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Preface

Talent is equally distributed across all sociocultural groups; access and opportunity
are not. This is particularly true in science, technology, engineering, mathematics, and
medicine (STEMM) professions! that are expected to grow as a percent of the total
workforce in the coming decades. The underrepresentation of marginalized groups in
STEMM contexts is pervasive.

Individual STEMM professionals identifying as African American, Latinx, Ameri-
can Indian, first-generation, or sexual or gender minority individuals and individuals
with disabilities continue to be less likely to be successfully integrated in STEMM envi-
ronments. These individuals may be questioned about their competence, challenged in
their science, and simultaneously invisible as scientists, yet under the microscope as
members of underrepresented groups in STEMM. Scores of commissioned reports and
empirical studies document that these experiences are all too common as features of the
landscape against which the academic and career development unfolds for many from
underrepresented groups. Unfortunately, good science can be hampered in uncivil and
neglectful environments.

Broad integration of all segments of society in STEMM will yield significant innova-
tion and social benefits for our nation. But how can access and opportunity be facilitated
within affirming environments in support of a STEMM talent development model for all?

Mentorship is one catalytic factor to unleash individuals’ potential for discovery,
curiosity, and participation in STEMM and subsequently improve the training envi-

! The committee uses STEMM to indicate the inclusion of medicine but recognizes the significant differ-
ences in medical training culture. Mentorship in medicine is discussed in Chapter 4.

ix
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ronment in which that STEMM potential is fostered.> Mentoring relationships pro-
vide developmental spaces in which students’ STEMM skills are honed and pathways
into STEMM fields can be discovered. Mentoring relationships are high-stakes, inter-
personal encounters and exchanges. These relationships have the potential to assist
nascent STEMM professionals in seeing themselves through the eyes of an influential
guide, finding their place in STEMM education and careers, and receiving support to
realize their next stages in development. Mentorship has rarely received the focused
attention, evaluation, and recognition of other professional responsibilities associated
with academic STEMM, such as teaching or research. Because mentorship can be so
influential in shaping the future STEMM workforce, its occurrence should not be left to
chance or idiosyncratic implementation. There is a gap between what we know about
effective mentoring and how it is practiced in higher education.

To address this gap, the Board on Higher Education and Workforce (BHEW) of the
National Academies of Sciences, Engineering, and Medicine formed the Committee on
the Science of Effective Mentoring in Science, Technology, Engineering, Mathematics,
and Medicine (STEMM). Our committee is composed of leaders in higher education
and industry with expertise in STEMM academic and career development, theory and
research on mentorship, and institutional and national-scale programmatic interventions
to broaden participation in STEMM. Members gave repeatedly of their knowledge and
insights and engaged in vigorous debate and discussion with collegiality and humor that
at times turned the challenging nature of this report into a hugely gratifying collabora-
tion. I am tremendously honored to have learned from each member, all of whom I now
count as friends. We are indebted to the National Academies professionals, including
Study Director Maria Lund Dahlberg and BHEW Director Tom Rudin, who converted
my suggestion for this study into reality, and provided the leadership, expertise, and
inspiration for an expansive vision for this committee’s work. We are most grateful for
the writing expertise of Joe Alper and the BHEW staff and fellows who supported the
committee’s research efforts and provided logistical oversight to the study.

Since convening our first committee meeting in December 2017, we held nearly
20 listening sessions with numerous constituencies at professional society meetings,
commissioned 3 literature reviews, and convened 3 public workshops across the coun-
try, hearing from experts in the study and practice of mentorship. We were guided by
the following questions: What are common definitions and differentiations among the
various models of mentoring in STEMM? What are the most successful elements of
effective mentoring relationships in STEMM education at the various stages of career
development? How can and should mentees and mentors be trained to be more effective

2 The committee defines mentorship as a professional, working alliance in which individuals work together
over time to support the personal and professional growth, development, and success of the relational part-
ners through the provision of career and psychosocial support. The details of this definition are discussed
in Chapter 2.
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in the mentor-mentee relationship? To answer these and other questions, we worked to
establish consensus definitions, examine assessment and evaluation of mentorship pro-
cesses and programs, and gauge the level of evidence for various forms of mentorship.
The result is a robust set of reccommendations for multiple stakeholders to better support
the talent development of all individuals in STEMM at the level of training programs,
departments, faculty, and funding agencies.

For some who read this report and wonder, “There is a science of mentorship?” we
hope that this report both affirmatively answers this question and confirms that mentor-
ship is a skill that can be developed through intentional and reflective practice and
cultural responsiveness. Further, the committee has created an online interactive guide
based on the content of this report to increase access to and use of the findings, which can
be adopted and adapted by institutions, departments, and individual faculty members.

The nation’s federal investment in broadening participation over the last 40 years has
yielded observable increases in the STEMM baccalaureate and graduate degrees attained
by individuals from underrepresented groups. They are part of the fastest-growing
sociodemographic groups in the U.S. population. The challenge remains, how can the
talent of these individuals be effectively developed once they are enrolled in STEMM
degree programs? We hope that this report informs practice, research, and theory on
mentorship in STEMM as part of the solution to address this challenge.

Angela Byars-Winston, Chair

Committee on the Science of Effective Mentoring in
Science, Technology, Engineering, Mathematics, and Medicine
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Summary

Mentoring has long served an essential role in developing science, technology, engineer-
ing, mathematics, and medicine (STEMM) professionals.! Despite its important place
in academic STEMM culture, mentoring rarely receives the focused attention, evalua-
tion, and recognition of other aspects of professional development such as teaching and
research. Indeed, one survey suggests that less than 50 percent of undergraduate faculty
believe their institutions consider mentoring in promotion review, and only 7 percent
reported significant engagement in training to be a mentor (Stolzenberg et al., 2019).2
Furthermore, only 22 percent of undergraduate science and engineering majors strongly
agree they had a mentor (Gallup, 2018). While the nation’s academic institutions have
formalized the education and training of budding STEMM professionals, they have with
few exceptions largely left mentoring to happen organically or on an ad hoc basis.
However, the scholarship on—or science of—mentorship and mentoring relation-
ships (see Box S-1) can provide guidance on effective behaviors, theoretical frameworks,
measures and assessment techniques, mentoring tools, possible structures of mentoring
relationships, and the role of institutional support.® Effective mentoring relationships

! The committee uses STEMM to indicate the inclusion of medicine but recognizes the significant differ-
ences in medical training culture. Mentorship in medicine is discussed in Chapter 4.

2 Unweighted results of an optional mentoring module from this survey indicate that STEM faculty are
more likely to participate in mentoring education (Stolzenberg et al., 2019).

3 Mentorship behaviors are described in Chapter 5. Theories used in the scholarship of mentorship are
described in Chapter 2. Assessment and evaluation of mentorship is discussed in Chapter 6. Mentorship
tools are discussed in Chapter 5. Structures of mentoring relationships are discussed in Chapter 4. The role
of institutional support is explored in Chapter 7.

1
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2 THE SCIENCE OF EFFECTIVE MENTORSHIP IN STEMM

BOX S-1
The Science of Mentorship

The science of mentorship has two primary conceptual components: “science” and “mentorship.”
The committee defines science as “the intellectual and practical activity encompassing the systematic
study of structures and behaviors through observation, experiment, and theory.”? Throughout this
report, the committee brings together multiple disciplinary perspectives—from organizational and
social psychology to discipline-based education research—and encourages the scientific study of
mentorship. The report’s findings and recommendations are based on a systematic compilation and
analysis of current literature on mentorship in postsecondary STEMM contexts. In addition, the com-
mittee identified key gaps in the available scholarship and provided recommendations on how to
address those gaps.

Many definitions of mentoring and mentorship appear in the literature.” Having reviewed the
literature, the committee developed the following definition of mentorship as a common starting point
for STEMM practitioners and researchers, as well as for the purposes of this report:

Mentorship is a professional, working alliance in which individuals work together over time
to support the personal and professional growth, development, and success of the relational
partners through the provision of career and psychosocial support.

Mentorship is operationalized for STEMM contexts through career support functions (e.g., career
guidance, skill development, sponsorship) and psychosocial support functions (e.g., psychological
and emotional support, role modeling) aimed at mentee talent development. Mentorship comple-
ments other developmental processes such as teaching or coaching to support mentees in developing
knowledge and skills,© and is essential to the holistic development of STEMM professionals, including
but not limited to developing a strong identity as a STEMM professional, developing confidence in
one’s ability to work as a STEMM professional, and successfully navigating the culture of STEMM.

2 This definition was adapted from https://www.realclearscience.com/blog/2012/11/we-talk-about-
science-a-lot-but-what-is-it.html; accessed on August 16, 2019.

b Chapter 2 explores the background of the definitions of mentoring and mentorship.

¢ Coaching refers to activities that are most often focused on addressing specific issues for achiev-
ing career aspirations or imparting specific competencies in the near term, such as how to write a
scientific paper.

can help engage and develop the talent of a broader group of students interested in
STEMM careers, thereby helping develop STEMM professionals by increasing access,
equity, and inclusion in STEMM. More diverse and inclusive STEMM workplaces will
be more creative, innovative, and responsive to current and emerging problems because
teams comprising individuals with diverse experiences and areas of expertise often ask
different questions and tend to be more creative and innovative in how they answer
those questions.* More diverse research teams also, on average, produce higher-impact
research and make better decisions than less diverse teams.

* Diversity and STEMM is explored in Chapter 1.
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SUMMARY

Social science research documents the pivotal role of identity in the formation and
development of social relationships such as mentorship.®> Specific dimensions of iden-
tity (e.g., science identity, cultural identities) have been linked empirically to academic
and career development and to the experience of mentoring relationships in STEMM.
However, despite mentorships benefits for underrepresented (UR) students and their
development of a science identity, studies have reported that UR individuals enrolled in
STEMM degree programs typically receive less mentorship than their well-represented
peers.®

Addressing the underrepresentation of major segments of the nations population
requires a multipronged approach involving an ecosystem of participants, including institu-
tional leadership, department chairs, program leaders, mentors, mentees, and professional
associations. Mentorship will likely constitute a significant component of the complex solu-
tions required. Studies show that effective mentorship for UR students enhances recruit-
ment into and retention in research-related career pathways.

Mentoring can and has been used to develop cultures of inclusive excellence, which
are more likely to support the development of diverse STEMM professionals.” Creating
a culture of inclusive excellence requires academic institutions to identify where student
success is not equal across all demographics, discover which educational practices suc-
ceed in addressing those inequities, and work intentionally to build from those practices
in a way that sustains institutional change. Given that effective mentoring relationships
for individuals across career stages can strongly support mentee success in STEMM
fields, creating a culture of inclusive excellence must include providing access to effective
mentoring for all students.®

This report and the associated online guide use the growing scholarship on mentor-
ship developed in the context of STEMM and in fields outside of STEMM as a basis for

5 Identity refers to the composite of who a person is, the way one thinks about oneself, the way one is
viewed by the world, and the characteristics one uses to define oneself, such as gender identification, sexual
orientation, race, ethnicity, nationality, and even one’s profession.

6 This report refers to UR groups as including women of all racial/ethnic groups and individuals specifi-
cally identifying as Black, Latinx, and American Indian/Alaska Native. Where possible, the report specifies
if the UR groups to which the text refers are Black, Latinx, or of American Indian/Alaska Native heritage.
Chapter 3 discusses the concept of identity, including science identity, the role of identities in STEMM, and
how identities can affect mentorship.

7 Inclusive excellence is a philosophical approach to higher education administration and processes
that means attending to both the demographic diversity of students/trainees and the need for developing
climates and cultures in institutions so that all have a chance to succeed in STEMM. For purposes of this
report, this includes a mindset where excellence and inclusion are synonymous, a concern for equity in
STEMM, active work to develop mentees’ capacities and assets, and a commitment to their success by fac-
ulty and the institution. This definition is close to the original term developed by Association of American
Colleges and Universities initiatives and adopted by its board of directors. More information is available at
www.aacu.org/about/statements/2013/diversity; accessed August 17, 2019.

8 Chapter 7 explores institutional culture.
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the findings and recommendations laid out in Chapter 8.° The report notes that current
mentoring systems are structured to benefit the prototypical STEMM mentee—White,
male, heteronormative, continuing generation, and upper or middle class. Therefore,
the report emphasizes mentorship for UR students and explains the importance of cul-
turally responsive mentorship.!? It also identifies specific practices on the part of both
mentors and mentees that increase the likelihood of developing effective mentoring
relationships that account for differences in the demographic background, gender, race,
ethnicity, sexual orientation, gender identity, or ability status of mentors and mentees.
The report provides examples of programs that have included research-informed men-
torship practices as a key component for increasing student success in undergraduate
and graduate STEMM fields while also reviewing the challenges of assessing mentorship
and program effectiveness.!! Finally, the report addresses the importance of institutional
culture change to support widespread implementation of effective mentorship practices
and makes specific recommendations for the range of actors that must engage to improve
the practice of mentorship in STEMM.

THE PROCESS OF EFFECTIVE MENTORSHIP

Mentorship refers to a collaborative learning relationship and working alliance based
on intentionality, trust, and shared responsibility for the interactions in that relationship
and the effectiveness of those interactions.!? Effective mentorship provides aspects of
both psychosocial and career support, and may include role modeling, advising, spon-
sorship, and helping the mentee develop a supportive network of other mentors and
peers.!> Mentorship, like all working alliances, evolves through stages over time, and
entails critical and honest self-reflection at multiple stages of the mentorship process.

° The online guide is available at www.nationalacademies.org/MentorshipinSTEMM.

10 Culturally responsive refers to “using the cultural knowledge, prior experiences, frames of reference,
and performance styles of ethnically diverse students to make learning encounters more relevant to and
effective for them” (Gay, 2010).

I Chapter 4 and Appendix B provide examples of intervention programs that include mentoring
experiences.

12 Intentionality refers to a calculated and coordinated method of engagement to effectively meet the
needs of a designated person or population within a given context.

13 Psychosocial support refers to a nontherapeutic intervention relating to social and psychological fac-
tors that helps a person cope with stressors at home or at work. This definition is adapted from https://
medical-dictionary.thefreedictionary.com/psychosocial+support; accessed August 17, 2019. Role modeling
is a potential psychosocial support function in which a mentor serves as an inspirational example of the
norms, attitudes, and behaviors necessary to achieve success (Lockwood and Kunda, 1997). Advising is a
potential career support function that involves providing feedback about specific questions, such as the
classes a student needs to take to graduate. Sponsorship is a potential career support function that involves
a senior person publicly acknowledging the achievements of and advocating for a mentee.
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Trust—an essential element of effective mentorship—develops when mentors and
mentees work together to identify and respond to mutual goals, needs, and priorities,
which can change over time and thus may require adjustment. Although mentees may
seek out mentors with surface-level similarities—which can help with the establishment
of trust—deep-level similarities such as shared beliefs, values, interests, and experiences
may be more important for effective mentorship,'* particularly when considering the
disparity in demographic representation between the individuals in more senior posi-
tions and those in more junior ones. Near-peer and peer mentorship models may help
provide both deep-level and surface-level matching.

Effective mentoring relationships employ competency-based, inclusive practices
to help students see themselves as STEMM scholars with the potential to contribute
meaningfully to their disciplines. However, this involves competency-based mentorship
preparation or education shown to help mentors and mentees advance their skills in
multiple areas.!®> As with any complex skill, individual mentors and mentees will have
different levels of inherent and acquired skills, but everyone can improve their skills
with instruction, practice, and feedback, including ongoing self-reflective processes
that encourage intentional practice. Assuming that mentors and mentees are capable of
establishing a good mentoring relationship without any instruction advantages mentees
who have enough social capital to connect and maximize their relationships with their
mentors.'6

Typically, mentorship in STEMM is assumed to occur between one mentor and one
mentee—a mentoring dyad. While dyads serve an important role in STEMM mentorship,
mentorship has expanded conceptually and operationally to include a range of struc-
tures to better support mentees’ development. Effective mentorship structures include
triads, collective or group mentoring, mentoring networks, and emerging online and
e-mentoring communities.!” These non-dyadic structures can provide additional ben-
efits, including varying perspectives. The use of mentoring tools—compacts or plans,
mentor maps, and individual development plans among others—can facilitate effective
mentoring relationships.'8

Mentorship becomes less effective when mentors are absent, set unrealistic expecta-
tions, or do not provide clear and relevant guidance. Negative mentoring experiences can
include mentor-mentee mismatch regarding work styles, values, and personalities; dis-
tancing behavior such as self-absorption of the mentor and neglect of the mentee; manipu-
lative behavior such as the mentor inappropriately delegating work to the mentee or taking
credit for the mentee’s work; lack of mentor expertise including both technical (skill- or

14 Chapter 3 explores mentor match.

15 Chapter 5 discusses mentorship education.

16 Social capital refers to the ability of individuals to secure benefits by virtue of membership in social
networks or other social structures (Portes, 1998).

17 Chapter 4 discusses mentorship structures.

18 Chapter 5 discusses mentoring tools.
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career-related) and interpersonal incompetence; and general dysfunctionality, such as
mentors having negative attitudes or personal problems. While negative mentoring expe-
riences can arise from ill intent, negative outcomes from mentoring can also occasionally
arise from otherwise good intentions.!

THE OUTCOMES AND IMPACTS OF EFFECTIVE MENTORSHIP

Effective mentorship has an overall positive effect on academic achievement, reten-
tion, and degree attainment, as well as on career success, career satisfaction, and career
commitment.?> Mentees’ perceptions of the quality of their mentored experiences are
key drivers in positive outcomes, including STEMM degree attainment, especially among
UR individuals in STEMM fields. Positive mentor-mentee relationships and effective
mentorship are particularly important for integrating women and UR students into the
STEMM academic community.

How an individual’s identity as a STEMM professional fits with an individual’s other
social identities, such as gender, race, or socioeconomic status, has a significant effect
on their career goals.2! Many factors—including a lack of access to effective mentorship
and a need to subsume other aspects of their identities to fit into a predominantly White,
male STEMM culture—keep students from UR groups from choosing and remaining in
STEMM disciplines. Moreover, some negative mentoring experiences have been linked
to attrition, especially for UR students. Mentees without access to culturally responsive
mentoring can experience identity interference or identity conflict and concealment,
which is the perceived or actual discordance between different aspects of an individual’s
identity.?? This can lead to self-doubt, reduced psychological well-being, and lower aca-
demic or professional performance.

Many STEMM faculty mentors unintentionally devalue cultural and social diversity
in mentoring relationships, neglecting the fact that important social identities shape their
mentees” academic experiences. For this and other reasons, many UR students prefer to
have mentors of the same race and gender and who have life experiences similar to their
own.?? However, the scarcity of UR STEMM faculty may lead UR students to believe
they cannot find safe spaces in which they can discuss their identities and interests.
Mentors, regardless of race or gender, of UR students who acknowledge their students’
sociocultural-based experiences may be better able to help them to navigate invalidating
experiences, affirm their belonging in STEMM contexts, and reinforce their self-efficacy

19 Chapter 5 discusses negative mentoring experiences.

20 Chapter 6 discusses outcomes of mentorship.

2L Chapter 3 discusses the development of a science identity.

22 Identity interference refers to when cultural meanings and stereotypes assigned to social identities
cause those with multiple identities to feel that one identify interferes with the successful performance of
another identity.

23 Chapter 3 discusses mentor-mentee match.
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beliefs. However, this may involve crossing cultural boundaries and often requires cultur-
ally responsive mentorship that involves mentors moving out of familiar and prescribed
ways of interacting and communicating with mentees if they are to establish equitable,
reciprocal, respectful, and honorable relationships.?*

THE SYSTEMS TO SUPPORT EFFECTIVE MENTORSHIP

Theoretically sound mentorship measures can help shape how mentors and mentees
define, align, and guide their perceptions and behaviors within their relationships in
a way that increases the likelihood of benefiting from mentorship. Measures can be
adapted from existing ones or developed for postsecondary STEMM, but the decision of
whether to adapt or develop is not trivial, particularly given limited empirical evidence
supporting the assertion that context-specific measures necessarily result in enhanced
measurement or prediction.

While effective mentorship occurs at many institutions, many barriers exist that
make it difficult to disseminate and implement effective interventions in STEMM
mentorship. These barriers include a lack of time, resources, rewards, expertise, and
confidence needed to implement new programs and practices. Broader access to effec-
tive mentorship and support systems at academic institutions may entail significant
institutional change.

THE COMMITTEE’S RECOMMENDATIONS

The committee presents nine sets of recommendations to encourage a shift away
from a culture of ad hoc mentorship and toward one of intentional, inclusive, and effec-
tive mentorship in all institutional contexts. For the first seven sets of recommenda-
tions, the committee lays out specific roles for various participants in the mentorship
ecosystem—including institutional leadership (e.g., presidents, provosts, deans), depart-
ment chairs, program leaders (e.g., research, training, and graduate program directors),
mentors (faculty members, staff, and others who have extensive contact with graduate
and undergraduate students), and mentees (undergraduate and graduate students par-
ticipating in mentoring programs and other mentoring relationships), and professional
associations. The final two sets of recommendations are directed at agencies that fund
mentorship programs and scholars of mentorship.

The committee’s recommendations are best understood in the context of a common
understanding of mentorship. Therefore, the first recommendation is directed toward all
participants in the mentorship ecosystem.

24 Culturally responsive mentorship is discussed in Chapters 3, 5, and 7.
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Recommendation 1:
Adopt an Operational Definition of Mentorship in STEMM

Institutions and programs should adopt an evidence-based, operational definition
of mentorship, such as the one used by the committee in its work:

Mentorship is a professional, working alliance in which individuals work together
over time to support the personal and professional growth, development, and success
of the relational partners through the provision of career and psychosocial support.

Mentorship is operationalized for STEMM contexts through the career support func-
tions (e.g., career guidance, skill development, sponsorship) and psychosocial support
functions (e.g., psychological and emotional support, role modeling) aimed at mentee
talent development. Mentorship complements other developmental processes like teach-
ing or coaching to support mentees in developing knowledge and skills, and is essential
to the holistic development of scientists, technologists, engineers, mathematicians, and
physicians, including but not limited to developing a strong identity as a STEMM pro-
fessional, developing confidence in one’s ability to work as a STEMM professional, and
successfully navigating the culture of STEMM.

2.1:

2.2:

2.3:

Recommendation 2:
Use an Evidenced-Based Approach to Support Mentorship

Institutional and departmental leadership should support the use of evidence-
based mentoring practices by both mentors and mentees, starting with new
faculty and student orientation. Support should include tested mentorship
education curricula, resources, and tools (guided discussions, mentoring com-
pacts, individual development plans, and mentor maps) as well as time for
professional development and mechanisms for feedback, improvement, and
accountability.

Program leaders should support mentorship by ensuring there are evidence-
based guidelines, tools, and processes for mentors and mentees to set clear
expectations, engage in regular assessments, and participate in mentorship
education. Program design should take into account the stages of mentoring
relationships and ensure that the evolving needs of undergraduate and gradu-
ate students are met as they shift to career stage-appropriate independence.
Department chairs should deliver professional development on effective
mentorship to support mentors and mentees in understanding how successful
mentoring relationships can be created, cultivated, and nurtured; addressing
challenges such as those caused by biases and micro- and macroaggressions;
encouraging self-reflection; and mastering critical skills over time.
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2.4:

2.5:

Mentors should learn about and employ evidence-based mentorship tools and
strategies through a process that includes exploring evidence-based mentor-
ship resources, dedicating time for mentorship education, and participating in
relationship-level, department-level, and institution-level mentoring account-
ability mechanisms.

Mentees should acquaint themselves with evidence-based mentorship tools
and strategies, including compacts, individual development plans, mentor
maps, and mentoring accountability mechanisms. When possible, mentees
should take advantage of any mentee-focused mentorship education and
resources and be aware of which faculty members in their program, depart-
ment, or institution have participated in mentorship education and which
faculty use evidence-based mentorship tools.

Recommendation 3:
Establish and Use Structured Feedback Systems
to Improve Mentorship at All Levels

Assessment and evaluation of mentorship are necessary to identify areas of strength
and opportunities for improvement. Evaluation through structured systems may reduce
unintentional bias and protect mentees who are in inherently more vulnerable positions
as students and trainees.

3.1:

3.2:

3.3:

Institutional and departmental leadership should regularly and systematically
review formal mentorship activities and programs to support development of
mentorship skills and student success and well-being. Such reviews should
involve different stakeholders groups, check for alignment with stated program
goals and missions, ensure that practices for effective mentorship are incor-
porated throughout activities and programs, and work to create a culture of
accountability.

Program leaders should establish and systematically review formal mentor-
ing activities and programs and other structured feedback systems to make
programmatic decisions such as who is allowed to serve as a mentor, when to
intervene if relationships are not effective, and how to help mentors improve
their skills over time using established methods and instruments for measur-
ing mentorship effectiveness. Program leaders should regularly provide deans,
department heads, and other program leaders with program metrics, including
data on mentorship processes and outcomes.

Mentors and mentees should work with each other and their institutions to
develop feedback systems to document, evaluate, and advance mentorship
competencies over time using established methods and instruments for mea-
suring mentorship effectiveness. They should also participate in institutional

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/25568

The Science of Effective Mentorship in STEMM

10

THE SCIENCE OF EFFECTIVE MENTORSHIP IN STEMM

3.4:

reviews of formal mentorship activities and programs to enhance mentor and
mentee outcomes and inform periodic self-reflection.

Professional associations should regularly review and gather evidence on for-
mal mentorship activities and programs that are designed to enhance students’
success outside of their home institution. Such reviews should also check for
alignment with stated program and association goals, missions, and account-
ability mechanisms and for widespread use of effective mentorship practices.

Recommendation 4:
Recognize and Respond to Identities in Mentorship

All participants in the mentorship ecosystem should recognize that identities influ-
ence academic and career development and thus are relevant and significant for effective
mentorship.

4.1:

4.2:

4.3:

4.4.

5.1:

Institutional leadership should intentionally support mentorship initiatives
that recognize, respond to, value, and build upon the power of diversity.
Leaders should intentionally create cultures of inclusive excellence to improve
the quality and relevance of the STEMM enterprise.

Mentors should learn about and make use of inclusive approaches to men-
torship such as listening actively, working toward cultural responsiveness,
moving beyond “colorblindness,” intentionally considering how culture-based
dynamics like imposter syndrome can negatively influence mentoring relation-
ships, and reflecting on how their biases and prejudices may affect mentees
and mentoring relationships, specifically for mentorship of underrepresented
mentees.

Mentees should reflect on and acknowledge the influence of their identities
on their academic and career trajectory, including the potential for imposter
syndrome to disrupt mentorship. Mentees should seek mentorship that is
intentional in considering their individual lived experiences.

Professional associations should intentionally address sociodemographic fac-
tors in mentoring relationships, specifically for mentorship of underrepresented
mentees. Professional associations should also intentionally create cultures
of inclusive excellence to improve the quality and relevance of the STEMM
enterprise.

Recommendation 5:
Support Multiple Mentorship Structures

Institutional leadership should support policies, procedures, and other infra-
structure that allow mentees to engage in mentoring relationships with mul-
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5.2:

5.3:

5.4:

6.1:

6.2:

tiple individuals within and outside of their home department, program,
or institution, such as professional societies, external conferences, learning
communities, and online networks, with the ultimate goal of providing more
comprehensive mentorship support.

Mentors should provide opportunities and support for mentees in mentoring
relationships with other individuals within and outside of their home depart-
ment, program, or institution (such as professional societies, external confer-
ences, learning communities, online networks) who can provide complementary
or supplementary functions that enable mentees to progress and succeed.
Mentees should consider developing, as needed, a constellation of mentor-
ing relationships with multiple individuals within and outside of their home
department, program, or institution using tools designed for this purpose such
as mentoring maps and individual development plans.

Professional associations should proactively facilitate the development of men-
toring relationships among individuals from different programs or institutions,
as needed, who can provide complementary or supplementary mentorship
functions. This could include activities such as pairing first-time conference
attendees (mentees) with returning conference attendees (mentors) to orient
them to conference events and support their networking or establishing and
supporting online communities for mentees to find and make supportive con-
nections outside their own institutions and environments (e.g., academia).

Recommendation 6:
Reward Effective Mentorship

Institutional leadership should reward and visibly recognize mentors for docu-
mented, effective, and inclusive mentorship in the same manner as effec-
tive teaching is recognized, including through annual awards. Consideration
should be given to all forms of mentorship, including informal and formal
relationships that occur beyond the research advisor or other academic advisor
and the student. Leaders should also structure job recruitment, application,
and selection procedures to make evident an applicant’s commitment to and
success with mentorship and ensure mentorship quality and potential are
weighed in hiring decisions, possibly through the inclusion of mentoring
statements in applications.

Department chairs, in consultation with institutional leadership, should use
promotion, tenure, and performance appraisal practices to reward effec-
tive mentorship. Elements of a promotion or tenure package could include
descriptions of approaches and resources used in mentoring, reflective state-
ments of ways the candidate has worked to improve their mentoring over time,
evidence of mentored scientists as coauthors on manuscripts and grants and
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6.3:

their placement into positions, letters from program leaders and testimonies
from students, institutional and national awards for mentorship, and process
measures that assess mentoring relationship quality from the perspective of
the mentee and the mentor.

Professional associations should provide visible recognition of effective mentor-
ship through prominent rewards for documented, effective, and inclusive
mentorship, such as certifications for completing substantive mentorship edu-
cation, named awards for sustained contributions to mentorship, and note-
worthy track records of effective mentorship supported with assessment data.

Recommendation 7:
Mitigate Negative Mentorship Experiences

Mentorship education for both mentors and mentees can help to reduce or prevent
negative mentoring experiences. However, negative mentoring experiences do and will
occur, and direct steps should be taken to mitigate harm from such occurrences.

7.1:

7.2:

7.3:

7.4:

Institutional leadership should appoint and make visible one or more neutral
third parties (e.g., ombudspersons, research integrity office) to serve as a point
of contact to identify and address negative mentoring experiences. These indi-
viduals, offices, or committees should be selected based on their potential to
engender a sense of trust and approachability among mentees and mentors.
The appointed neutral third parties should also be prepared to carry out their
role effectively by participating in professional development on mentorship,
conflict management, and workplace laws and ethics.

Program leaders and department chairs should periodically review mentorship
assessment results to identify and mitigate negative experiences. They should
be open to the possibility of having to serve as a neutral third party to improve
ineffective or negative mentoring experiences, and they should also be prepared
to carry out their role effectively by participating in professional development
on mentorship, conflict management, and workplace laws and ethics.
Mentors should recognize that negative mentoring experiences can occur
even with well-intentioned mentors and mentorship practices and be open to
addressing unintended negative mentoring experiences with a neutral third
party. In addition, mentors should become familiar with and recommend
resources, such as ombudspersons, who can help identify and address negative
mentoring experiences.

