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ABSTRACT

Aim/Purpose Mentoring is an important way to promote graduate STEM student success, yet
scant research has focused on both mentor and mentee experiences, or interna-
tional graduate students. The focus of this study was to address this gap by
gaining an understanding of the mentoring experiences of former international
and domestic graduate STEM students in the U.S. and how their graduate advi-
sors perceived mentoring these students.

Background There is a growing demand for highly skilled Science, Technology, Engineer-
ing, and Mathematics (STEM) professionals in the United States (U.S.), with
many recruited from STEM graduate programs. Mentoring is essential to
strengthen graduate STEM education and enhance students’ graduation rates.
This study builds on Yob and Crawford’s conceptual framework of mentoring
and situates its findings within Chandler et al.’s ecological systems theory. In
so doing, graduate mentoring is elevated as a crucial element within the
broader ecology of graduate education.

Methodology This qualitative study conducted interviews with eight STEM mentors and
twenty of their recently graduated domestic and international doctoral mentees
from four large public, research-intensive universities in the southeastern U.S.
Analyses drew upon academic and psychosocial behaviors from Yob and Craw-
ford’s conceptual framework of mentoring to describe mentoring behaviors and
how they supported or did not support students’ development.
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This study provides unique insights into graduate STEM mentoring from the
perspectives of domestic and international mentees and their domestic and in-
ternational mentors. This research adds the perspectives of international gradu-
ate students and both the mentors and the mentees to Yob and Crawford’s con-
ceptual framework of mentoring. Most importantly, the study ties the findings
to theory by situating graduate mentoring behaviors within the broader ecologi-
cal system of graduate education.

Overall, mentees’ and mentors’ descriptions of mentoring behaviors revealed
similar patterns: a greater focus on academic behaviors than on psychosocial be-
haviors. However, the findings indicate that mentees’ perspectives often dif-
fered from those of their mentors, particularly regarding power dynamics. The
knowledge, skills, and career objectives located in the macrosystem of the grad-
uate STEM ecological system were the most prevalent aspects described by pat-
ticipants. Situating the findings within the ecological systems framework high-
lighted the central role of the macrosystem (outer) level compared to the onto-
logical system (inner) and microsystem (relational).

Mentees are encouraged to ask mentors for the support they need, tap into net-
works and career pathways, prioritize publishing, ask for regular meeting times,
and establish a dissertation topic eatly in the program. Mentors ought to pro-
vide more structured guidance early in the program, prioritize timely written
feedback, balance mentee workloads, initiate discussions about job prospects,
and include mentees in social invitations. Graduate programs should ideally
limit the number of mentees per professor, offer formal mentor training, and
integrate job-search resoutces into their doctoral programs.

Building on the findings of this study, applying ecological systems theory may
help bring a range of studies into a common theoretical framework and advance
graduate mentoring and the field of graduate education.

The findings of this study imply that the quality of mentoring depends not only
on the mentor and mentee’s characteristics and their relationship but also on
overarching cultural, institutional, and social contexts. Although the context of
these graduate mentors and mentees spanned a range of STEM fields, it seems
likely that many of the findings may translate to graduate education more
broadly. By applying the recommendations, universities could strengthen gradu-
ate mentoring and enhance graduation rates.

It could be enlightening to conduct a more focused study of a smaller number
of students and to understand the other relationships (e.g., peers, community
members) in the mentoring ecological system that support students’” develop-
ment. Taking a different approach, a survey could be developed to understand
all the influences on graduate students’ mentoring expetiences.

Keywords graduate students, STEM, mentoring, ecological systems theory, interview
study, psychosocial, academic, qualitative, doctoral, faculty
INTRODUCTION

There is a growing demand for highly skilled Science, Technology, Engineering, and Mathematics
(STEM) professionals in the United States (U.S.) (American Immigration Council, 2022). STEM jobs
promote advancements in innovation and technology, strengthen competitiveness in a global market,
and support an elevated quality of living. In the U.S., meeting these demands is becoming
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increasingly challenging, as there are not enough domestic citizens prepared for the available STEM
positions. In 2021, close to half (43%) of all doctoral-level science and engineering positions were
staffed with foreign-born professionals (National Science Board [NSB], 2024). The NSB predicts that
the number of these U.S. STEM jobs will increase substantially by 2031 (10.8%).

Graduate STEM students are essential to research and innovation, which strengthen the U.S. econ-
omy and promote the prosperity of individuals (National Academies of Sciences, Engineering, and
Medicine [NASEM], 2018). In 2024, U.S. STEM graduate programs enrolled approximately 320,000
full-time master’s students and 260,000 doctoral students, with domestic students accounting for
55% of this population (Smith et al., 2024). U.S. universities rely heavily on foreign-born individuals
to populate their graduate STEM programs, and upon graduation, many join the U.S. STEM work-
force (Leshner & Scherer, 2019; NSB, 2022). For example, over 300,000 graduate students were en-
rolled in science and engineering programs in the U.S. in 2022 (NSB, 2024). International graduate
STEM students are drawn to the U.S. STEM programs primarily for their high-quality education
(84%) and future career opportunities (74%) (Han & Appelbaum, 2016). They are vital to U.S. insti-
tutions, enhancing universities” diversity (Moglen, 2017), supporting research and innovation (He-
garty, 2014), and providing a highly-skilled workforce for U.S. multinational companies (Gesing &
Glass, 2019; International Education Exchange [IEE], 2024). In 2023, international students added
more than $50 billion to the U.S. economy (IEE, 2024) and have been shown to positively influence
domestic students’ awareness, “leadership skills, and intellectual development” (Luo & Jamieson-
Drake, 2013, p. 96). The graduate STEM students’ experiences are often challenging, with “high-
pressure environments” that involve highly specialized research, pressure to publish, long working
hours, and an “imbalance of work and life” (NASEM, 2018, p. 83). These pressures lead to high attri-
tion rates (Bahnson & Berdanier, 2023). International graduate STEM students encounter additional
challenges as they adapt to a new culture and language while pursuing their studies in the U.S.
(NASEM, 2018).

Mentoring is an important way to promote graduate STEM student success (NASEM, 2018; Yob &
Crawford, 2012) in both academic and personal domains (Antonio & Baek, 2021; Kumar & Coe,
2017). NASEM emphasizes effective mentoring practices in graduate STEM education “that better
meet the evolving needs of its students” (NASEM, 2018, p. 127). A number of studies on mentoring
have focused on mentees’ increased confidence in their ability to succeed (Janssen et al., 2021), per-
ceptions of professional competence (Lechuga, 2011), and inspiring mentees to pursue academic ca-
reer paths (Karalis Noel et al., 2022). Yob and Crawford (2012) recommended research focusing on
international graduate students and investigating whether there is agreement between the mentor and
the mentee regarding the mentoring they received. A study by Janssen et al. (2021) focused on how
mentors and their former doctoral STEM mentees in the Netherlands perceived their roles.

Given the scant research on graduate STEM student mentoring, this study aimed to understand the
mentoring experiences of former graduate STEM students in the U.S. and how their graduate advi-
sors perceived them. Given the importance of international graduate STEM students, the study in-
cluded eleven international and nine domestic graduate students, as well as both international and do-
mestic STEM faculty members.

LITERATURE REVIEW

GRADUATE MENTORING

The research on graduate mentoring by Yob and Crawford (2012) grew out of Kram’s (1983) foun-
dational work. Kram’s research focused on the mentor relationships of young managers in a corpo-
rate setting. She characterized the mentor relationship as a way to enhance individuals’ careers and
psychosocial development. The career functions of mentoring involve sponsorship, guidance, protec-
tion, increased visibility, and challenging work-related assignments. In contrast, psychosocial functions
include a sense of competence, identity development, and effectiveness.
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Yob and Crawford (2012) built on Kram’s (1983) work in their literature review of studies on men-
toring doctoral students across a range of disciplines. They identified 55 mentor behaviors that sup-
ported doctoral students’ success and grouped the findings into a mentoring model with academic
and psychosocial domains (see Figure 1). Most studies in the literature review discussed doctoral stu-
dents, whereas “very few studies focused on mentors’ perceptions” (Yob & Crawford, 2012, p. 36).
Yob and Crawford also indicated that most studies were neither discipline-specific nor focused on
the experiences of international students.

NASEM’s (2019) foundational, evidence-based framework for effective mentoring in Science, Engi-
neering, Mathematics, Technology, and Medicine (STEMM) conceptualizes mentoring as a multifac-
eted process central to the development of future professionals. NASEM’s report positions mentors
as key agents in providing psychosocial and career support to STEMM mentees. Effective mentoring
encompasses providing psychosocial support (e.g., encouragement, sense of belonging) and career
guidance (e.g., professional networking, research skills). Mentoring relationships are based on trust
and engagement. However, despite its comprehensive view of mentoring, NASEM’s framework
gives limited attention to power dynamics, cross-cultural differences, or other broader societal factors
that may influence STEMM students’ mentoring experiences.

A study conducted in the Netherlands by Janssen et al. (2021) provides an international perspective
on mentoring. The researchers examined the perceived fulfillment of basic psychosocial needs (e.g.,
autonomy, competence, relatedness) of nine dyads from social science and engineering programs,
each consisting of a mentor and a former doctoral mentee. All participants were from the Nether-
lands. Both mentors and mentees expected the other person to take the lead in the dissertation pro-
cess. Mentees perceived the mentors as “all-inclusive role models,” but the authors noted that “men-
tors can rarely live up to this” (Janssen et al., 2021, p. 2746). Mentors expected their mentees to de-
velop into independent researchers, while the mentees often doubted their competence. Additionally,
mentors were barely able to alleviate graduate students’ insecurities. Both groups agreed that mentors
play an important role in fostering a sense of belonging among their mentees. Notably, while this
study offers an international perspective on mentoring, it does not explicitly address broader factors,
such as power differentials or cross-cultural variation beyond its national context.

