisa Blaskowski and I am a current graduate student in the M.S. in Higher
Education and Social Policy program in the School of Education and Social Policy at
Northwestern University.
Last week, you may remember completing a short survey for a study I am conducting entitled
Doctoral Student Mentoring Relationships in STEM Disciplines. The goal of this research is to
more fully understand the mentoring experiences of doctoral students at Northwestern
University.
I would like to invite you to come in for one-on-one interview (40-45 minutes) to discuss your
experiences with mentorship in your doctoral program in more detail.
All students who complete the interview will receive a $5 Starbucks gift card. If you are willing
to participate, please e-mail lisablas@u.northwestern.edu and let me know your availability on
the following [dates/times]. If these dates are not good for you, please propose other dates and
times that work for you.
All questions about the study should be directed to Lisa Blaskowski at
lisablas@u.northwestern.edu. Any questions about your rights as a research subject should be
directed to Dr. Lois Trautvetter, Faculty Advisor, (847) 491-3901 or
l-trautvetter@northwestern.edu and/or the Institutional Review Board at (312) 503-8338 or
irb@northwestern.edu.
Thank you very much for your time and support. Your responses are valuable for understanding
the experiences of doctoral students at Northwestern University.
Lisa J. Blaskowski
Higher Education Administration and Policy Program
School of Education and Social Policy
Northwestern University
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Appendix H

EXEMPTION DETERMINATION
February 9, 2015
Lois Trautvetter
l-trautvetter@northwestern.edu

Dear Dr. Lois Trautvetter:
On 2-9-2015, the IRB reviewed the following submission:
Determination Date: 2/9/2015
Type of Submission: Initial Study
Review Level: Exempt
Exempt Category: - (2) Tests, surveys, interviews, or observation
- (4) Data, documents, or specimens
Title of Study: Perceptions of Mentoring Among Doctoral Students in
Science, Technology, Engineering, and Mathematics
[STEM] Disciplines
Principal Investigator: Lois Trautvetter
IRB ID: STU00200497
Funding Source: - Name: Northwestern University (NU)
Grant ID:
NU OSR Number:
IND, IDE, or HDE: None
Documents Reviewed: • E-mail.1.Potential.Student.Interview.docx, Category:
Recruitment Materials;
• Reminder.E-mail.1.Potential.Student.Survey.docx,
Category: Recruitment Materials;
• E-mail.1.Potential.Student.Survey.docx, Category:
Recruitment Materials;
• Reminder.E-mail.2.Potential.Student.Survey.docx,
Category: Recruitment Materials;
• Consent Form_Student Survey.docx, Category:
Consent Form;
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• Consent Form_Student Interview.docx, Category:
Consent Form;
• Doctoral Student Survey Guide.docx, Category:
Questionnaire/Survey;
• Blaskowski.IRB.Protocol.docx, Category: IRB
Protocol;
• Doctoral Student Interview Guide.docx, Category:
Interview;
• List of Qualified STEM Disciplines.docx, Category:
Data Collection Tools.
The IRB has determined that the study meets the criteria for exemption from IRB review and
approval.
In conducting this study, you are required to follow the requirements listed in the Northwestern
University (NU) Investigator Manual (HRP-103), which can be found by navigating to the IRB
Library within the eIRB+ system.
This determination applies only to the activities described in the eIRB+ submission and does not
apply should any changes be made. If changes are being considered and there are questions about
whether IRB review is needed, please contact the IRB Office to discuss those changes.
An exemption determination does not constitute nor guarantee institutional approval and/or
support. Investigators and study team members must comply with all applicable federal, state,
and local laws, as well as NU Policies and Procedures, which may include obtaining approval for
your research activities from other individuals or entities.
For IRB-related questions, please consult the NU IRB website at http://irb.northwestern.edu. For
general research questions, please consult the NU Office for Research website at
http://www.research.northwestern.edu.
Sincerely,
Heather Gipson
IRB Director
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Appendix I
Interview Consent Form

Northwestern University
Higher Education Administration and Policy
Consent Form for Research
PROJECT TITLE: Perceptions of Mentoring Among Doctoral Students in Science, Technology, Engineering, and
Mathematics [STEM] Disciplines
PRINCIPAL INVESTIGATOR: Lois Trautvetter
CO-INVESTIGATOR/STUDENT INVESTIGATOR: Lisa Blaskowski, Graduate Student, Higher Education
Administration and Policy
SUPPORTED BY: Northwestern University

What is the Purpose of this Study?
You are being asked to participate in a research study about doctoral student perceptions of mentoring
relationships. The purpose of this study is to better understand how doctoral students in science,
technology, engineering, and mathematics [STEM] programs are supported in their academic disciplines
by mentors. You are being asked to participate in this study because you are a doctoral candidate in a
STEM degree program and are 18 years or older.
Your privacy is of the utmost importance. No names or other identifying information will be included on
the interview transcript. Your name will be coded.
What will I Do if I Choose to be in this Study?
As a participant in this study, you will be asked in a one-on-one interview about your experience as a
doctoral student in a STEM program at Northwestern University. Your participation in this interview will
last about 40-45 minutes. The researcher will audio record this interview using GarageBand, and will also
be taking detailed notes. The interview will then be transcribed. We will only do so with your permission.
You have the right to review the interview transcription and remove any comments you do not want
included.
Your participation in this study does not involve any risks to you beyond that of everyday life and the
expression of personal opinion. You are free to not answer any of the questions posed or to skip to the
next question. You have the right to withdraw from this study at any time.
Financial Information
Participation in this study will involve no cost to you. You will receive a $5 Starbucks gift card for your
participation in this research. You will be given it at the end of the interview.
My signature below may be taken as affirmation of all of the above, prior to participation.
Print Name:___________________________________________________________________
Signature:________________________________________ Date: _______________________

Researcher Name: _Lisa Blaskowski________________________________________________
Signature: _____________________________________________________________________.