Mentees should maintain relationships with a network of faculty outside of
their primary advisor, research supervisor, or mentor and, when necessary,
seek out an ombudsperson or other neutral third party who can serve as a
resource to address negative mentoring experiences.
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Recommendation 8:

Recommendations for Funding Agencies that Support Mentorship

Funding agencies play a key role in shaping the values of institutions and the proj-
ects that scholars pursue. As such, funding agencies’ role in encouraging and supporting
effective mentorship practices is essential.

8.1:

8.2:

8.3:

8.4:

Funding agencies should encourage the integration of evidence-based mentor-
ship education for mentors and mentees and assessments of mentorship into
grant activities that involve undergraduate and graduate student research,
education, and professional development to support the development of the
next generation of talent in STEMM.

Funding agencies, when supporting STEMM student development, should
require tools such as mentoring compacts and individual development plans
to operationalize intentionality and promote shared understanding of the goals
of mentoring relationships on sponsored projects.

Funding agencies should support the study of the process and impacts of
mentorship and the development and validation of new or adapted measures
for use in STEMM mentorship to comprehensively understand the relation-
ship between mentorship processes and outcomes, as well as demographic
disparities in student outcomes.

Funding agencies should support in-depth, cross-program evaluation and
research to better understand the processes and outcomes of mentorship,
particularly the outcomes of diverse student populations.

Recommendation 9:
Recommendations to Scholars of Mentorship

When the committee reviewed the literature on mentorship and mentoring rela-
tionships, it became apparent that more scholarship is needed on specific aspects of
mentorship and mentoring relationships. Items 9.1-9.5 represent some of the areas that
would benefit from additional scholarship and make contributions to advance the sci-
ence of mentorship.

9.1:

Scholars should conduct multidisciplinary research on mentorship in STEMM,
including employing advanced multimethod approaches, using current tech-
nologies, and establishing standards for measurement to uncover the relational
processes that drive effective mentorship. Scholars should particularly attend
to the reciprocal and dynamic nature of mentoring patterns, processes, and
outcomes in STEMM to advance theories of mentorship in STEMM.
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9.2:

9.3:

9.4:

9.5:

Scholars should make greater use of study designs that allow for causal and
longitudinal inferences, paying particular attention to the antecedents, pro-
cesses, correlates, and outcomes within effective mentoring relationships in
STEMM to determine the effects of mentorship on persistence and success
in STEMM as well as on the STEMM enterprise.

Scholars should define and characterize negative mentoring experiences
or ineffective mentorship in STEMM and investigate their prevalence and
impacts, specifically addressing the possibility that negative mentoring experi-
ences may disproportionately harm underrepresented students and compro-
mise science and research itself.

Scholars should intentionally expand the knowledge base for populations that
remain little-studied in STEMM and account for how differing conditions
and contexts of mentorship may differentially affect individuals with diverse
sociocultural identities. Scholars should examine mentorship assets at the
individual, department, and institutional levels to assist STEMM researchers
and universities in creating targeted recruitment and retention programs for
underrepresented and underserved populations.

Scholars should investigate how different aspects of mentor-mentee socio-
cultural similarity may help shape mentorship outcomes to elucidate the effec-
tiveness of matching practices and processes in formal mentorship programs
and provide greater access to quality mentoring.
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Why Does Mentoring Matter?

Mentoring has long served an essential role in developing science, technology, engineer-
ing, mathematics, and medicine (STEMM) professionals.! Learning about the current
state of knowledge in one’s discipline, developing expert skill sets, and becoming famil-
iar with disciplinary culture is a process that occurs gradually over time, and aspiring
STEMM professionals gather the tacit and disciplinary knowledge needed to work effec-
tively in STEMM through years of education and training (Coplin, 2012).? Eventually,
though, the process of developing the necessary STEMM knowledge, skills, attitudes,
identities, and networks requires a transition to practice that traditionally involves men-
toring by more expert or senior individuals.

Mentoring experiences can be transformative for the people involved. Many
mentees—undergraduate and graduate students for the purposes of this report—form
deep, even life-long relationships with their mentors. Mentorship refers to a collaborative
learning relationship and working alliance, historically but not always between a more
experienced and less experienced individual, based on intentionality, responsiveness,
reciprocity, trust, and shared responsibility for the interactions in that relationship and
the effectiveness of those interactions.® Effective mentorship provides aspects of both

! The committee uses STEMM to indicate the inclusion of medicine but recognizes the significant differ-
ences in medical training culture. Mentorship in medicine is discussed in Chapter 4.

2 These skills include the competencies that a 2018 National Academies of Sciences, Engineering, and
Medicine report addressed regarding what every STEMM graduate student should come away with along
with a master’s degree or Ph.D. (NASEM, 2018a).

3 The committee defines mentorship as a professional, working alliance in which individuals work together
over time to support the personal and professional growth, development, and success of the relational

15
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psychosocial and career support, and may include role modeling, advising, sponsor-
ship, and helping mentees develop a supportive network of other mentors and peers.
Effective mentorship requires self-reflection, setting expectations, building trust, and
regular review. Mentorship, like all relationships, evolves through stages over time, and it
provides for the holistic development of scientists, technologists, engineers, mathemati-
cians, and physicians.

Despite its important place in the academic culture,* mentorship rarely receives the
focused attention, evaluation, and recognition of other aspects of the professional devel-
opment process, such as teaching and research. Less than 50 percent of undergraduate
faculty who responded to a national survey of faculty work-life balance administered by
the Higher Education Research Institute agreed with the statement that their institutions
take mentoring into consideration in promotion reviews, and only 7 percent reported
significant engagement in training to be a mentor (Stolzenberg et al., 2019).> Moreover,
only 22 percent of science and engineering majors strongly agree that they had a mentor
at their undergraduate institution (Gallup, 2018). For all the effort the nation’s academic
institutions have spent formalizing the education and training of budding STEMM pro-
fessionals, they have with a few exceptions largely left mentoring to happen organically
or on an ad hoc basis.

There are opportunities to enhance the processes of mentorship—the functions and
behaviors that support mentees in learning discipline-specific, professional, and cultural
skills and helping them to navigate toward becoming a successful professional in a given
STEMM field. Effective mentorship involves skill (i.e., competency-based and intentional
preparation by academic institutions of their mentors to be effective) as well as support,
incentives, and evaluations of the degree of effective mentoring practices. As with any
complex skill, individual mentors and mentees will have different levels of acquired skills,
and everyone can improve their skills with instruction, practice, and feedback, including
ongoing self-reflective processes that encourage intentional practices.

There are also opportunities to achieve a paradigm shift in the approaches to mentor-
ship, focusing on what makes them work under different conditions, for whom, and in
what forms. Because mentorship is complex, culturally influenced, and takes place in
particular contexts, competency-based, inclusive practice in mentoring relationships can

partners through the provision of career and psychosocial support. The committee uses the term mentorship
to connote that mentoring occurs via a process based on reciprocal activities in mentoring relationships.
The details of this definition are discussed in Chapter 2. Intentionality refers to a calculated and coordinated
method of engagement to effectively meet the needs of a designated person or population within a given
context.

* Undergraduate teaching faculty report mentoring undergraduates (36.5 percent), graduate students
(24.5 percent), and even other faculty (13.3 percent) “to a very large extent” and preparing students for the
workplace to be the “high or highest priority” (78.9 percent) (Stolzenberg et al., 2019).

5 Unweighted results of an optional mentoring module from this survey indicate that STEM faculty are
more likely to participate in mentoring education (Stolzenberg et al., 2019).
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help engage and develop the talent of a broader group of students interested in STEMM
careers. Valid measures of mentoring relationships can inform effective mentoring pro-
cesses and, in conjunction with culturally relevant mentorship, may facilitate the creation
of opportunities to enhance student outcomes, experiences, and retention in STEMM.
This, in turn, will support inclusive learning experiences that benefit all mentees and
their mentors—regardless of their personal characteristics and identities.

BACKGROUND OF THE REPORT

In February 2017, the Board on Higher Education and Workforce convened a
national participatory workshop to explore some of the major challenges for ensuring
high-quality mentorship for undergraduate and graduate STEMM students (NASEM,
2017a). The challenges the workshop participants identified included the following:

» Many disciplines and areas of study, from organizational and social psychology
to discipline-based education research, conduct research on mentorship. Because
the knowledge base on mentorship is distributed across disparate disciplines,
researchers and practitioners find it difficult to distill, build on, and make use of
current knowledge and practice.

 The broad scope of published work on mentorship suffers from a lack of consensus
regarding definitions, measures, and theoretical frameworks that could help
maximize both the effectiveness of mentorship programs and strategies and drive
research on mentorship.

« Thereis a pressing need for deeper investigation into the role that cultural diversity
factors play in STEMM mentoring relationships and evidence-based practices that
increase the ability of mentors and mentees to address and effectively navigate
cultural diversity issues.

« Mentorship would be strengthened at U.S. institutions of higher education from
a systematic compilation, analysis, and presentation of mentorship research and
promising and emerging mentorship practices, organized as a centralized and
easily accessible resource.

One analogy suggested during the 2017 workshop for mentoring relationships was
that of a pilot and copilot pair in flight (see Box 1-1).

In addition to this workshop, over the past decade the National Academies have
convened several consensus study committees and conferences that assembled experts
across disciplines to examine the research behind mentorship and related issues or that
highlighted the importance of mentorship in building and maintaining the STEMM
workforce (e.g., NAS-NAE-IOM, 1997, 2007, 2009, 2011a; NASEM, 2017b, 2018a, 2018b;
NRC, 2010, 2013, 2015b). In addition, there are several previous and ongoing studies,
workshops, and programs conducted by the National Science Foundation, Alfred P.
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BOX 1-1
The Flight Analogy for Mentoring Relationships

Consider a mentor and mentee pair working together to decide on a flight plan and to reach an
agreed-upon destination. This relationship would necessarily be built on trust and respect, and both
parties would share in the responsibility for the success of the relationship. The more senior pilot
would bring to the relationship more experience than the junior copilot and would share knowledge
and skills, helping the copilot to become more independent. Flight conditions would change over
the course of their relationship and, at times, both would experience turbulence. Yet with effective
mentorship skills learned through training and experience, the pilot and copilot can progress on their
flight plan and learn from one another along the way. At times, those in the control tower (e.g., insti-
tutional leaders, department chairs, or program leaders) might offer help, linking partners together, and
encouraging them to expand their networks and learn from others. Those in the control tower could
influence relationships by providing professional development opportunities for the pilot and copilot
to learn to optimize their working relationship, by establishing accountability for both pilots in the
relationship, and rewarding the time they invest in their relationship that results in successful flights.

e BUILD TRUST OVER TIME
e BOTH PARTIES GUIDETHE
RELATIONSHIP

¢ CONDITIONSWILL CHANGE
> TURBULENCE MAY OCCUR!

e COMMUNICATION IS ESSENTIAL
e A SKILLTHAT IMPROVES WITH
GUIDANCE & COMMITMENT

IMAGE SOURCE: Layne Scherer, reproduced from Effective Mentoring in STEMM: Practice, Research,
and Future Directions: Proceedings of a Workshop—in Brief (NASEM, 2017a).
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Sloan Foundation, Howard Hughes Medical Institute, American Association for the
Advancement of Science, and National Institutes of Health, among others. Although this
prior work contributed to the body of literature on mentorship, these activities were not
aimed at compiling, reviewing, analyzing, and presenting research systematically and in
a format that can inform and drive practice.

To address that shortcoming and drive dissemination and implementation of evi-
dence-based approaches to mentorship of STEMM students at the undergraduate and
graduate levels, the National Academies convened an ad hoc committee, under the
auspices of the Board on Higher Education and Workforce, in collaboration with the
Committee on Women in Science, Engineering, and Medicine and the Board on Science
Education, to conduct a study on the science of effective mentorship in STEMM. The
Statement of Task is given in Box 1-2.

ABOUT THE WORK

The committee approached the Statement of Task as a guide for an intensive literature
review and a series of evidence-gathering activities. The three core questions provided in
the Statement of Task helped to focus the committee’s method of engaging this potentially

BOX 1-2
Statement of Task
The Committee on Effective Mentoring in STEMM

Under the auspices of the Board on Higher Education and Workforce and the Committee on
Women in Science, Engineering, and Medicine, and in collaboration with the Board on Science
Education, an ad hoc committee will conduct a study of STEMM (science, technology, engineering,
mathematics, and medicine) mentoring programs and practices at the undergraduate and graduate
levels. The study will have a particular focus on identifying evidence (or lack thereof) regarding
successful programs for mentoring of individuals traditionally marginalized in STEMM fields, includ-
ing women, individuals from racial/ethnic groups historically underrepresented in STEMM, and first-
generation college students. Guiding questions for the study will include the following:

e What are common definitions and differentiations among the various models of mentoring
in STEMM?

e What are the most successful elements of effective mentoring relationships in STEMM educa-
tion at the various stages of career development?

e How can and should mentees and mentors be trained to be more effective in the mentor-
mentee relationship?

The committee will issue a final report and also create an online interactive guide of effective pro-
grams and practices that can be adopted and adapted by institutions, departments, and individual
faculty members.
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overwhelming topic. However, the committee did not seek to answer only the questions
posed. Over the course of the study, the committee sought to understand the current
state of the science of mentorship;® identify gaps and potential areas for future research
on mentorship; and provide mentors, mentees, and mentoring program directors with
the evidence-based knowledge and skills necessary to ensure highly productive and
sustainable mentoring relationships. The committee focused on the scholarship around
elements or behaviors that support effective mentoring relationships themselves and
considered outcomes, such as assessments of mentee success, to be one type of measure
of effective mentorship.

In accordance with the Statement of Task, the committee limited its focus to mentor-
ship that is occurring in academic undergraduate and graduate STEMM settings. This
contextual limitation included all types of institutions (e.g., minority-serving institu-
tions, undergraduate-only institutions, research-intensive institutions, academic medical
centers)’ and made no comment on the career intentions of the mentees. Much of the
committee’s work focused on research settings, as research training environments share
several similarities across many STEM disciplines.® However, the committee’s findings
and recommendations are not constrained to these settings, and care was taken to explore
and incorporate material from a range of undergraduate and graduate experiences. In
particular, mentorship associated with medicine is addressed in a section of Chapter 4
because of several distinct cultural characteristics of academic medicine.” The committee
also considered the literature on mentorship in STEMM postdoctoral positions, other
postsecondary higher education settings, and other sectors, such as industry, but did not
include findings or recommendations for these populations or contexts.

The committee interpreted the phrase “individuals traditionally marginalized in
STEMM fields” to include women of all racial/ethnic groups and individuals specifically
identifying as Black, Latinx, and American Indians/Alaska Natives—collectively referred
to as underrepresented (UR) individuals in the report—first-generation (FG) college stu-
dents, sexual- and gender-minority students, and students with both visible and nonvisible
disabilities.!? In particular, Chapter 3 explores the intersection of mentorship and these

© For this report, science refers to “the intellectual and practical activity encompassing the systematic study
of structures and behaviors through observation, experiment, and theory” This definition was adapted from
https://www.realclearscience.com/blog/2012/11/we-talk-about-science-a-lot-but-what-is-it.html; accessed
August 16, 2019.

7 The committee did not address mentorship in industry or professional practice.

8 While the charge for this committee is to study mentorship in the context of STEMM disciplines, the
health sciences and medical fields are often treated separately and some studies refer exclusively to science,
technology, engineering, and mathematics (STEM). Therefore, the acronym STEM, instead of STEMM, is
used when referencing such situations.

° These include clinical responsibilities, required “protected time,” the professional focus of medical
school, and the centralized nature of the medical school admissions process.

10 Where possible, the report specifies if the UR groups to which the text refers are identified in a referenced
study. First-generation college students are students who are the first members of their families to attend
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identities. The committee did not address the delivery of mental health support as part of
mentorship.!!

The Committee’s Starting Point

The committee made four presumptions based on published findings about advanc-
ing effective mentoring in STEMM. First, the committee presumed that all mentorship at
its core is a reciprocal and responsive social exchange among a specified group of people
with diverse individual attributes (Eby et al., 2007). Accordingly, throughout the report the
committee emphasizes the relational nature of mentorship that includes contributions from
both mentors and mentees involved in this social exchange. By focusing on the relationship,
rather than solely on the mentee or the mentor, the committee calls out a paradigm shift
in how both student agency and the burden of mentoring expectations for the participants
are viewed. In general, students have a range of talents, strengths, and assets, all of which
an effective mentoring relationship can capitalize on to facilitate their successful pursuit of
and persistence in STEMM career pathways. Students are not merely passive recipients in
mentoring but have potential agency that can contribute to effective mentoring relation-
ships. Moreover, the burden of conforming to the expectations of a mentoring relationship
does not fall only on mentees, but is developed through the establishment of a mutually
agreed-upon relationship. This topic is explored further in Chapter 2.

Second, the committee presumed that promoting diversity without inclusion is not
enough to create a diverse STEMM workforce (Asai, 2019; Puritty et al., 2017).!> While
promoting diversity is necessary to increase the numbers of students in STEMM from
underrepresented groups, it is equally necessary to equip mentors with the skills to rec-
ognize and respond to the identity-based experiences of these students that affect their
academic and career development.!® Therefore, the committee emphasized the impor-

college. Sexual- and gender-minority students are students with identities that include sexual orientation
identities such as lesbian, gay, bisexual, queer, and asexual, as well as gender identities such as pre- and
posttransition transgender, intersex, and nonbinary.

1 The National Academies Committee on Supporting the Whole Student: Mental Health, Substance
Abuse, and Well-Being in STEMM Undergraduate and Graduate Education has been tasked to “conduct a
study of the ways in which colleges and universities provide treatment and support for the mental health and
well-being of undergraduate and graduate students, with a focus on STEMM students to the extent fields of
study are available” More information is available at https://www8.nationalacademies.org/pa/projectview.
aspx?key=51350, last accessed August 7, 2019.

12 Diversity refers to the similarities and differences between individuals, accounting for all aspects of one’s
personality and individual identity. It implies variety in characteristics like race, gender, or age. Inclusion
refers to the efforts used to embrace differences, and it describes how much each person feels welcomed,
respected, supported, and valued in a given context.

13 Identity refers to a composite of who a person is, the way one thinks about oneself, the way one is
viewed by the world, and the characteristics that one uses to define oneself, such as gender identification,
sexual orientation, race, ethnicity, nationality, and even one’s profession.
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tance of inclusive mentoring practices in all contexts as central to effective mentorship
of all students. These topics are explored further in Chapter 3.

Third, the committee presumed that mentoring experiences occur within organiza-
tional contexts (Allen et al., 2006), including institutions of higher education, training
programs, disciplinary societies, and professional meetings. Therefore, to support its call
for increasing effective mentorship, the committee drew on the extensive evidence from
organizational behavior research documenting how organizational structures, such as
reward and leadership systems (Kerr, 1995; Pinder, 2014), and organizational culture and
climate can influence the behaviors that are displayed and valued (Ostroff et al., 2013),
as well as influence the way behavioral change occurs. These topics provide a focus for
Chapter 7.

Finally, the committee presumed that the understanding of interpersonal interac-
tions that has been developed through social science research can be applied to the
development of effective mentoring relationships. Therefore, the committee chose six
significant theories that can help frame practical questions and insights of mentorship to
explore in depth in Chapter 2 and are referenced throughout the report. The committee
does not expect any given reader to become an expert in the highlighted theories, but
rather provides them as a primer and reference for consideration when developing a
mentoring relationship or program, for inspiration when facing a potentially awkward
or new situation in mentorship, or for reflection when engaging in further mentorship
competency development.

The Work of the Committee

To inform the committee’s deliberations, it convened 3 public workshops and held
18 listening sessions. These evidence-gathering activities were intended to supplement
the intensive literature review. The committee incorporated the output of workshops and
the listening sessions throughout the report and in the online guide.

The first workshop, hosted in Washington, D.C., on April 11-12, 2018, explored
new knowledge, ideas, and practices in inclusive mentorship excellence and highlighted
several questions posed by both practitioners and scholars of mentorship. Based on these
discussions, the committee commissioned three literature reviews by outside experts:
Mentoring Underrepresented Students in STEMM: A Survey and Discussion (McGee,
2018); Mentoring beyond Hierarchies: Multi-Mentor Systems and Models (Montgomery
and Page, 2018); and Landscape of Assessments of Mentoring Relationship Processes in
Postsecondary STEMM Contexts: A Synthesis of Validity Evidence from Mentee, Mentor,
Institutional/Programmatic Perspectives (Hernandez, 2018).

The second workshop, on October 8, 2018, in Irvine, California, examined the
preliminary findings of the three commissioned papers. The authors of the papers were
invited to present their work, and the participants engaged the presentations from schol-
arly as well as lived experience perspectives. The papers were then revised based on the
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feedback and questions that were raised. The committee built upon the contributions of
these papers throughout the report, in particular, Chapter 3 (McGee, 2018), Chapters 4
and 5 (Montgomery and Page, 2018), and Chapter 6 (Hernandez, 2018). All three papers
are also produced in full as supplemental materials online.

The third and final workshop was held at Vanderbilt University on February 5, 2019.
Scholars, mentors, and mentees gathered to imagine how to realize an evidence-based,
online resource guide on mentorship; clarify the purpose and scope of the online resource;
identify users and use cases; and define the desirable functionalities of the final product.

The 18 listening sessions were held over the course of 8 months on university cam-
puses and at a variety of professional society meetings to gain insights on the experi-
ences and concerns about mentorship from current students, faculty members, and
administrators.!* Each session was designed to informally solicit input for the report as
well as how the online guide might be engaged. For most of the sessions, after a brief
overview of the committee’s work, the participants were guided through three activities
by one to three members of the committee: (1) they wrote down questions or ideas about
theory, research, and practice of mentorship; (2) they discussed their lived mentoring
experiences in small groups, focusing on what they had found to be useful for effective
mentoring relationships; and (3) they described characteristics, features, and content
that might be useful for the online guide. The experiences and suggestions from the
participants of sessions informed the committee’s approach to the materials presented,
as well as the content of Chapter 7.

Sources of Evidence

The committee’s task was to examine the evidence supporting effective mentoring
programs and to identify the characteristics that make for an effective mentoring rela-
tionship. However, different kinds of evidence (e.g., qualitative, quantitative, narrative,
anecdotal observation) differentially inform how researchers approach their studies and
how practitioners (i.e., mentors and mentees) engage in their mentoring relationships.

In many cases, the practice of mentoring occurs without drawing upon theories,
empirical studies, and other forms of evaluation to support such practices. Furthermore,
isolating the evidence to support the effect of mentoring can prove difficult. For example,
many programs incorporate mentoring, but studies of these programs have not been and
may not be able to systematically evaluate specific mentoring elements apart from other
program activities. There is still an absence of intentionality, both in designing programs
for particular mentor and mentee functions in contexts and in evaluating these compo-
nents specifically (Lunsford, 2016; Pfund, 2016)."

4 More information about the locations and dates of the listening sessions is available in Appendix C.
15 Intervention programs that include mentoring experiences are discussed further in Chapter 4. The
assessment of mentorship is discussed further in Chapter 6.
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Different researchers and stakeholders vary in their opinions regarding the forms of
evidence that are appropriate and informative when understanding mentorship. Some
scholars of mentorship adhere only to evidence in the form of data that have been col-
lected and analyzed using validated and reliable measures; other scholars observe that
many deeply human and social issues require sharing of personal narratives, lived experi-
ences, and wisdom of practice that does not adhere to the same empirical standards. The
committee concluded that any well-rounded study of a complex subject such as effective
mentorship would involve a range of perspectives and methods.

To prepare this report, the committee relied primarily on reports in the published
literature, from both within and outside of STEMM. In addition, grey literature that
focused on programs or experiences, as well as opinion pieces and editorials, were
referenced to predominantly help frame issues, though not to inform conclusions or
recommendations.'® The use of both opinion pieces and editorials and the grey literature
was limited to domains where peer-reviewed resources and publications were not yet
available to address emerging practices. For example, the grey literature was consulted
in the domain of online peer mentoring network communities for scholars of color.

Integration of Mentoring Scholarship from Other Settings

Although the committee focused on mentorship in academic settings, the commit-
tee utilized work drawn from outside of academic contexts as it pertained to broader
findings about mentorship in general that apply within and beyond academic settings.
The committee considered academic settings as workplaces, and faculty members and
researchers engaging in mentoring as employees, recognizing that organizational systems
that facilitate or discourage mentoring in workplace settings in general are also applicable
to workplaces of higher education or other research settings. In particular, the committee
considered scholarship conducted in workplace settings outside of academia pertinent
because reward structures and employee motivation in academic workplace settings
contain significant parallels to other workplace settings.

A large body of literature exists on workplace mentoring, and relevant scholarship
was pulled from disciplines such as organizational behavior and human resource man-
agement. Mentorship has been a key component of research on employee development
in organizations ever since seminal work in 1983 posited that mentoring relation-
ships between more-senior-level and less-senior-level employees were critical to shap-
ing employee career development, career progression, and well-being (Kram, 1983).
This early research on mentoring was included in particular because it has profoundly

16 The Institute of Medicine (now the National Academy of Medicine) defines grey literature “as including
trial registries, conference abstracts, books, dissertations, monographs and reports held by ... government
agencies, academics, business, and industry” (NAS-NAE-IOM, 2011b). Newspapers, magazines, and web
pages are also considered to be components of grey literature.
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informed the definitions of mentoring functions, as well as virtually all models, since its
publication. Since then, an expansive amount of research has contributed to an in-depth
understanding of mentoring relationships in organizations, including its antecedents and
consequences for both mentors and mentees (Eby et al., 2013). Research on the effects
of mentorship on organizational behavior has had a strong focus on the use of quanti-
tatively oriented, oftentimes survey-based research studies, with a particular emphasis
on data collection from multiple sources and the use of objective outcome data, such as
job performance (Allen et al., 2006).

Studies that have examined mentorship across contexts provide nuanced answers
on the generalizability of findings to educational settings (Eby and Allen, 2008; Eby et
al., 2013; Mijares et al., 2013). In general, the relationships between mentorship and key
behavioral outcomes, such as performance and withdrawal behaviors, hold across sec-
tors, but the magnitude of effect varies by domain, with mentorship in workplace and
academic settings frequently being linked to stronger effects than with youth mentoring.

A comprehensive review of all mentoring across all disciplinary contexts, how-
ever, is beyond the scope of this report. The committee reviewed mentoring literature
only in domains determined to be highly relevant for mentoring in academic settings,
but refrained from discipline-specific mentoring work, unless it provided theoretical
advances that could be generalized beyond the disciplinary or professional/educational
context.

WHY IS MENTORSHIP IMPORTANT?

The Importance of Diversity in STEMM

Over the course of the 20th century, the United States became a global leader in
science, technology, and medicine in large part because of the innovations and scien-
tific breakthroughs produced by its highly educated and productive cadre of STEMM
professionals. Maintaining that leadership role, and the resulting economic and political
benefits that come with it, requires continually renewing and diversifying the talent of the
U.S. STEMM enterprise. This is particularly critical today because research suggests that
there are real costs to perpetuating a homogenous and White, male-dominated STEMM
workforce. For example, car accidents were more likely to be deadly for women because
the crash test dummies the manufacturers used in safety trials were designed to protect
only an average male body type (Gendered Innovations, 2019; Kahane, 2013), and facial
recognition software failed to accurately detect the faces of Black or Asian people (Klare
et al., 2012; Phillips et al., 2011; Raji and Buolamwini, 2019). The faulty designs of these
technologies might have been avoided if the people researching, designing, and develop-
ing the innovations better represented the diversity of the population.

Furthermore, the nation's STEMM competence, productivity, and scientific progress
today relies more than ever on collaborative problem solving (Jones et al., 2008; Plume
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and van Weijen, 2014; Wuchty et al., 2007), and teams with diverse experiences and areas
of expertise often ask different questions and tend to be more creative and innovative in
how they answer those questions (Gibbs, 2014; Leung et al., 2008; Miller and Del Carmen
Triana, 2009; Page, 2008; Torchia et al., 2011). More diverse research teams also, on average,
produce higher-impact research (Freeman and Huang, 2014a, 2014b) and result in more
effective and efficient problem solving (Higgs et al., 2005; Hong and Page, 2004; Woolley et
al., 2010). In business and academia, greater diversity has been associated with improved
financial performance (Carter and Wagner, 2011; Cook and Glass, 2011), reduced conflict
in the workplace (Nielsen and Huse, 2010), promotion of a more equitable work environ-
ment (Flabbi et al., 2016; Pichler et al., 2018; Terjesen and Singh, 2008), and lower employee
turnover (Kaplan et al., 2011; McKay et al., 2007).

In addition, the number of STEM jobs requiring a college degree or higher—93 percent
of which pay better than the national average wage (Fayer et al., 2017)—is projected to
grow faster than the U.S. economy as a whole. This growth will in turn create employment
opportunities for Americans that must be available to and draw upon talent regardless
of gender, ethnicity, sexual orientation, race, religion, family educational background, or
cultures, many of whom are currently underrepresented in the current STEM workforce.

Even with understanding the benefits of diversity in STEMM, it is challenging to
develop and retain the diverse talent required for the workforce. A 2012 report from the
President’s Council of Advisors on Science and Technology pointed out that retaining
individuals from varied backgrounds in STEM fields in college and graduate school
is the least expensive and fastest way to increase the number of STEM professionals
needed to ensure that the nation maintains its competitive edge in the global economy
(PCAST, 2012). Yet according to a 2013 study from the U.S. Department of Education’s
National Center for Education Statistics, 48 percent of bachelor’s degree students who
entered STEM fields between 2003 and 2009 had left those fields by spring 2009 (Chen
and Soldner, 2013). Meanwhile, over 50 percent of those students who do complete a
STEM bachelor’s degree switch to jobs or graduate programs outside of STEM (National
Science Board, 2018). Studies have also shown that students from UR populations in
STEM—including women; students from racial and ethnic groupings such as Blacks/
African Americans, Latinx, and American Indians/Alaska natives; FG students; and
those from lower socioeconomic backgrounds—are more likely to move on to fields
outside of STEM than students from well-represented groups (Anderson and Kim, 2006;
Grifhith, 2010; Hill et al., 2010; Huang et al., 2000; Kokkelenberg and Sinha, 2010; Shaw
and Barbuti, 2010).

The Importance of Mentorship in Supporting Diversity

The 2013 National Center for Education Statistics study and others have identi-
fied several factors that lead undergraduate and graduate students to leave STEM
fields. For example, student motivation, confidence, and beliefs about one’s capacity
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to learn STEM subjects and be a STEM professional correlate to the high rate of attri-
tion from STEM fields (Burtner, 2005; Huang et al., 2000; Seymour and Hewitt, 1997;
Sithole et al., 2017). In the same manner, a mentee’s experiences or perceptions of the
institutional and workplace environments have also been linked to STEM attrition
(Eagan et al., 2011).