GRADUATE MENTORS

Robust support systems are essential in graduate STEM education to address the multiple challenges
students face; high-quality mentoring is a key approach to facilitating graduate STEM student devel-
opment and retention (NASEM, 2018). Great mentors dedicate their time and commit to helping
their mentees succeed (Bell & Rosowsky, 2021). They do this through academic guidance, emotional
support, and role modeling (NASEM, 2018; Posselt, 2018), fostering independent work, and setting
high standards for grant writing and scholarship while being flexible and concerned with students’
well-being (De Welde & Laursen, 2008). Ideally, mentors are competent professionals who know the
field and research methods, educational program requirements, and to navigate them successfully,
and how to access institutional and human resources (Yob & Crawford, 2012). A national survey of
more than 20,000 full-time undergraduate faculty members across 143 U.S. colleges and universities
by Stolzenberg et al. (2019) reported that faculty who engaged in mentor training (63.8% of STEM
and 54.6% of non-STEM) described improved abilities in providing constructive feedback, recogniz-
ing their biases and prejudices they carry in the mentoring relationship, and advocating for the
mentee. Given its profound impact on student success, engaging in mentoring, whether as a mentor
or mentee, is not only beneficial but essential to strengthening graduate STEM education.

GRADUATE STUDENT MENTEES’ PERSPECTIVES

Graduate students’ perspectives on mentoring have been widely examined in the literature. The Rice
et al. (2009) study of 367 international graduate students (STEM and non-STEM) in the U.S. found

that an ideal advisor has a wide range of behaviors. These included cross-cultural empathy, interper-
sonal relationships with advisees, providing financial support through scholarship and fair pay,
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collaboration, providing feedback and guidance, and having similar personalities and interests. In
their narrative study of 14 U.S. doctoral STEM and non-STEM students, Collier and Blanchard
(2024) found that graduate mentoring was the most prevalent form of support reported by graduate
students. This included providing research and writing opportunities, offering committee advice, and
assisting with decision-making. Similarly, De Welde and Laursen (2008) found that 28 doctoral stu-
dents across a range of STEM fields at a western U.S. university received varying levels of career ad-
vice, guidance, and support. The ‘idealized advisor’ had a wide range of features, including structural
support, high standards, making time, fostering independent work, and being concerned with stu-
dents’ well-being. Eby et al. (2013) found that increased interaction frequency with the mentor is as-
sociated with mentees’ perceptions of stronger support and a higher-quality relationship.

Despite this emphasis on the importance of mentoring, significant gaps persist in practice. Graduate
students are trained by faculty mentors to undertake highly specialized research (Atkinson & Slatta,
2021), which is considered more important than teaching and mentoring (National Academies of Sci-
ences, Engineering, and Medicine, 2018). The National Academies report that mentoring falls short
of best practices in graduate STEM programs, as it is often inconsistently structured or rewarded.
Consequently, many graduate STEM students report negative experiences, such as limited career sup-
port, an inaccessible mentor, limited mentor interpersonal skills, mismatched supervisory styles, lim-
ited psychosocial support, and limited expertise (Tuma et al., 2021). Such ineffective and damaging
mentorship practices can undermine research efforts, leading to decreased job satisfaction and in-
creased likelihood of leaving. These mentoring deficiencies have the potential to disrupt scholatly de-
velopment, heighten stress, and increase attrition rates.

These challenges are particularly pronounced for international graduate students who face additional
stress. In their study of 10 U.S. universities with the highest proportions of international students,
Han and Appelbaum (20106) found that the majority (63%) reported cultural challenges. Additional
challenges were social (59%), financial (48%), academic (43%), and racial (22%). Common barriers
include proficiency in English skills (Agrawal & McNair, 2021; Moglen, 2017), gender, and interna-
tional status (Dutta, 2015; Lim et al., 2021). In their study of six Chinese doctoral STEM students in
the U.S., Zhou (2014) documented concerns about limited academic research support, mismatched
expectations, academic and/or mental unpreparedness, and loneliness. In Zhou’s study, students
stayed in their programs due to high research interest, shame of failure, and a possible path to perma-
nent residence. Crede and Borrego (2014) documented similar barriers, leading students to express a
greater likelihood of dropping out of their graduate STEM program. All these challenges affect inter-
national graduate STEM students’ development, attrition, and quality of life and more broadly jeop-
ardize the STEM workforce pipeline NASEM, 2018).

SUMMARY

Enrollment of both domestic and international students in U.S. graduate STEM programs has in-
creased (NASEM, 2018); yet persistence and attrition rates remain a significant concern (Bahnson &
Berdanier, 2023). Mentoring is a crucial component of graduate education that supports students’ de-
velopment (e.g., NASEM, 2018). International graduate STEM students face additional challenges
while studying in the U.S. (e.g., Lim et al., 2021). U.S. studies on mentoring have focused on domes-
tic STEM graduate students (e.g., De Welde & Laursen, 2008), international STEM and non-STEM
students (e.g., Janssen et al., 2021), or STEM and non-STEM graduate students’ perspectives (e.g.,
Rice et al,, 2009), but were atheoretical. Leshner and Scherer (2019) argue that graduate STEM edu-
cation in the U.S. must enhance the quality of advising and mentoring by effectively balancing re-
search and mentoring,

STUDY GOALS

Mentoring is an important way to promote graduate STEM student success, yet scant research has
focused on both mentor and mentee experiences and on international graduate students. The focus
of this study was to address this gap by gaining an understanding of the mentoring experiences of
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former international and domestic graduate STEM students in the U.S. and how their graduate advi-
sors perceived mentoring their students.

CONCEPTUAL AND THEORETICAL FRAMEWORKS

This study builds on foundational work by Yob and Crawford (2012) of graduate mentoring behav-
iors and situates these behaviors within Chandler et al.’s ecological systems theory applied to mentor-
ing (2011).

CONCEPTUAL FRAMEWORK OF MENTORING

Yob and Crawford’s (2012) conceptual framework characterizes mentoring as consisting of the aca-
demic and psychosocial behaviors mentors exhibit to support the development of mentees (Figure
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Figure 1. Conceptual framework of mentoring
Note: This figure was reproduced from Topliceanu (2025).

The academic behaviors of mentoring, as outlined by Yob and Crawford (2012), consist of compe-
tence, availability, induction, and challenge. Mentor competence is demonstrated through knowledge of
the field, familiarity with program requirements, and awareness of available resources, including how
to access them. Mentor availability refers to “sharing their time outside of class for student needs”
(Yob & Crawford, 2012, p. 39) to address professional and non-professional concerns. Induction in-
volves facilitating students’ integration into their academic programs, departments, and new roles. It
also involves connecting the mentees with professional networks, supporting their skill development,
allocating resources, and offering guidance and feedback. Other examples of induction include work-
ing with mentees to design, conduct, and report research, assisting with job searches, and co-author-
ing grants and publications. Challenge emphasizes the importance of providing constructive criticism
and academic and professional guidance.

The psychosocial behaviors of mentoring consist of mentors’ personal qualities, communication, and
emotional support. Examples of a mentot’s personal gualities include trust, friendliness, a sense of hu-
mor, and patience and comfort with the mentee’s growing independence (Yob & Crawford, 2012).
Communication is demonstrated through active listening and evolves over time into trusted, collegial
interactions. Mentors provide emotional support that leads to increased mentees’ self-esteem, ac-
ceptance, and confidence. Mentors encourage and affirm the students’ potential, promote students’
academic interests, and model self-care during the doctoral program.
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ECOLOGICAL SYSTEMS THEORY

Chandler et al. conceptualize mentoring as extending beyond the mentor-mentee interaction in a dy-
adic relationship, framing it “as a property of the whole system” (Chandler et al., 2011, p. 521).
Within this perspective, mentoring relationships are shaped by broader societal norms, power dy-
namics, and cultural differences. The authors position mentoring at the intersection of social and psy-
chosocial structures, emphasizing its systemic character. The outcomes of mentoring are not solely
determined by individual attributes and dyadic factors, but are also shaped by larger factors, including
social contexts and technological developments.

Chandler et al. (2011) propose an ecological model of mentoring that consists of three levels: onto-
logical system, microsystem, and macrosystem. The innermost level, the ontological system, com-
prises individual characteristics and behaviors that shape how people engage with and respond to
their social environment. Some examples of ontological factors are demographics (e.g., gender, race,
nationality, and stage of study) as well as mentor and mentee attributes. The next level, the microsys-
tem, represents the immediate environment in which an individual interacts. This level includes the
dyadic relationship between mentor and mentee, network structure, or features of the organizational
mentoring program. Within the dyadic relationship, key functions and processes are mutual learning,
empathic teaching, and interpersonal sensitivity. The outermost circle, the macrosystem, encom-
passes organizational and technological developments, and cultural and societal forces, including in-
stitutional norms, power dynamics, and the complexities associated with mentoring in multicultural
settings. Collectively, these levels highlight the multilevel and context-dependent nature of mentot-

ing.
INTEGRATION OF CONCEPTUAL AND THEORETICAL FRAMEWORKS

To gain a deeper understanding of graduate mentoring within the broader enterprise of graduate edu-
cation, Topliceanu (2025) embedded Yob and Crawford’s (2012) conceptual framework of mentor-
ing within Chandler et al.’s (2011) Ecological Systems Theory (Figure 2).

! ‘ Availability /|
Induction ¥ i | | b
i L i /' Communication |

Figure 2. Yob and Crawford’s (2012) characteristics placed
within Chandler et al.’s (2011) Ecological Systems Theory
This figure was reproduced from Topliceanu (2025).

Note. Yob and Crawford’s (2012) academic and psychosocial behaviors are included in gray, dotted-line
boxes in Chandler et al.’s (2011) ecological systems theory of graduate mentoring (in shades of blue).
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Chandler et al. (2011) listed mentor and mentee characteristics as making up the ontological sys-
tem. Therefore, Yob and Crawford’s (2012) personal qualities and competence of the mentor and
the mentee (attributes) are located in Chandler et al.’s (2011) inner ontological system. Chandler et al.
categorized relationship characteristics and mentoring functions as key components of the dyadic
microsystem. The mentor’s availability, communication, and challenge are located in the dyadic mi-
crosystem, as they describe characteristics of the mentoring relationship, such as being available and
communicating, and mentoring functions, such as challenging the mentee. Also, emotional support is
located within the microsystem, as part of the dyadic relationships between mentors and mentees.
Mentors provide affirmation, encourage mentees, and develop their confidence and self-esteem,
which are mentoring functions that ensure the development of the graduate STEM students. Chan-
dler et al. (2011) referred to the macrosystem as encompassing societal norms, power dynamics, and
cultural differences. Induction is represented within the macrosystem, the outermost circle. Mentors
induct their mentees into STEM disciplines and departments, give them resources, and facilitate con-
nections with other professionals, which are dependent on institutions, programs, and other individu-
als in the field, and operate with particular norms and practices.