In addition, individuals from UR groups may experience exclusionary practices in
STEMM fields. Individuals in situations in which there are members of multiple social
groups—the STEMM classroom or research laboratory, for example—are motivated to
increase or maintain how positive and distinct their group is relative to other groups
(Tajfel and Turner, 1986). This is especially true when the integrity of a social identity
is threatened, such as when the composition of one’s group is becoming more diverse.!”
The result can be bias and discrimination, in which group boundaries are distinguished
and social groups are rank-ordered and assigned differential social value (Brewer, 1979;
Chen and Li, 2009).!8

While individuals’ motivations cannot be known, evidence on the outcomes of men-
toring indicates that effective mentoring relationships can improve outcomes both for
individuals’ career development and for their productivity, while for institutions, effective
mentorship can lead to more effective placement of graduates in the job market.!” Lamar
Smith of Texas, chair of the U.S. House of Representatives Committee on Science, Space,
and Technology, in the Innovations in Mentoring, Training, and Apprenticeships Act of
2018, acknowledged that “[o]utcomes show that mentoring can increase STEM student
engagement and the rate of completion of STEM postsecondary degrees” (H.R. 5509,
115th Cong. [2018]). Given the economic benefits of well-trained STEMM professionals
entering the workforce at a higher rate, effective mentoring can result in significant
benefits to individuals, institutions, and society at large. Conversely, the economic
consequences of limited access to effective mentorship may result in a lower number
of STEMM professionals and more limited growth opportunities for companies and
research organizations in need of STEMM workers.

Mentorship can help with workforce development by increasing access, equity,
and inclusion in STEMM. While researchers and pundits alike have proposed many
hypotheses to explain the underrepresentation of segments of the U.S. population in
STEMM, one that has not been discussed frequently until recently is the lack of effec-
tive mentorship for those students. As the authors of a recent commentary stated,
“the acknowledgment of the role and agency of the faculty in the professional devel-
opment of their students is a promising step forward” (Poodry and Asai, 2018). For

17" Social identities are based on assigned characteristics (e.g., race, ethnicity, or gender) or self-determined
characteristics (e.g., scientist or student) and are shaped within a social context (Barker, 2012, 2016;
Eggerling-Boeck, 2002).

18 Further exploration of identity is in Chapter 3.

19 Discussions about outcomes of mentoring relationships are in Chapter 6.
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example, mentored students pursue graduate study more frequently than students with-
out formal mentoring support and are more likely to be retained in STEMM (Campbell
and Campbell, 2007). Indeed, effective, high-quality, and sustainable mentoring relation-
ships for individuals across career stages can play a critical role in supporting mentee
success in STEMM fields (Aikens et al., 2017; Byars-Winston et al., 2015; Dennehy and
Dasgupta, 2017; Haeger and Fresquez, 2016; Lisberg and Woods, 2018; Muller et al.,
2012; Pfund, 2016; Smith and George, 2019).

Not all mentoring experiences are positive, however. There are several types of nega-
tive mentoring experiences that can also affect the development of the next generation of
STEMM professionals.?’ Negative mentoring experiences can arise from both good and
ill intent, and there are some—such as abusive supervision and harassment—that qualify
as detrimental research practices (NASEM, 2018d). These practices have been shown to
affect not only the individuals involved, but the greater STEMM enterprise. Inadequate
mentoring, advising, and career counseling has been linked to STEM attrition, particu-
larly for UR students (Dupey et al., 2006; Sithole et al., 2017). Further research on the
prevalence and impact of negative mentoring experiences may help to elucidate the most
effective mechanisms for mitigating negative mentoring experiences.

Supporting Effective Mentorship to Develop Diverse Talent

Institutions can and have been supporting effective mentorship and mitigating
negative mentoring experiences by developing cultures of inclusive excellence.?! The
American Association of Colleges and Universities describes inclusive excellence as a
“guiding principle for access, student success, and high-quality learning” Creating a
culture of inclusive excellence requires academic institutions to identify where student
success across demographic groups is unequal, discover which of their educational prac-
tices succeed in addressing those inequities, and work intentionally to build off of those
practices in a way that sustains institutional change (Williams et al., 2005). Creating a
culture of inclusive excellence must also include providing access to effective mentoring
for all students.

A growing body of evidence exists about how to create and sustain successful,
inclusive mentoring relationships that research identifies as being important for mentors

20 Negative mentoring experiences are discussed further in Chapter 5.

2 Inclusive excellence is a philosophical approach to higher education administration and processes
that means attending to both the demographic diversity of students/trainees and the need for developing
climates and cultures in institutions so that all have a chance to succeed in STEMM. For purposes of this
report, this includes a mindset where excellence and inclusion are synonymous, a concern for equity in
STEMM, active work to develop mentee’s capacities and assets, and a commitment to their success by faculty
and the institution. This definition is close to the original term developed by the Association of American
Colleges and Universities and adopted by its board of directors. More information is available at www.aacu.
org/about/statements/2013/diversity; last accessed August 8, 2019.
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and mentees. In fact, the literature in both STEMM and non-STEMM postsecondary
education and outside of postsecondary education warranted a critical review for the
key evidence to guide mentoring initiatives in colleges, universities, and other educa-
tional and research settings. While most studies show the small-to-medium effect sizes
for any given mentoring intervention,?? the cumulative effect can be transformative for
any particular individual or institution. It is clear that mentorship is one of the pillars of
effective practice in developing the diverse generation of STEMM professionals currently
enrolled in undergraduate and graduate programs, especially when paired with other
continuous improvement interventions, such as high-quality in-classroom pedagogy,
and utilization of evidence-based teaching and training practices (Cohen, 1988, 1995;
Plonsky and Oswald, 2014).

AIM OF THE REPORT

Effective mentorship may play a critical role not only in retaining students in STEMM
fields, but also in producing a more diverse population of graduates who are ready to
take on the role of STEMM professionals in the workplace and feel comfortable and
accepted in those roles. From the committee’s evidence-gathering activities, it is clear
that many in the STEMM community believe that mentorship is an expected, beneficial,
and necessary function of the academic environment. At the same time, it appears that
only a subset of U.S. academic institutions have evidence-based programs in place to
foster effective mentoring relationships or recognize and reward good mentorship prac-
tices. And the conversations with students at the committee’s listening sessions for this
report reinforced the idea that poor or negative mentorship can occur across STEMM
disciplines.?

This report is based on a systematic compilation and analysis of current literature
on mentorship in postsecondary STEMM contexts and is intended to provide a rigorous
review of the relevant scholarship. As such, the report engages a wide breadth of topics,
each of which contributes to the science of mentorship. Therefore, while each chapter in
this report is written to stand in isolation, the topics of every chapter are highly related
to one another and build together toward the recommendations. To better serve as a
practical resource guide to enable institutions, departments, programs, and individual
mentors and mentees to create and support viable, sustainable, and effective mentor-
ship systems, the committee has created an online guide based on the content of this
report. This online guide seeks to facilitate the translation of mentoring scholarship and
knowledge into practice. The online guide is available at www.nationalacademies.org/
MentorshipinSTEMM.

22 Effect size is a statistical concept that measures the strength of the relationship between two outcomes.
23 Negative mentoring experiences and their possible impacts on mentees are explored in Chapter 5.
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Recommendations in this report are directed at many of the participants in the
STEMM mentorship ecosystem, including institutional leadership (e.g., presidents, pro-
vosts, deans), department chairs, program leaders (e.g., research, training, and graduate
program directors), mentors (all faculty members, staff, and others who have extensive
contact with graduate and undergraduate students), mentees (undergraduate and gradu-
ate students participating in mentoring programs and other mentoring relationships),
and professional associations. The report acknowledges the multiple roles that many of
these participants play. For example, new faculty can be both mentors and beneficiaries
of mentorship; research shows that mentors themselves can benefit from their mentor-
ship activities and that there are approaches to support these activities.? The committee
acknowledges that there is limited knowledge about some topics in mentorship (e.g.,
effectiveness of formal versus informal mentorship),?® particularly about how research
results, theories, or approaches may transfer to design and implementation of mentoring
efforts. The recommendations in this report call for actions from various stakeholders
that can increase understanding of the link between theory, research, and practice in
mentorship.

The recommendations offered in this report are intended to help the nation’s insti-
tutions of higher education and other critical research training environments better
meet the mentorship needs of both students and faculty to the benefit of the entire U.S.
STEMM enterprise and the institutions engaged in STEMM education.?® While many of
the concepts discussed are highlighted because of specific influences on UR populations,
effective mentorship practices are applicable to and will benefit the broader STEMM
community. In addition, the committee identified key gaps in the available scholarship
and provided recommendations on how to address those gaps.

STRUCTURE OF THE REPORT

Following this chapter, the remainder of the report lays out the committee’s analysis
of the current state of understanding of mentorship in U.S. academic STEMM programs,
highlights evidence-based practices that foster effective mentorship, and identifies steps
that stakeholders can take to ensure all students benefit from effective mentorship with
particular attention to the role mentorship can play in increasing retention of UR stu-
dents in STEMM fields. It also examines the state of research on mentorship and identi-
fies gaps in that research. Chapter 2 discusses the definition and aspects of mentorship in
addition to providing theoretical frameworks for understanding mentorship. Chapter 3

24 Various approaches to or structure of mentorship are discussed in Chapter 4; potential benefits and
implicit rewards for mentors are discussed in Chapter 7.

25 Formal and informal mentorship, as well as the limitations of the scholarship in this area, is discussed
in Chapter 4.

26 Other research training environments would include the National Institutes of Health, national labo-
ratories, industry, and free-standing research centers.
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focuses on mentorship of specific student populations, and the interplay among mentor-
ship, identity, and inclusion. Chapter 4 describes approaches to mentorship, mentorship
in medicine, and programs that feature mentoring. Chapter 5 describes effective and
negative mentorship behavior, tools for developing and optimizing mentorship, and
competency development, while Chapter 6 discusses assessment of mentorship practices
and outcomes. Chapter 7 presents strategies that various stakeholders at different levels
in institutions can implement to support highly effective mentorship, in part informed
by the committee’s listening session activities. The committee’s recommendations are
listed in Chapter 8 and are organized by stakeholder to clarify how various groups should
foster effective mentorship activities for all STEMM students.

In addition to the core content, there are four appendixes that supplement this report.
Appendix A is a glossary of terms used throughout the report. Appendix B offers a list
of programs that feature mentoring experiences that were not included in Chapter 4.
Appendix C provides the agendas and participant lists for the three public workshops and
the dates and locations for the listening sessions. Appendix D presents the biographies
of the committee members and staff.
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The Science of
Mentoring Relationships:
What Is Mentorship?

Mentorship is an activity in which science, technology, engineering, mathematics, and
medicine (STEMM) professionals engage to help develop the next generation of STEMM
professionals. While that statement may be a truism, it does not adequately address three
important questions: What exactly is mentorship? What makes it effective? How does it
occur in various settings? Mentoring relationships can be intentionally created and devel-
oped, and there is a substantial scholarship—a science of mentoring relationship!—to
inform this process. This chapter provides an overview of historical and evolving per-
spectives on mentoring, introduces a working definition of mentorship, and summarizes
several theoretical frameworks supporting this definition.

PERSPECTIVES ON MENTORSHIP

Historical Perspectives

The word “mentor” comes from the character Mentor in Homer’s Odyssey. When
Odysseus, king of Ithaca, went off to fight in the Trojan War, he asked his trusted friend
Mentor to advise and teach his son, Telemachus. In time, the term mentor came to refer
to someone who is a guide and educator, and a mentoring relationship was seen as a

! For this report, science refers to “the intellectual and practical activity encompassing the systematic study
of structures and behaviors through observation, experiment, and theory” This definition was adapted from
https://www.realclearscience.com/blog/2012/11/we-talk-about-science-a-lot-but-what-is-it.html; accessed
August 16, 2019.

33
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relationship between a teacher and student. The notion of mentorship is largely idealized
as a positive thing, though original Greek conceptions painted a more complex picture of
the relationship between Mentor and Telemachus (Garvey, 2017). A mentoring relation-
ship, like any relationship, has good and bad moments—and good and bad outcomes—
and mentoring experiences can range from effective to dysfunctional (Scandura, 1998).
Mentoring involves both benefits and costs to those engaged in mentoring relationships.

A 1991 review of the then-current state of the mentoring literature across disciplines
identified 15 different definitions (Jacobi, 1991). This review noted three commonalities
among the definitions:

« Mentoring relationships emphasize helping the individual grow and accomplish
goals and include several approaches to doing so.

« A mentoring experience may provide professional and career development
support, role modeling, and psychosocial support; mentoring experiences should
include planned activities with a mentor.

» Mentoring relationships are personal and reciprocal, though online mentorship
options are creating opportunities to build virtual mentoring relationships.

By the time a subsequent review of the literature published between 1990 and 2007 was
conducted, researchers had created more than 50 definitions for mentoring (Crisp and
Cruz, 2009).

While definitions of mentoring vary, they often refer to core functions of mentoring
relationships. Groundbreaking work published in 1983 identified two primary functions
in mentoring: providing psychosocial support that includes role modeling, and offering
career or instrumental support that includes providing challenging work toward skill
development (Kram, 1983).? Table 2-1 presents a summary of various mentoring func-
tions, organized according to whether they relate to psychosocial or career support.

Historically in the United States, and especially in STEMM, mentoring has carried
a connotation of a mostly unidirectional relationship between a more senior individual
using life experience and acquired knowledge to guide the development, growth, or entry
of the mentee into future life stages or career paths. Typically, mentoring has been used
to describe an extended relationship distinct from the relationship with a teacher, which
is often more focused, shorter-lived, and devoted primarily to mastering and applying
new knowledge. Unlike teaching, which has evolved a rich base of pedagogical practices
often based on rigorous experimental design, mentoring has usually been based on the
individualized practices of mentors who often tenaciously resist structure or approaches
that would limit their domain of “expertise.”

2 A great deal of conceptual and empirical work on mentorship applicable to STEMM fields has been
reported in the industrial and organizational psychology literature.
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TABLE 2-1 Mentorship Functions

Support Functions Related Behaviors and Activities

Psychosocial Support

Psychological and emotional Mentor encourages mentees, helps with problem solving, and uses
support active-listening techniques.?
Role modeling Mentor serves as a guide for mentees’ behavior, values, and attitudes.

Mentees benefit from engaging with mentor who shares values and
deep-level similarity with them.?

Allows mentees to see themselves as future academics.©
Career (Instrumental) Support

Career guidance Mentor provides support for assessing and choosing an academic and
career path by evaluating mentees’ strengths, weaknesses, interests,
and abilities. Mentor’s role includes
* helping mentees reflect and think critically about goals;?

e facilitating mentees’ reflection on and exploration of their interests,
abilities, beliefs, and ideas;®

 reviewing mentees’ progress toward goals;

« challenging mentees’ decisions or avoidance of decisions;’and

* helping mentees to realize their professional aspriations.9

Skill development Mentor educates, evaluates, and challenges mentees academically and
professionally; tutors or provides training; and focuses on subject
learning.”

Sponsorship Mentor publicly acknowledges the achievements of mentees and

advocates for mentees.

NOTES: 4Brunsma et al. (2017), Cohen (1995), Kram (1983), Levinson (1978), Miller (2002), Robert (2000), Schockett
and Haring-Hidore (1985); “Davidson and Foster-Johnson (2001), Eby et al. (2013), Hernandez et al. (2017), Syed et al.
(2011); °Syed et al. (2011); Cohen (1995); €Robert (2000); ‘Cohen (1995); 9Levinson (1978); "Kram (1983), Schockett
and Haring-Hidore (1985).

SOURGES: Crisp and Cruz, 2009; Gershenfeld, 2014; Nora and Crisp, 2007.

Evolving Perspectives

Over the past two decades, a paradigm shift has led to reframing mentoring rela-
tionships as definable, reciprocal, and dynamic. According to this new framing, effective
mentoring requires complex skills that can be taught, practiced, and mastered, and it
accrues measurable benefits for mentees and mentors. Mentoring relationships are now
seen as collaborative processes in which mentees and mentors take part in reciprocal
and dynamic activities such as planning, acting, reflecting, questioning, and problem
solving (McGee, R., 2016).

A 1997 National Academies report, Adviser, Teacher, Role Model, Friend: On Being
a Mentor to Students in Science and Engineering, noted that the mentor’s roles comprise
multiple dimensions, including those listed in the report’s title, and that the mentee’s
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roles include committing to the mentoring relationship, sharing responsibility with
the mentor for the quality of that relationship, and clearly communicating needs and
expectations (NAS-NAE-10M, 1997). Most roles described in the report reflect the
psychosocial support functions of mentoring and a focus on mentoring behaviors the
mentor demonstrates toward the student. This unidirectional mentoring view is consis-
tent with the apprenticeship model that has been a central paradigm in training future
professionals for centuries (McGee, R., 2016). In the apprenticeship model, the role of
mentors has been focused historically on replicating the mentors’ skills in the apprentices
or mentees. Expanding beyond the apprenticeship model is another shift in perspectives
on mentoring relationships, one that emphasizes the mentees’ role and agency in their
mentored experiences (Balster et al., 2010; Lee et al., 2015). Although Adviser, Teacher,
Role Model, Friend continues to be a useful mentoring resource in STEMM, knowledge
about mentoring relationships has since expanded. The contexts in which they occur
are more varied, and the number of individuals participating in a given relationship has
increased, prompting the request for new perspectives about, and resources for, both
mentors and mentees.

The definition of mentoring has been expanded to go beyond a relationship between
two individuals—a dyadic mentoring relationship—to include a broad array of additional
constructs and relationships. This expansion has come about through the recognition
that, in many cases, there are more efficient and more effective ways for mentees to
develop wisdom and expertise than by having it imparted by a single mentor and that
one mentor is not likely to fulfill all of a mentee’s needs (Higgins and Kram, 2001).
Moving beyond the “one mentor-one mentee” approach to mentoring relationships
becomes especially critical in contexts where relatively few mentors are available to meet
the mentoring requirements of many mentees or when one mentor cannot meet all the
mentoring commitments of a particular mentee.

Early research investigated mentoring relationships that occurred naturally over the
course of a person’s life (Levinson, 1978). To confer the advantages of informal mentoring
relationships more systematically and broadly to those who might not otherwise have
access to them, formal programs developed in workplace settings, youth programming,
and academic environments across many disciplines. Some examples of possible mentor-
ing relationships are provided in Box 2-1.

DEFINING THE CONCEPT OF MENTORSHIP

With the evolution of mentoring practice and having reviewed the extant literature,
the committee concluded that the term mentorship shifts focus away from a set of uni-
directional actions of the mentors toward the mentoring relationships that are based on
experiences across numerous approaches, structures, and contexts. This relationship-
centric focus emphasizes mentoring processes and experiences in the context of a
developmental partnership. For the purposes of this report, the committee worked from
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BOX 2-1
The Variety of Mentoring Relationships

Mentoring relationships can occur in formal, structured, and intentional settings or as informal,
organically developed relationships—sometimes structured, sometimes not—that a mentee develops
with a more experienced individual with whom the mentee has regular contact (Inzer and Crawford,
2005). Mentoring relationship structures can include the following:

¢ A single mentor working with a single mentee in a classic dyadic relationship

¢ A group of mentors sharing their collective wisdom with one mentee

e One mentor working with multiple mentees

® Peer and near-peer mentoring structures

¢ Online peer communities

* Programmatic mentoring

¢ Mentoring experiences delivered through carefully constructed short-term seminars, work-
shops, or presentations

Although this last format challenges the idea of mentoring relationships involving personal
interaction between individuals, a mentee can see it as being equivalent to or sometimes superior
to what can be obtained in an individual, dyadic relationship (Charleston et al., 2014; Jackson and
Lor, 2018). Chapter 4 of this report delves more fully into the different approaches and structures of
mentoring relationships.

a broad-based definition of mentoring relationships in STEMM that includes both the
intense, lasting, reciprocal relationships that form between one mentor and one mentee
and the increasingly recognized forms of group and peer relationships, all of which
complement the critically formative relationships in research training. The committee
developed the following definition as a common starting point for STEMM practitioners
and researchers, as well as for the purposes of this report:

Mentorship is a professional, working alliance in which individuals work together
over time to support the personal and professional growth, development, and success
of the relational partners through the provision of career and psychosocial support.

Mentorship is operationalized for STEMM contexts through the career support func-
tions (e.g., career guidance, skill development, sponsorship) and psychosocial support
functions (e.g., psychological and emotional support, role modeling) aimed at mentee
talent development. Mentorship complements other developmental processes like teach-
ing or coaching to support mentees in developing knowledge and skills,® and is essential

3 Coaching refers to activities that are most often focused on addressing specific issues for achieving career
aspirations or imparting specific competencies in the near term, such as how to write a scientific paper.
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to the holistic development of scientists, technologists, engineers, mathematicians, and
physicians, including but not limited to developing a strong identity as a STEMM pro-
fessional, developing confidence in one’s ability to work as a STEMM professional, and
successfully navigating the culture of STEMM.

The clinical construct known as the working alliance or therapeutic alliance is an
important element within the committee’s definition of mentorship. The working alliance
is a variable in the psychotherapy process that helps explain behavior change (Ackerman
and Hilsenroth, 2003) and emphasizes a conscious and active collaboration between
therapists and clients—or in this case, mentors and mentees. Three features applicable
to all support relationships, of which a mentoring relationship is one type, characterize
the working alliance as “an agreement on goals, an assignment of task or a series of tasks,
and the development of bonds” (Bordin, 1979). The committee included the notion of
a working alliance in its mentorship definition to call attention to both technical (e.g.,
career functions) and relational (e.g., psychosocial functions) aspects in mentorship that
contribute to effective mentoring relationships and mentee outcomes.*

Mentorship is often conflated with coaching, advising, role modeling, and sponsor-
ship. All of these behaviors can occur within mentorship and reflect the various activities
in the psychosocial and career mentorship functions. Shifting from the classic concep-
tualization of mentoring (i.e., unidirectional from mentor to mentee) to the concept of
mentorship encourages refocusing on the specific roles that mentors and mentees both
play in their mentoring relationships. This shift begins to focus on “assets” that reflect
skills and abilities that mentees must develop, with mentors using a variety of strategies
to cultivate success in STEMM (Johnson and Bozeman, 2012). For example, coaching
is most often focused on addressing specific issues for achieving career aspirations or
imparting specific competencies in the near term, such as how to write a scientific paper
(Grant, 2006; Ragins and McFarlin, 1990), while advising typically provides feedback
about specific questions, such as the classes a student needs to take to graduate (NAS-
NAE-IOM, 1997). Role modeling, which provides an example of professional behavior
for someone to emulate, does not necessarily involve a relationship, whereas sponsorship
involves a senior person publicly acknowledging the achievements of and advocating for
a mentee (Kram, 1985a; Ragins and McFarlin, 1990).

To some extent, the practice of mentorship in academic STEMM settings has focused
on career support and development of mentees’ skills and research productivity, as well
as on career choice. However, effective mentorship should also provide meaningful
psychosocial support that addresses the ongoing emotional and social needs of mentees

4 Researchers investigating the working alliance construct in the context of mentorship and advising of
graduate students in applied psychology have found positive correlations between the strength of work-
ing alliance and students’ attitudes toward and self-efficacy for doing research (Schlosser and Gelso, 2001,
2005). Findings from another empirical study revealed that the working alliance moderated the impact of
mentoring relationships on mentee outcomes for college students (Larose et al., 2010).
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(Eby et al., 2013; Gurin et al., 2002; Paglis et al., 2006; Schockett and Haring-Hidore,
1985) and enhances an individual’s sense of competence, identity, and effectiveness in
a professional role (Kram, 1985a).> Psychosocial functions of mentorship work at an
interpersonal level (Simon et al., 2008) and represent a more relational aspect of the
mentoring relationship (Allen et al., 2004).

Effective Mentorship Behaviors

Every mentoring relationship is different. There are, however, core behaviors of
mentees and mentors that are likely to yield effective mentoring relationships, regard-
less of whether they are created formally or informally. Such behaviors include align-
ing expectations, building rapport, maintaining open communication, and facilitating
mentee agency.® Empirical evidence shows that mentors enacting these behaviors have
mentees who favorably rate the quality of their mentoring relationships (Pfund et al.,
2014). Effective mentorship behaviors also include addressing diversity factors and being
mindful of equity in the mentoring relationship (Pfund et al., 2013).” Emerging evidence
suggests that mentoring practices that include navigating power differentials between
mentors and mentees especially across racial or gender differences, reducing stereotype
threat, and affirming a sense of belonging and science identity may contribute to fuller
representation of individuals from underrepresented groups in the sciences (Byars-
Winston et al., 2018; Estrada et al., 2017).8

Effective mentorship occurs when mentors and mentees develop trust, share
strengths and limitations, and identify with and authentically engage with one another
(Blake-Beard et al., 2011). Some researchers call this mentorship attribute interpersonal
comfort, or the ability to speak freely and express opinions without repercussion.
Research has also shown that interpersonal factors and having deep-level similarities

5 Identity refers to the composite of who a person is, the way one thinks about oneself, the way one is
viewed by the world, and the characteristics that one uses to define oneself, such as gender identification,
sexual orientation, race, ethnicity, nationality, and even one’s profession.

¢ Mentorship behaviors are discussed in more detail in Chapter 5.

7 The roles of diversity, equity, and identity in mentorship are explored more fully in Chapter 3.

8 Power differential refers to the “perceived difference between mentor and mentee with regard to status,
authority, and self-efficacy. High power-differentials limit the ways in which mentor and mentee regard
one another, resulting in decreased mentee empowerment, creativity, and initiative” (Starr-Glass, 2014).
Stereotype threat refers to a “socially premised psychological threat that arises when one is in a situation
or doing something for which a negative stereotype about one’s group applies” According to stereotype
threat theory, members of a marginalized group experience negative stereotyping of their group, and they
demonstrate apprehension about confirming the negative stereotype by engaging in particular behaviors or
thoughts that can compromise their performance in a given domain (Steele and Aronson, 1995).
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between mentees and mentors is associated with interpersonal comfort,” which in
turn predicts the provision and receipt of psychosocial and career (instrumental and
networking) support (Brunsma et al., 2017; Ortiz-Walters and Gilson, 2005).1°

Mentorship Stages

Mentorship behaviors can be applied in some or all stages of mentoring relation-
ships. Groundbreaking research published in 1985 conceptualized four sequential stages
through which mentoring relationships evolve based on qualitative research in organi-
zational settings (Kram, 1985a):

1. Initiation, when mentors and mentees form expectations and get to know one
another

2. Cultivation, when the relationship matures and mentors typically provide the
greatest degree of psychosocial and career support

3. Separation, when mentees seek autonomy and more independence from mentors

4. Redefinition, when mentors and mentees transition into a different form of
relationship characterized by more peer-like interactions or terminate the
relationship

Over the course of their academic and career pursuits, mentees expectations and
needs are likely to change (McGowan et al., 2007). As such, the type of support needed
from and provided by mentors will vary across different mentorship stages (Pollock,
1995). One investigator, for example, found that mentees in the initiation stage reported
perceiving they received less career and psychosocial mentorship than those in the other
three mentorship stages (Chao, 1997). Because mentors and mentees have various expec-
tations of one another based on their own needs, which can change over time, challenges
may arise from misaligned expectations in their relationship across mentorship stages.
For example, an empirical study of working professionals found that those who were just
entering into a mentoring relationship reported fewer challenges regarding that relation-
ship than did those in the mature or ending stages of their relationships (Ensher and
Murphy, 2011). Together, these findings suggest that attending to the mentorship needs
and potential relational challenges that can arise across mentorship stages is critical to
overall quality of and satisfaction with mentorship.

9 Interpersonal factors may include a mentor’s attachment to the mentoring relationship and the men-
tor being oriented to the outcomes of the mentee. Deep-level similarities include shared attitudes, goals,
interests, values, and even perceived similarity in problem-solving style (Eby et al., 2013; Ortiz-Walters and
Gilson, 2005).

10 Effective mentorship behaviors and education to facilitate both mentors and mentees enacting them
are reviewed in detail in Chapter 5.
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SIX THEORETICAL MODELS FOR MENTORSHIP

Although much of the mentorship that takes place at the nation’s institutions of
higher education is done on an ad hoc basis, there is, in fact, a breadth of theory and
supportive research that is potentially informative for understanding and improving
mentorship. The committee’s intent in this section is to provide enough information to
engage in a conversation about use of theoretical models or frameworks that other fields
have found useful for understanding human behavior, including students’ decision-
making processes and choices, and to incorporate these principles into their mentorship
work and research. The six theories presented here are not a comprehensive list of the
frameworks used by researchers in developing an understanding of mentorship. Rather,
the committee hopes this information will help frame a set of greater conversations by
providing language, constructs, and theoretical underpinnings that in turn can guide the
creation of a culture of effective and inclusive mentorship. The information presented
here can encourage and stimulate both more theoretically informed and evidence-based
mentorship practices and more practitioner-informed research. Table 2-2 summarizes
some primary elements for each theory. For each theory presented, its primary tenets
are explained first, followed by a description of the theory as applied to mentorship.

Ecological Systems Theory

Primary Tenets

According to the ecological systems theory framework, individuals participating in
mentorship bring to a mentoring relationship various behaviors, personal factors, and
environmental variables that shape their mentorship needs and expectations and their
responses to mentorship. Rather than focusing on mentorship as a primarily individual-
level exchange between a mentor and mentee, this theory emphasizes that mentoring
relationships occur over, and are influenced by, five levels or systems varying in degree
of direct effect on the relationship:

1. Microsystem refers to the one-on-one relationships and the level at which most
people think about mentorship.

2. Mesosystem refers to the interaction of these microsystems or the linkages
between the microsystems. An example of a mesosystem would be the relationship
between a faculty mentor and another professor who teaches a mentee in class.

3. Exosystem refers to the linkages between microsystems that do not involve
the person, such as the relationship between a mentee’s school environment
and neighborhood or between a mentee’s family and school. Other examples of
influences on mentorship that operate at the exosystem level include disciplinary
norms and institutional supports.
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TABLE 2-2 Theory Decoder for Thinking about Mentorship

Theory

Core Premise

Core Approach

Useful for Questions Such as ...

Ecological
Systems
Theory

Social
Cognitive
Career
Theory

Tripartite
Integration
Model

of Social
Influence

Social
Exchange
Theory

Social
Capital
Theory

Social
Network
Theory

Individuals

are situated
within systems
(departments,
colleges,
universities).

Individuals’
beliefs and
behaviors

are socially
constructed and
influenced.

Individuals
develop science
identities based
on orientation to
rules, roles, and
values.

Every relationship
has tangible and
intangible benefits
and costs.

Dominant groups
reproduce social
inequality.

Social interactions
in a network vary
by strength of
relationships and
the resources
available in the
relationships.

Focus on how systems’
cultural practices
influence individual
behaviors proximally
and distally over time.

Focus on how
individuals form
interests and goals,
and make choices
about careers based on
learning experiences,
self-efficacy, and
outcome expectations.

Focus on the process
of socialization and
integration into a
given community (e.g.,
STEMM).

Focus on reciprocity
in mentoring
relationships.

Focus on access

to knowledge and
resources that facilitate
social mobility and
“fit.”

Focus on how
individuals are
connected in a social
system, for what
purpose, and to what
end.