METHODS

RESEARCH DESIGN

This is a qualitative research study (Merriam, 2009) focused on individual interviews with former do-
mestic and international doctoral STEM students and their domestic and international doctoral fac-
ulty mentors regarding their doctoral mentoring experiences. In a qualitative study, “the purpose is to
understand how people make sense of ... their experiences” (Merriam, 2009, p. 23). In this study, the
researchers aimed to understand how STEM mentors and mentees perceived and made meaning of
their mentoring experiences. Therefore, this research is epistemologically grounded in constructivism,
which posits that reality is socially constructed through interactions and experiences, and the re-
searchers aim to understand how participants make sense of their mentoring experiences (Creswell &
Poth, 2018).

RESEARCH QUESTIONS

This study seeks to understand mentoring experiences from both the perspectives of STEM faculty
(mentors) and their former mentees, recent graduates. The following research questions were ad-
dressed:

1. Overall, how did mentors and mentees describe mentors’ mentoring approaches?
What mentoring approaches do mentors use to support the development of graduate STEM
students?

3. How do graduate STEM students describe their mentor’s mentoring approach and aspects
that are supportive (or lacking) in their development?

PARTICIPANTS

A total of 28 participants were included in this study. There were eight professors (mentors) from
four southeastern U.S. research-intensive universities and twenty former STEM doctoral graduates
(mentees) (Table 1). Half of the professors were international. There were four male and four female
professors. Thirteen mentees were males, and seven were females. Nine mentees were domestic, and
eleven were international. One female, international STEM graduate had two mentors, both of
whom were interviewed.
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Table 1. Description of STEM mentors and mentees

Mentors
Name STEM field Coux.m.'y Gender Names of mentees
of origin
Dr. Powell | Materials Science U.S. male Maria (int), Gabriel (dom)
Dr. Benito | Natural Resources U.S. male Maria, Sonja, Roman, and
and Engineering Luna (int)
Jack (dom)
Dr. Yao Chemical Sciences East Asian male Quinn (int)
country John, Christian, and Joshua
(dom)
Dr. Day Chemistry U.S. female | Musah (int), Thomas (dom)
Dr. Soleil Mathematics European female | Sebastian (int), Zara (dom)
country
Dr. King Computer Science East Asian female | Collin and Jon (int)
country
Dr. Gray Engineering and South American | male Florian (int)
Marketing country
Dr. Brooks | Technology U.S. female | Mei (int)
Max and Antonia (dom)
Mentees
Name STEM field Cour'1t1"y Gender Name of mentor
of origin
John Chemical Sciences U.s. male Dr. Yao
Thomas Biological Sciences | U.S. male Dr. Day
Gabriel Biology U.S. male Dr. Powell
Quinn Chemical Sciences East Asian female | Dr. Yao
country
Maria Natural Resources South American | female | Dr. Benito and Dr. Powell
and Engineering country
Zara Mathematics U.S. female | Dr. Soleil
Musah Biology South Asian male Dr. Day
country
Sonja Natural Resources East Asian female | Dr. Benito
country
Collin Technology Systems | East Asian male Dr. King
country
Florian Natural Resources South American | male Dr. Gray
country
Jon Technology East Asian male Dr. King
country
Christian Chemical Sciences U.S. male Dr. Yao
Sebastian Mathematics South Asian male Dr. Soleil
country
Joshua Chemical Sciences U.S. male Dr. Yao
Roman Ecology South American | male Dr. Benito
country
Antonia Technology uU.s. female | Dr. Brooks
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Name STEM field Cour'm"y Gender Name of mentor
of origin
Jack Engineering and U.S. male Dr. Benito
Natural Resources

Luna Natural Resources South American | female Dr. Benito
country

Mei Technology East Asian female | Dr. Brooks
country

Max Technology U.S. male Dr. Brooks

Note: All names have been changed, and certain details have been modified to protect the anonymity of the par-
ticipants. int = international, dom = domestic (This table was reproduced from Topliceanu, 2025.)

RECRUITMENT

Institutional Review Board approval was obtained for the study. Participants were selected using pur-
poseful sampling (Patton, 2002). To provide in-depth insight into mentoring, the inclusion criteria
for mentors were tenured domestic and international professors working in the U.S., both female and
male, from a variety of STEM fields, and with extensive experience mentoring domestic and interna-
tional graduate students. Domestic and international STEM professors who were current or past re-
search collaborators of the second author were invited by email to participate in the study. Also, the
first author visited STEM department websites from her graduate school university, read professors’
curriculum vitae, and selected potential participants based on the inclusion criteria.

In addition, the first author sent email invitations to STEM professors from other U.S. universities
who had published work on mentoring graduate STEM students. The STEM professors were asked
by email whether they would share the names of their recent STEM graduates who might be inter-
ested in participating in an interview. The choice of recent graduates was to reduce power dynamics
that might exist between professors and current graduate students, to choose those who had a com-
plete graduate STEM school experience, and to potentially have a bit of perspective on their men-
tor/mentee relationships.

STEM faculty who consented to participate were asked via email to provide the names and contact
information of recent domestic and international doctoral graduates they mentored who might be
willing to discuss their mentoring experiences. The first author then contacted these STEM graduates
by email to invite them to participate in the study. After at least one recent international STEM grad-
uate agreed to participate, an individual, semi-structured interview was conducted via Zoom, fol-
lowed by an interview with the mentor. All interviews were conducted by the first author via Zoom.
Each mentor and mentee participating in the study was emailed an informed consent form to read,

sign, and date. The signed consent form was uploaded by the first author in a university Google
folder.

Some mentors declined to participate. Others agreed, but they did not have former international
mentees. Additionally, some mentors were willing to share their mentoring experiences, but their for-
mer mentees did not respond to the invitation emails. The goal for inclusion criteria was to find four
male STEM mentors (two international and two domestic) and four female professors (two interna-
tional and two domestic), from a variety of STEM disciplines. The mentor participants represented
tields such as Chemistry, Mathematics, Computer Science, Materials Science, Engineering, and Natu-
ral Resources. Among the 20 mentees, 11 were international (6 male and 5 female) and 9 domestic (7
male and 2 female). The recommended sample size for qualitative research to achieve data saturation
is 9-17 (Hennink & Kaiser, 2022). The number of participants in this study exceeded this recommen-
dation.

Interview questions were developed using Yob and Crawford’s (2012) conceptual framework of
mentoring, along with two adapted open-ended survey items from Fedesco et al.’s (2023) and the

10
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University of Georgia’s (2025) graduate student-research advisor feedback instrument. At the begin-
ning of the semi-structured interview, participants were read a definition of mentoring by Yob and
Crawford (2012) and asked whether their views on mentoring were similar or different. They were
then asked what they perceived as being effective or important mentoring strategies, what strategies
were provided or received that supported the graduate STEM students’ development, and what chal-
lenges they faced in the mentoring relationship. They were also asked how they overcame the chal-
lenges and what some things the mentor or mentee could have done better to support the develop-
ment of the graduate STEM student. Mentors were asked 9 questions, and mentees 11. The duration
of the interviews ranged between 18 and 42 minutes.

DATA ANALYSIS

Mentors’ (8) and mentees’ (20) interviews were audio recorded and transcribed verbatim, leading to
807 single-spaced pages. All data were de-identified, assigned pseudonyms, and loaded in Atlas.ti 9.
There were two rounds of analysis. In the first round of analysis, deductive coding was used. In the
second round, inductive coding was employed to identify additional themes that emerged directly
from the interview data. The initial, deductive coding was done by the first author using Yob and
Crawford’s (2012) academic (induction, competence, availability, challenge) and psychosocial (pet-
sonal qualities, communication, and emotional support) categories. These deductive codes were en-
tered into Atlas.ti and applied across all 28 transcripts.

To establish trustworthiness, a second experienced coder was recruited for the first round of coding
(six full interviews; 21% of all data) using Yob and Crawford’s (2012) academic and psychosocial
codes on mentee and mentor transcripts, as well as international and domestic transcripts. Interrater
reliability was established between the first author and the second coder using a unitization approach
(Campbell et al., 2013), in which the units of text are indicated (italicized/not) for coding, but not the
codes, with a negotiated code book of sample quotes. The initial interrater reliability score was 88%.
Any coding disagreements were discussed and reconciled until 100% agreement was reached (Patton,
2015).

In a second round of coding, finer-grained coding was employed, allowing a deeper analysis of nu-
ances within the interview data to reflect each individual mentoring experience (see Table 2). The
tirst author, using inductive coding, developed new, finer-grained codes within each deductive (aca-
demic and psychosocial) category, based on patterns observed in participants’ perceptions of their
mentoring experiences. For example, within the induction category, new codes such as tailoring and
implementing unique strategies, or helping mentees grow academically, were developed. Within the
personal qualities category, new codes, such as similar background or prior experiences to the mentee
or inviting students to the mentor’s house, were generated directly from the transcripts. Within the
challenge category, codes such as challenging mentees to improve academic writing or to publish pa-
pers were developed (see Tables 3 and 4 for detailed examples of the codes).