* How do mentees navigate competing values/
priorities between their training environment and
their family of origin?

In what ways does stereotype threat emanating
from the macrosystem influence mentoring
practices?

What learning experiences in mentoring
exchanges shape research self-efficacy?
Do these differ by cultural groups?

* How does mentorship shape mentees’ science
identity?

Does socialization to the rules, roles, and values
in STEMM communities interact with mentees’
racial, ethnic, and gender identities?

* How do those in mentoring relationships appraise
the value of their mentoring investments?

What are the costs and benefits of mentoring to
mentors and mentees?

What skills, knowledge, attitudes, and values
do emerging scientists need to “fit” into their
disciplinary culture?

* How are mentees differentially evaluated based
on their race, ethnicity, or gender?

* Who is connected in a given mentoring network
and how does that influence mentee success?
What social networks are effective in developing
mentees and do those vary across diverse
groups?

4. Macrosystem refers to the cultural influences on the micro-, meso-, and exosystems.
Workforce trends, national politics, and global developments all affect mentorship
at the macrosystem level. Institutionalized racism and stereotype threat also operate
at this level.

5. Chronosystem refers to changes over time. For example, beliefs about women
attending college have changed dramatically since the 1960s, when many women
could not apply to certain universities, let alone engage in mentorship.
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Application

While a mentoring relationship develops among individuals, it also occurs in the
context of a department, college, and university, each with policies and practices that
influence the success of both the mentee and the mentoring relationship. In addition, the
success of the mentoring relationship depends at least in part on the cultural and social
attitudes and practices of the individuals in that relationship (Bronfenbrenner, 1993).
One study on mentorship with graduate psychology students from underrepresented
backgrounds revealed that effective mentorship addressed the students’ contexts and the
interconnections across those contexts or systems (Chan et al., 2015). For those reasons,
ecological systems theory can inform concepts of communities of practice!! and a culture
of mentorship according to two guiding propositions: that individuals develop through
prolonged interaction with others and that immediate and distant environments influ-
ence this development.

Mentorship, from an ecological systems theory perspective, requires accounting
for individual and environmental systems being reciprocal and interdependent and not
independent of one another (Chandler et al., 2011). For example, a mentor might do
well to identify and attend to how a mentee is managing different values and priori-
ties across multiple systems and how that influences the mentee’s academic and career
development. From an ecological perspective, mentorship can be thought of as a systems
property rather than as an interaction between a mentor and mentee, which suggests
that research on mentorship and the practice of mentorship should also focus on devel-
opmental networks, institutional context, and societal macrosystems.

Social Cognitive Career Theory

Primary Tenets

Building on formative work on social cognitive theory (Bandura, 1986), researchers
have articulated social cognitive career theory (SCCT) to explain individuals’ motivation,
goal setting, and persistence in achieving a desired academic outcome and career path
(Lent et al., 1994). Those mechanisms include two primary factors influencing indi-
viduals’ choices and actions: self-efficacy beliefs and outcome expectations. Self-efficacy
refers to the belief individuals have in their own abilities to meet the challenges they
face and complete a task successfully, and outcome expectations refer to a belief about
the likelihood of the behavior leading to a specific outcome. Together, these inform
an individual’s capability to self-regulate, engage in self-directed learning, motivate
oneself, set goals, and persist in the pursuit of those goals (Byars-Winston et al., 2010,

11 Communities of practice refers to “groups of people who share a concern or passion for something they
do and learn how to do it better as they interact regularly” (Lave and Wenger, 1991).
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2017). College and university students who are confident in their ability to do well in
their classes and who are sure in the belief that obtaining a STEMM degree will help
fulfill their aspirations will be more likely to continue to pursue their degrees and set
goals to accomplish that pursuit, even while having to overcome challenges. SCCT also
recognizes that factors outside of individuals, such as family support and economic
need, can affect how people make choices regarding the educational and career paths
they choose (Pfund et al., 2016). Studies with individuals in STEMM fields have gener-
ated considerable empirical evidence supporting SCCT as a plausible model to explain
factors affecting persistence across gender, racial and ethnic groups, and career stages,
from undergraduates to early career faculty (Bakken et al., 2010; Byars-Winston et al.,
2010; Gainor and Lent, 1998; Lent et al., 2005).

Application

SCCT was used recently to depict how academic and career-related behaviors in
STEMM domains occur through interactions with individuals, including mentors and
mentees, and their environments. Importantly, SCCT specifies four sources of learning
that give rise to and shape self-efficacy and outcome expectancy beliefs: previous per-
formance, vicarious learning, affective/emotional arousal, and social persuasion (Byars-
Winston et al., 2016, 2017). Investigators have applied the SCCT model to explain how
mentored research is a learning experience in itself in that mentorship provides one or
more of the four sources of learning that subsequently influence mentees’ self-efficacy
beliefs and outcome expectations (Byars-Winston et al., 2015). Therefore, how mentees
perceive the quality and content of mentorship they receive is likely to have a signifi-
cant influence on their academic and career outcomes. Indeed, an empirical test of an
expanded SCCT model with biology undergraduate mentees found that mentees’ percep-
tions of their mentors’ effectiveness strongly shaped their beliefs in their own research
skills and career knowledge and predicted their research self-efficacy beliefs, which in
turn predicted their enrollment in a Ph.D. or graduate medical program (Byars-Winston
et al,, 2015).

An expanded SCCT model incorporating the sources of learning gained from men-
torship has also been tested and found to support the association between sources of
learning and research self-efficacy beliefs and between sources of learning and science
identity, with some group differences by race/ethnicity and gender for Black/African
American and Latinx STEMM students (Byars-Winston and Rogers, 2019). SCCT holds
promise for investigating effective mentorship, and for guiding interventions when
mentorship is poor, by providing an understanding of how mentees’ beliefs and behav-
iors related to academic and career choice processes are socially influenced and strongly
shaped by interactions with others, particularly mentors.
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Tripartite Integration Model of Social Influence

Primary Tenets

The tripartite integration model of social influence (TIMSI) explains how individuals
become socialized and integrated into a given community. Integration into any com-
munity is based on an individual becoming oriented to the rules, roles, and values of
that community. In the context of STEMM fields, rules refer to how to do science, roles
refer to science identity and how to be a scientist, and values refer to the internaliza-
tion of the scientific value system. TIMSI has served as a framework for understanding
how individuals become integrated into and identified with the scientific community
(Estrada et al., 2011, 2018; Hernandez, 2018). The assumption is that students’ intention
to continue to pursue a scientific career is predicated on becoming part of the scientific
community in the future. This model illustrates the importance of how students’ profes-
sional identity—in this context, their science identity—and their endorsement of scien-
tific community values predict their intentions to persist in STEMM career pathways.

Application

Examining mentorship through a TIMSI lens suggests that faculty mentors social-
ize students into science careers and culture by providing an example of the attitudes,
norms, and behaviors required to achieve success similar to that of the mentor. Empirical
findings from a sample of underrepresented (UR) undergraduate and graduate students
in STEM revealed that science identity and internalization of community values were
significantly predictive of students’ persistence (Estrada et al., 2011).1? Another study
found that the influence of mentorship on UR students’ postbaccalaureate persistence
in STEM pathways was mediated by science identity (Estrada et al., 2018). The TIMSI
lens helps elucidate the role of mentorship in facilitating UR mentees’ integration not
just into STEMM careers but into STEMM culture. For example, UR graduate students
in STEM may have acquired the skills and knowledge to successfully perform in their
chosen fields and even internalized the community values of their disciplines, but they
may experience different social interactions with their mentors and peers that result in
different socialization into the field. This is especially challenging given numerous studies
chronicling the suboptimal mentorship experiences UR students have at predominantly
White institutions,!* sometimes characterized by racial microaggressions and overt

12 This report refers to UR groups as including women of all racial/ethnic groups and individuals specifi-
cally identifying as Black, Latinx, and American Indian/Alaska Native. Where possible, the report specifies
if the UR groups to which the text refers are Black, Latinx, or of American Indian/Alaska Native heritage.

13 For example, see Packard, 2016.
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discrimination from both faculty mentors and peers,'* as well as a lack of institutional
support, leaving some students doubting their STEMM abilities and wondering, “Is
STEMM for me?” (Alexander and Hermann, 2016; Johnson et al., 2011; Onget al., 2011).

Social Exchange Theory

Primary Tenets

Social exchange theory (Blau, 1964) holds that people are self-interested actors who
engage in relationships to reach their goals and objectives by accruing valued resources
or benefits in exchange for providing something of value to the other participants in
the relationship. This type of interaction generates obligations (Emerson, 1976). Since
every relationship incurs benefits and some tangible or intangible cost, individuals will
make choices about their relationships based on how they weigh the perceived costs
and benefits. In addition to its use in analyzing mentees’ experiences, social exchange
theory provides a framework for understanding the costs and negative experiences that
mentors may encounter from mentorship, including psychosocial costs such as burn-
out, anger, grief, and loss, and career costs such as decreased productivity, diminished
reputation, and risk of ethical transgressions (Eby et al., 2013; Lunsford et al., 2013). If
the costs outweigh the benefits, individuals will likely reduce how often they participate
in a relationship—in this case, mentorship.

Application

Social exchange theory provides a means for understanding the potential benefits
and costs of mentorship for both mentors and mentees, thereby enabling institutions
to create structures and put policies in place to maximize the benefits and minimize or
mitigate the costs. Social exchange theory emphasizes that the interdependent transac-
tions between the participants in a relationship have the potential to generate high-
quality relationships when the benefits of the exchange are greater than perceived costs
(Cropanzano and Mitchell, 2005). Beyond commonly noted benefits of mentorship for
mentees, such as career advancement, skills development, and academic benefits (e.g.,
grades, degree attainment, obtaining fellowships), social exchange theory also holds that
mentors learn and obtain a variety of benefits from their mentoring relationships, such as
improved productivity and professional reputation (Griffin, 2012). Applying this theory

14 Microaggressions refer to “the everyday verbal, nonverbal, and environmental slights, snubs, or insults,
whether intentional or unintentional, which communicate hostile, derogatory, or negative messages to target
persons based solely upon their marginalized group membership. In many cases, these hidden messages
may invalidate the group identity or experiential reality of target persons, demean them on a personal or
group level, communicate they are lesser human beings, suggest they do not belong with the majority group,
threaten and intimidate, or relegate them to inferior status and treatment” (Sue, 2010).
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to mentorship draws attention to considering how mentees and mentors in mentoring
relationships appraise the value—the relative benefit to cost—of their relationships.
Having structures and policies that minimize or mitigate costs and increase the potential
for positive interactions can enhance the possibility of beneficial outcomes for mentors,
increasing the probability of mentors experiencing the rewards of being a good mentor.

Social Capital Theory

Primary Tenets

Social capital theory addresses the social reproduction of inequality, or how those
who have power take advantage of their social networks and connections to retain power
from one generation to the next (Bourdieu, 1977, 1986). Social capital comprises the
knowledge, information, and resources an individual gets from social structures such
as the social networks that determine who has access to key resources and information
(Thompson et al., 2016). Social capital exists in the relationships among people (i.e.,
mentors and mentees), in their exchange of information, and in the changes in the
relationships among persons that facilitate action (Aikens et al., 2016; Coleman, 1988).
Social capital theory provides a framework that builds on assets and experiences rather
than deficits, though much of social capital suggests that individuals who are outside of
key networks are not positioned to attain information vital for success. The main com-
ponents of social capital are as follows:

1. Trustworthiness, expectations, and obligations. For example, when a mentor
does something for the mentee and trusts the mentee to take a certain action, it
creates an expectation in the mentor and an obligation for the mentee.

2. Information channels, or who an individual can access to gain knowledge.
Information is important because it provides a reason for action. For example, a
faculty mentor might make a mentee aware of scholarship opportunities for which
the student might apply.

3. Norms and effective sanctions. An individual can internalize some norms,
though external rewards can support other norms, such as selfless behaviors,
and undermine others, such as selfish actions. Norms and effective sanctions can
both facilitate certain actions and constrain others. For example, scholars find that
good mentors often set expectations about the importance of informal exchanges
or supportive lab environments (Nakamura and Shernoff, 2009).

4. Funds of knowledge, which are the assets and experiences an individual brings
to a relationship (Hogg, 2011-2012). For example, first-generation students may
find it disrespectful to question their elders, while students who had parents who
attended college know to challenge answers that do not make sense to them.
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Application

Social capital is defined by its function (Coleman, 1988), with the result that social
capital theory prompts an examination of the ways in which mentors and mentees access
information and resources in their mentoring relationships. A social capital framework
can help examine how mentors transfer information channels (e.g., skill sets, resources)
to their mentees about securing federal funding in the form of fellowships or grants and
whether those information channels flow similarly across different mentees. For example,
a high-performing, highly qualified doctoral student in STEM with multiple publications
can be challenged when looking for a job because of a lack of social capital to activate
personal connections and advocacy that could increase the student’s visibility and attrac-
tiveness to potential employers. Social capital theory can also provide insights into the
extent mentees are evaluated differentially in STEMM by mentors based on established
norms and how those norms advantage some mentees and disadvantage others.

An investigation into how social capital is accessed through academic mentorship
revealed that race, gender, and power dynamics influenced closeness in mentoring rela-
tionships, which in turn was associated with social capital creation (Smith, 2007). The
author of this study concluded that a significant issue in mentorship programs is the lack
of institutional accountability to ensure students from UR backgrounds in particular can
build and sustain social capital needed for academic and career success. Social capital
theory suggests that mentors should help mentees learn the values of their professions
and fields of study. This theory also supports the idea that mentors should help their
mentees maintain personal and professional integrity and navigate cultural and political
systems (Csikszentmihalyi, 2009; Pfund et al., 2016; Zambrana et al., 2015). Mentors
may benefit from being seen as having the skills to bring others along, often expected
in academia, or by attracting additional excellent students to their labs through word
of mouth. The theory also begs consideration of how social networks in mentorship
operate to create knowledge and information, and suggests that mentors can learn new
perspectives and approaches to mentorship and gain insights regarding scientific norms
from mentees.

Social Network Theory

Primary Tenets

Social network theory (SNT) addresses the role that social relationships play in
transmitting information, channeling personal or media influence, and empowering
attitudinal or behavioral change (Dunn, 1983). The main premise underlying SNT is
that social structure influences the patterns of interactions and relationships among
individuals in a social group, thereby playing an important role in determining human
behavior (Whitehead, 1997). SNT includes four primary assertions:
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1. Individuals have different social experiences.

2. The indirect connections individuals have matter.

3. Individuals have different levels of importance in a given social network.

4. Social network connections in one context can influence social dynamics in other
contexts.

SNT holds that upward mobility and the ability to mobilize resources and adapt
to social situations are more common among individuals with large and diverse social
networks than among those whose social networks are small and undiversified (Packard,
2003b; Santos and Reigadas, 2004; Zippay, 1995). Similarly, having acquaintances with
ties to different social environments is likely to make it easier for an individual to access
resources that are not in that individuals existing social networks.

Application

SNT holds mentorship to be a system of interacting components in which the rela-
tionships in that system can represent a range of social behaviors—cooperative, competi-
tive, hostile, or aggressive, for example—and where individuals in those systems vary in
their degree of relatedness. Viewing mentorship through the lens of SNT can illustrate
who in a given mentorship social network is connected to whom, by what relationship,
and to what end. Consequently, the behavioral strategies used by individuals in a given
mentorship system, that is, the social structure, will depend on how they are connected,
to what degree they are connected, and for what purpose. The frequency of contact,
shared attributes between mentors and mentees, and perceived emotional quality of the
mentoring relationship have been found to positively associate with mentees’ self-efficacy
beliefs, academic success, and a positive sense of identity (Haeger and Fresquez, 2016;
Santos and Reigadas, 2004). Questions to ask when applying SNT to understanding
effective mentoring relationships might include the following (Flaherty et al., 2012):

« Who is connected within the mentorship and tied to other professional networks,
either directly or indirectly?

« What flows across the network ties (e.g., tacit information, affective/psychosocial
information, resource information)?

o What ties or connection patterns are most effective in developing the mentee
in the social network? How can mentors help mentees build and expand their
networks?

According to an SNT framework for mentorship, mentees should build developmen-
tal networks from multiple, simultaneous relationships that provide valuable develop-
mental assistance and advice (Higgins and Kram, 2001). Developmental relationships are
either strong or weak depending on the degree of personal closeness, mutual exchange,
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and frequency of communication. Strong ties are used frequently and require regular
management to stay healthy. With a greater degree of connection comes an increased
capacity to trust and to convey complex information. Weak ties in a developmental net-
work, such as those between members of the same academic department, are called upon
infrequently, yet they can become conduits to necessary resources that are unavailable
through strong ties and bridge gaps in a developmental network.

The Integration of Theoretical Models in Mentorship

Because theories operate with different foci and aims and at different levels, mul-
tiple theories may be needed to guide scholarship or the development of a program or
intervention. A single theoretical model would fall short of adequately integrating the
different theoretical, as well as the underlying philosophical, assumptions of models
derived through qualitatively and quantitatively oriented work.

Mentorship research has been informed by myriad theoretical frameworks, including
the six that are discussed here. There is no single theoretical framework that integrates
all relevant variables (e.g., antecedents, processes, correlates, outcomes), and studies
of mentorship have, based on different aims and objectives, utilized several theoretical
models. Much of the mentorship intervention or education literature is not as strongly
guided by theory, nor does it explicitly test theory. Instead, it is often driven by practical
considerations.!® Table 2-2 provides a collation of theoretical components from the six
theories that captures individual-, social-, and institution-level factors that empirical
data show affect mentorship processes and outcomes and may be useful as a resource to
guide further inquiry. In each of the remaining chapters, a box highlights how theory
may inform the concepts that are discussed. However, the theories that are discussed
in this chapter and referenced throughout this report are not meant to be exhaustive or
definitive, but rather are intended to spark further investigation, identification of other
relevant theoretical frameworks, and continued generation of theory-driven studies of
mentorship.

15 There are exceptions, namely intervention and education work examined in Chapter 5 (e.g., Pfund et
al., 2006).
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Mentoring Underrepresented
Students in STEMM:
Why Do Identities Matter?

This chapter discusses the topic of identity and how ignoring a person’s identities and
sociodemographic background, including first-generation (FG) status,! without positively
recognizing and affirming the value of differences, can affect specific populations of
mentees in White, male-dominated science, technology, engineering, mathematics, and
medicine (STEMM) disciplines. Particular attention is given to underrepresented (UR)
students and FG students, as well as sexual- and gender-minority students, and students
with both visible and nonvisible disabilities.? For students with these identities, access to
social capital, cultural capital, and networks through both family background and mentor-
ship is oftentimes more limited than that of their peers (Pascarella et al., 2004).% In addi-

! Sociodemographic refers to social and demographic factors such as race, ethnicity, age, sex, gender,
sexual orientation, socioeconomic status, (dis)ability status, religion, education, migration background, and
culture. First-generation students are the first members of their families to attend college.

2 This report refers to UR groups as including women of all racial/ethnic groups and individuals specifi-
cally identifying as Black, Latinx, and American Indian/Alaska Native. Where possible, the report specifies
if the UR groups to which the text refers are Black, Latinx, or of American Indian/Alaska Native heritage.
Sexual- and gender-minority students refers to students with identities that include sexual orientation
identities such as lesbian, gay, bisexual, queer, and asexual, as well as gender identities such as pre- and
posttransition transgender, intersex, and nonbinary. Students with nonvisible disabilities include students
with identities such as autism spectrum disorder, attention deficit hyperactivity disorder, dyslexia, and other
neurodiverse conditions.

3 Cultural capital refers to the level of comfort a student has in enacting behaviors that are consistent with
the dominant culture surrounding them (Bills, 2003).
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BOX 3-1
Theory and the Concepts of Mentorship and Identity

Concepts from and aligned with the theories of the tripartite integration model of social influ-
ence, social capital theory, and social cognitive career theory have been used in many of the studies
cited within this chapter. These, and other theories, are especially relevant to mentors being able to
understand and support students’ social identities in STEMM.

tion, the intersectionality of multiple identities (e.g., women of color) can affect mentee
experiences.? Box 3-1 highlights how theory may inform the concepts that are discussed.

This chapter provides an overview of factors that can affect aspects of different
identities, as well as the role that mentorship can play in building an identity that is
connected strongly to science—a science identity—and that does not undermine other
distinct visible and invisible attributes of identity, such as culture, race, gender, and ability
status. It also reviews the evidence supporting the idea that mentorship of UR students
can play a critical role in addressing their underrepresentation in STEMM. While many
of the topics discussed in this chapter are relevant to multiple identities—and may be
presented in generalized terms—the committee stresses that the discussions here should
not be understood as disregarding the intricacies of any particular identity or the differ-
ences between identities.” Instead, the intent for this chapter is to raise awareness and
motivate mentors to engage in introspection and do “self-work” as a means of becoming
more effective in their mentoring relationships with their diverse mentees.® Additionally,
this chapter provides UR mentees with a vision of how to see themselves in the context
of STEMM and potentially recognize some of their own experiences.”

THE IMPORTANCE OF IDENTITIES

Faculty working with undergraduate and graduate STEMM students in classrooms
and research environments are interested in sharing knowledge, providing training,

* In recognition of intersecting identities, intersectionality is the term that is used to acknowledge, account
for, and conceptualize “multiple grounds of identity” (Crenshaw, 1991). It is the complex, cumulative way
in which the effects of multiple elements of identity (such as race, gender, and class) combine, overlap, or
intersect, especially in the experiences of marginalized individuals or groups.

> Where possible, details about specific studies are provided.

¢ While this chapter provides the reader with an introduction to understanding identities, Chapter 4 pro-
vides examples of structures and approaches to mentorship, and Chapter 5 provides educational resources that
can be utilized to appreciate different identities as a means of continuously improving one’s mentoring practice.

7 A representative, but not exhaustive, list of programs that include mentoring experiences, some of which
focus on supporting UR mentees in their pursuit of academic and career goals, is included in Appendix B.
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accelerating discovery, and facilitating students’ preparation for STEMM careers.
Increasingly, as universities expand their missions to better recruit and retain students
from diverse backgrounds, faculty have questions about how to best engage in mentor-
ing relationships with students who come from backgrounds different from their own
(Clayton-Pedersen et al., 2017; HHMI, 2016).

The National Academies report Expanding Underrepresented Minority Participation:
America’s Science and Technology Talent at the Crossroads (NAS-NAE-IOM, 2011a) made
the case for why increasing the number of individuals from groups currently under-
represented in the STEMM workforce is vital to the nation’s interests, namely, to expand
economic opportunity to all members of the nation’s population and to meet the growing
demand for STEMM-trained professionals (U.S. DOC, 2017). A more recent National
Academies report, Minority Serving Institutions: America’s Underutilized Resource for
Strengthening the STEM Workforce (NASEM, 2019), reiterated this message and noted
that increaasing workplace diversity grows the available talent pool and brings a broader
range of perspectives and expertise to bear on solving grand challenges in STEMM.
STEMM workplace diversity also boosts work performance and engagement, improves
research quality and health care, and fosters innovation and growth (Cohen et al., 2002;
Federal Glass Ceiling Commission, 1995; Florida, 2014).8

As noted in Chapter 1, one of the best ways to develop the STEMM workforce is to
educate and train the full diversity of students (PCAST, 2012). Mentoring students from
diverse backgrounds can help cultivate STEMM professionals with different perspec-
tives who will assist with scientific competition, collaboration, enhanced creativity and
problem solving, learning, and effectiveness (Bert, 2018; Mannix and Neale, 2005; NIH,
2019; Summers, 2011, 2012).

Some progress has occurred since the Expanding Underrepresented Minority Partici-
pation report was published. However, as of 2017, women, persons with disabilities, and
members of three racial and ethnic groups—African Americans, Latinx, and American
Indians or Alaska Natives—as well as FG college students are still underrepresented
in educational attainment and the STEMM workforce (Espinosa et al., 2019; NASEM,
2018a, 2018b, 2018c, 2019; NCSES, 2017; U.S. DOC, 2017; U.S. GAO, 2017).

Despite widespread recognition that a lack of diversity among STEMM practitioners
deprives the nation of involving all segments of the population in what are projected to
be among the fastest-growing sectors of the economy, a variety of factors keep under-
graduate students from UR groups from choosing and remaining in STEMM disciplines.
At the graduate level, underrepresentation is even more pronounced (NASEM, 2018¢;
Weddle-West and Fleming, 2010). Although there have been improvements in diversi-
fying STEMM programs, many scholars point to effects of race and racism in STEMM,
which lead UR students to feeling alienated, having to work twice as hard to receive
recognition, and working under constant scrutiny (McGee, E. O., 2016; McGee et al,,

8 Further discussion about the importance of diversity to STEMM is presented in Chapter 1.
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2019). These feelings may also result from implicit biases of mentors or fellow students,’
in which attitudes or stereotypes about UR students affect how they are treated even in
the absence of explicit racism (Burt et al., 2018).

Although FG college students account for one-third of all students entering post-
secondary education—and almost half of all students enrolled at minority-serving insti-
tutions (Harmon, 2012)—they are less likely than continuing-generation (CG) students
to begin their studies in 4-year colleges and more likely than CG peers to attend less
selective colleges, including 2-year and for-profit institutions (Cataldi et al., 2018).1°
They are less likely to have taken a college preparation curriculum, and only 20 percent
of FG college students obtained a 4-year degree 10 years after their sophomore year of
high school compared with 42 percent of CG students (Redford and Hoyer, 2017). FG
students also leave science, technology, engineering, and mathematics (STEM) majors
at higher rates than CG students (Shaw and Barbuti, 2010).

Additionally, FG college students tend to come from the lowest income quintiles
(77 percent, of which 27 percent come from a household income of $20,000 and under
and 50 percent come from a household income of $50,000 and under) and are more likely
to be Black (11 percent) or Hispanic (27 percent) than CG peers (Redford and Hoyer,
2017). They face particular and unique challenges that often intersect with the identity-
based challenges regarding academic preparation that come with a background created
through political and historical processes to have a particularly devalued status and the
expectation of assimilation into the dominant culture of higher education. Lower levels
of family financial support along with different expectations and career goals contribute
to FG students being more likely to drop out after or during the first year, significantly
less likely to complete an undergraduate degree in 6 years, and less likely to enroll in
graduate programs than CG students (Richardson and Fisk Skinner, 2006; Warburton et
al., 2001). These students may not have the same advantages that come from the cultural
and financial capital of college-educated parents to help navigate college, posing unique
challenges in preparing them for STEMM careers and integrating them in research-based
mentoring models that assume knowledge about careers and academic success.

Addressing the underrepresentation of major segments of the nation’s population
will require a multipronged approach, but mentorship will likely constitute a significant
component of the complex solutions that are required. Numerous studies have shown
that effective mentorship for UR students enhances recruitment into and retention in
research-related career pathways (Bhatia and Amati, 2010; Dasgupta and Stout, 2014;
Dennehy and Dasgupta, 2017; Hathaway et al., 2002; Nagda et al., 1998; Ong et al.,
2011). Research on undergraduate students shows that mentors play a critical role in

° Implicit biases are “attitudes or stereotypes that affect [the holder’s] understanding, actions, and decisions
in an unconscious manner. These biases, which encompass both favorable and unfavorable assessments, are
activated involuntarily and without an individual’s [conscious] awareness or intentional control” (OSU, 2015).

10 Continuing-generation students are students that have at least one college-educated parent.
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contributing to the development of science identity, an important factor in retaining UR
students in STEMM (Chemers et al., 2011; Hurtado et al., 2009; Robnett et al., 2018;
Stets et al., 2016).

Despite the positive effect that mentorship has on UR students, studies have reported
that UR individuals enrolled in STEMM degree programs typically receive less mentor-
ship than their well-represented peers (Gayles and Ampaw, 2011; Helm et al., 2000; King
et al., 2018; Thomas, 2001; Thomas and Hollenshead, 2001). Indeed, research shows that
UR students’ mentorship requests for mentoring meetings are more often ignored by
mentors than those of White men (Milkman et al., 2015). Regarding FG college students,
White FG students place more limited value on having a personal connection with one’s
mentor than African American FG students (Ishiyama, 2007). White FG college students
also view personal and career development as key mentoring benefits, while African
American FG students saw career clarification as the most crucial mentoring benefit.

WHAT IS IDENTITY?

Identity is the composite of who a person is. Identity includes the way one thinks
about oneself, the way one is viewed by the world, and the characteristics that one uses
to define oneself, such as an individual’s gender identification, sexual orientation, place of
birth, race, ethnicity, FG college status, profession, values, and even hobbies (Crenshaw,
1991; Felix-Ortiz et al., 1994; Hall, 2014; Hall and Burns, 2009; Helms, 1990; Jones and
McEwen, 2000; Nash, 2008; Sellers et al., 1998; Shields, 2008). Some aspects of identity
are constant, while others change depending on stage of life and social context. In addi-
tion, a person can hold multiple identities that also intersect one another, such as Black,
transgender woman, scientist, spouse, parent, artist, bookworm, and athlete. Research
on the persistence of UR populations has often highlighted specific aspects of identity
such as race, ethnicity, gender, income, and FG status as particularly important factors
in retention and success in college and in STEMM fields (Archer et al., 2010; Calabrese
Barton et al,, 2013; Kim et al., 2018; Merolla and Serpe, 2013; Stephens et al., 2014).
Identity can also govern access to social capital and network resources, and affect power
in relationships.!!

DEVELOPMENT OF IDENTITY

Individuals develop social identities to fill psychological needs, such as increasing
self-esteem (Reid and Hogg, 2005) and reducing uncertainty about oneself (Hogg and
Mullin, 1999). Developing social identities requires both a sense of belonging to a par-
ticular social group and recognition as an accepted member of the group from existing
members of that social group. Accordingly, social identities are defined by a common

11 Tdentity is an important factor in many of the theories shared in Chapter 2.

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/25568

The Science of Effective Mentorship in STEMM

56

THE SCIENCE OF EFFECTIVE MENTORSHIP IN STEMM

set of norms, attitudes, traits, and stereotypes that together form a “prototype,” the typi-
cal or average representation of a group member (Hogg et al., 1995). Individuals who
deviate from this prototype—in STEMM, those individuals who are not White, male,
heterosexual, able-bodied, middle-class and up, or otherwise historically represented as
scientists—are more likely to be marginalized within the social group and not extended
full membership. This marginalization, sometimes in the form of microaggressions,!
has the effect of barring UR students from benefiting fully from opportunities afforded
to members of more well-represented and prototypical groups. Student experiences in
STEMM contexts are highly contingent upon their social identities (Kim et al., 2018;
Tajfel, 2010; Tajfel and Turner, 1986), so marginalization in and ostracization from
STEMM social groups can challenge the process through which emerging scientists
who may not “look the part” develop a social identity as a scientist (Kim et al., 2018).