During the second round of analysis, one complete interview (of a mentor, 3.6%) of the transcript
data was co-coded, with strong interrater reliability (93%); any coding disagreements were discussed
and reconciled until 100% agreement was achieved (Patton, 2015). Due to the high degree of agree-
ment, the first author proceeded to code the remaining data. To ensure the trustworthiness and cred-
ibility of the findings, in addition to conducting interrater reliability testing, member checking was
conducted. All participants were emailed a 1- to 2-page summary of their interviews to confirm that it
accurately described their mentoring experiences. Additionally, reflective memoing was used to miti-
gate potential researcher bias throughout the data analysis.
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Table 2. Examples of prevalent mentoring behavior codes

Mentor

Mentees

Induction
Helping the mentee learn skills
Providing resoutrces (e.g., equipment, money
to travel or attend conferences)

Induction
Helping with job search
Providing guidance and feedback and giving
independence to explore

Challenge
Challenge to improve academic writing
Challenge to improve English skills

Challenge
Constructive criticism
Challenged by the long time the mentor took
to provide feedback

Availability Availability
Availability in professional situations Responsiveness
Competence Competence

Mentor has knowledge in their field

Mentor has knowledge working with interna-
tional students (e.g., funding, rules to maintain
visas, culture)

Mentor has knowledge of research methods
Competent in teaching independence

Communication
Take time to know the mentee

Communication difficulties due to English
skills

Communication
Clear, open, and constant communication
Active listening

Emotional support
Providing affirmation
Providing cultural and social support to inter-
national students

Emotional support
Protecting from additional work and lessen-
ing workload
Developing confidence and self-esteem

Personal qualities
Aware and adaptive to student’s needs
Comfortable with mentee’s growing independ-
ence

Personal qualities
Trust
Inviting students to mentor’s house

Note: This table was reproduced from Topliceanu (2025).

POSITIONALITY

The first author was an international graduate student. She experienced unfamiliarity with a different
culture and language and encountered additional challenges while studying as a part-time interna-
tional graduate student, lending insider status (Merriam, 2009) and insight into some of the graduate
participants’ experiences. Rich descriptions and quotes of participants, using a co-coder, and member
checking with participants were used to enhance trustworthiness (Merriam, 2009).

RESULTS

OVERALL MENTORING.APPROACHES DESCRIBED BY MENTORS AND
MENTEES

The first research question focused on how mentors and mentees, overall, described the mentoring
they provided or received. The mentoring strategies outlined by both STEM mentors and mentees
were grouped into a priori themes based on Yob and Crawford (2012). The academic themes were
competence, availability, induction, and challenge; the psychosocial themes were personal qualities,
communication, and emotional support (Figure 1). Overall, the theme most frequently described by
the mentors and mentees was induction (33% of total coded statements), followed by personal quali-
ties (16.2%), challenge (13.2%), emotional support (11.8%), and communication (11.5%) (Figure 3).
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Induction 33.00%

Personal qualities

Challenge 13.15%
|
Emotional Support 11 81%

Comimuaication 11.54%

Availability T.65%
Competence 6.57%
0.00%% 10.00% 20.00% 30.00%

%4 of tlie total coded staterments

Figure 3. Overall prevalence of academic and psychosocial behaviors, mentors, and mentees
This figure was reproduced from Topliceanu (2025).
Note: gray, academic behaviors; blue, psychosocial behaviors. Total coded statements: 745

OVERVIEW OF MENTORS’ ACADEMIC AND PSYCHOSOCIAL BEHAVIORS

The second research question focused on how mentors described the mentoring they provided to
their mentees. The eight mentors reported using academic and psychosocial behaviors at varying de-
grees (Figure 4). Six mentors emphasized more academic behaviors than psychosocial behaviors.
Two mentors highlighted psychosocial behaviors more than academic behaviors.

Academic behaviors

Academic behaviors are listed in order of how frequently they were reported in mentors’ interviews:
induction, challenge, availability, and competence. The following abbreviations indicate participants’
gender and status: f = female, m = male, int = international, and dom = domestic.

Induction emerged as the most frequently reported academic behavior across all eight mentors’ in-
terviews. This category included a range of mentoring behaviors. These behaviors involved tailoring
strategies unique to each mentee, helping the mentee learn skills, and working with the mentee in de-
signing, conducting, and reporting research. Mentors also described helping mentees work produc-
tively in teams, connecting them with people in the field, and helping the mentee grow academically.
In addition, induction included giving guidance, feedback, and independence, and providing re-
sources (e.g., equipment, money to travel or attend conferences). They also helped mentees with job
skills and job search and emphasized the importance of modelling effective professional skills.

A majority of the professors (5 out of 8) talked about tailoring strategies unique to the mentee, help-
ing them learn skills, and working with them in designing, conducting, and reporting research. One
example of a mentor who tailored unique strategies is Dr. Benito (m, dom). He had mentored many
domestic (approximately 15-20) and international (approximately 25-30) graduate STEM students.
He perceived his international mentees as generally having “more skills and [were] more prepared for
graduate school.” All of the international graduate students had undergraduate research experiences
or had held a job in research. However, he noted that they needed additional support in developing
English skills. In contrast, based on his experience mentoring domestic students, he felt that these
students’ “logic needed some work.” Recognizing these differences, he emphasized the importance
of tailoring mentoring, based on the strengths of each student. He explained:
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My mentoring changes with the ability of the student...I’ve mainly adjusted my mentoring to
challenge some of the stronger international students and to hand hold and kind of understand
and try to support some of the domestic students because of just where they’re starting from.

4 N

Induction, Challenge, Availability, Competence, Personal
Qualities, Emotional Support, and Communication
Day INZE [ I
Powell A ]
M Yao &\W | B Induction
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. Challenge
n  Soleil A . .
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t B Personal Qualities
Benito ANz s
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- /

Figure 4. Academic and psychosocial behaviors described by mentors
This figure was reproduced from Topliceanu (2025).
Note: Academic behaviors are in black and white patterns (induction, challenge, availability, competence);
psychosocial behaviors ate in blue (personal qualities, emotional support, communication)

As a result of the prior research and academic skills, Dr. Benito “expected more from them [interna-
tional graduate students].”

Despite varied research and English and academic writing skills, aligning mentees’ career goals with
the research projects and figuring out how to best support students to achieve those career goals
were important to him. Dr. Benito said:

[I] made sure that their career goals are somehow aligned with the research that they’re doing.
And making sure that as they’re approaching graduation, that there’s a plan about how to ap-
proach potential employers or academics, and trying to understand, yeah, how they can best get
to that next level of their lives.

A doctoral STEM program prepares students to conduct highly specialized research. The students
need to learn a multitude of skills in their research field, but also they need to learn how to communi-
cate science, and how to present their data. Dr. Benito, in a unique way, worked with them to help
them learn many skills at the same time:

One thing that I do during my mentoring, which I don’t think a lot of professors do, is I will in-
vite the students into my office every week or two. And we will put the paper up on a big TV
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and I will go over the paper, line by line, by line, I’'m trying to teach them a million different
things at the same time ... about the science, ... telling a story in a logical way, ... not making
statements unless you have some kind of justification, ... how to communicate, how to present
data, how to write, English skills, all these things.

Challenge emerged as the second most frequently reported academic behavior. It describes situa-
tions when the mentee faced difficult tasks that supported their growth. Examples included being
challenged by the mentor to grow, to improve academic writing, and to publish papers. Also chal-
lenge referred to situations when the mentor provided constructive criticism and helped the mentee
to stay focused. Seven of the eight mentors discussed challenging their mentees in these ways. One
example of a mentor who challenged her mentees to grow and achieve high standards of rigor is Dr.
Soleil (f, int). In her description, challenge was a shared experience for both mentees and mentors:

Once you start working with these students, they kind of become your children ... You want to
teach them to take off right ... And you suffer when you try to guide them ... I always explain
my choice...They still do it their own way ... Then you tell them Tlook there is a consequence,’
and they still do it their own way. So you have to accept their choice. But it’s just taking a little
bit of you.

This perspective highlights the professional and emotional investment involved in mentoring.
Although her mentees did not always follow her advice, Dr. Soleil maintained high standards and ex-
pectations for her students and consistently challenged them to achieve them. She emphasized that
doctoral programs are designed to prepare individuals for the most advanced professional roles in

their fields:

I do have high standards, and I have a hard time making compromises, you know, when it
comes to [the| quality of the paper that it gets submitted. How you defend your thesis, or how
you have any sort of presentation, whether it’s oral defense or presenting at the conference.

Furthermore, Dr. Soleil identified the need to challenge her students to improve their academic writ-
ing. She also noted that many students, both domestic and international, struggled with effectively
communicating science:

This is huge, a lot of the students, whether they are domestic or not, they have issues with com-
municating science ... You know ... you have communicating in English, and then you have
communicating in science. And we are talking about writing papers or writing dissertations but
also presenting. And so, it’s really crucial opportunity to grow professionally in things like not
only deepening your knowledge in the area that you’re studying, but also expanding reading.

Importantly, Dr. Soleil tailored these challenges to the needs of individual mentees. For example,
Zara (f, dom), a former high school teacher, who was “a people person,” and very good at working
in teams, but not “a theoretical person,” was challenged to engage more deeply with methodological
aspects of research through multiple projects. In contrast, Sam (m, int) who was “very meticu-
lous...Jand] worked better by himself than in teams...but really good at explaining things” was en-
couraged to develop his teaching skills by working with undergraduate students. Through these tai-
lored challenges, Dr. Soleil gave them opportunities to grow into independent researchers and gain
confidence. She emphasized that research is “very challenging” and “requires in-depth study.”

Availability was the third most frequently reported academic behavior the mentors used. It appeared
in six mentors’ interviews. The mentors described availability as being accessible in professional situ-
ations and being responsive. Most often, they supported the mentee development through regular
meetings. For example, Dr. Brooks (f, dom) emphasized the importance of time, stating that “spend-
ing enough time with mentees makes [a] difference.” She was available and spent time with all of her
mentees, but with Mei (international) she even spent more time. Dr. Brooks explained that Met fre-
quently scheduled meetings when given the opportunity:
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She [Mei] was very ambitious, so the more students ask for time with me, the more they get.
You know she wasn’t worried about anything specific. She would just, you know, when I said
book meetings with me that you want, she would just book meetings with me.

Dr. Brooks attributed this pattern to a difference in educational expectations. She explained that Mei
came from a country in which students are expected to follow the instructions of their teachers
closely: “When I [Dr. Brooks] said ‘you must book a meeting with me every week’, she [Mei] booked
a meeting with me every week.” Because Dr. Brooks mentored many students at the same time, her
availability to meet with each individual was limited. As a result, Mei’s responsiveness led to more
frequent meetings, which enhanced their work together.