The concept of science identity includes social and cultural identity constructs to
explain how an individual can develop a professional identity in the culture of science
(Byars-Winston and Rogers, 2019).13 An individual assumes and nurtures a science iden-
tity by developing scientific competence in one’s own mind and in the eyes of others, by
having the skills and opportunities to act like a scientist, and by obtaining recognition
from oneself and meaningful others as being a scientist (Carlone and Johnson, 2007).14
Being recognized as a scientist by meaningful others is a critical component for developing
a science identity (Carlone and Johnson, 2007). Science identity can also be reinforced
by cultural communities that internally acknowledge a scientist in that role (Chemers et
al,, 2011; Rodriguez et al., 2019).

UR students’ mentored research experiences strongly correlate with their sense of
science identity, particularly for African American men (Byars-Winston and Rogers,
2019). The unique gendered-racialized experiences of African American male students in
STEMM, such as encountering gender-specific racial stereotypes, isolating institutional
practices, discrimination from non-Black peers, and race-based faculty biases, can lead to

12 Microaggressions refer to “the everyday verbal, nonverbal, and environmental slights, snubs, or insults,
whether intentional or unintentional, which communicate hostile, derogatory, or negative messages to target
persons based solely upon their marginalized group membership. In many cases, these hidden messages
may invalidate the group identity or experiential reality of target persons, demean them on a personal or
group level, communicate they are lesser human beings, suggest they do not belong with the majority group,
threaten and intimidate, or relegate them to inferior status and treatment” (Sue, 2010).

13 Science identity refers to a professional identity within the scientific culture. A cultural identity is a social
identity that is associated with a nationality, ethnicity, religion, social class, generation, or any group defined
by a distinct culture. These connections of identities to STEMM professions have origins as a conceptual
model for the career development of women of color (Carlone and Johnson, 2007). This conceptual model
describes how recognition of one’s self and others’ recognition of them as a potential scientist becomes
their career-related identity (Pfund et al., 2016). Career-related identity is an important factor in predicting
some future science-related behaviors (Carlone and Johnson, 2007; Seymour et al., 2004; Vincent-Ruz and
Schunn, 2018; Williams and George, 2014).

4 Meaningful others refers to people an individual identifies as those from whom acceptance matters.
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role strain and self-doubt due to negative advising experiences for this population (Burt
et al., 2018). One study found that mentors taking time to help African American male
students in STEM work through their research tasks had a statistically large influence
on the students’ science identity, research self-efficacy, and research career intentions
(Bidwell, 2015; Byars-Winston and Rogers, 2019). These studies underscore that faculty
acknowledging social identity within a nurturing relationship is important for male
African American students.

In addition, science identity is linked strongly in many contexts to a sense of self-
efficacy (Hunter et al., 2007; Steiner et al., 2004), an individual’s belief in their capacity to
attain speciﬁc performance goals in science (Bandura, 1997; Byars-Winston and Rogers,
2019)."> However, longitudinal studies of UR undergraduate students have shown that
self-efficacy alone does not predict persistence and integration into the scientific com-
munity. Rather, persistence and integration appear to require an individual to develop a
science identity and internalize scientific values (Estrada et al., 2011).16 Science identity,
however, does not predict advancement into medical school (Cruess et al., 2014; Frost
and Regehr, 2013; Goldie, 2012; Wilson et al., 2013).

Research has shown that how an individual’s science identity fits with other social
identities, such as gender, race, or socioeconomic status, has a significant effect on career
goals (Carlone and Johnson, 2007; Chang et al., 2011; Chemers et al., 2011; Estrada et
al., 2011; Hurtado et al., 2009). These studies show that graduate students use a variety
of strategies to develop and integrate their science identity and other social identities.
For example, they may define their own sense of what it means to be a scientist and a
“person of color” They might also create ways of simplifying science to make it more
relevant and accessible to their nonscientist friends and family members or manage dif-
ferent identities in different contexts (Tran, 2011). Moreover, some “hidden” identities,
such as sexual and gender orientation, socioeconomic class, and FG status, make certain
issues more difficult to address in STEMM because students do not always reveal that
these identities require support.

TENSIONS WITH IDENTITY IN STEMM CONTEXTS

Many UR and FG students experience STEMM contexts differently than their peers
whose identities are well represented, either because of persistent social and racial
stereotypes (McGee, E.O., 2016) or as a result of unclear communication from faculty
regarding strategies for student success (Burt et al., 2018; Davidson and Foster-Johnson,
2001). For example, one study found that negative racial experiences in the first year of
college tend to negatively affect the otherwise positive relationship between developing
a science identity and persisting in STEM (Chang et al., 2011). UR students may also

15 See the discussions of social cognitive career theory in Chapter 2.
16 See the discussions of the tripartite integration model of social influence in Chapter 2.
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experience stereotype threat, or the risk of conforming to common, negative stereotypes
about gender or race, that can negatively affect their academic performance.'” Often, UR
scientists must balance more social and cultural identities that differ from the prototype
of a person in STEMM compared with well-represented scientists (Brown, 2004; Carlone
and Johnson, 2007; Johnson et al., 2011; Ong, 2005). Similarly, FG students may struggle
to reconcile their family and home identities that are socially and culturally distinct from
the college environment with those required for success in college (Orbe, 2008).

More broadly, UR students’ awareness of how society and schools position them as
underachieving influences how they construct their career-related identities (McClain,
2014). One study with UR STEMM doctoral students found that although many of these
students could perform scientific research competently, they lacked recognition from
peers and supervisors as legitimate and competent members of their scientific commu-
nities, resulting in alienation from the laboratory community and even dampening of
their STEMM career consideration (Malone and Barabino, 2009). Preliminary findings
provided by Vanderbilt University’s basic biomedical sciences Ph.D. program show that
over nearly 20 years, Hispanic and White students received comparable student perfor-
mance evaluations from their mentors, while African American students were evaluated
on average only 50 percent as positively (Brown et al., 2019).!® Because individuals can-
not construct a social identity in the absence of recognition from others, feeling invisible
can thwart the development and reinforcement of a person’s science identity. Women
from UR racial or ethnic groups with “disrupted identities,” for example, have reported
that their bids for recognition, and thus the development of their science identities, were
unsettled by others’ interactions with them.!” These interactions were shaped largely by
those individuals’ perceptions of who does and does not belong in science based on race,
ethnicity, and gender (Carlone and Johnson, 2007).

What Is Identity Interference?

Research has shown that UR students are often expected to conform and assimilate
into the dominant White, male culture and minimize their race- and gender-informed
identities (Davidson and Foster-Johnson, 2001). Although it is ideal to unify one’s various
identities, particularly for emerging adults (Erickson et al., 2009; Erikson, 1968), com-

17 While scholarship on stereotype threat has shown its impacts via academic, psychological, and even
interpersonal measures, the effect of mentorship on reducing stereotype threat has not yet been studied
(Cromley et al., 2013; Holleran et al., 2011; Steele and Aronson, 1995; Thomas and Erdei, 2018). Emerging
evidence suggests that mentoring practices aimed at reducing stereotype threat may contribute to fuller
representation of individuals from underrepresented groups in the sciences (Byars-Winston et al., 2018;
Estrada et al., 2017).

18 Further information about this preliminary study is provided in Box 6-3.

19 Women with disrupted identities had career trajectories that were “rockier, most unstable, and less
satisfying,” a result of lack of recognition from meaningful others (Carlone and Johnson, 2007, p. 1197).
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partmentalizing one’s identities is often the case for UR students in STEMM, reflecting an
underlying process called identity interference (Settles, 2004). Identity interference occurs
when cultural meanings and stereotypes assigned to social identities cause those with
multiple identities to feel that one identity interferes with the successful performance
of another identity.?

For UR students, identity interference means they often maintain separate social and
academic peer networks (Malone and Barabino, 2009; Tate and Linn, 2005), minimize
displaying their race- and gender-informed identities, and compartmentalize rather than
integrate these critical identities with their science identities (McCoy et al., 2015). The
same is true for those with minority sexual or gender identities (Flanagan, 2017; Puckett
et al., 2016; Yoder and Mattheis, 2016). Resolving this interference by disidentifying,
minimizing, or downplaying their devalued social identity can in turn challenge students’
sense of authenticity and sense of belonging in their discipline (McGee, E. O., 2016;
Roberts et al., 2008; Settles, 2004) and can even result in lower academic or professional
performance (Darling et al., 2008).2! Students who feel they must change themselves and
their identities to fit in are more likely to experience depression, reduced psychological
well-being, and impaired academic performance (Roberts et al., 2008; Settles, 2004).
Extensive empirical evidence confirms the tensions that can arise from being the “other,”
the “only one,” or the “unknown” (Espin, 1991, 1997; Johnson et al., 2011; Malone and
Barabino, 2009; Ong, 2005; Ong et al., 2011), simultaneously bringing invisibility to one’s
identity as a scientist and too much visibility to one’s UR identity.

How Does Mentorship Help Develop Science Identity?

By contributing to the socialization and integration of students into scholarship
and academe as a community, effective mentorship plays a critical role in developing a
science identity (Byars-Winston et al., 2015; Eagan et al., 2011; Eby and Dolan, 2015;
Estrada et al., 2018; Freeman, 1999; Gandara and Maxwell-Jolly, 1999; Gasiewski et al.,
2012; McGee and Keller, 2007; Robnett et al., 2018; Thiry and Laursen, 2011), which
then makes it more likely they will continue on in STEM fields after graduation (Barlow
and Villarejo, 2004; Estrada et al., 2011). Mentorship also helps students see themselves
as STEMM scholars who can contribute to their disciplines (Wilson et al., 2012). Given
that developing a science identity is a strong and unique predictor of who will continue
on to graduate school in a STEMM field, colleges and universities should enable expe-
riences that help undergraduates feel they belong in and are included in the scientific

20 Organizational context can also affect the performance and perceived acceptance of identities. For
example, studies have shown that minority-serving institutions often intentionally cultivate campus climates
of belonging for students as a strategy for success (NASEM, 2019).

2l The effects of deemphasizing a devalued identity in terms of psychological and academic outcomes is
worse for students whose racial identity is more central to their sense of self (Oyserman et al., 2012; Roberts
et al., 2008; Settles, 2004).
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culture, which in turn will help foster the development of a strong science identity and
increase retention rates in STEM for UR undergraduate students (Estrada et al., 2018).
Research has shown, for example, that the development of a science identity is predictive
of an individual staying on a STEM career pathway for up to 4 years after graduation
(Estrada et al., 2018).

For graduate student mentees, the psychosocial support functions of mentorship
have been found to influence science identity (Chemers et al., 2011). Given that self-
efficacy and science identity need to mesh with other aspects of social identity (Bakken
et al., 2010; Hunter et al., 2007; Ries et al., 2009),2?> mentors need to understand how
various identities interact with one another in their mentees. Mentors should also accept
that the identities of their mentees will likely evolve as they progress toward becoming
STEMM professionals and continually assess their competence as STEMM professionals.

MENTORSHIP FOR UNDERREPRESENTED STUDENTS IN STEMM

Mentorship for UR students is vitally important to their success, but they are less
likely than well-represented students to receive mentoring (Felder, 2010; Gayles and
Ampaw, 2011; Johnson, 2015; King et al.,, 2018; Thomas, 2001). At the same time,
approaches that help the general student body may not necessarily work best for UR
students. While there have been improvements in diversifying STEMM training and
education programs, many scholars point to the continuing effects of race and racism in
STEMM, including reports of students feeling alienated, having to work twice as hard to
receive recognition, and working under constant scrutiny and suspicions of presumed
incompetence (McGee, E. O., 2016; McGee et al.,, 2019). These are also examples of
microaggressions, implicit biases, and manifestations of stereotype threat.

Ignoring or being silent on these realities will not mitigate their effect. Effective
mentorship requires that faculty have an awareness of the identity-related challenges
their mentees may have, as well as a set of learnable skills, to effectively support the
talent development of UR students in the context of racial realities in STEMM. In one
study conducted with a sample of research mentors largely from well-represented back-
grounds and undergraduate mentees largely from UR groups in STEMM, mentees were
more likely than mentors to endorse having cultural diversity matters directly addressed
in the mentoring relationship (Byars-Winston et al., forthcoming). This finding is ripe
for further inquiry into the effect of mentors’ cultural awareness in research mentoring
relationships and has implications for mentorship education to support mentors’ cul-
tural responsiveness in their mentoring practices.?® In this section, we review research

22 Including race, ethnicity, sexual orientation, socioeconomic class, and gender.
23 Mentorship education to support mentors’ cultural responsiveness in their mentoring practices is
discussed further in Chapter 5.
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supporting the positive influence on student outcomes from faculty engagement and
intentionality in developing and enacting culturally responsive mentoring methods.?*

How Does Identity Affect Mentorship?

Based on numbers, mentors in STEMM fields are typically White or Asian, and
research shows that majority mentors are more likely to hold “colorblind” views of their
students and to dismiss the idea that social identities shape their students’ academic
experiences (Brunsma et al., 2017; McCoy et al., 2015; Melton et al., 2005; Prunuske
et al., 2013).2> Some STEMM faculty from well-represented groups may espouse this
ideology because of concerns of being misunderstood by or offensive to their mentees,
not knowing what to say, or even fear of being perceived as prejudiced (Byars-Winston
et al., 2019). Some UR faculty in STEMM, especially those at predominantly White
institutions, may be likewise uninclined to directly address social identities and cultural
diversity matters because of their own experiences with inequities in institutional roles
and research support, being the one to whom more UR students turn for support, and
fatigue from being overextended in service and teaching (Armstrong and Jovanovic,
2017; Xu, 2008).26 However, based on the evidence, ignoring race, gender, and other
important social identities is to deny the formative effect of these identities on students’
experiences in their programs and later careers.?” For example, UR students may be less
likely to ask questions if they do not feel they belong in a given environment in the first
place.

Mentorship has the potential to ameliorate many identity-related challenges for
STEMM students in higher education and perhaps even inoculate them against those
challenges. Mentors from all backgrounds and in all contexts can work to acknowledge
identities of their mentees and understand the research describing the influence of social
identities on students’ experiences in STEMM. Studies have found that mentors who were

24 Intentionality refers to a calculated and coordinated method of engagement to effectively meet the needs
of a designated person or population within a given context.

Culturally responsive refers to “using the cultural knowledge, prior experiences, frames of reference, and
performance styles of ethnically diverse students to make learning encounters more relevant to and effec-
tive for them” (Gay, 2010).

25 Colorblind views include focusing exclusively on individual performance measures without consider-
ation of factors that are highly correlated with performance such as social identities, cultural background,
and social context. This tends to privilege individuals with better preparation, higher social capital, and
fewer additional obligations—often White, male, single, full-time, non-FG students from higher socio-
economic backgrounds.

26 A discussion of underrepresented faculty is in Chapter 7.

27 The appropriate level of focus on specific aspects of identity is dependent on individuals involved in
the relationship and should be determined by the individuals involved during the establishment of the
relationship (e.g., the initiation stage). Mentorship tools to assist with discussion during the initiation stage
are discussed in Chapter 5.
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culturally responsive—who had attitudes, behaviors, and practices that enable them to
work with mentees with different cultural backgrounds (Sanchez et al., 2014)—and who
understood power dynamics and oppression had success in fulfilling the needs of UR
students (Felder and Barker, 2013; O’Meara et al., 2013). Culturally responsive mentorship
can validate students’ various identities and help them navigate invalidating experiences
they encounter while simultaneously reinforcing their self-efficacy in their field (Byars-
Winston et al., 2015). This can greatly increase the likelihood of their thriving in STEMM
environments (Thomas et al., 2007; Vaccaro and Camba-Kelsay, 2018).

Culturally responsive mentorship, whereby mentors show curiosity and concern for
students’ cultural backgrounds and their non-STEMM social identities, may be one way
mentors can validate their students’ multiple identities. In one study of White mentors
who successfully engaged in cross-racial mentoring relationships with Black students at
a predominantly White institution, the mentors reported (1) having a heightened aware-
ness of the unique challenges facing Black students, (2) gaining a holistic understand-
ing of the student, and (3) engaging in reciprocal relationship building (Reddick and
Pritchett, 2015; Syed et al., 2011). While especially important in cross-racial relationships
in White-dominated contexts, culturally responsive practices can also benefit mentorship
when mentors are from marginalized communities themselves or at minority-serving
institutions. Culturally responsive mentorship can also engage elements of identity
beyond race. For example, deaf mentees rated their mentoring favorably if they perceived
that their mentor was responsive to their deaf status, even if their mentor was not deaf
(Braun et al., 2017).

Scholars who work on diversifying STEMM assert that faculty can improve their
mentoring methods by considering contexts, styles, and the lived experiences of
their students—including their social and science identities—in their actions to sup-
port students” values and goals (Cropps and Esters, 2018; Garcia and Henderson, 2014;
Mondisa, 2015; Patton, 2009; Rasheem et al., 2018; San Miguel and Kim, 2015). A study
of UR undergraduate STEMM students revealed that those reporting they had received
culturally responsive mentoring also felt more confident as a researcher, refined their
academic and career goals, and became more committed to graduate school and a gradu-
ate degree (Haeger and Fresquez, 2016).2 Together, these studies indicate that culturally
responsive mentoring correlates with students feeling more attached to their field of
study and to the research world.

Many interventions are designed to target multiple social identities as a group, such
as low-income, UR, and FG students. Many studies also focus on the overlap of these
particular identities. For example, compared with other racial/ethnic groups, Latinx

28 In that study, culturally responsive mentoring strategies included understanding how students’ back-
grounds (e.g., ethnicity, gender, social class) contribute to their student experience; spending time getting
to know them, their background, and their goals early in the research experience; and closely relating to
their personal background.
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college students are more likely to be represented among FG college students that also
come from low-income backgrounds (Hurtado et al., 2007). Moreover, minority-serving
institutions tend to attract and enroll higher numbers of low-income, FG, and UR stu-
dents, and thus the success of those students is equivalent to the overall success of those
institutions in producing STEM graduates (NASEM, 2019). Mentorship, including spon-
sorship, has been shown to be a strategy to promote student success at minority-serving
institutions (NASEM, 2019).

Community-based peer mentoring among groups with shared identities can also
play a role in affirming students’ identities and providing mentorship because of their
multiple identities, not in spite of them. For example, two affinity-based professional
societies—the National Society of Black Engineers and the Society for the Advance-
ment of Chicanos/Hispanics and Native Americans in Science—work to affect change in
STEMM underrepresentation. Students who attend the societies’ conferences begin their
experiences with affirmation of their cultural identity through visual images that con-
nect their cultural heritages to STEMM. They also benefit from preconference coaching
that tells them they will be in an environment that will allow any participant to mentor
another. In addition, there is an understood element of mentorship that occurs, and is
expected, across peer groups—from high school to undergraduate to graduate to faculty
and nonacademic STEMM professionals (Daily et al., 2007; Horwedel, 2005; Johnson
and Sheppard, 2004; Litzler and Samuelson, 2013; May and Chubin, 2003).

How Does Race Affect Mentorship?

One study of mentoring experiences between White faculty mentors and Black col-
lege students found that White faculty saw mentorship as a “purposeful and iterative
process of developing relationships with students” (Reddick and Pritchett, 2015). It may
be that discussing or asking about students’ various non-STEMM identities could signal
that the mentor recognizes and accepts various identities, or simply takes an interest in
their background. For example, a study of cross-racial mentor-mentee relationships in a
nonacademic work organization found that some Black mentees had highly salient racial
identities and wanted to integrate their racial and professional identities and to openly
discuss race with their mentors. When they were paired with a White mentor who held
a colorblind perspective and preferred to suppress discussions of race and diversity,*
the mentees described receiving career support but not psychosocial support (Thomas,
1993). The mentees felt uncomfortable, said it was a barrier to forming a closer relation-
ship, and reported they could not trust their mentor to make decisions based on race in
a racially diverse workplace. Other investigators have confirmed this idea about White
mentor-Black mentee dyadic pairings, finding that trust is more likely to develop when

29 Because of power dynamics, the mentors dictated this aspect of their relationship.
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mentor and mentee agree on the significance or insignificance of race in the relationship
and workplace (Blake-Beard et al., 2011).

One study found that unspoken assumptions about race and ethnicity can create
problems even for those Black doctoral students and White faculty members who shared
values of inclusivity (Gasman et al., 2004). The authors of this study concluded that
faculty who work alongside UR graduate students should acknowledge that unequal
power relationships and cultural forms of discrimination and oppression are common
in academia. Institutions that fail to have faculty of any race or affinity-/identity-based
student groups with whom UR students can discuss their interests create a strenuous
and challenging experience for the students (Felder and Barker, 2013). Moving beyond
racial boundaries requires mentors to leave their comfort zones if they want to build
relationships based on honesty, equity, reciprocity, respect, and integrity (Gasman et
al., 2004).

How Does Gender Affect Mentorship?

Research on women in cross-gender and same-gender workplace mentoring rela-
tionships suggests there may be more important factors that predict mentorship out-
comes than gender similarity (Allen et al., 2005). For example, interpersonal comfort
fully mediated the relationship between gender similarity in mentoring relationships
and the mentees’ reports of the career and psychosocial mentoring they received. That
is, although gender-matched pairs were more likely to report positive mentorship expe-
riences, the correlation between gender matching and the positive experiences became
insignificant when researchers measured how comfortable the mentees were interacting
with the mentors. It appears possible, then, that finding ways to increase comfort across
diversified mentoring relationships can improve the quality of those relationships. One
study, however, found that female mentees reported more relational challenges with male
mentors than female mentors, and male mentors reported more relational challenges
with female mentees (Ensher and Murphy, 2011). No similar pattern was observed for
male mentees and female mentors.

The perception of career support and psychosocial support that mentees received
may also depend on the gender of the mentor. Early research on mentorship showed
that female mentees with male mentors had difficulty seeing their mentors as suitable
role models (Kram, 1985a) and that women in same-gender mentoring relationships
reported significantly greater role modeling from their mentors (Ragins and McFarlin,
1990). Subsequent research has shown that both male and female students perceive
female mentors as offering more psychosocial support, including role modeling, and
male mentors as offering more career support, which is consistent with typical gender
roles (Sosik and Godshalk, 2000). Similarly, research has shown that female mentees see
male mentors as more focused on academic or career goals and female mentors as more
focused on psychosocial components (Woolnough and Fielden, 2014).
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The findings for gender and mentorship outcomes are mixed. One study found
that male mentors are beneficial for women in the workplace; specifically, women with
male mentors typically get more promotions and higher pay (Dreher and Cox, 1996).
However, while a study of female students in economics found that female doctoral stu-
dents with female faculty mentors took longer to graduate than did female doctoral
students with male faculty mentors (Neumark and Gardecki, 1998), a later study found
that female mentees with male mentor matches resulted in the women going on to a
research position as their first job more often than male-male matches (Hilmer and
Hilmer, 2007).

How Does Mentor-Mentee Matching on Social Identities Affect Mentorship?

Research is equivocal on the value of same-race and same-gender mentoring rela-
tionships. Mentees can benefit from mentoring relationships matched on both deep
and surface levels (see Box 3-2). As noted in Chapter 1, effective mentorship is based
on the ability of mentors and mentees to trust, share strengths with, identify with, and
authentically engage with one another (Blake-Beard et al., 2011).

Some literature on UR STEM students and mentorship suggests that having mentors
who are similar to mentees on key identities, such as race and gender, may produce
benefits for UR students, especially in psychosocial support (Blake-Beard et al., 2011;
Patton and Bondi, 2015).%° In addition, same-race and same-gender pairings had the
potential to provide an understanding of shared experiences of being underrepresented
in STEM spaces (Felder and Barker, 2013). Having a mentor who has been through simi-
lar experiences based on a shared identity also benefits mentees in terms of identification,
developing interpersonal comfort, building trust, and setting expectations.’! Studies have
also found that shared social identity in mentorship is more likely to engage the student
holistically (Baker and Griffin, 2010; NASEM, 2017c¢; Pfund, 2016).

UR students in research training programs mentioned the value of seeing others like
themselves (i.e., in race and gender) as a motivating factor in pursuing STEM advanced
degrees (Hurtado et al., 2009).32 Same-race connections allow Black doctoral students
to experience meaningful validation, affirmation, and success, which one study has
shown to be crucial for completing their doctoral programs (Barker, 2011).3* Moreover,

30 In organizational research, demographic similarity between mentor and mentee has been linked to
higher levels of mentees’ career support, and to mentors feeling a closer connection with their mentees
(Ensher and Murphy, 1997).

31 These and other mentorship behaviors are mentioned in Chapter 2 and discussed further in Chapter 5.

32 When students who might otherwise feel ignored see themselves in and receive support and guidance
from a similar individual who is a successful STEMM professional, it can help them to feel recognized and
appears to strengthen science identity.

33 Such connections also served as a visual representation that confirmed the students’ participation in
STEM programs.
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BOX 3-2
Deep-Level and Surface-Level Similarities

The terminology of deep- and surface-level similarities is used to distinguish between two differ-
ent modes of matching. Deep-level similarities include shared attitudes, goals, interests, values, and
even perceived similarity in problem-solving style. Surface-level similarities include normally readily
detectable attributes such as race, ethnicity, gender, and age.

SOURCE: Eby et al., 2013; Ortiz-Walters and Gilson, 2005.

in same-race and same-gender mentoring relationships, mentees witness firsthand and
experience secondhand what their mentor does, thereby gaining a sense of self-efficacy
and confidence that they too will succeed (Williams et al., 2016a).>*

Some studies have found that many UR students want mentors of the same race
and gender and who have life experiences similar to their own, including experiences
pertaining to race, ethnicity, and gender (Blake-Beard et al., 2011; Williams et al., 2016a),
and many seek these role models at minority-serving institutions (Hurtado et al., 2009;
NASEM, 2019). One study focused on mentoring outcomes in STEMM found that
an overwhelming majority of over 1,000 racially diverse undergraduate and graduate
STEMM students surveyed felt it was important to have a mentor of the same race and
gender (Blake-Beard et al., 2011). Respondents in same-race and same-gender mentoring
relationships were more likely to report they had received more career and psychosocial
support. However, there were no apparent effects of this greater amount of mentoring for
outcomes such as increased grade point average, self-efficacy, or confidence about their
fit in science (Blake-Beard et al., 2011). The participants, particularly UR students, felt
it was important that mentors understand how students’ backgrounds could affect their
professional careers. This suggests that while mentees may prefer social identity matching
with their mentors, what is ultimately important is the mentor’s acknowledgment of the
role of students’ social identities in their career development. Moreover, some workplace
mentoring research indicates that mentors from a well-represented background can use
their available social capital through the mentoring relationship to benefit the mentee’s
career support and outcomes (Eby et al., 2013; Johnson and Smith, 2016), suggesting
one potential benefit of cross-identity mentoring relationships.

While surface similarities may be important for some students, deep-level simi-
larities such as having shared interests, values, and goals is also important for effective
mentoring relationships, even across cultural differences. Mentors and mentees having
deep-level similarities (Harrison et al., 1998) predicts interpersonal comfort, which in
turn predicts psychosocial and career (instrumental and networking) support (Brunsma

34 This type of psychosocial support is commonly referred to as role modeling.
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et al., 2017; Ortiz-Walters and Gilson, 2005) and appears to be related to positive out-
comes for mentees.

Opportunities to maximize matching along various demographics such as race are
challenged by the scarcity of UR faculty in STEMM. For example, in 2015, of the 248,500
science and engineering faculty in the United States, 8,600 faculty were Black (3.5 percent
of the total), 11,850 were Hispanic (5 percent), and 500 were Native American (less than
0.33 percent) (NCSES, 2017). When UR students struggle to find a faculty member of
their race, gender, or sexual orientation, peer mentoring and near-peer mentoring may
provide an alternative or additional option.

Another predictor of STEMM success for UR students was mentor and mentee “fit,”
which is when the area in which the mentee needed support was an area in which the
mentor could provide support (Baker and Griffin, 2010; Blake-Beard et al., 2011). For
example, if mentees require more career support, it may be more effective for them to
seek out individuals with more career-based social capital to assist them.

UNDERREPRESENTED SEXUAL- AND GENDER-
MINORITY STUDENTS IN STEMM

Until recently, issues related to sexuality and gender have received little attention in
STEMM (Yoder and Mattheis, 2016), and relatively few studies have explored sexual-
and gender-minority identities in the STEMM fields (Cech and Waidzunas, 2011; Riley,
2008).% Additionally, sexual orientation and gender identity may not be as visible as
some other characteristics of UR students, such as race and gender. Sexual- and gender-
minority students can decide not to disclose their orientation to colleagues, but this may
result in feelings of invisibility, isolation, and rejection or hiding part of their identity. For
example, students learn to take stock of the environment to manage their gay identity
along with a strong engineering identity (HHMI, 2016). However, believing or actually
needing to hide one’s identity can contribute to stress and negative mental health out-
comes (Meyer, 1995; Pachankis, 2007) and create a strain on social relationships (Yoder
and Mattheis, 2016), which may reduce workplace productivity even without active
discrimination (Clair et al., 2005; Patridge et al., 2014).

Inclusive work environments that provide support and benefits specific to sexual-
and gender-minority needs would be ideal (Bilimoria and Stewart, 2009).3¢ One study

35 The term sexual and gender minority is consistent with current language of U.S. federal agencies. See,
for example, the Sexual and Gender Minority Research Office of the National Institutes of Health (more
information is available at https://dpcpsi.nih.gov/sgmro; accessed August 17, 2019). For the purposes of this
report, sexual- and gender-minority students include, but are not limited to, students with sexual orienta-
tion identities such as lesbian, gay, bisexual, queer, and asexual, as well as gender identities such as pre- and
posttransition transgender, intersex, and nonbinary.

3 A discussion of work and other systems that affect mentorship is provided in the ecosystems theory
in Chapter 2.
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found that individuals in academia are less likely to know the kind of support their
employers provide to sexual- and gender-minority employees (Yoder and Mattheis,
2016). Research has also found that sexual- and gender-minority faculty in STEMM
fields with higher rates of women representation reported a higher degree of openness
to sexual- and gender-minority needs (Yoder and Mattheis, 2016).

Students sometimes encounter silence or assumptions about their major as a “man’s
field” that continues to marginalize both women and gay men (HHMI, 2016). While
many departments are aware of sexual- and gender-minority rights, most do not under-
stand the efforts needed to address the issues adequately. In an effort to improve the
institutional climate regarding sexual and gender identity in STEMM, a sexual- and
gender-minority physicists advocacy group created a Best Practices Guide that addresses
areas such as using gender-neutral and inclusive language, inviting sexual- and gender-
minority speakers to campus, and joining ally groups (Ackerman et al., 2018). Broad
institutional support can help create a supportive environment in which faculty and
students feel comfortable being “out” about sexual identity (Ackerman et al., 2018). As
STEMM works to diversify its faculty and students, it is crucial to create an environ-
ment in which faculty and students can be out and to make this awareness part of the
mentoring process for students in an environment that may be discriminatory toward
the sexual- and gender-minority community. Further research has been called for on
the role of out mentors and how they can help students who have self-selected to leave
STEMM fields because of discomfort caused by intolerance (Yoder and Mattheis, 2016).