Competence was the least frequently reported academic behavior, appearing in four mentors’ inter-
views. Compared to other academic behaviors, mentors spoke less about their professional
knowledge. When they did, competence referred to several areas: knowledge in their academic field,
knowledge developed through working with international students (such as funding processes, rules
about maintaining visas, or knowledge of international students’ culture), knowledge of working with
students, and management or leadership skills. Dr. Day (f, dom) was one professor who spoke about
her competence. She described herself as having “more experience in the field” which she used to
help her mentees design next research steps and achieve their goals.

However, her work with Musah (m), an international student, also highlighted the limits of her expe-
rience. Musah (m) was the university’s “first or second PhD student” from his country, and Dr. Day
described his experience as “so isolating.” Dr. Day explained that she had limited prior experience
working with students in similar situations. As a result, she relied on him to help her understand his
needs. She explained: “clearly, I have no experience. But I tried to listen. [I] tried to have him guide
me, but that probably put more work on him to try and explain what he was experiencing.”

In addition to supporting students directly, mentors also used their professional networks to help
their mentees. In academic research, collaboration with other scholars is important for advancing
knowledge. Dr. Day used her knowledge of colleagues in the field to support Musah. For example,
she was aware that his other research advisor tended to assign a heavy workload: “I knew his other
advisor, and I knew he would just keep piling on [work] and even then his other advisor, lovely hu-
man, he just wouldn’t recognize that he was doing it.” Because Musah did not feel comfortable ad-
dressing this issue by himself, Dr. Day intervened to reduce his workload. She explained: “I inserted
myself to try and protect him from the additional work,” as Musah “did not feel comfortable doing it
himself, or didn’t feel like his message [was| getting across.”

Finally, Dr. Day noted that working with Musah contributed to her competence, as she increased her
knowledge of working with international students: “Working with [Musah] was such a pleasure be-
cause it really opened my eyes to the experiences of international graduate students in a way that I
probably would not have seen otherwise.” However, Musah sometimes resisted her feedback and she
wondered if that was due to cultural differences and her being a female.

Psychosocial behaviors

Psychosocial behaviors are presented below in order of how frequently they appeared in mentors’
interviews.

Communication, the most frequently reported psychosocial behavior, appeared in all mentors’ in-
terviews. Mentors described it in several ways, including maintaining clear and open communication,
taking the time to know the mentee, or practicing active listening. One mentor who described com-
munication was Dr. Yao (m, int). He explained that effective communication begins with learning
about his mentees and their professional goals:

The most important thing, maybe the first one is, you have to understand what a student wants
for the PhD, because somebody wants to be in academics after PhD, somebody wants to get a
job afterwards. So, their expectations will be very different. It’s not like me forcing them to go
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cither direction. You have to respect their own choice. Then you try to tell your approach to un-
derstand what is the best way to help them grow up in their own career choice.

In addition to understanding professional goals, Dr. Yao described his communication with his stu-
dents based on trust: “When I tried to talk with them, they usually trust me. When they needed to
share with me some of the things that they’re struggling with, we’re trying to solve the issue if we
can.” This approach was reflected in his work with Christian (m, dom), with whom he described
open and direct communication:

We had no issues talking to each other. If he was frustrated with research, if he was... frustrated
with something else, and as long he could tell me what is going on I was trying to find a way to
help him.

Communication with his international mentee, Quinn (f), who came from the same Asian country as
him, took on a more personal dimension: “She did not speak English, so we spent quite some time
to work on that ... We actually developed some sort of personal friendship.”

Emotional support was the second most frequently described psychosocial behavior. It appeared in
seven mentors’ interviews. Mentors referred to emotional support when describing behaviors such as
providing affirmation and encouragement, developing the mentee’s confidence and self-esteem,
providing personal support, supporting the mentee’s religious practices, protecting the mentee from
additional work or lessening the workload, or checking in to see how things are going. One mentor
who emphasized emotional support was Dr. Powell (m, dom). He highlighted the importance of
providing encouragement, noting that doctoral students often face challenges beyond academic work.
He explained that, although most doctoral students are capable of completing the academic work,
they may experience challenges related to motivation or well-being:

Most of them [doctoral mentees] are capable of doing the academic work and getting through
that [the doctoral program], they might struggle a little bit ... They might have some motivation
issues. But I always think that the underlying background is checking in with them to see how
they’re doing from a mental wellness, psychological aspect. I always encourage them and say,
“You need to take a little bit of time away; you need at least 30 minutes to an hour every day for
yourself.’

In addition to general encouragement, Dr. Powell provided affirmation tailored to individual
mentees’ experiences. For example, Gabriel (m, dom, from an underrepresented group) had previ-
ously encountered negative research and mentoring experiences. Dr. Powell explained that it was im-
portant for Gabriel to feel valued and supported: “When he [Gabriel] came to me, the first thing he
needed to know was [that] he was valued, and he was going to have the opportunity to do the re-
search that he thought he should.” Dr. Powell also recognized that Gabriel felt that he needed to
work harder than his peers to demonstrate his capabilities and sense of belonging in the STEM field:

He [Gabriel] felt very much like he had to excel beyond what others would have, because of his
race ... [I] tried to assure him that he didn’t need to do that, but he felt like that, you know,
something that was just part of being a Black male in a STEM field that he needed to do that.

Personal qualities were discussed in six mentors’ interviews. This theme refers to mentors’ charac-
teristics that improved their work with their mentees. These qualities included trust, clarity, openness,
directness, awareness, and adaptability to a student’s needs. Mentors also emphasized the importance
of recognizing the power differential, supporting the mentee’s needs, and being comfortable with the
mentee’s growing independence. Additional qualities included passion and dedication, as well as
checking one’s own biases. One mentor who discussed personal qualities was Dr. Powell (m, dom).
He described an effective mentoring strategy as being “adaptive to what that particular student
needs.” For example, some “super capable” students tended to take on too many responsibilities. In
this case, he worked “with them to refine and understand what they can accomplish in the particular
times that they need.” Other students needed “a lot of emotional psychological support through the
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process. Dr. Powell also emphasized the importance of recognizing that a “power differential” exists
between mentors and mentees. He noted that international students may face additional challenges,
such as their ability to stay in the U.S. is often linked to completing their degree. While he did not
change his mentoring approach with international students, he stressed the importance of being
aware of these circumstances and their potential impact on students.

STEM GRADUATES’ DESCRIPTION OF MENTORS’ ACADEMIC AND
PSYCHOSOCIAL STRATEGIES

The third research question examined how mentees viewed their mentors. Overall, 13 of 20 STEM
graduates reported mostly academic behaviors that supported their development. Four graduates fo-
cused primarily on psychosocial behaviors, while three described academic and psychosocial behav-
iors equally.

There were some differences between the descriptions of domestic and international STEM gradu-
ates. Among the nine domestic STEM graduates, seven described their mentors primarily using aca-
demic behaviors. The remaining two reported equally on academic and psychosocial behaviors. In
contrast, among the eleven international STEM graduates, six described mostly academic behaviors,
while four emphasized psychosocial behaviors. One international STEM graduate discussed aca-
demic and psychosocial behaviors equally. Figure 5 summarizes the academic and psychosocial be-
haviors reported by each mentee.

Academic behaviors

This section describes the academic behaviors that mentees reported receiving from their mentors.
The behaviors are presented in order of how frequently they appeared in the graduates’ interviews.

Induction was the most frequently reported strategy by the mentees. It appeared in all domestic and
international STEM graduates’ interviews and mirrored findings in mentor interviews. Jack (m, dom)
described how his mentor [Dr. Benito, m, dom] helped him learn skills and overcome his “weak-
nesses:”

We would spend a good amount of time going through the research, the paper, or the ideas. He
would always get me to explain what it was to him, and he’d ask sometimes seemingly simple,
dumb questions that were actually really smart questions ... But when you actually try to think
about a deeper level and explain it, sometimes it’s very challenging. ... if you got through all of
his questions you knew it very well, and you could answer any of the questions to anybody else.

For many doctoral students in STEM programs, identifying a research topic and designing a study
can be both stressful and time-consuming. A few mentees described feeling uncertain at the begin-
ning of their program when trying to establish their research study and wanted more structured guid-
ance. They wished for “a little bit more hand-holding at the beginning.” In contrast to those mentees,
Jack described positive experiences. He explained how his mentor guided him through individual
meetings and provided detailed feedback on his work. This support helped him identify a research
direction and choose appropriate research methods:

He would work with you and help you overcome your weaknesses or deficiencies or things you
just haven’t gotten to yet ... through one-on-one interactions [and] feedback on work ... He
[Dz. Benito] enabled me to set a course, an idea, and you know, choose my approach and my
process.
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Figure 5. Academic and psychosocial behaviors that each mentee described
This figure was reproduced from Topliceanu (2025).
Note: Academic behaviors are in black and white patterns (induction, challenge, availability, competence);
psychosocial behaviors are in blue (personal qualities, emotional support, communication).

Challenge was the second most frequently reported strategy, appearing in fourteen STEM graduates’
descriptions of their mentoring experiences. Five domestic and nine international graduates discussed
how their mentor challenged them. One example was Jon (m, int), who reflected how his mentor
challenged him and increased expectations over time. During his first doctoral year, he received posi-
tive feedback. However, the challenges grew later in the program:

Second year, and the third year, she [Dr. King, f, int] is trying to intervene in what I’'m doing,
and then also correct me. Or sometimes giving a harsh feedback and keeping more challenges
... But still doable. But kind of a challenge to me. Trying to really twist my brain through the
week. But I just [had] to figure it out.

To turn into independent researchers, doctoral students must learn a multitude of advanced skills in
their research area. Jon recalled how he was challenged to grow as a researcher and improve in sev-
eral areas, including English and academic writing skills, and research data collection: “When I was
involved in her grant, [in] the research project, she was giving me very harsh feedback. Every section
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I have to really improve. First is the language, second is research data collection, third is academic
writing.”