Similarly to other aspects of identity, sexual- and gender-minority students in STEMM
face challenges that involve a disregard for gender and sexual identity owing to the high
value placed on science and the scientific identity. There is a lack of understanding about
efforts to create sustainable and equitable changes that allow sexual- and gender-minority
students to feel comfortable being open. Ambient heterosexist harassment, often related
to campus climate, has detrimental effects on both sexual minorities and heterosexual
students” psychological well-being and feeling comfortable on campus (Silverschanz et
al., 2008).%” Sexual- and gender-minority individuals also face neglect or encounters with
many discriminatory practices and policies, such as the refusal of institutions to provide
gender-neutral restrooms. In addition, there is inconsistent protection for sexual orienta-
tion and gender identity in nondiscrimination laws by state.’® In diversifying STEMM,
more support and research is required to improve mentorship practices for sexual- and
gender-minority populations. For example, Safe Space training for mentors at the institu-
tional, departmental, or unit levels and placards for faculty offices could indicate support

37 Ambient heterosexist harassment is defined as “insensitive verbal and symbolic (but non-assaultive)
behaviors that convey animosity toward non-heterosexuality” that “take place within the environment but
are not directed at a specific target, such as the telling of [heterosexist] jokes that can be heard by anyone
within earshot” (Silverschanz et al., 2008, p. 180).

38 For example, see https://www.aclu.org/files/pdfs/lgbt/discrim_map_bw.pdf; accessed September 20,
2019.
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for sexual- and gender-minority students.® Faculty who identify as sexual or gender
minorities in particular may engage support for being out so they can mentor students
who are also out but are leaving STEMM fields because of bad experiences.

UNDERREPRESENTED STUDENTS WITH DISABILITIES IN STEMM

The American Disabilities Association defines disability as “a physical or mental
impairment that substantially limits one or more major life activities”*° For legal pur-
poses, this includes those who have documentation of an impairment, even if they are not
registered as having a disability (Francis, 2018). Disabilities can be both readily discern-
able (e.g., loss of limb, visual impairment) as well as significantly less so (e.g., learning
challenges, mental health challenges). Students with disabilities enroll in undergraduate
STEMM programs at rates approximately two percentage points lower than students
who do not report any disabilities (Alexander and Hermann, 2016; NCSES, 2013). This
does not, however, necessarily indicate a lack of interest in STEMM, because people
with disabilities pursue STEMM degrees at the same rate as those without disabilities
(Thurston et al., 2017).

One issue that has been identified pertains to the increase in dropout rates between
high school and college, and again between undergraduate and graduate school (Booksh
and Madsen, 2018). Many students with a disability struggle with going from a structured
high school and family setting to a university setting with new freedoms and less struc-
ture. Students with disabilities typically have had individualized education programs
or 504 plans and a support team of teachers, parents, and educational support staff in
K-12 schooling, but in college the students are left largely to their own efforts to obtain
accommodations (Kurth and Mellard, 2006). Colleges may offer disability services but
not at the same level of integration and monitoring as K-12 schools. A study of 110
undergraduate students found that less than a quarter of students who have individual-
ized education programs or 504 plans register with college disability services, and only
60 percent of those receive accommodations (Cawthon and Cole, 2010). If students with
disabilities start to fall behind their peers, they are less likely to persist. Students with
disabilities also report that a lack of support from the academic community creates a
feeling of not belonging in a group and shame associated with the disability (Booksh
and Madsen, 2018). Research with deaf/hard-of-hearing mentees indicates that effective
mentorship practices may help to alleviate this (see Box 3-3).

Some students with disabilities may have received mathematics and science prepara-
tion in specialized programs in middle and high school that does not align with specific
requirements stated for undergraduate mathematics and science courses (Lynch et al.,

3 For more information about Safe Space, see https://www.campuspride.org/safespace/; accessed May 3,
2019.
40 See https://www.law.cornell.edu/uscode/text/42/chapter-126; accessed August 17, 2019.
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BOX 3-3
Four Elements of Effective Mentorship with Deaf/Hard-of-Hearing Mentees

Some research has investigated the experiences of deaf/hard-of-hearing mentees in STEM
research mentoring relationships. The undergraduate students reported four main elements of effec-
tive mentorship.

1. Effective mentors had deaf awareness, meaning respect for deafness as an element of human
diversity rather than disability, often reflected in a sustained effort to communicate.

2. Deaf mentees self-advocated to communicate and to educate colleagues and mentors about
Deaf culture, identity, and effective communication strategies.

3. Mentors advocated on behalf of their deaf mentees, which helped their mentees to feel wel-
comed, valued, and supported.

4. Deaf mentees who were part of a cohort felt more included because cohort members provided
support to one another and provided socialization opportunities.

SOURCE: Majocha et al., 2018.

2018). Faculty members, administrators, and staff may even show a lack of cooperation
and understanding of the needs of students with disabilities. At least one study indicates
there are often not enough adaptive aids, accessible spaces, and accommodations to
adequately meet their needs in STEMM fields in particular (Moon et al., 2012). Another
study has shown that there is little recruiting of students with disabilities into STEMM
and a lack of methods to accurately measure the effectiveness of programming to help
students with disabilities (Thurston et al., 2017).

Students with disabilities in STEMM may or may not require special accommo-
dations to enable them to succeed in graduate education. Since disability can occur
throughout oness life, a better understanding of the onset of disability diagnosis and its
influence on STEMM enrollment and degree persistence would benefit university dis-
ability services in providing developmentally specific supports in place for students who
have recent disability diagnosis.*! Research has generated some lessons on facilitating
the success of college students with disabilities. Having students with a disability use
institutional disability services and existing resources allows faculty to focus on STEMM
content, peer tutoring, lab communities, improved recruitment strategies, self-advocacy
programs for students, professional development, and mentorship programs for stu-
dents with disabilities in STEMM (Thurston et al., 2017). Research has also found that
e-mentoring is an effective way to reach students with disabilities and improve persis-
tence through self-advocacy and self-determination (Gregg et al., 2016).4?

41 A 2017 National Science Foundation report revealed that about one in nine scientists and engineers,
ages 75 years or younger, has a disability (NCSES, 2017).
2 E-mentoring as one potential structure of mentorship is discussed in Chapter 4.
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Mentorship is promoted for individuals with disabilities for the same reasons that it
is promoted for other individuals. For individuals with a disability, mentorship appears
to be particularly important when students go through transitions, such as from high
school to college and from college to graduate school or to a job (Lindsay et al., 2016;
Weir, 2004; Whelley et al., 2003; Wilson, 2003). A systematic review of mentorship pro-
grams designed to ease the transition from high school to university found that men-
toring relationships for individuals with disabilities produce significant improvements
in self-determination, empowerment, self-efficacy, and self-confidence or self-advocacy
(Lindsay et al., 2016). Mentors of mentees with disabilities have also reported gaining
benefits from their experiences with their mentees (Hillier et al., 2018; Stumbo et al.,
2008, 2009).

In 2014, a multiauthored compilation and synthesis of programs and perspectives on
fostering access to STEM careers among students with disabilities, entitled From College
to Careers: Fostering Inclusion of Persons with Disabilities in STEM, was produced with
support from the National Institutes of Health Director’s ARRA Pathfinder Award to
Promote Diversity in the Scientific Workforce (Duerstock and Shingledecker, 2014). The
compilation highlighted mentoring practices that included aspects of universal design
for learning;** a blend of in-person, virtual, and social media platforms to develop per-
sonal and professional networks; and accessible resources to support career aspirations
in STEM.

A unique approach to mentoring that is described in this compilation is “develop-
mental advising” that “combines aspects of academic advising, counseling, mentoring,
and case management to provide students with a formalized single point-of-contact for
support in pursuit of their educational and career goals” (Creamer and Creamer, 1994).
As noted above, individuals with disabilities often face additional obstacles during
transitions from high school to college, and this form of support with a strong, ongo-
ing mentorship goes far beyond typical advising. However, this and any other forms of
institutional support cannot replace the critical need for mentorship with science faculty,
and access to legitimate research experiences, for students with disabilities, as for all other
students. Like other mentorship interventions described in the compilation, short- and
long-term interventions data for mentoring students with disabilities is lacking.

Neurodiverse Students

One group of people with disabilities who pursue STEMM majors are those diag-
nosed with a neurodiverse condition, such as autism spectrum disorder (ASD). Among
students entering colleges with disabilities, those with ASD have the third-lowest rate
of attending college, but a higher percentage of them select STEMM majors (White et

3 Universal design for learning, or UDL, is an approach to curricula and teaching methods that strives
to be more inclusive than American with Disabilities Act guidelines.
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al,, 2011). It has been theorized that students with ASD are above average on creating
systems, doing analysis, and understanding rule-based systems that help them excel
academically in certain STEMM majors (Austin and Pisano, 2017). However, they score
below average on emotional and social thinking, which can become a barrier to their
success in college (White et al., 2011).

Students with ASD who have the academic skills and strengths to succeed often also
have differences in sensory and executive functions and communicate in nontypical
fashions that may result in problems of understanding and create unique challenges
(Boutot and Myles, 2011). A critical component of postsecondary education is navi-
gating the classroom environment and interactions with faculty and staff (Austin and
Pefia, 2017), and research has shown that students in general who interact more with
faculty experience more satisfaction with their education, attain better grades, and have
greater persistence to graduation (Harris et al., 2011). As a result, a faculty member’s
interaction with a student with ASD plays an important role in that student’s success,
with the perceived attitude toward providing accommodations for the student being a
big factor in that success. Faculty members are legally required to provide “reasonable
accommodations,” but students with ASD often do not follow through with registering
at the university’s disability services or notifying faculty members of their needs (Austin
and Pefa, 2017). Faculty members are often aware of the needs of individuals who are
blind or deaf, but more training is needed to make faculty members aware of the needs
of people with ASD (Taylor, 2005).

Few articles have addressed faculty experiences with strategies for working with
students with ASD. One group of investigators has outlined three strategies found to be
effective, at least in the context of didactic instruction: minimizing classroom anxiety,
improving executive functioning, and supporting critical thinking instruction (Shmulsky
and Gobbo, 2013). The same investigators found that providing structure and giving
attention to the classroom’s emotional climate were effective support strategies (Gobbo
and Shmulsky, 2014). In the context of research experiences and research mentoring
specifically, another study reported preliminary results from a pilot program of peer
mentoring for university students on the autism spectrum. These results included gains
in student’s self-reported measures of social support and general communication (Siew
et al, 2017).

One study has reported results from a pilot undergraduate research program for
engineering students with attention deficit hyperactivity disorder (Hain et al., 2018).*
Students in this program participated in extracurricular research projects that allowed
them to work, interact, and connect with other neurodiverse students and use their intel-
lectual strengths in a way that might be confined in the traditional engineering course
environment. The study found that this intervention increased the participants’ interest

44 Attention deficit hyperactivity disorder, or ADHD, is sometimes considered a neurodiverse condition.
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in engineering research, their sense of belonging in engineering, and their interest in
pursuing graduate studies in engineering.

However, in contrast to the case for other identity groups or even including indi-
viduals with other disabilities, there is virtually no literature on empirical approaches,
let alone theoretical constructs, for STEMM mentoring of students with ASD. With the
expected growth of this segment of the postsecondary population, this appears to be a
large and ripe area for research. Nonetheless, in light of the differences that define ASD,
it is reasonable to surmise that mentoring strategies for ASD students may require sig-
nificant modification from those used with other students in STEMM.
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Mentorship Structures:
What Forms Does Mentorship Take?

This chapter discusses mentoring experiences that occur within various mentorship
structures or that are embedded in a program. Mentorship structures refer to the ways
in which mentoring relationships are created and enacted, whether they are assigned
formally or develop informally, and whether there are single or multiple mentors or
mentees. Mentorship is commonly considered a dyadic relationship, an interaction
between one mentor and one mentee. However, a growing body of research both within
and outside of science, technology, engineering, mathematics, and medicine (STEMM)
indicates that structures other than dyads may benefit mentors and mentees, particularly
mentees from underrepresented (UR) groups (Griffin et al., 2018).!

This chapter discusses the various mentoring relationship structures observed in
STEMM and the extent to which these structures have been reported in the literature for
mentees with different personal characteristics and at different educational stages in dif-
ferent disciplines. For each mentorship structure, this chapter presents a general descrip-
tion of the issues and parameters and then examples of specific studies. While some of
the studies cited when providing the general description are not specific to STEMM
fields, they provide relevant background. For each mentorship structure, specific studies
relevant to undergraduate or graduate students in STEMM are then discussed in more
detail. This chapter also presents a review of mentorship in medicine and a selection of

! This report refers to UR groups as including women of all racial/ethnic groups and individuals specifi-
cally identifying as Black, Latinx, and American Indian/Alaska Native. Where possible, the report specifies
if the UR groups to which the text refers are Black, Latinx, or of American Indian/Alaska Native heritage.
See Chapter 3 for a detailed discussion of specific issues that affect UR students.

75

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/25568

The Science of Effective Mentorship in STEMM

76

THE SCIENCE OF EFFECTIVE MENTORSHIP IN STEMM

BOX 4-1
Theory and Mentorship Forms and Features

Concepts from and aligned with the theories of social network theory, social capital theory, and
ecological systems theory have been used in many of the studies cited and programs described within
this chapter. These, and other theories, are especially relevant to understanding the various forms of
mentoring and mentoring features included in some programmatic interventions.

programs for which mentorship is a featured element. Box 4-1 highlights how theory
may inform the concepts that are discussed.

FORMAL VERSUS INFORMAL MENTORSHIP

Formal mentorship has been characterized historically as a mentoring relationship
in which a designated mentor and mentee are assigned to one another as part of an
organizationally supported program,? while informal mentorship develops spontane-
ously based on mutual interest and interpersonal comfort® (Kram, 1985a; Ragins and
Cotton, 1999; Zachary, 2011). Research in STEMM indicates that formal and informal
mentorship both occur. However, it is helpful to consider how different educational
environments may foster relationships that are more or less formal, especially consider-
ing that research mentorship in STEMM rarely fits easily into either the formal or the
informal constructs.

Formal, Informal, and Research Mentorship in STEMM

Only a few of the studies in STEMM have examined informal mentorship, and there
appears to be no systematic studies comparing the processes of mentorship and outcomes
of formal versus informal mentorship in STEMM.* The research that has been done
indicates that formal and informal relationships may offer complementary and over-
lapping forms of support. One study, for example, found that graduate students receive

2 For the purposes of this report, formal mentorship refers to mentoring relationships or programs in
which an individual or program has specific responsibilities related to the progress and success of the men-
tee, and where the parties are formally assigned and expected to engage in mentorship. Such relationships
may include an evaluative or supervisory function in which the mentor is responsible for overseeing and
evaluating the mentee’s progress and success, such as in a primarily research context in STEM.

3 For the purposes of this report, informal mentoring relationships are those that evolve spontaneously
and informally (Ragins and Cotton, 1999), with no specified responsibilities, and involve no evaluative or
supervisory function.

* Issues regarding assessment of STEMM mentorship programs are discussed in Chapter 6.
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mentorship support from formal relationships with advisors or dissertation committee
members and also from informal relationships such as friends, family, and peers (Griffin
et al., 2018). Research has shown, too, that members of UR groups in STEMM often
find it more difficult to gain access to the benefits of informal mentoring relationships.

Mentoring relationships with dissertation committee members would be considered
“formal,” while mentoring relationships with other faculty and staff who do not have
any supervisory or evaluative responsibilities would be considered “informal,” as long
as they emerge spontaneously based on personal connections or interactions. A primary
research advisor for both undergraduate and graduate research experiences in STEMM
will have supervisory and evaluative roles similar to formal mentors, but a research
advisor is not always assigned and most mentees have some say in the research advisors
they choose. In fact, students and faculty often enter into these relationships based upon
mutual interests and respect. Furthermore, not all formal relationships that students
have with research advisors, thesis advisors, dissertation committee members, and other
higher education professionals are “mentoring” relationships. For such relationships to
be mentorship, the mentee must perceive them as providing career and psychosocial
support functions and ideally they would be characterized by trust and responsiveness
in the form of a working alliance (Montgomery, 2017; Schlosser and Gelso, 2001, 2005).
Moreover, the various levels of formality in STEMM mentoring relationships may have
different outcomes, a finding that echoes studies outside of STEMM showing that formal
and informal mentorship can provide complementary forms of support (Desimone,
2009; Desimone et al., 2014; Erickson et al., 2009).

Given the nature of mentorship in STEMM in higher education, it may be more
useful to delineate mentoring relationships by their goals and contexts rather than by
their level of formality (NASEM, 2017¢; Pfund, 2016). For example, much of the research
on mentorship in STEMM examines mentorship in the context of research. While trust
and responsiveness may develop over time in a way that shifts the relationship with a
research advisor from advising to mentorship, mentees occasionally choose research
advisors based on scant information. In addition, not all mentees and research advisors
consider their relationship to be mentorship (Hayward et al., 2017; Schlosser and Gelso,
2005). Future research on mentorship in STEMM could clarify the nature and evolution
of the mentoring relationships being investigated.

Formal and Informal Mentorship Outside of STEMM

Despite the lack of research on formal and informal mentoring relationships in
STEMM contexts, meta-analytic work on mentorship in workplace settings and aca-
demic settings in general—including but not limited to STEMM—suggests that mentees
view informal relationships as more effective than formal mentoring relationships, but
the differences are small in magnitude (Eby et al., 2013). Furthermore, formal mentor-
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ship is important when mentees might not otherwise have the same access to informal
mentorships, an important consideration for UR students.

Studies from outside STEMM suggest that informal mentorship may be more effec-
tive than formal mentorship programs in affecting job satisfaction and compensation
outcomes (Ragins and Cotton, 1999). However, the effect sizes, while robust across
studies, are small (Eby et al., 2013). Overall, formal, assigned mentorship of employees
is not necessarily less effective than informal mentorship, with mentee satisfaction with
their mentoring relationship appearing to account for positive outcomes, not the for-
mality of a relationship (Ragins et al., 2000). Further, job satisfaction is a fundamentally
different outcome than the development of research and career skills that occurs via
mentorship in STEMM training. Thus, findings about formal mentorship in other work-
place settings may not translate to research mentorship even though research mentorship
shares many characteristics of formal mentorship.

Mentees in informal mentoring relationships within organizational settings report
receiving higher levels of career and psychosocial support and having higher-quality
relationships than do individuals in formal mentorship programs (Chao et al., 1992;
Inzer and Crawford, 2005). Because informal mentoring relationships form through
personal and professional respect and admiration between mentor and mentee, and
sometimes result in mentors and mentees sharing more identity characteristics with
one another, mentees in informal mentoring relationships report being more satisfied
with their mentors than mentees in formal relationships. As a result, mentees may
develop greater trust with their mentor in an informal relationship and identify with
them to a greater extent than mentees in formal relationships, thereby reporting a
higher-quality relationship (Hadjioannou et al., 2007; Inzer and Crawford, 2005; Kram,
1985a; Nemanick, 2000; Ragins, 1997). The extent to which these findings from orga-
nizational behavior research translate to mentees in STEMM and academic contexts
has yet to be determined. Studies of students in STEMM do, nonetheless, indicate that
trust and identification may be particularly important for mentees from UR groups
(Carroll and Barnes, 2015; Denson et al., 2015; Muller et al., 2012). As such, positive
psychosocial support activities found in informal mentoring relationships (Ragins et
al., 2000), such as social interaction, role modeling, and friendship, may facilitate trust
and identification for UR mentees.

MENTORSHIP DYADS

For the most part, mentorship has been studied as a dyadic structure, meaning a
relationship between one mentor and one mentee working together as a pair. This dyadic
perspective on mentorship is sensible in terms of both research and practice. Historically,
the process of developing expertise and career preparation has followed an apprentice-
ship model in which a novice learns by working alongside an expert (Lave and Wenger,
1991; Wenger, 1999). This apprenticeship structure is still standard in some STEMM
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learning environments, such as undergraduate and graduate research and in clinical
internships and residencies. However, this paradigm is changing.

From a research perspective, mentoring relationships are, at their foundation, rela-
tionships between two individuals with a priority on the mentee achieving desired out-
comes. Indeed, much of the research on mentorship across fields, contexts, and career
stages has focused on the relationship between two individuals, a mentor and a mentee
(Higgins and Kram, 2001). This focus on dyadic mentoring relationships follows from
work that described mentorship as a relationship between a more experienced individual,
the mentor, and a less experienced individual, the mentee, with the aim of supporting
the mentee’s personal and professional growth (Kram, 1983; Levinson, 1978).

NON-DYADIC OR MULTIPLE-MENTOR MENTORSHIP

Effective mentorship involves the provision of both career support—career guidance,
skill development, networking, and sponsorship—and psychosocial support—emotional
support, confidence boosting, and role modeling (see Table 2-1 for descriptions of some of
these functions) (Haggard et al., 2011; Jacobi, 1991; Kram, 1985a; Packard, 2016). Effective
mentoring relationships must be dynamic, shifting as the skills and competencies of the
mentor grow and as the needs, interests, and goals of mentees change during what is a par-
ticularly dynamic time in their personal and professional development. However, a single
mentor might not have the entire suite of knowledge, skills, abilities, or connections needed
by their mentee (DeCastro et al., 2013; Halvorson et al., 2015; Yun et al., 2016), suggesting
that other mentorship structures beyond a dyad could be important for mentees’” success.

Most research on mentorship in STEMM examines mentorship at the level of dyads, but
amore diverse set of configurations are used in practice. Indeed, there have been attempts to
define the various forms of mentorship (Huizing, 2012; Kroll, 2016; Mullen, 2016; Nicholson
etal.,2017), and investigators have used a variety of terms to describe mentorship configura-
tions that involve more than one mentor and mentee, including the following:

o Mentorship constellations (Kram, 1985a)

« Mentorship mosaics (Darling, 1986)

 Multiple mentorship (Baugh and Scandura, 1999)

« Developmental networks (Higgins and Kram, 2001)
 Group mentorship (Huizing, 2012)

These descriptions categorize mentorship by the number of mentees and mentors
in the relationship; the nature, intentionality, and frequency of their interactions and
whether mentors interact with each other;> and the relative expertise, roles, or levels

5 Intentionality refers to a calculated and coordinated method of engagement to effectively meet the needs
of a designated person or population within a given context.
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A. Dyad B. Triads
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FIGURE 4-1 Example mentorship configurations. (A) Dyadic pairing between and one mentor and one
mentee with bidirectional engagement. (B) Two examples of triads, one open triad with two mentors
and one mentee (co-mentorship) and one closed triad with one mentor and two mentees; both with all
bidirectional engagement. (C) An example of a collective or group mentorship configuration with two
mentors and three mentees and bidirectional engagement. (D) An example of a mentorship network for a
mentee with two mentors, two mentorship nodes (i.e., a group of peer mentors), and two resource nodes
(i.e., @ mentorship-intensive social media forum).

NOTES: Lines indicate ties or interactions between individuals or resources, arrowheads indicate whether
interactions and resource and information sharing are primarily unidirectional or bidirectional, and weight of
the lines indicates the strength of the relationship in terms of its duration or frequency or intensity of interac-
tion. Colors indicate that different mentors and mentees bring distinct perspectives, information, and access
to resources to the mentoring relationship, and the shapes indicate the nature of the mentor or mentorship
resource, whether it is a person (i.e., mentor) or group of persons (i.e., a mentor node, such as professional
colleagues of mentors) or a resource node, such as a website, program, or social media presence that offers
access to trusted, dynamic, tailored information that mentees use. The number of shapes and ties indicates
how many mentors and mentees may be interacting in a mentoring relationship.

of authority among individuals in the relationship. Although no single approach has
emerged as definitive for identifying and distinguishing among different configurations
of mentorship, these studies reflect the idea that mentorship may be thought of more
broadly than a singular dyadic relationship. Figure 4-1 depicts mentorship configurations
from a social network perspective,® with a focus on ties between individuals and charac-
teristics of mentors and mentees as both providers and recipients of unique information
and access to resources (Burt, 2000; Higgins and Kram, 2001).

6 Social network theory is described as one of the theoretical models in Chapter 2.
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The various mentorship configurations observed in STEMM include dyads, triads,
collective or group mentorship, and mentorship networks (Aikens et al., 2016; Joshi et
al., 2019). Mentorship dyads are single mentor-mentee pairs in which the mentor and
mentee interact in ways that are mutually responsive (Figure 4-1, panel A). Mentorship
triads take multiple forms, including as co-mentorship situations in which a graduate
student mentee works with two research mentors, an M.D.-Ph.D. student who works
with a research mentor and a clinical mentor, and more hierarchical structures in which
an undergraduate researcher works with both a graduate/postdoctoral mentor and a
faculty mentor (Figure 4-1, panel B) (Aikens et al., 2016; Giordana and Wedin, 2010;
Limeri et al., 2019; Plack, 2008). Collective or group mentorship configurations occur
when a group of mentees work together with one or more mentors as a small network,
providing distinctive resources and information to one another, such as peer-to-peer
advice between mentees or guidance from multiple disciplinary perspectives (Figure
4-1, panel C). Finally, mentorship networks refer to situations in which a mentee taps
a variety of resources and people for mentorship (Figure 4-1, panel D). For simplic-
ity, mentorship structures other than dyads are referenced collectively as non-dyadic
structures. From a practical perspective, mentees are unlikely to limit seeking help and
guidance to just one mentor, and no single mentor is going to be able to offer all the
types of support a mentee may need.

A growing body of literature offers advice, opinions, and descriptions for non-
dyadic mentorship in STEMM. For example, researchers have noted favorable feedback
from faculty mentors and undergraduate mentees regarding a community mentor-
ship approach (Kobulnicky and Dale, 2016). This approach was piloted in a summer
undergraduate research program in astronomy, where students worked in six-person
teams mentored by three to five faculty and one or two local graduate or undergradu-
ate students.” Other investigators have recommended that M.D.-Ph.D. student training
should involve mentorship triads comprising new students, experienced students, and
program faculty members to address challenges faced by M.D.-Ph.D. mentees as they
transition between stages of their training (Chakraverty et al., 2018). Another research
group has divided specific elements of support provided by a mentor into six individual
roles (see Box 4-2).

A substantial body of research on non-dyadic mentorship exists in industry, K-12
education, and other settings that could inform future research on non-dyadic mentor-
ship in STEMM (Ambrosetti et al., 2017; de Janasz and Sullivan, 2004; de Janasz et al.,
2003; Huizing, 2012; Long et al., 2018; Yip and Kram, 2017).8 Of interest are the studies
outside of STEMM that have been able to attribute mentee outcomes to non-dyadic
mentorship structures, at least to some extent, either by asking M.B.A. student mentees

7 The outcomes of this pilot could not be obtained from the limited data provided by the study.
8 It is beyond the scope of this work to review and synthesize all of the research on non-dyadic mentor-
ship outside of postsecondary STEMM education.
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BOX 4-2
The Thrive Mosaic

A “Thrive Mosaic” is a framework proposed to support the development of science, technol-
ogy, engineering, and mathematics scholars of color. This framework, drawing on ecological systems
theory, identifies explicit forms of support, such as advocacy, connecting, coaching, and training,
so that mentees can identify individuals in their networks who can offer these forms of support. The
Thrive Mosaic deconstructs the traditional academic mentoring relationship into six roles—associate,
advocate, connector, mentor, coach, and targeted training—with each Thrive Mosaic “partner” typi-
cally taking on one of these roles. When recruiting Thrive Mosaic partners, a mentee reaches across
identity dimensions, communities, and scholarly disciplines.

SOURCE: Chapman, 2018.

to quantify their developmental relationships (Dobrow and Higgins, 2005) or by asking
new librarian mentees to rate or otherwise report on the mentorship support they have
received (Ritchie and Genoni, 2002). These studies provide glimpses into how non-
dyadic mentoring relationships develop, into how well or poorly they function, and about
what changes occur over time at the undergraduate and graduate levels.

When these studies are considered together with the existing research in STEMM,
they suggest that non-dyadic mentorship is a worthy focus for additional practical and
empirical work in STEMM. For example, there is an opportunity to increase systematic
analysis of mentorship configurations that could determine which ones are experienced
by mentors and/or mentees. There is also an opportunity for improvements in the mea-
surement of mentorship structures® and the incorporation of study designs that allow
for causal inferences or comparative claims to be made about the effects of specific
mentorship structures.

Moreover, there are few assessments of how different mentorship configurations
relate to mentee or mentor outcomes. One research group took a step in this direction in
formulating a framework for mentorship of American Indian/Alaska Native doctoral stu-
dents in STEMM (Windchief and Brown, 2017). This framework is distinctive in making
explicit that particular values must be an integral element of mentoring relationships.'?
Although the investigators do not directly test the effectiveness of programs designed
using this framework, their recommendation is consistent with research on effective
mentorship showing that mentors and mentees who share deep-level characteristics have
higher-quality relationships (Eby et al., 2013).!!

® See Chapter 6 for a discussion on measurement challenges.

10 The recognition and integration of identity—including values—is discussed further in Chapter 3.

1 Deep-level characteristics or similarities refer to identity traits that include shared attitudes, goals, inter-
ests, values, and even perceived similarity in problem-solving style and are discussed further in Chapter 3.
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Additional qualitative research could help fully describe and characterize non-
dyadic mentorship structures and processes, especially the interpersonal interactions
that are unique to relationships between more than two people and how mentors and
mentees navigate these interactions (Yip and Kram, 2017). It may be interesting to
investigate what roles each mentor is playing in the non-dyadic structures, how those
roles are aligned with the mentee’s needs, and how effectively the mentoring roles are
being fulfilled (NASEM, 2017c; Pfund, 2016). Longitudinal research could also eluci-
date how mentees’ shifting needs, interests, and priorities can be supported by different
mentorship structures over time. These approaches may allow researchers to connect
mentee outcomes to mentorship structures and support functions—such as those listed
in Table 2-1—which can then be used to inform practice. A similar approach may be
useful for delineating the particular benefits or affordances of mentorship efforts that
are embedded in larger programs (Yip and Kram, 2017).

Mentorship in Triads

Sociologists have long recognized that triads—a group of three people—are the
smallest non-dyadic social group that has the potential to experience the full range of
social relations, both positive and negative (Caplow, 1956; Krackhardt and Handcock,
2007; Simmel, 1964). Qualitative accounts of mentorship triads have shown that mentees
gain distinct forms of career and psychosocial support from different mentors (Dolan
and Johnson, 2010; Griffin et al., 2018). When three people are involved in a relationship,
scenarios that are not observable in dyads can arise, such as competition and coalitions
(Burt, 2009; Simmel, 1964).!2 Possible types of mentoring triads are discussed in Box 4-3.

A handful of studies have examined one type of mentorship triad that is common-
place in STEMM at research universities: an undergraduate researcher, the graduate
student or postdoctoral associate who provides day-to-day guidance on research, and
the faculty member who is head of the research group. One survey of approximately 800
undergraduate life science researchers found that undergraduates reported experiencing
a range of triadic mentorship structures (Aikens et al., 2016). A second study examined
the two most common of these mentoring triads: open triads with undergraduate-post-
graduate and postgraduate-faculty interactions but no direct interactions between the
undergraduate student and faculty member, and closed triads, in which there are interac-
tions among all three members (Aikens et al., 2017). This study found that students with
different identity characteristics, such as gender, race, or ethnicity, experienced different
mentorship configurations, which partially explained differences in their outcomes.
For example, men were significantly more likely than women and UR students were

12 For example, a graduate student and an undergraduate researcher in a mentorship triad may compete
for their faculty mentor’s time and attention. Alternatively, two mentees may form a coalition to change the
nature of their interactions with a mentor.
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BOX 4-3
Mentoring Triads

Mentorship triads can include one mentee and two mentors, two mentees and one mentor, and
a combination of the two, where the most experienced individual in the triad mentors a somewhat
less experienced individual who in turn mentors an individual who is new to the field or area, forming
a sort of mentorship cascade or ladder. In some instances, mentorship triads may include three-way
interactions characterized by trust and responsiveness and providing career and psychosocial support,
a structure described as a “closed” triad. In other instances, mentorship triads may manifest more
as dyads with interactions between pairs of individuals in the triad but not three-way interactions, a
structure described as an “open” triad.

significantly more likely than White or Asian students to report being in closed triads.'?
For women, being part of an open triad mentorship structure appeared to have a nega-
tive effect on the development of their scientific identity, intentions to pursue a science,
technology, engineering, and mathematics (STEM) Ph.D., and scholarly productivity.
For UR students, a closed triad mentorship structure appeared to have a positive effect
on the development of their scientific identity, intentions to pursue a STEM Ph.D., and
scholarly productivity. Asian students, meanwhile, reported lower scientific identity and
were less likely to intend to pursue a STEM Ph.D., both of which were unrelated to their
open triad mentorship structure. Furthermore, undergraduates in dyads with faculty
mentors reported similar outcomes as undergraduates in closed triads but superior
outcomes to undergraduates in open triads (Joshi et al., 2019). In all of these studies, the
effects of mentorship structure on undergraduate outcomes were significant but small.

Another study of a largely triadic system looked at the experiences and growth of
biomedical Ph.D. programs engaged in a unique partnership between the intramural
program at the National Institutes of Health (NIH) and Ph.D.-granting universities. In
that structure, Ph.D. students were co-mentored by a faculty member at NIH and at a
participating university. One finding from this study was that the co-mentored students
were able to develop more quickly, acquired more complex research management skills,
and became more independent (McGee and DeLong, 2007). Another finding was that
mentors behaved differently with these students, allowing them more autonomy and
working closely with co-mentors, largely for the benefit of the student. There was no
indication mentors changed their mentorship styles for other Ph.D. students in their
research groups.

13 For this study, UR students were a combined group of students who identified as American Indian/
Alaskan Native, African American, Native Hawaiian/Pacific Islander, and Hispanic/Latinx.
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Collective or Group Mentorship

Group-based mentorship is distinctive because it involves the collective develop-
ment and cultivation of communities of mentors, including multiple mentees who
themselves serve as mentors for each other (Bradley et al., 2017; Comer et al., 2017; de
Janasz and Sullivan, 2004; Dodson et al., 2009; Eby, 1997; Huizing, 2012; Ireland et al.,
2018; Ko et al., 2014; Kroll, 2016; Martinez et al., 2015; Thomas and Hollenshead, 2001;
Varkey et al., 2012). Such efforts can be accomplished in person (Allen and Joseph,
2018; Comer et al., 2017; Dodson et al., 2009; Eby, 1997; Ireland et al., 2018; Ko et
al., 2014; Martinez et al., 2015; Thomas and Hollenshead, 2001; Varkey et al., 2012),
online through social media and other digital platforms (Columbaro, 2009; Gareis and
Nussbaum-Beach, 2007; Gregg et al., 2016; Wolfe and Gregg, 2015), and using mixed
online and in-person approaches (Martinez et al., 2015). Mentorship groups can span
levels of expertise and cross disciplines (Dodson et al., 2009; Horner-Devine et al.,
2018; Reeves et al.,, 2019; Thomas et al., 2014). Group mentorship can be thought of
as an application of the community-of-practice concept, which is defined as a group
with a mutual focus that improves through regular interactions (Wenger et al., 2002).
Although there has been little direct investigation of group mentorship in STEMM as it
relates to career or educational stage, group mentorship involving individuals at differ-
ent educational stages has the potential to provide developmentally adapted mentorship
(Dodson et al., 2009; Montgomery et al., 2014).

Mentorship groups can be affinity based, meaning that the group comes together
around a common identity, such as African American women in STEMM.'* Affinity-
based mentorship groups have the potential to create a microclimate that provides criti-
cal support for individuals experiencing isolation and invisibility due to their identities
(Comer et al., 2017; Martinez et al., 2015; Smith et al., 2014; Tuitt, 2010). A handful
of studies of particular mentorship groups have shown that affinity-based mentorship
groups have been used successfully to support group members, including individuals
from UR groups in STEMM who are interested in advanced degrees (Allen and Joseph,
2018; Dodson et al., 2009). For example, group mentorship among women scholars
has been shown to help participants build skills, self-efficacy, and career satisfaction
(Martinez et al., 2015; Varkey et al., 2012). Group mentorship among African American
male undergraduate and graduate students has also been shown to help build skills,
improve academic success and persistence in research, and value the communal goals
of the group (Dodson et al., 2009). Another study highlights the value of cohorts for
providing peer support and socialization opportunities among deaf mentees that would
otherwise be absent in a strictly dyadic mentoring relationship (Majocha et al., 2018).

In particular, collective mentorship in affinity groups can produce guidance that
disrupts negative influences existing in historically White spaces (Allen and Joseph,

4 Chapter 3 discusses the role of identity in STEMM.
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2018) and traditionally male spaces (Thomas et al., 2014), as well as leading to advocacy
(Thomas et al., 2014). Additionally, group mentorship may confer benefits for women
and UR students as a means of addressing the scarcity of traditional “senior” mentors.!>
Several features have been proposed for ensuring the effectiveness of group mentorship,
specifically that groups intentionally focus on equitably supporting strengths (Allen and
Joseph, 2018; Kelly and McCann, 2014), providing social support (Mondisa and McComb,
2015), and prioritizing self-definition and self-valuation (Dodson et al., 2009).1¢

Peer and Near-Peer Mentorship

Peer mentorship groups, in particular, may promote collaboration, provide mentees
with psychosocial and career—specifically academic—support, increase dedication to
a STEM major, and increase retention (Holland et al., 2012; Tenenbaum et al., 2014;
Zaniewski and Reinholz, 2016). Peer or near-peer groups may also serve to enhance self-
efficacy and diminish feelings of isolation (Driscoll et al., 2009; Thomas et al., 2014). This
outcome is supported in part through shifting the focus from mentor-centered power
hierarchies to mentee-centered peer sharing and support (Bynum, 2015; McDaugall and
Beattie, 1997; Wilson et al., 2012).

In the absence of available mentors, or to supplement effective mentors, UR STEMM
students are likely to mentor each other or form mentoring groups with peers who are at
approximately the same stage of career development, an approach referred to as near-peer
or step-ahead mentoring.!” One comparative study that examined traditional, peer, and
step-ahead mentoring relationships in the organizational setting found that employees in
traditional mentoring relationships had the highest job satisfaction. From a theoretical per-
spective, this may result from the fact that compared with peers and step-ahead colleagues,
traditional mentors have greater access to power and influence, which translates into better
career outcomes (Ensher et al., 2001). Nonetheless, peer and step-ahead mentoring groups
can be an important approach for addressing the lack of STEMM UR faculty.

Because peer mentors in these types of mentoring relationships share an impor-
tant identity (e.g., being a UR doctoral STEM student), they may benefit from having
greater levels of interpersonal comfort. A 2005 study of health care and technology
employees examined the role of interpersonal comfort in mentoring situations (Allen
et al., 2005). Institutions can integrate near-peer mentoring into their programs (see
Box 4-4). Furthermore, whenever a mentor is in a more advanced position than the
mentee, the mentee can learn vicariously from the mentor (Williams et al., 2016a).

15 During the committee’s conversations in its listening session with mentors and mentees around the
country, committee members heard concerns regarding access to senior mentors of color and the mentor-
ship load on mentors of color. This is discussed further in the section on UR faculty in Chapter 7.

16 These proposals could be tested empirically in STEMM.

17 This is often found in STEM Ph.D. programs.
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BOX 4-4
Near-Peer Mentoring in the Fisk-Vanderbilt Master’s-to-PhD Bridge Program

The Fisk-Vanderbilt Master’s-to-PhD Bridge Program has found that a tiered, peer-mentoring
approach—similar to step-ahead mentorship—in which senior Bridge students are connected to fresh-
man Bridge students, helps the newer students feel emotionally supported (Stassun et al., 2010). The
program focuses on supporting UR students in transitioning to Ph.D. programs in STEM.

Network Mentorship

Mentorship networks—the constellations of mentoring relationships and resources
that a mentee taps for support—have gained increasing recognition both within and
outside of STEMM (Higgins and Kram, 2001; Long et al., 2014; Sorcinelli and Yun, 2007;
van Emmerik, 2004). While much of the research on this mentee-centered structure
has occurred outside of undergraduate and graduate student career stages or outside
of STEMM, they provide some insights that are likely to be applicable for STEMM
mentorship. For example, among UR faculty members, a mentorship network can offer
less hierarchical, more relational, and more reciprocal mentorship (Yun et al., 2016).
Networks can also serve as critical for the provision of support, affirmative spaces, and
accountability (Hernandez et al., 2017). One means of ensuring equitable access to
the elements of mentorship networks involves the intentionality and accountability of
institutional leaders (Beach et al., 2016; Ko et al., 2014; Lloyd-Jones, 2014; Montgomery,
2018a; Turner et al., 2011; Whittaker et al., 2015).

Longitudinal studies of mentorship outside of STEMM have found improved long-
term outcomes for mentees based on engagement with mentorship networks, as opposed
to the effective support of short-term goals observed in traditional hierarchical dyads
(Higgins and Kram, 2001; Higgins and Thomas, 2001). Specific tools to promote building
and cultivating mentorship networks intentionally are emerging (Montgomery, 2017).
The formal inclusion of a network mentorship into STEMM programs may have chal-
lenges in coordinating accountability or other aspects of mentorship.

ONLINE OR E-MENTORSHIP

Online mentorship, also called electronic or e-mentorship, has grown in popularity
with advances in social media and online communication over the last 20 years (Bierema
and Merriam, 2002; Ensher and Murphy, 2007; Single and Single, 2005). This form of
remote mentorship, sometimes involving online, affinity-based groups, appears to be
particularly appealing to individuals from UR groups, including those with disabilities,
and for individuals at institutions with a shortage of mentors in particular careers or

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/25568

The Science of Effective Mentorship in STEMM

88

THE SCIENCE OF EFFECTIVE MENTORSHIP IN STEMM

disciplines (An and Lipscomb, 2013; Chong et al., 2019; Gregg et al., 2016; Griffiths and
Miller, 2005; Harris et al., 2016; Hayward and Laursen, 2018; Obura et al., 2011; Schichtel,
2010; Shpigelman et al., 2009; Stoeger et al., 2016; Valentin-Welch, 2016; Wendt et al.,
2018). Although these initiatives have been described in the literature, and even though
they can provide substantial psychosocial and career mentorship support (Spitzmueller
et al,, 2008), there have only been limited systematic studies that identify the nature and
effectiveness of the mentorship that occurs in these spaces.!®

According to conversations committee members and staff had with STEMM stu-
dents during listening sessions, online mentorship provided opportunities for mentees
to gain access to career and psychosocial support when they were not getting their
needs met by local mentors. STEMM students reported that online mentorship forums
provided information, support, and problem solving that was otherwise not available to
mentees (“resource node” in Figure 4-1, panel D) or “lifted them up” when their local
mentors were undermining their self-efficacy, sense of belonging, or scientific identity.
The following programs are examples of online or e-mentorship and do not represent
an exhaustive list.

One online mentorship program in STEM is MentorNet (MentorNet, 2019; Powell,
2006).'° The mission of MentorNet, according to information posted on its website, is
“to provide all STEM students in the United States with access to effective mentorships
in a vibrant community committed to student success.” Since 1997, more than 33,000
mentors and mentees have been paired by MentorNet for 4-month cycles of engagement
and have reported very high satisfaction with the experience (Muller, 2003).

The MentorNet approach served as the basis for MyMentor, the virtual guided
mentorship program offered by the National Research Mentoring Network (NRMN)
(Sorkness et al., 2017). Participants in MyMentor engage in regular (often weekly),
one-on-one, virtual sessions in which the mentee and mentor interactions are guided
by prompts and suggested discussion topics. The MyMentor platform includes over 70
discussion topics suitable for a range of developmental levels (undergraduate student
through postdoctoral trainee). To date, over 800 mentoring matches have been com-
pleted. This method of virtual mentoring benefits individual users as well as groups
and organizations seeking to include mentoring as a part of their membership. Beyond
its virtual guided mentorship, the NRMN platform allows for various communities of
mentors and mentees to communicate among and between its groups and members
(currently about 13,000).

18 One exemption is a study of online mentorships for German secondary girls in STEM (Stoeger et al.,
2016). It found that group mentorship was more effective than one-on-one mentorship to increase girls’
STEM interests.

19 More information is available at https://mentornet.org/; accessed April 4, 2019.
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#BLACKandSTEM is an example of an informal e-mentorship program that uses
Twitter to connect a community of more than 9,500 followers?® representing a range of
STEMM professionals, students, and teachers (Montgomery, 2018b). Featuring Black
individuals connected to STEMM, the community grew largely out of a perceived need
for and a willingness of individuals to occupy the mentor and mentee roles on a regular
basis, often simultaneously. Community members offer a range of support, from assis-
tance in professional writing of personal statements and grant proposals to guidance in
selecting jobs. A hallmark of the #BLACKandSTEM community is that its development
can be attributed to individuals occupying both mentor and mentee roles and that this
community evolved to reciprocally serve the advancement of Black STEMM students
and professionals. This outcome parallels the finding that mentors can advance as they
support mentees (Bozionelos, 2004).

For mentorship settings such as the #BLACKandSTEM community, the impacts on
self-definition and self-valuation can be profound and especially critical for UR indi-
viduals in STEMM (Ireland et al., 2018). Identity and affinity are core to the mission of
#BLACKandSTEM, and targeted attention is given to addressing the imposed conse-
quences of being Black in STEMM fields. For individuals who are typically relegated to
marginalized positions in their professional relationships, such communities can help
them experience a sense of affirmation and agency. Taking this confidence back to their
respective institutions can engender their ability to thrive, leading to increased academic
success even in communities where local structural diversity remains low.

A core group of individuals have enabled this community to persist for over 5 years,
during which time #BLACKandSTEM has become a network of people who repre-
sent a range of STEMM career trajectories and professional positions. For example,
#BLACKandSTEM has strong representation of Black academics who have navigated
the path from graduate student to tenured professor at major universities. Those pro-
fessors are now using #BLACKandSTEM to identify and recruit students and staff for
their own labs.

VanguardSTEM is another online STEM mentorship community that seeks to pro-
vide mentorship experiences for individuals of color, gender nonconforming individuals,
and other marginalized populations in STEMM.?! Every Wednesday, a woman or non-
binary person of color in STEMM is featured through VanguardSTEM’s Twitter page
and blog. Beginning in 2018, VanguardSTEM started providing onsite mentorship at
UR-status-encoded conferences, including the annual conference of the Society for
Advancing Chicanos/Hispanics and Native Americans in Science (SACNAS), and the
National Society of Black Physicists.

20 As of March 6, 2019.
2 More information about VanguardSTEM is available at https://www.vanguardstem.com/; accessed
August 10, 2019.
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MENTORSHIP IN MEDICINE

Considerations for mentoring STEM undergraduate and graduate students have, for
the most part, not directly included medicine—the second “M” in STEMM referred to
in this report. However, some considerations need to be made for these students.

Pre-Medical Mentoring and Advising

At the undergraduate level, most, but by no means all, pre-medical students are also
STEM students and would therefore benefit from the same mentorship as other non-
pre-medical students. For those pre-medical students who participate in undergraduate
research opportunities, mentorship considerations in the context of research would be
similar to or the same as for other STEM undergraduates. Similar to other STEM fields,
the transition in medical education from undergraduate to further study such as medi-
cal school or an M.D.-Ph.D. program is a particularly vulnerable period and can highly
depend on the competencies of the mentors that are involved. Crucially, seeking input
from multiple mentors can help to augment the influence of any single mentor on a
mentee’s potential next steps.

Differences in the mentoring and advising processes arise for students seeking
admission to medical school or graduate school. For medicine, there is a structured
process with a single gate-keeping admissions system administered by the Association
of American Medical Colleges and the American Association of Colleges of Osteopathic
Medicine, and a strong emphasis on academic performance and scores on the Medical
College Admission Test. The requirements for entry into medical school and progression
through training are codified and made highly visible.?? A similarly structured process
exists for applying to and being admitted to dental schools.?® Colleges or universities with
a significant number of pre-medical students usually offer formal advising systems, sup-
ported by the National Association of Advisors for the Health Professions,** with those
advisors having their own strong professional identities. Thus, advising by dedicated
professionals, rather than relying on the variable knowledge of faculty mentors, plays a
prominent role in helping undergraduates navigate this system.

A review of several university websites indicates an intent to design mentoring
programs specifically for pre-medical students. However, the committee could not
find reports of studies of any particular style or design of mentorship in this context.
There are also postbaccalaureate programs established for students who cannot gain
admission to medical school after completing their baccalaureate degree that provide

22 More information is available at https://students-residents.aamc.org/ and https://www.aacom.org/
become-a-doctor/applying; accessed April 16, 2019.

23 More information is available at https://www.adea.org/GoDental/The_application_to_dental_school _
ADEA_AADSAS.aspx; accessed August 15, 2019.

24 More information is available at https://www.naahp.org/home; accessed April 04, 2019.
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varying levels and types of classes for credit, as well as mentoring experiences in pro-
gram contexts.?®

Medical School

The role of mentorship during medical school is peripheral to the primary education
and training designs, which makes it distinctive from graduate education and training.
The intense focus on mastery of a large body of core knowledge during the first two pre-
clinical years has kept medical schools focused primarily on advances in teaching, learn-
ing systems, and pedagogy. The required passage of standardized exams for licensure
and residency positions also precludes substantial reliance on mentorship as a system
to prepare for these standardized expectations. However, functions of mentorship, such
as advising, do play a role in medical school training.

One of the most systematic and relevant reviews of mentorship in medical school
covered PubMed-indexed publications from 2000 to 2008 (Frei et al., 2010). Of 438
publications identified worldwide, only 25 met their selection criteria related to men-
torship purpose and design and mentorship being provided by an experienced medical
professional. Of these, 14 reported on a mentorship program with some survey or other
measure of mentored experiences. Eleven papers reported on the value of mentorship
for medical students in general. Overall, the authors found that mentorship in medical
school, when it occurred, was designed to “provide career counseling, develop profes-
sionalism, increase students’ interest in research, and support them in their personal
growth” (p. 1). However, their review did lead them to reach several conclusions for
students interested in careers in academia: a traditional dyadic mentorship configura-
tion proves most effective,?® the mentor must serve as a role model both professionally
and personally, and career counseling of students by mentors results in students making
earlier decisions about specialty and career.

Research has also examined the effects of mentorship in medical school. One study
of mentorship groups in medical school designed to increase students’ reflectivity for
professional development found mixed results,?” with some students reporting positive
reactions to the groups and others reporting negative reactions to them. Many students
did not feel they should be forced to share their personal reflections in groups of other
students and faculty (Lutz et al., 2017). Another study looked at mentorship in 14 new
medical schools at various stages of achieving accreditation to admit their first class,
considering the possibility that new schools might put more weight on mentorship than
established ones (Fornari et al., 2014). However, the constructs and roles of mentorship

%5 More information is available at https://students-residents.aamc.org/postbacc/; last accessed May 23,
2019.

26 For example, in which the mentee was included in an advanced scientist’s research.

27 Reflectivity refers to internal dialogue related to one’s own concerns and the social contexts.
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programs in these schools were just as varied as in established schools, constrained by the
same limitations of time and resources. Furthermore, mentorship in these new programs
was often difficult to distinguish from advising. Finally, a recent study of a supplemental
training to a mentored research program for UR medical students indicated an increase
in their academic self-efficacy and interest in an academic career (Fernandez et al., 2019).
The results of this study support the potential for programmatic interventions through
mentored research to increase diversity in academic medicine.?® There are also some
examples of the use of online forums and social media to develop supportive, mentor-
ship networks, especially for women and UR physicians.?’

Overall, mentoring does play an important role in medical training and develop-
ment, but it is less focused on actual development of skills and knowledge, as in STEM,
and more focused on professional development and role modeling. In addition, it often
takes on more of an advising context as opposed to long-lasting individualized mentor-
ing relationships.

INTERVENTION PROGRAMS THAT INCLUDE MENTORING EXPERIENCES

Since the broader recognition of the paucity of diversity in science in the 1960s, a
primary approach to remedying the situation has been to focus on designing and imple-
menting programs to diversify the student population in STEMM. Most such intervention
programs have been based in individual institutions, usually supported by federal awards
from NIH or the National Science Foundation (NSF). In some cases these programs
span institutions, including those based in scientific societies or collections of institu-
tions, such as in Brown University’s Leadership Alliance.’* Some intervention programs
engage students for long periods of time, such as an entire undergraduate or graduate
degree program. Others engage students for shorter periods of time but include forms of
engagement that reflect mentorship, such as the Maximizing Access to Research Careers
Undergraduate Student Training in Academic Research (MARC U-STAR) program.

A comprehensive review of programs that cite mentorship as a component is beyond
the scope of this report, but the committee looked carefully at several examples and
designs, as well as the ways in which programs can systematically provide mentorship
or complement what individual mentors might provide. The remainder of this chapter
describes a range of example intervention programs that include mentoring experiences
and have some level of evaluation of the program.>! However, assessments of program

28 There is some research on mentorship and mentorship programs for medical fellows (equivalent to
postdoctoral scholars) and junior faculty, but the committee did not include those in its analysis because
they fall outside of the scope of the committee’s charge.

2 These include #WomeninMedicine and #DiverseDoubleDocs.

30 More information is available at https://www.theleadershipalliance.org/; accessed April 4, 2019.

31 A representative, though not exhaustive, list of programs, along with descriptions and select publica-
tions regarding those programs, is in Appendix B.
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success are often based on programmatic goals and aims, and not specifically on effective
mentorship.*? Additional research can provide greater insight into the affordances and
limitations of the various mentorship programs.

A recent publication has proposed that the collective network mentorship of struc-
tured undergraduate STEM programs be considered as providing “programmatic men-
torship” (Rath et al.,, 2018). Drawing from one example of a MARC U-STAR program,
this paper describes how network mentorship takes place within the program context,
including dyadic mentoring relationships and other mentoring-related resources, peers,
and program elements. A high proportion of the students go on to Ph.D. or M.D.-Ph.D.
programs, which is the goal of the program, suggesting that the networked approach has
a positive influence.’® The authors of that study admit their analysis cannot disentangle
which elements of the network are most critical. Such studies would entail in-depth quali-
tative methods, as the effects of different network elements would likely vary by individual.

Federal Programs

The largest number of programs has been implemented through federal funding agen-
cies such as NIH and NSE3* Some of the largest and longest standing have come from the
National Institute of General Medical Sciences (NIGMS), including the following:

o Maximizing Access to Research Careers Undergraduate Student Training in
Academic Research (MARC U-STAR)

« Research Training Initiative for Student Enhancement

« Initiative for Maximizing Student Development

 Postbaccalaureate Research Education Program (PREP)

Examples of NSF-funded programs with a mentorship component include the
following:

« Alliances for Graduate Education and the Professoriate (AGEP)>

Historically Black Colleges and Universities-Undergraduate Program (HBCU-UP)*
Louis Stokes Alliance for Minority Participation (LSAMP)

Research Experience and Mentoring (REM)

32 For a discussion on program-level assessment, see the “Measures of Mentoring Relationship Processes
in STEMM Contexts” section of Chapter 6.

33 Another possible explanation for these outcomes would be a strong selection pressure. These programs
are highly selective. Quasi-experimental studies that allow for determination of the effects of the program
per se, such as propensity score matching or regression discontinuity, might elucidate the differences.

34 Appendix B provides a comprehensive, but not exhaustive, list of these programs.

% Information about AGEP is available in Appendix B.

36 Information about HBCU-UP is available in Appendix B.
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o Research Experiences for Undergraduates (REU)?’
o Significant Opportunities in Atmospheric Research and Science (SOARS)

o Tribal Colleges and Universities Program (TCUP)38

For most of these programs, “success” has been based almost exclusively on a par-
ticular outcome variable, most commonly the number or fraction of students who stay
in STEMM or progress to the next career stage in STEMM. For example, an educational
outcomes study of the NIGMS MARC program, based on students who participated
between 1986 and 2013, showed that about 20 percent had gone on to earn a Ph.D. For
a subset of most recent participants, 29 percent earned a Ph.D. or M.D.-Ph.D., 17 percent
earned a clinical/professional degree including an M.D. or D.O., and 14 percent earned
a master’s degree (Hall et al., 2016). A primary element of the MARC program is 2 years
of mentored research, largely with an individual faculty member, but sometimes with
several faculty members. However, systematic attempts to disaggregate the effects of the
mentoring relationship(s) on persistence to advanced STEMM degrees remain an open
opportunity for scholarship.

A similar study has been conducted for the educational outcomes of the NIGMS PREP
program, which is a nondegree, research-intensive program supplemented with a variety
of programmatic elements (Hall et al., 2015). For national PREP scholar cohorts between
2001 and 2014, 65 percent matriculated into Ph.D. programs. In the earliest cohorts,
63 percent graduated with a Ph.D., while many in later cohorts were still in training. Of
Ph.D. completers, 50 percent were still in postdoctoral training and the rest were largely
engaged in research. For PREP, an independent, qualitative study was conducted of a
subset drawn from several PREPs across the United States (Gazley et al., 2014). The first
analysis studied individuals just as they started PREP, while the second analysis studied
them 1 to 2 years later at the end of PREP (Gazley et al., 2014). This analysis showed that
trainees entered PREP for reasons that could be clearly linked to either late-developing or
nascent identities as scientists and a need to acquire the cultural capital that could enable
them to effectively transition into and succeed in a Ph.D. program (Gazley et al., 2014).
The subsequent analysis revealed how the time in PREP enabled the participants to grow,
enact, and practice their scientific identity. Using in-depth interviews, this growth could
be dissected to show separate contributions by their mentored experiences and relation-
ships, as well as conscious design elements of the program (Remich et al., 2016).

The Academy for Future Science Faculty, a program of the NIH Director’s Pathfinder
Award to Promote Diversity in the Scientific Workforce, uses a group coaching and
mentorship approach.?® This approach was tested with both early- and late-stage bio-

37 Information about REU is available in Appendix B.

38 Information about TCUP is available in Appendix B.

3 For more information, see, e.g., https://loop.nigms.nih.gov/2010/03/new-nih-directors-initiative-on-
scientific-workforce-diversity/; accessed September 20, 2019.
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medical Ph.D. students using a randomized controlled trial design. Cohorts of 100
early-stage and 60 late-stage Ph.D. students from around the United States (with equal
numbers of control students) were divided into groups of 10 and matched with an expe-
rienced faculty member for mentorship that combined annual in-person meetings and
virtual meetings in between the annual meetings. Groups were purposely constructed
to include equal numbers of men and women and close to equal membership by race
and ethnicity. Groups did not contain students from the same Ph.D. programs, coaches
were not from the schools of students in their groups, and faculty and students in each
group were not from a student’s home institution. Group mentorship was designed to
complement and/or fill in for whatever other mentorship students were receiving during
their Ph.D. program. The program collects annual interview and survey data.

Several reports on the impacts of being part of the Academy have revealed how
students benefit as much from peers as from faculty mentors in this constructed group
environment (Thakore et al., 2014; Williams et al., 2016a, 2016b). Several students indi-
cated they would have dropped out of graduate school had it not been for their peers or
coach (Williams et al., 2016a, 2016b). Benefits align with the psychosocial and career
support functions of effective mentorship, but also reveal vicarious learning that does not
typically get assessed in mentorship environments. Ongoing analysis reveals the effects
of these groups last well past when they have continued meeting, and further analysis
can determine if this group mentorship structure influences career outcomes.

In 2014, NIH created the Diversity Program Consortium,* comprising 10 multi-
institutional sites around the country focusing on increasing the number of UR under-
graduates who persist into STEM graduate programs as well as centralizing resources to
dramatically increase the quality and quantity of mentorship and professional develop-
ment coaching that is available (Hurtado, 2015). The NRMN serves as the element of
the consortium focusing on mentorship and professional development.*! Since NRMN’s
inception, more than 12,000 individuals have joined the network in various capacities as
mentees and mentors. Additionally, more than 540 postdoctoral researchers and early-
career faculty have participated in one of four grant-writing coaching group models in
which feedback and coaching is provided for 4 to 12 months, throughout the time of
writing a research or training proposal. Studies of the effect of these varied mentoring
and coaching experiences are under way (Jones et al., 2017; Sorkness et al., 2017).

The LSAMP program aims to increase the participation of individuals from under-
represented racial and ethnic groups in STEM by increasing “the quality and quantity of
students of color who earn bachelor’s degrees in STEM fields and pursue STEM-related
graduate studies in order to increase the number of underrepresented minorities in
the STEM workforce” (NASEM, 2019, p. 136). A quantitative assessment conducted by
the Urban Institute in 2006 revealed, of 27 alliances surveyed, 82 percent offered mentor-

0 More information is available at https://www.diversityprogramconsortium.org/; accessed April 04, 2019.
41 More information is available at https://www.nrmnet.net; accessed April 26, 2019.
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ship as part of their student professional development and 60 percent cited mentoring
as one of their top five components.*> The academic success of LSAMP-supported par-
ticipants was significantly greater than those of non-LSAMP awardees, when measured
by grade point average. In addition, LSAMP-supported students were more likely to
matriculate into the STEM workforce after undergraduate training or enroll in STEM-
discipline graduate programs than their non-LSAMP counterparts (Clewell et al., 2006).4*

The REM program aims to provide high school students, STEM teachers, and
undergraduate STEM students and faculty with a particular emphasis on UR students
and veterans enrolled in postsecondary education, with mentored, hands-on research
experiences that may enhance career and academic outcomes among participants who
might not otherwise have engaged in a research project. According to NSF, effective REM
programs have many of the following characteristics:

« Mentorship training for researchers and affiliated graduate students or postdoctoral
researchers

o Well-designed, introductory training for research participants

« Six to 10 weeks of full-time summer research

+ Continued mentorship of research participants throughout the academic year

o Participation of research participants in research team meetings and topic-related
conferences or workshops

o Guidance for research participants in coauthoring publications and/or posters**

An assessment of one REM program at City College of New York concluded that
the program provided a “novel and effective platform to allow more underrepresented
students in the greater NYC area to participate in our multidisciplinary research” (Zhu
et al., 2016). Another evaluation of a REM program at Clemson University found that
students felt they were more prepared to conduct research and had acquired better
research skills after participating in the program (McCave et al., 2014).