Jon felt that Dr. King, an international professor herself, supported his development as an interna-
tional student by challenging him to strengthen his English skills and demonstrate a high level of per-
formance in order to succeed in a highly competitive academic environment: “You are an interna-
tional student. So, you should really improve. And then also show your performance twice or three
times better than English native.”

Availability was found in fourteen of the twenty graduates’ interviews. Seven of the nine domestic
and seven of the eleven international graduates described their mentor’s availability as supportive of
their development. Most graduates spoke positively about having frequent meetings with their men-
tors. These meetings provided opportunities to receive feedback, brainstorm ideas, and design, con-
duct, and report research. Regular access to mentors was therefore seen as an important part of ef-
fective academic support. However, some graduates also reported challenges related to limited availa-
bility. For example, Antonia (f, dom) explained: “I got frustrated when I couldn’t reach her [Dr.
Brooks, f, dom]. You know, if I needed something, or sometimes when you have a paper due at eight
in the morning, she would get on at eleven or twelve [pm].”

Competence was described by thirteen of the twenty STEM graduates. Seven of the nine domestic
and six of the eleven international graduates described their mentor’s competence as supportive of
their development. For example, Maria (£, int) described that her mentor, Dr. Benito (m, dom), was
“very good at managing students” and highly skilled in managing research funds. She explained that
his ability to manage funds ensured that she had the resources needed to carry out her research: “He
[Dr. Benito] is very good at managing the funds; so, everything I needed, I had a very good amount
of resources to work with. So that was never a constraint.”

Table 3 summarizes the academic behaviors found in the mentees’ interviews and includes quotes
from either domestic or international graduates. Within each category, there were positive and nega-
tive aspects of mentoring described by mentees. A negative aspect is symbolized by a ‘-’ sign in the
table at the beginning of a quote.

Table 3. The most prevalent academic behaviors mentees described

Induction codes and quotes

Connecting/Not connecting with
people in the field (8 out of 20

- [It would have been beneficial if mentor Dr. Benito, m, dom]
pointled] [the student] 7o...connseling, to additional resources that can help

mentees)

provide emotional support .. .because it is very hard for many people, and I
probably had it easier than most. (Jack, dom)

Helping/Not helping mentees
learn skills (7/20)

She [Dr. King, f, int] always allowed me to observe everything. .. And then
try to replicate some things, whether it is polishing, or not. (Jon, int)

Helping/Not helping mentees
grow (e.g., helping women suc-

ceed in STEM) (7/20)

- I think I was more frustrated. . .by not always getting that... more specific
hands-on guidance when I wasn’t sure what to do next. (John, dom)

Working/Not  working  with
mentee in designing, conducting,
and reporting research (6/20)

She [Dr. Brooks, f, dom| made sure to take the time to review papers.
(Antonia, dom)

Helping/Not helping with job
search (e.g., writing letters of rec-
ommendation) (6/20)

Dr. [Benito, m, dom| was a big support during my job search, so he put me
in contact with some people. So I got my job becanse of one of his contacts.
(Luna, int)
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Tailoting and implementing/Not
tailoring and implementing strate-
gies that are unique for each stu-
dent (5/20)

[Dr. Brooks, f, dom)| sez up specific mentoring relationship that was .. .tai-
lored to me. . .I have learning disability in reading. Sometimes, when reading
academic papers, I wonld get frustrated. And she’s like, if you don’t under-
stand something, give it fifteen minutes, and then come see me.” (Antonia,
dom)

Providing/Not providing guid-
ance and feedback, and giv-
ing/Not giving independence to
explore (5/20)

- He [Dr. Yao, m, int| kinda left me in the weeds....So a little bit .. .of more
hand holding at the very beginning, would have been a little bit helpful.
(Christian, dom)

Challenge codes and quotes

Challenged/Not challenged
mentee to grow (8/20)

He [Dr. Benito, m, dom| wanted me to figure it out. But that jonrney had
to be mine, but it had to be again that bigh level of excellence and high level of
rigor and thought. (Jack, dom)

Constructive/Not constructive
criticism (6/20)

She [Dr. Soleil, £, int| gave me feedback without any hesitation. . If I didn’t
do anything well, she would directly tell me and she’ll give me clear directions
where to go. I think that’s very, very important for. .. adult students like me.
(Zara, dom)

Challenged/Not challenged to
improve academic writing (2/20)

When it came to writing, I think she [Dr. Day, £, dom| challenged me. . .a
Jot...[so now I can write bettet]. (Musah, int)

Challenged/Not challenged
mentee to publish papers (2/20)

- Dr. [Benito, m, dom)] was the person putting a lot of pressure... Let’s get
papers...Let’s have tangible stuff to show off. (Maria, int)

Questioning to challenge the
mentee (2/20)

- Sometimes that was a bit frustrating to me because he [Dr. Powell, m,
dom)] was kind of always. What do you think? And that style of mentorship
was a little bit more challenging for my personality. (Gabriel, dom)

Availability codes and quotes

Awvailability/No availability in
professional situations (13/20)

- [Dr. Brooks, f, dom)] ...submitting papers [feedback] at ... 2 in the
morning ... We bad actively written the paper months in advance ... Essen-
tially we conldn’t get it reviewed because for ber, it wasn’t paper time yet.

(Max, dom)

Responsiveness (2/20)

Being really responsive to student needs (Thomas)

Availability at professor’s home

(1/20)

She [Dr Brooks, f, dom| always was able to devote a large amount of time
to belp your work. 1've been in her room in her house when she was breastfeed-
ing, and she still looked at my work and gave me ... direct feedback. (Mei,
int)

Competence codes and quotes

Mentor has leadership skills (e.g.,
working with students) (4/20)

She [Dr. Brooks, f, dom| was probably managing anywhere between 12 and
20 students at any given time. (Max, dom)

Mentor has knowledge in field
(3/20)

He [Dr. Yao, m. int| s established and ... as a mentee that gives you a lot
more confidence, knowing that you are guided by someone that is really knowl-
edgeable and connected to the field. (Christian, dom)

Mentor has knowledge of re-
search methods (3/20)

His [Dr. Yao, m, int] assessment of my [research] development was very,
very accurate in terms of positives and negatives. (Christian, dom)

Mentor has knowledge of report-
ing research (3/20)

[Dr. Yao, m, int| really knows in terms of publications, he’s very good at
knowing how to tell a story. (Christian, dom)

Competent in providing mentee
access to resources (2/20)

Providing a lot of resonrces (Collin, int)

Developing competence working
with international students (2/20)

More contexctual understanding of international students is important ... [Dr.
King, f, int had it and as a result she gave more thoughtful feed-
back]. (Jon, int)
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Mentor has knowledge how to Making very. .. much impact on how to make myself independent researcher in
grow the mentee (2/20) a very hard professional PhD life. (Jon, int)

Note. This table was reproduced from Topliceanu (2025).

Psychosocial behaviors

Psychosocial behaviors are presented in order of how frequently mentees reported them as effective
mentoring strategies that supported their development.

Personal qualities were the most commonly reported psychosocial strategy, appearing in seventeen
of the twenty graduates’ interviews. Seven of the nine domestic and ten of the eleven international
graduates described their mentors’ personal qualities as supportive of their development, emphasiz-
ing positive aspects. Graduates used a range of terms to describe these characteristics, including be-
ing “kind,” “friendly,” “caring,” “honest,” “respectful,” and “father figure.” Some also reported that
their mentors were “always saying the positive things, never diminishing you.” They would “invite
you [the student] to his house with his family.” Some mentees portrayed the mentor as being “hands
on” or “hands off,” and taking a personal interest in learning about them and their families.

Graduate students were at different phases of their personal and professional lives, and some had sig-
nificant family responsibilities. These responsibilities impacted on the time available for research.
One example is Christian (m, dom), who described his mentor, Dr. Yao (m, int), as humble, honest,
full of ideas, and noted that he maintained a good balance between “freedom and micromanaging.”
Christian also emphasized that Dr. Yao showed genuine interest “in me and my life,” understanding
his family responsibilities and allowing flexible scheduling. “That was something that was very nice
... especially considering that ... I had two kids during graduate school.”

Christian (m, dom) described how his mentor created a sense of community by inviting students to
his house. These gatherings allowed students to interact in informal settings and strengthened their
sense of belonging: “Every summer, and around Thanksgiving as well, he’d have dinners at his
house. And so, seeing how he interacted with my family was definitely representative of...who he is as
a person.” This was especially important for international students who were away from their families
and often faced loneliness, alienation, and homesickness, as Christian noted:

I just thought it [inviting students| was kind. That was really nice, especially for those students
who weren’t going home over Thanksgiving ... He hosted Thanksgiving, so those students got
to have a Thanksgiving. You know, I got to go home to my family back home ... Those stu-
dents would not be able to have something like that unless he hosted that, which I thought was
a nice thing.

Emotional support appeared in interviews at similar rates as the mentors’ personal qualities across
the entire group of domestic and international mentees. However, international students discussed
emotional support in greater depth than the domestic students, suggesting that they faced additional
challenges and placed particular value on this type of support during their programs. One example is
Florian (m, int), who described his mentor, Dr. Gray (m, int), who came from the same country as he
did, as supportive and empathetic. Florian felt that Dr. Gray understood the challenges he faced:

He was very supportive. He was there in the same spot [immigrant in STEM] ... ten years be-
fore, probably. So, you know, he could really relate to many of the situations. So that was good,
in my opinion. He really understood pretty well what’s going on.

However, despite having similar paths as international individuals in STEM fields, Florian described
challenges related to the workload. He explained that his mentor often assigned more tasks than
could be realistically completed in a given time. Dr. Gray would ask him to do “ten things, and hu-
manly you can do only five.” Although Florian recognized this as part of his mentor’s working style,
he found it difficult to manage over time: “There’s an emotional mental toll [when the mentor asks
for more than you can do] ... That puts you through a tough situation. This is stressful...But you
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know, that was kind of a feature that he had.” Florian wished that his mentor would recognize his
overload and take steps to lessen it so he could experience a more balanced work-life schedule and
less stress:

It would have helped more free time ... giving a little bit more space. Because if you don’t pay
attention, grad school becomes whete you’re there 24/7, and then, you know, working Monday
to Friday, and then that’s what you do. And then at the end of the day, there’s a lot of burnout
and frustration. Because of that, you stop enjoying it. And I feel like a nice thing is for your ad-
visor [to] catch that, and then make sure that you are having a good way for balancing out work
and life ... I’ll say that would have been a good thing.

Communication was reported by fourteen of the twenty graduates’ interviews. This included four of
the nine domestic students and ten of the eleven international mentees. Overall, mentees described
communication with their mentors as “open,” “clear,” and “respectful.” Many noted that they con-
tinued to maintain contact with their mentors after their graduation. One example is Mei (£, int), who
reflected on her communication with her mentor, Dr. Brooks (f, dom). She explained that direct and
honest communication was especially important given her mentor’s busy schedule. Mei found it help-
tul to express her needs, expectations, and concerns clearly, rather than assuming her mentor would
recognize them:

I think, with [Dr. Brooks], because she’s very busy, and then she has ten directions all the time.
Being able to communicate to her ... directly, transparently, and honestly really helped. Like
talking to her: “This is what I want. This is what I feel. This is what I don’t feel. This is what
makes me sad.” For her, as a busy person, knowing what you want is much better than read-
ing your mind. And that improved our efficiency. A lot.

Mei also emphasized the importance of communication in the context of cultural differences. As an
international graduate student, she noted that cultural differences could be batriers. Mei emphasized
the importance of taking the time to know each other for a deep and successful mentoring relation-

ship:

For every mentor, they should have this mindset of not judging people on the surface level, but
really understand that, especially under the shallow things like manners [e.g., talking with food in
the mouth| ... and give each other the time to really understand each other, to form a bond.

Table 4 summarizes the psychosocial behaviors found in the mentees’ interviews and includes quotes
from either domestic or international graduates. Within each category, there were positive and nega-
tive aspects of mentoring described by mentees. A negative aspect is symbolized by a ‘-’ sign in the
table at the beginning of a quote.

Table 4. The most prevalent psychosocial behaviors mentees described

Personal qualities codes and quotes

Hands on, hands off (7 out of | -The only challenge I had was with [Dr. Powel, m, dom] was ... be was

20 mentees) hands off: And ... you really had to nailing down in order to get information ont
of them. (Gabriel, dom)

Inviting students to mentor’s [Dr. Benito, m, dom] will invite you to his house with his family. (Maria,

house (6/20) int)

Nice, caring, understanding, Flexibility of scheduling ... was something that was very nice ... he [Dr. Yao,

patient (5/20) m, int] had definitely a lot of understanding, respect, and certainly Rindness.
(Christian, dom)

Trust (4/20) I conld trust them [Dr. Powell and the other mentot]. And I can still trust
them. And that’s, I think, something that is rare in today’s world. (Gabriel,
dom)

Comfort with mentee’s grow- Give independence and freedom to explore what I want, and to figure ont ... my

ing independence (4/20) research identity. (Collin, int)
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Clear, open, direct (4/20) She [Dr. Soleil, £, int]| is very straightforward. (Zara, dom)
Friendly (4/20) She [Dr. Soleil, £, int] zs my friend. (Zara, dom)

Similar background or prior ex- | She [Dr. Brooks, f, dom] was very good at flying by the seat of her pants, and
petiences to the mentee (4/20) | I feel like I was, too ... Some students aren’t as good at that. So I didn’t have a
problem with it, becanse that’s how she and 1 have similarities. (Antonia, dom)

Emotional support codes and quotes

Personal support (10/20) We don’t have pay vacations as a student. I was really confident to asking |Dr.
Benito, m, dom| for some days off to go for vacation and have some time to re-
laxc and be was very comprebensive [accommodating]. (Roman, int)
Providing encouragement and He [Dr. Benito, m, dom)| never forgot enconraging his mentees. (Sonja, int)
affirmation (7/20)

Protecting/Not protecting I had a lot of projects going on at the same time and ultimately it worked out.
from additional work, lessening | But maybe she [Dr. Day, f, dom)| could have tried to reel me in and say Yon
work (2 out of 20 mentees) have too much on your plate. Start doing less.” (Thomas, dom)

Communication codes and quotes

Clear, open, honest communi- There is nothing we cannot talk abont. (Zara, dom)
cation (9/20)
Taking/Not taking the time to | He [Dr. Gray, m, int] #ries fo get to know ... the mentee. (Flotian, int)
know the mentee (5/20)
Active listening (1/20) Listening carefully (Sonja, int)

Note: This table was reproduced from Topliceanu (2025).

LIMITATIONS

There are several limitations to this study. Faculty mentors who chose to participate in this study
might have been more inclined to engage in supportive mentoring relationships, which could have
contributed to more positive experiences for their mentees. Similarly, the mentees who chose to par-
ticipate may have had more supportive and beneficial mentoring relationships than other students. In
addition, the lapse in time between when the mentees were students and the time of their participa-
tion may have lent a different perspective on their experiences, which could have enhanced their un-
derstanding of their mentoring or led them to recall less about the experience.

DISCUSSION

This study sought to gain a deeper understanding of graduate mentoring by interviewing mentors and
their mentees, with careful attention to the inclusion of male and female, international and domestic,
perspectives. The first part of this discussion will summarize the findings for each research question.
Then, these findings will be discussed in relation to the levels of Chandler et al.’s (2011) ecological
systems theory in order to situate mentoring behaviors within the broader enterprise of graduate edu-
cation.

OVERALL MENTORING APPROACHES

The first research question focused on the most prevalent academic and psychosocial supports re-
ported by mentors and mentees. Academic support was most frequently described, with induction
(33%) being the most common, followed by challenge (13.2%), availability (7.7%), and competence
(6.6%). Psychosocial support was also emphasized, particularly personal qualities (16.2%), followed
by emotional support (11.8%), and communication (11.5%). These results reinforce the dual role of
mentors in fostering academic growth and personal development, consistent with NASEM’s (2019)
framework that emphasizes mentoring,.

Scant prior research has addressed the mentoring approaches of mentors from their perspective, nor
have these studies been discipline-specific or focused on the experiences of international graduate
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students (Yob & Crawford, 2012), or the study has focused only on one perspective. For example,
De Welde and Laursen (2008) reported that mentors fostered independent work and set high stand-
ards for grant writing and scholarship while being flexible and concerned with students’ well-being
yet did not integrate these perspectives with those of their mentees. The academic supports identified
by De Welde and Laursen are consistent with some found in this study, as are concerns about stu-
dents’ well-being, which resonate with this study’s personal qualities (psychosocial) findings. A study
by Posselt (2018) focused on PhD students’ perspectives and found that faculty mentoring is not
only academic but also needs to include psychosocial and sociocultural behaviors.

The current study addressed these gaps by combining mentors’ and mentees’ perspectives, drawing
on Yob and Crawford’s (2012) framework to provide a comprehensive view of mentoring behaviors.
Janssen et al. (2021) examined dyads of mentors and their former doctoral mentees in the Nether-
lands through the lens of basic psychological needs. In line with Janssen et al., the present study ex-
tends academic guidance to include psychosocial support. Specifically, induction, with its focus on
integrating students into their academic programs, developing their skills in designing, conducting,
and reporting research, and providing guidance and feedback, dominated the descriptions provided
by mentors and mentees. This focus resonates with Bell and Rosowsky’s (2021) descriptions of great
mentors as those who dedicate their time and effort to help their mentees succeed. In summary,
these results emphasize the importance of both academic and psychosocial mentoring support and
suggest that future research and mentoring programs should include the perspectives of mentors and
mentees, as well as the experiences of international participants.

MENTORING APPROACHES USED BY MENTORS

Research question two addressed the overall mentoring approaches that mentors used to support the
development of graduate students. Most mentors (75%) in this study reported predominantly using
academic behaviors to support the development of their graduate STEM students. Induction was the
most common theme, followed by challenge, availability, and competence.

The overall focus of most of the faculty on academic behaviors is consistent with prior research and
the expectations outlined by the National Academies of Sciences, Engineering, and Medicine, which
emphasize that students’ “PhD education should provide them with the ability to conduct original
scientific research” (NASEM, 2018, p. 106). For example, a study by Sanczyk et al. (2021b) with six
STEM faculty members found that their mentoring included providing academic support, guidance,
assistance with research and publication, resources, and connecting students to other professionals in
the field. Similarly, Howell et al.’s (2021) study on STEM doctoral mentoring argued that faculty “see
mentoring more exclusively as the development of science knowledge” (p. 435). The findings of this
study also revealed a group of mentors who focused more on psychosocial support. In addition, the
in-depth qualitative analyses of these mentors’ interviews provide rich descriptions of their interac-
tions with mentees that expand our understanding of the relationships between mentors and their
graduate students. Although there is a heavy focus on conducting and publishing research and on ob-
taining funding at research-intensive universities in the U.S. (Leshner & Scherer, 2019), the mentors
in this study focused more on supporting students in their research interests than on research output.
Mentors in this study reflected this view by focusing on skill development, research productivity, and
independence. This suggests a more developmental interpretation of induction. The findings also
highlight how mentors tailored their mentoring to meet mentees’ unique needs. The mentors de-
scribed differences in preparation between domestic and international students, especially in research
experience, which influenced the level and type of support provided. This adaptive process provides
evidence that mentors are meeting NASEM’s calls for “an increased focus on the needs of students”

(NASEM, 2018, p. 18).
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STEM GRADUATE STUDENTS’ DESCRIPTIONS OF MENTORING
APPROACHES

The third research question examined how graduate STEM students reported their mentors’ mentos-
ing approaches and the aspects that supported their development. The majority of domestic and in-
ternational graduates described that mentors’ behaviors were predominantly academic, surpassing
psychosocial behaviors. Most of the mentees described experiences that assisted them to grow as re-
searchers, reinforcing the central role of research. Mentees emphasized learning research skills, re-
ceiving guidance and feedback, and building professional connections. Many described being chal-
lenged, which at times was too much, but, in general, contributed to their development as independ-
ent researchers. Some of the students wished that their mentors had helped them develop research
ideas earlier or provided more support at various stages, although their needs varied and the help and
support they needed were tailored to their circumstances, abilities, and personalities. These findings
resonate with a study by Geesa et al. (2020), which stressed the importance of aligning mentoring
practices with students’ developmental stages. Some of the findings of this study, which focused on
tull-time doctoral students, align with Kumar and Coe’s (2017) study of online, part-time doctoral
mentees, who valued timely feedback from their mentors. Consistent with some of the findings of
this study, Atkins et al. (2020) found that domestic graduate STEM students saw mentors as models
who gave them opportunities to grow professionally and pursue independent work.

The mentees in this qualitative study included underrepresented minority, female, and international
students, who mostly described that their mentors took into account their unique needs and offered
emotional support that strengthened their confidence and STEM abilities. These findings are in con-
trast with Sanczyk et al. (2021a) who reported that twenty-five doctoral STEM students at a predomi-
nantly white research university in the southeastern U.S. (nine of them were underrepresented mi-
norities) reported feeling misunderstood, overlooked, and marginalized by their mentors. Neither one
of the twenty doctoral STEM graduates in this study described a lack of mentors’ encouragement.
Yet, Thomas (domestic) and Florian (international) hoped that their mentors would notice their emo-
tional struggle caused by an overwhelming workload and take action to lessen it. This study provides
a holistic, in-depth view of the experiences of international and domestic graduate STEM students
and their mentors.

ALIGNMENT WITH ECOLOGICAL SYSTEMS THEORY

Macrosystem

Opverall, the findings for all three research questions indicated that the majority of the mentors and
mentees stressed aspects of graduate mentoring that align with Yob and Crawford’s (2012) induction,
which has been located in the macrosystem (outer) level of Chandler et al.’s (2011) ecological systems
theory (see Figure 2). Within the ecological systems theory, induction reflects a broad range of pro-
cesses through which mentees are introduced to disciplinary norms, expectations, and practices.
These processes involved developing research skills and designing and conducting laboratory re-
search. There was a strong emphasis on communicating research results, and a few mentors and
mentees highlighted the importance of publishing research papers. Mentors and mentees also accen-
tuated the importance of professional networking and career preparation, including connecting with
others in the field and navigating the job search process. The macrosystem includes institutional, cul-
tural, and societal factors, as well as beliefs and norms, which go beyond what Yob and Crawford
(2012) described in their mentor characteristics. Chandler et al. (2011) didn’t delineate aspects of the
ecological system that were more or less important. The findings from the twenty mentees and eight
graduate mentors indicate that the macrosystem, including the production of knowledge and skills
and the attainment of career objectives, was the most central aspect of the graduate STEM ecological
system.
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The dyadic microsystem

Chandler et al. (2011) categorized relationship characteristics and mentoring functions as key compo-
nents of the dyadic microsystem. The dyadic system encompasses interactions between the mentor
and mentee that involve challenge, emotional support, communication, and the mentot’s availability
(see Figure 2). Students in this study were provided with constructive criticism and challenged to
grow, including writing and publication. The majority of mentors and mentees described this as es-
sential, consistent with Bearman et al.’s (2024) study, which emphasized the importance of timely
feedback in doctoral programs, and with Orsini (2025), who reported that faculty availability signifi-
cantly influenced students’ perceptions of mentoring and their disciplinary competence. Consistent
with Yob and Crawford (2012) and Chandler et al. (2011), communication and availability were cen-
tral behaviors for effective mentoring. Our findings extend their work by showing that international
students face additional challenges, such as language barriers, cultural adaptation, and perceptions of
higher expectations. These findings suggest that effective mentoring should consider these contextual
differences, particularly between international and domestic students, as well as those documented
for first-generation graduate students in a recent study by Collier and Blanchard (2024).

The ontological system

The ontological system includes mentor and mentee characteristics (Chandler et al., 2011), including
the personal qualities and competencies described by Yob and Crawford (2012) (see Figure 2). Grad-
uate students and mentors clearly valued the personal qualities and competence involved in graduate
mentoring. The lack of mentors’ focus on their own competence suggests that this component was
mostly taken for granted for tenured professors at a research-intensive university. Janssen et al.’s
(2021) study reported that doctoral students held the idea that their supervisors should have exten-
sive domain, research, writing, and presenting knowledge, which resonated with the findings of this
study. One of the findings of this study was that these interpersonal aspects in the ontological system
were least prevalent in the data, compared to the focus on the relational domain (dyadic microsys-
tem) and, especially, on induction (the macrosystem). Consistent with these findings, in a quantitative
study of 280 doctoral students, Topliceanu’s (2025) regression analyses revealed that psychosocial
and career support did not influence students’ expectations of program completion. Rather, those
expectations were influenced by the research and writing aspects of the doctoral program (induction
aspects located in the macrosystem). Taken together, these findings suggest that ontological systems
aspects, although valued, are less critical to graduate student success.

SUMMARY

The quality of mentoring depends not only on the characteristics of the mentor and mentee and their
relationship, but also on the overarching cultural, institutional, and social contexts in which mentor-
ing occurs. Within the context of graduate STEM education, this macrosystem includes disciplinary
norms, funding opportunities, cultural expectations, and job search networks, as these factors were
identified as important to participants’ development.

All of these induction practices and supports, as well as the interaction between the macrosystem and
the dyadic system, depend on institutional structures, programs, and the particular norms and prac-
tices of the macrosystem (Chandler et al., 2011). Several international mentees, as well as one domes-
tic, underrepresented graduate, reported cultural barriers, shaped by societal factors, norms, and be-
liefs. Additionally, both international mentees and domestic and international mentors reported chal-
lenges related to language and academic writing. For these participants, what seemed less central to
the graduate enterprise was the ontological system (Chandler et al., 2011). Although personal qualities
were described and appreciated, as well as the competence of the mentors in their respective fields,
this did not seem central to the aspects of the mentoring that these students - or mentors - empha-
sized.

By merging Yob and Crawford’s (2012) psychosocial and academic characteristics with Chandler et
al.’s (2011) ecological systems theory of mentoring, this study’s findings shed light on the aspects of
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the graduate mentoring ecological system that were most salient to these mentors and mentees.  Alt-
hough the context of these graduate mentors and mentees spanned a range of STEM fields, it seems
likely that many of the findings may translate to graduate education more broadly.

CONCLUSIONS AND IMPLICATIONS

The findings of this study lead to a number of conclusions.

1. Mentors and mentees were similatly focused on academic behaviors.
Mentees discussed aspects that were not addressed by the mentors.

3. Although there were similar patterns, particular relationships between mentors and mentees
varied.

4. International students sought more psychosocial support than domestic students.

5. The majority of the academic behaviors described were in the macrosystem of the ecological
systems theory. Systemic and cultural factors are important influences on mentees’ expeti-
ences.

IMPLICATIONS

Mentoring at the doctoral level is a highly individualized process that needs to take students’ back-
grounds, abilities, cultural and family situations into account.

RECOMMENDATIONS

This study’s results lead to a series of recommendations aimed at improving the mentoring experi-
ences of domestic and international doctoral STEM students.

RECOMMENDATIONS FOR MENTEES

1. Ask mentors for the support you need. They are willing and able to try to provide needed
support.

2. Early in the program, tap into the networks and resources of your mentor to consider career

pathways post-graduation, both academic and in industry.

Pursue opportunities to publish papers, since authorship enhances your academic portfolio.

4. To receive timely feedback, schedule regular meetings with your mentor to review drafts of
papers, conference proposals, or research progress.

5. When the mentor provides feedback, do your best to incorporate it, particulatly early in your
graduate work.

6. Try to establish a dissertation focus eatly in the program to reduce the time to degree and to
start establishing yourself as an independent researcher.

&

RECOMMENDATIONS FOR MENTORS

1. Facilitate mentees’ exposure to a wider network of professionals, including researchers in
their field, potential employers, and academic or career counselors. These connections will
enhance both their academic and psychosocial development while guiding their career deci-
sions.

2. Start conversations about career opportunities early in the program and provide job-search
guidance for both academic and non-academic positions.

3. Offer structured guidance during the initial stages of the doctoral program, as the mentees
often require more research assistance at the beginning.

4. Ensure timely feedback by establishing regular meeting times to review proposals, research
updates, and paper drafts.

5. Manage mentees’ workloads carefully to prevent them from becoming overwhelmed by the
volume of tasks they are given or choose to have.

28



Topliceanu & Blanchard

6. Invite mentees to your home or provide other social opportunities outside the regular work-
day to enhance interpersonal relationships with them, as they appreciate these opportunities.

RECOMMENDATIONS FOR DEPARTMENTS, GRADUATE SCHOOLS, AND
INSTITUTIONS

1. Keep the number of mentees per faculty manageable, as a high mentor-to-student ratio can
reduce the time available for each mentee and negatively impact their development.

2. Incorporate job search resources into the doctoral program so that both mentors and
mentees have access to information on academic and non-academic career opportunities.

3. Provide formal training and mentoring on effective mentoring practices, as they benefit stu-
dents, faculty, departments, and institutions as a whole.

RECOMMENDATIONS FOR FUTURE RESEARCH

This study revealed many important aspects of graduate mentoring. However, this study focused on
the relationship between mentors and their mentees and did not account for the influence of peers
and other community members on graduate students’ development. It could be enlightening to con-
duct a more focused study of a smaller number of students and to understand the other relationships
in the mentoring ecological system that support students’ development. A study by Collier and
Blanchard (2024) found that there were many differences in graduate students’ experiences of gradu-
ate school based on students’ life situations. Family members and peers were both helpful and not,
with a lot of variability. A qualitative study that interviewed all key players in students' lives could
help better understand the different ways ecological systems present themselves to different individu-
als. Taking a different approach, a survey could be developed to understand all the influences on
graduate students’ mentoring experiences. University graduate schools would likely be quite inter-
ested in research that led to addressing systemic issues to better support the success of doctoral stu-
dents. Building on the findings of this study, applying ecological systems theory may help bring a
range of studies into a common theoretical framework and advance graduate mentoring and the field
of graduate education.
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