The SOARS program is a 10-week summer research internship, built around research,
mentoring, and community, hosted by the National Center for Atmospheric Research
or at laboratories of other SOARS sponsors.*> SOARS seeks to involve students from
groups that are historically underrepresented in the sciences in atmospheric research by
offering comprehensive financial support for summer research, as well as undergraduate
and graduate school funding. Each protégé, as the participants are called, has a research,

42 The other four were student research (82 percent), “summer bridge” (67 percent), stipend (48 percent),
and tutoring (37 percent).

43 More information about the LSAMP program is available in Appendix B and at https://www.nsf.gov/
funding/pgm_summ.jsp?pims_id=13646; accessed August 10, 2019.

4 More information about the REM program is available in Appendix B and at https://www.nsf.gov/
pubs/2018/nsf18107/nsf18107.jsp and https://www.nsf.gov/eng/efma/rem.jsp; accessed August 9, 2019.

45 More information is available at https://www.soars.ucar.edu/; accessed August 8, 2019.
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writing, computing, and peer mentor, as well as a coach (Windham et al., 2004). Over the
more than 20 years that the program has been running, 90 percent of SOARS protégés
have gone on to graduate school, and many have entered the workforce with a master’s
degree or gone on to complete a Ph.D. (Haacker, 2015).

Several evaluations of SOARS have noted that the program’s success is exemplified
by the success and quality of its protégés and alumni (Melton et al., 2005; Pandya et al.,
2007; Windham et al., 2004). Some 80 percent of the protégés, for example, participate
in SOARS for 2 years or more, and between 1996 and 2003, none of the diverse group
of participants failed to complete an undergraduate STEM degree. From 1998 to 2007,
SOARS protégés presented more than 113 posters and 65 oral papers at scientific confer-
ences, and 12 protégé-coauthored papers resulting from summer research projects were
published in peer-reviewed journals. As the authors of one evaluation noted, “Quantita-
tive measures (both those SOARS has been tracking over the years and those we contrib-
ute in this report) indicate successes in protégé confidence and comfort interacting with
scientists and other professionals, enhanced research, writing, and presentation skills,
and sense of belonging among a community of peers” (Melton et al., 2005).

Institutional Programs

One well-known institutionally based STEM intervention program is the Meyerhoft
Scholars Program (MSP), initiated in 1988 at the University of Maryland, Baltimore
County. Since its inception, it has been supported by an array of private, federal, and
institutional resources. Extensive research over the years has shown how MSP has a
strong beneficial effect on progression and completion of a Ph.D. for UR students in
STEM (Maton et al., 2000, 2012, 2016; Stolle-McAllister et al., 2011). This conclusion is
supported by comparing the trajectories and outcomes of participating students with a
group of students who were admitted to MSP but chose to go elsewhere. By following
the progress of both groups, this naturalistic experiment allows for some level of control
of confounding factors, such as self-selection into the program by participants. Despite
its value, this kind of comparison is uncommon in the study of academic degrees or
programming. Program elements and perceived value by students are closely tied to
a sense of community, science identity, and research self-efficacy (Maton et al., 2016).

Preliminary data on efforts to expand MSP to two other campuses indicate some
success (Mervis, 2019; Santo Domingo et al., 2019). The University of North Carolina
at Chapel Hill and Pennsylvania State University, University Park, have established the
Millennium Scholars (MLN) Program and the Chancellor’s Science Scholars (CSS)
Program, respectively, with both programs designed to emulate elements of MSP. Data
on student outcomes from the first four MLN and CSS cohorts, as compared with insti-
tutionally identified nonparticipating students, show improvements in STEM retention
and grade point average. However, MLN and CSS required “sufficient and sustained
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administrative support,” full-time dedicated program staft, and participation and support
from faculty leadership across campus, among other factors.

Another extensively studied program is the Biology Undergraduate Scholars Pro-
gram at the University of California, Davis (Barlow and Villarejo, 2004; Gast et al., 2010;
Sweeney and Villarejo, 2013). By constructing comparison groups at the university, pro-
gram investigators were able to show the influence of being in the program on science
grades and persistence into STEMM graduate degrees. Their data suggested that a good
portion of the effect resulted from mentored research, but they could not completely
separate mentorship from the research experience or other program elements.

Probably the most extensive national study of program-based students is The
Science Study based at California State University San Marcos (Estrada et al., 2011, 2018;
Hernandez et al., 2016, 2018; Schultz et al., 2011). This study used a robust propensity
score matched comparison cohort of students at the same institution, and a recruit-
ment strategy and longitudinal design that achieved an exceptionally high retention rate
(Hernandez et al., 2013). The study was able to demonstrate increased persistence by
UR students into and within STEM Ph.D. programs, as well as the critical importance
of developing a science identity in the decision to pursue and persist in the Ph.D.

Mentorship has been shown to be a strategy to promote student success at minority-
serving institutions, particularly through the intentional creation of a culture to promote
the success and well-being of its students. For example, the Peer Mentoring Program
at Xavier University of Louisiana matches incoming freshmen with upperclassmen and
student mentors and mentees with faculty advisors (NASEM, 2019). Similarly, Xavier
University of Louisiana also houses the Center for the Advancement of Teaching and
Faculty Development, which provides faculty mentorship education by hosting faculty
workshops geared toward philosophies of mentoring, communication between men-
tors and mentees, setting goals and expectations, the concepts of stereotype threat and
implicit bias,*® successfully identifying issues and resolutions, and effective mentorship
practices (NASEM, 2019). These programs, however, have not been formally evaluated.

One conceptual example of an institutional program that might encourage mentor-
ship was proposed during the first of three workshops the committee held to gather input
for this report. The development of a supportive or “holding environment” might provide
interesting scaffolding on which programs could be built (see Box 4-5).

16 Stereotype threat is a “socially premised psychological threat that arises when one is in a situation
or doing something for which a negative stereotype about one’s group applies” According to stereotype
threat theory, members of a marginalized group experience negative stereotyping of their group, and they
demonstrate apprehension about confirming the negative stereotype by engaging in particular behaviors or
thoughts that can compromise their performance in a given domain (Steele and Aronson, 1995). Implicit
biases are “attitudes or stereotypes that affect [the holders] understanding, actions, and decisions in an
unconscious manner. These biases, which encompass both favorable and unfavorable assessments, are
activated involuntarily and without an individual’s [conscious] awareness or intentional control” (OSU,
2015).
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BOX 4-5
The Value of a Holding Environment?

Audrey Murrell said she values the concept of a “holding environment.”” Murrell defined this
as a “reliable environment where individuals feel safe to examine and interact with what their world
can and should present, even when they are anxious, inexperienced, challenged, unmotivated, or
misdirected.” To move mentorship from an individual-centered perspective to an environmental one
involves looking across various levels of analysis, such as suggested by the ecological systems theory
discussed in Chapter 2. Defining a holding environment means focusing on psychological safety and
high-quality relationships rather than on an individual sponsor or role model. This focus entails metrics
that measure the complexity of an environment as opposed to measuring individual outcomes such as
graduation in science. Holding environments, Murrell explained, influence everyone in that environ-
ment, not just the mentee, and they provide support in the face of developmental challenges that may
necessitate resilience, determination, and persistence to resolve. In fact, Murrell posited, it may be
that the best mentorship programs are those that purposefully structure developmental challenges to
enable growth to take place in the safety of a holding environment.

Employing the concept of holding environments also implies changing practice, because it
involves developing approaches for changing the environment of an institution, which is a more
difficult proposition than simply developing a mentorship program. Measuring change will entail
having conversations about the quality, rather than the quantity, of interactions. In addition, working
at the level of holding environments suggests using the term “developer” as opposed to “mentor” as
a means of rediscovering the relational and interactional aspects, rather than just the transactional
nature, of mentorship.

Taking a more relational, rather than a transactional, view of mentorship, which is explained by
a social exchange approach mentioned in Chapter 2, means going beyond counting relationships and
instead examining relationship resiliency and quality as well as those factors in the proximal environ-
ments that support effective mentorship. Taking a relational and contextual perspective is another way
to advance our understanding of mentorship.

aThe material in this box reflects comments from Audrey Murrell at workshop 1. More information
about workshop 1 is in Appendix C.

bAssociate Dean of the College of Business Administration; Director of the David Berg Center for
Ethics and Leadership; Professor of Business Administration, Psychology, Public and International
Affairs; and Kenneth R. Woodcock Faculty Fellow at the University of Pittsburgh.

Conference-Based Programs

Several professional development and affinity-based STEM programs are rooted
in providing validation of students’ diverse identities for the purpose of recruiting and
retaining them through degree completion and into the workforce. Research on these ini-
tiatives is limited, however, and only a few long-standing national and localized programs
have cited mentorship as a strong component of their programming for undergraduate or

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/25568

The Science of Effective Mentorship in STEMM

100 THE SCIENCE OF EFFECTIVE MENTORSHIP IN STEMM

graduate students.*” While mentorship at conferences often takes the form of single, one-
off events, the conferences highlighted here were described in the committee’s listening
sessions and in other forums as developing cultures of mentorship for the duration of the
conference. In addition, they often create ongoing structures to facilitate communication
as well as career and psychosocial support in between conferences.

The Southern Regional Education Board hosts the Institute on Teaching and Mentor-
ing (ITM), one of the largest gatherings of minority doctoral students in the country. The
program is more than 25 years old, and the annual gathering brings together doctoral
students with faculty and mentors to receive training and professional development.
The primary goal of ITM is to provide scholars with information, knowledge, and skills
necessary to navigate graduate school and ultimately become professors as a means of
preparing the scholars for mentorship and teaching in the academy. An evaluation of
ITM for 2011-2016 found better alignment of the conference’s stated aims with out-
comes for both women alumni and black alumni, namely, employment status compared
to data from the nationwide NSF Survey of Doctorate Recipients. ITM also encourages
the scholars to become mentors and develop mentorship programs themselves (SREB,
2018a, 2018b, 2018c¢).

SACNAS holds an annual national conference that focuses on cultural capital and
validates the identities of UR students in STEM with activities such as a powwow, con-
versations in Spanish, and a Native American blessing. The conference’s mentorship
components include times when faculty from any university can meet to talk about
research and professional development. SACNAS includes orientation sessions for stu-
dents and mentors, features mentorship workshops, and places specific emphasis on
the importance of mentors for scientists of color (Arnette, 2003; Chemers et al., 2011;
Collins, 2002; Hurle, 2003).

Similarly, the National Society of Black Engineers (NSBE) (Dickerson and Zephirin,
2017; Ross and McGrade, 2016) and the Annual Biomedical Research Conference for
Minority Students (Butts et al., 2016; Casad et al., 2016; Hulede, 2018) bring young and
aspiring UR scientists and engineers together, providing both mentors and resources
of a mentorship network design. For example, NSBE has implemented an intentional,
nationwide, multilayer structure based on ecological systems theory to form a cascade
mentoring structure.*® Participants at the committee’s listening session noted that this

47 There are also a large array of activities and programs provided by scientific societies such as the
American Geophysical Union, American Chemical Society, American Physical Society, American Physician
Scientists Association, American Psychological Association, American Society for Microbiology, American
Society for Biochemistry and Molecular Biology, American Society for Cell Biology, and Society for Neuro-
science. It was beyond the scope of the committee to describe these programs in depth.

8 Cascade mentoring involves midlevel mentees becoming mentors to incoming mentees, while main-
taining their mentoring relationships with more senior mentors. It is intended to distribute support and
information in a generational fashion.
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type of mentoring was facilitated between the national and regional NSBE meetings
through the local chapter structure.

The mission of the Earth Science Women’s Network (ESWN), a grassroots, nonprofit,
member-driven organization formed in 2002, is to “promote career development, build
community, provide opportunities for informal mentoring and support and facilitate
professional collaborations” and to “build a resilient community that lifts all women
and moves the geosciences forward”*® ESWN offers online mentoring and professional
development workshops and networking opportunities at major conferences worldwide
and at ESWN-hosted workshops throughout the United States. For example, in October
2018, ESWN hosted two workshops in Boulder, Colorado, on building leadership skills
for success in the scientific workforce. Other workshop topics include defining one’s
research identity, mentor mapping, doing fieldwork, and workforce climate training.
Evaluations of ESWN’s programming (Adams et al., 2016; Archie and Laursen, 2013;
Kogan and Laursen, 2011) show that members report “gains in areas that are often con-
sidered barriers to career advancement, including recognition that they are not alone,
new understanding of obstacles faced by women in science, and access to professional
resources” (Adams et al., 2016).

Capacity-Focused Programs

Several programs have focused on institutional change or even statewide change.
The NSF Alliances for Graduate Education and the Professoriate (AGEP) (George et al,,
2010), for example, has focused on expanding institutional capacity and approaches to
promote STEM diversity.>® One study of the state of Maryland’s AGEP program, known
as PROMISE, used a case study approach to examine how STEM graduate students
of color gained access to support through mentorship and developmental networks,
including how the PROMISE program influenced their experience of being mentored
(Griffin et al., 2018). The investigators interviewed 16 graduate students spanning STEM
disciplines, institution types, and years in their graduate program about the relationships
that they found important to their development and learning and how the PROMISE
program related to these relationships. All participants in this study reported receiving
support from multiple sources, including their research advisors, peers, program admin-
istrators, professionals outside of their institution, and friends and family. The students
also reported that different individuals offered different forms of support, from career
guidance to research advice to emotional support. Participants who had less favorable
relationships with their research advisors reported drawing more heavily on support
from other sources. Finally, the participants felt that the PROMISE program helped
them to cultivate and maintain their developmental networks, providing them access to

49 More information is available at https://eswnonline.org/welcome/; accessed August 8, 2019.
50 Information about AGEP is available in Appendix B.
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more potential mentors. This research illustrates the value of having access to multiple
mentors and how a program can facilitate access to developmental networks (Griffin et
al., 2018; Tull et al., 2017).
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Mentorship Behaviors
and Education:

How Can Effective
Mentorship Develop?

Mentorship is a learned activity, and developing effective mentoring relationships
depends on mentors and mentees engaging in specific behaviors. This chapter discusses
current knowledge about mentor and mentee behaviors that have some evidence of effec-
tiveness. It also discusses the importance of mentor and mentee education as a means of
inculcating effective mentor and mentee behaviors. Box 5-1 highlights how theory may
inform the concepts that are discussed.

EFFECTIVE MENTORSHIP BEHAVIORS

As discussed in Chapter 4, mentoring relationships occur in many forms. A grow-
ing body of evidence suggests that regardless of the configuration of mentorship, effec-
tive mentoring relationships are characterized by trust, responsiveness, and career and
psychosocial support.

One set of desired mentor behaviors is outlined in the Entering Mentoring curricu-
lum, now in its second edition (see Box 5-2) (Handelsman et al., 2005; Pfund et al., 2006,
2015). Although this curriculum focuses primarily on mentorship in research training
environments, the stated aim—to help mentors at all stages in developing and refining
their mentorship abilities—serves as a basis for mentoring relationships more broadly.!
The committee could not find any systematic investigation of how particular mentoring

! The Entering Mentoring curriculum is discussed later in this chapter.
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BOX 5-1
Theory and Mentorship Behaviors and Education

Concepts from and aligned with the six theories presented in Chapter 2—the tripartite integra-
tion model of social influence, social capital theory, social network theory, ecological systems theory,
social exchange theory, and social cognitive career theory—are evident in the indicators of effective
mentorship behaviors described in this chapter. For instance, core premises from the social exchange
theory are particularly useful in framing mentorship in terms of interpersonal interactions that have
costs and benefits and varying levels of values to mentors and mentees. Further, elements of the six
theories inform the behaviors targeted in mentorship education that are known from theoretically
informed research to contribute to student persistence in STEMM.

BOX 5-2
Effective Mentor Behaviors Adapted from Entering Mentoring

Entering Mentoring describes the following set of mentor competencies or behaviors:

* Align expectations: Mentors make expectations explicit and create a safe space for mentees to
make their expectations explicit. Together they engage in negotiations to ensure that expecta-
tions of all parties can be met.

* Assess understanding: Mentors work with mentees to understand what the mentees know and
are capable of and consider what the mentees can do to further develop and achieve success.

¢ Communicate effectively: Mentors engage in active listening with mentees, provide timely and
constructive feedback, recognize that communication styles differ, and work with mentees to
accommodate their personal communication styles.

e Address equity and inclusion: Mentors reflect on and account for the biases and assump-
tions they may bring to a mentoring relationship and acknowledge and account for how their
background might differ from the background of their mentees.

¢ Foster independence: Mentors work to motivate mentees, build their confidence, stimulate their
creativity, acknowledge their contributions, and navigate their path toward independence.

¢ Promote professional development: Mentors help mentees to set career goals, develop and
refine plans related to career goals, develop a professional network, and access resources
that will be helpful in their professional development. Mentors also recognize the influence
they have as a professional role model.

behaviors included in Entering Mentoring relate to mentee perceptions of psychosocial
and career support or particular mentee outcomes.>

In the ideal situation, regardless of the configuration of a mentoring relationship,
mentors and mentees will work together to define the knowledge, skills, abilities, and

2 The Entering Mentoring curriculum has been adapted to suit different disciplines and career stages of
the mentee.
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outcomes each person expects at the beginning of the relationship (Arthur et al., 2003).?
These conversations involve mentors and mentees engaging in self-assessment and self-
reflection. In other words, significant discussions are vital for successful initiation of
mentorship.

A personalized mentoring relationship—one responsive to the needs, goals, interests,
and priorities of both the mentor and the mentee—is likely to be more effective than
one that is not personalized.* Often, this is what distinguishes a mentoring relationship
from a transactional or advising relationship (Baker and Griffin, 2010; Kirchmeyer, 2005;
Montgomery, 2017; Montgomery et al., 2014; Ramirez, 2012).> A successful transactional
relationship is determined by institutionally defined measures of success, such as comple-
tion of a program or degree, and there is often a fixed term for the transaction. This type
of transactional interaction may not necessarily have the interpersonal elements that can
transform such important interactions into mentoring relationships.

The scope of traditional mentoring relationship hierarchies has focused less on
the needs of the mentor, yet operating on the assumption that the mentee is the only
one who benefits limits our understanding of the full value of mentorship. Rather,
there are bidirectional, and sometimes unexpected, benefits to mentors that are both
instrumental—a means to an end—and intrinsic—having value in and of itself (Dolan
and Johnson, 2009; Hayward et al., 2017; Lechuga, 2011; Limeri et al., 2019; Varkey et al.,
2012).° Studies of mentors show that they report learning new knowledge, skills, disposi-
tions, and perspectives from their mentees (Dolan and Johnson, 2009; Hayward et al.,
2017; Laursen et al., 2010; Limeri et al., 2019; Thiry and Laursen, 2011). Mentors also
report that the satisfaction and enjoyment gained from working with mentees improves
their professional life and helps build future generations of science, technology, engineer-
ing, mathematics, and medicine (STEMM) professionals (Bozionelos, 2004; Dolan and
Johnson, 2009; Hayward et al., 2017; Limeri et al., 2019).

Balancing Trust and Privacy

Effective mentoring relationships are built on active bilateral trust, as well as on
mutual accountability and responsibility (Greco, 2014; Hund et al., 2018; Johnson-Bailey
and Cervero, 2004; McGee et al., 2015; Montgomery, 2017). Mentorship that aligns with
institutionally defined paths to success often grants those in the mentor role with an
implied trust by virtue of their having attained a certain level of success in that career
path. However, this assertion can contribute to or exacerbate differentials in power

3 The beginning of the relationship is referred to as the initiation stage in Chapter 1.

4 This type of personalization is also implied in the discussions about identity in Chapter 3.

> An example of a transactional relationship is one comprising a graduate student, a research advisor,
and a dissertation committee that only functions to meet graduate program requirements and ends upon
student graduation.

¢ The motivations and experiences of mentors are discussed more in Chapter 6.
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between the mentor and mentee. Neither the mentor nor mentee role should dictate
whether someone is trusted or not—each participant should be able to assume that some
level of trust is present when entering into a mentoring relationship and expect that trust
will be actively cultivated and will not be violated.

Mentoring behaviors that build trust are likely to be responsive to a range of charac-
teristics of the mentee. For example, if the mentee is a member of an underrepresented
(UR) population in STEMM,’ the mentor(s) may encourage and support attendance at
affinity-based conferences and workshops. As the committee heard during their listening
sessions, this type of personalization or responsiveness recognizes aspects of identity that
are valued by mentees and that will contribute to a stronger STEMM identity.

In mentorship, like in all interpersonal relationships, self-disclosure can help to
build a trusting, responsive relationship (Wanberg et al., 2007). However, mentors must
be respectful of mentees’ right to choose not to disclose personal information. Mentees
have the right to privacy (i.e., the choice not to disclose personal information, such as
gender, race, or religion, as stipulated in Title IX federal law®) and mentees have the
right to confidentiality (i.e., if they disclose information to mentors, mentors are obli-
gated to keep this information in confidence). The power difference in mentor-mentee
relationships can be coercive to mentees, making them feel obligated to disclose personal
information that they have the right to keep private.

Many formal mentoring relationships in STEMM involve a mentor who is also a
research advisor or supervisor responsible for making evaluative judgments about their
mentee’s progress and performance.’ Research from workplace settings indicates that,
because supervisors and employees are part of different social groups, complete trust
may not be possible but certain communication characteristics can help to promote
trust (Wanberg et al., 2007; Willemyns et al., 2003).

Mentorship education can help mentors learn about and practice strategies for
establishing good relationships, aligning expectations, and communicating effectively
with mentees, all of which may help to build a trusting, reciprocal relationship (Pfund
et al., 2015). For example, mentors’ provision of psychosocial support, such as telling
personally relatable stories of when they have faced professional struggles or experienced
professional failures, may help to create a safe space for mentee self-disclosure without
crossing professional boundaries or compromising mentees’ right to privacy.

7 This report refers to UR groups as including women of all racial/ethnic groups and individuals specifi-
cally identifying as Black, Latinx, and American Indian/Alaska Native. Where possible, the report specifies
if the UR groups to which the text refers are Black, Latinx, or of American Indian/Alaska Native heritage.

8 Pub. L. No. 92-318, 86 Stat. 235 (1972), available at https://www.justice.gov/crt/title-ix-education-
amendments-1972; accessed September 20, 2019.

® Formal mentoring structures and research mentorship are discussed in the “Formal versus Informal
Mentorship” section of Chapter 4.
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Mentors can consult campus offices of diversity, equity, and inclusion for professional
development and advice on balancing trust building while maintaining professional
boundaries. Mentors can also consult campus compliance offices to understand the
laws regarding privacy and confidentiality as well as requirements to report misconduct,
including discrimination, harassment, and retaliation.

Overcoming Limitations in Mentorship

Mentorship is not without costs. For instance, mentors of undergraduate researchers
have reported both improved and compromised research productivity and both positive
and negative emotions resulting from their work with mentees (Hayward et al., 2017;
Limeri et al., 2019). Investigators have found that benefits of mentorship are directly
related to the mentor’s skills, aptitude, and motivation (Rogers et al., 2016), providing
further support for mentor professional development (Butz et al., 2018a). Moreover, the
limitations and boundaries of the traditional hierarchies of research mentorship have
recently been reexamined, leading them to be reframed into a mutually constructed
relationship between mentor and mentees. Approaches such as “mentoring up” address
this reframing. The idea behind mentoring up is to give mentees the skills, confidence,
and responsibility to be active and equal participants in their mentoring relationships
(Lee et al., 2015). When combined, the concepts underlying the Entering Mentoring and
Entering Research (see below) programs can serve as a foundation upon which to build
successful and enduring mentoring relationships. The mentoring up approach is gener-
ally well received by both mentors and mentees, with mentees reporting they learned
skills to maximize their own relationships as mentee and mentor (Lee et al., 2015).

MENTORSHIP TOOLS

Although this has not been the subject of direct investigation, the mentorship behav-
iors reported here (see Box 5-2) are likely to be effective because they foster the defining
features of an effective mentoring relationship: trust and responsiveness coupled with
provision of career and psychosocial support through a working alliance. For example,
aligning expectations provides a common basis from which a mentoring relationship can
develop (Brace et al., 2018; Cunningham, 1993; Grant, 2015; Washington and Cox, 2016).

Research has shown that mentors alone cannot be the sole determinants of expec-
tations (Byars-Winston et al., 2015; Grant, 2015; Greco, 2014; Montgomery, 2017;
Washington and Cox, 2016). Rather, expectations should be responsive to the individuals
involved in the mentoring relationship, as well as to particular contexts in which the
relationships occur, such as how individuals, circumstances, and environments change
over time. Regardless of the approach to mentorship, both mentors and mentees should
have the space to communicate expectations and request accountability, a space that
entering into a mentorship compact can provide. To facilitate these behaviors, some
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mentors rely on dedicated tools. Here, the committee provides a summary of four such
tools: individual development plans (IDPs), mentorship compacts, mentorship maps,
and mentoring plans.!°

Individual Development Plans

The IDP is a tool for providing structure to mentors and mentees in their work
together (Vincent et al., 2015). Developing IDPs requires that mentees think through
their short- and long-term career plans and formulate a path to enact the plans with
support from their mentor. IDPs provide a mechanism for supporting effective mentor-
ship behaviors in a manner tailored and responsive to mentees’ career plans as well
as their unique skills, interests, and values (Hobin et al., 2014). The use of IDPs sup-
ports structured bilateral engagement and personalization in the mentorship exchange
(Hobin et al., 2014; Vincent et al., 2015). Assessments of IDPs indicate they are useful
in facilitating skills identification and developing the abilities needed to support career
success (Hobin et al., 2014). Given that the use of IDPs is correlated with greater reports
of satisfaction and scientific productivity on the part of postdoctoral scientists (Davis,
2009), their expanded use in training programs is expected to benefit a broad range of
student scientists (Fuhrmann, 2016).

Mentorship Compacts

Communication of expectations may occur when mentees and mentors begin their
relationships through the use of a mentorship compacts. These written agreements
provide a structure for mentors to outline expectations from, and commitments to,
mentees, and vice versa.!! Compacts differ from an IDP, which focuses on short- and
long-term career plans, as they are focused on expectations for the working relation-
ship on a daily, weekly, or monthly basis. More often than not, the explicit conversations
between mentors and mentees about these expectations for the working alliance do not
occur or only occur at the start of the relationship, and there is little if any external check
that expectations are reasonable. Mentoring compacts can prompt more structured and
regular discussions of expectations, making expectations explicit. Written compacts can
also ensure that all mentees, regardless of their prior experience and socialization to
STEMM, have equal access to information regarding expectations.

10 As discussed in Chapter 1, this is an example of where wide practice provides evidence of possible
merit in using such tools to support effective mentorship. In addition, this section is informed by the com-
mittee’s listening sessions. Examples of mentoring tools are available on the Online Guide at https://www.
nationalacademies.org/MentorshipinSTEMM.

I Sample mentorship compacts are available to download at https://ictr.wisc.edu/mentoring/mentoring-
compactscontracts-examples/; accessed September 19, 2019.
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Mentoring compacts are usually distinct from the more strictly contractual agree-
ments that are sometimes utilized in laboratory-based training environments.'? Rather,
the term compact connotes something both mutual and aspirational. Indeed, examples
of mentoring compacts often invoke inspirational language about “promises” that men-
tors make to mentees, and vice versa, and those promises can be attached to principles
(e.g., loyalty, availability) as opposed to deliverables (e.g., publications, research, or career
milestones). As such, the value of mentoring compacts is not necessarily connected to
specific terms and conditions or consequences for breach of contract. Rather, as with
many commitments people voluntarily make, much of the value arises from declaratively
communicating to the other party a serious commitment and set of intentions in support
of the success of the mentoring relationship, the parameters and boundaries of those
commitments, and a mutual understanding of success in the context of the relationship.
The compact can also serve as a positive corrective resource—an objective reminder to
the parties of what they had intended to deliver to one another—if failures to hold to the
agreements occur. If necessary, such a document can be helpful for an ombudsperson
who may become involved in helping to mediate or repair a mentoring relationship.

Mentoring Maps

Mentoring maps are versatile tools designed to help an individual identify academic
and career goals, sources of support to reach those goals, and areas where unmet needs
could benefit from forming new mentoring relationships as part of a mentorship network
(Montgomery, 2017).!* The mapping process uses pointed questions rooted in mentor-
ship to drive a personal mentoring needs assessment and a mentoring network-mapping
exercise.

Mentoring Plans

Mentoring plans refer to several different tools that can facilitate the roles, respon-
sibilities, and approaches of mentors and mentees. Some people refer to mentoring
compacts (see above) as mentoring plans, since they provide a structure for mentors
to outline expectations for their work and their relationship. Others describe mentor-

12 For example, some labs involved in classified or proprietary research may have strict requirements and
consequences regarding protocols for secure handling of materials and documents.

13 Some mentoring networks exist that offer useful resources, though at a cost to the individual or their
institution. For example, the National Center for Faculty Development & Diversity (https://www.faculty-
diversity.org/; accessed August 17, 2019) has developed a mentoring network map, which invites new faculty
to consider the many different people who can provide support and advice in different areas. This map could
be adapted for use with graduate students and undergraduates. In addition, there are free groups that oper-
ate in social media or other forums, such as #WomeninMedicine, #DiverseDoubleDocs, #BLACKIinSTEM,
and VanguardSTEM (https://www.vanguardstem.com/; accessed August 17, 2019), among others.
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ing plans as written documents that include both a mentoring philosophy and specific
examples of how that philosophy is enacted in their mentoring practices. Mentoring
plans can also outline a mentor’s plan of action for assessing their mentoring skills,
behaviors, and approaches and detail their plans for advancement by identifying areas
of need.!* The National Science Foundation (NSF) requires mentoring plans specifically
in reference to training and mentoring of funded postdoctoral researchers;!° these plans
can include all of the elements above or a selection of them.

It is important to note that any tool is only as effective as the care with which it is
implemented; simply using a tool does not guarantee its success. For example, built into
the IDP tool is the expectation of a process whereby mentors and mentees regularly
check on progress toward the objectives and milestones laid out with the tool. Similarly,
mentoring compacts imply a working agreement about engagement in the mentoring
relationship, and it is therefore beneficial to agree explicitly on how to handle any failure
to meet expectations by either party. While these tools are intended to be helpful for
structuring what should be a positive and mutually beneficial relationship, they can be
undermined if the tools are used as blunt instruments of enforcement or of regulatory
compliance. However, it is reasonable for mentors and mentees using these tools to
agree that the relationship itself is conditioned upon mutual commitment to the objec-
tives and milestones laid out. Mentors and mentees may want to seek out alternative
mentoring relationships when there is a breakdown in the ability to follow through on
commitments, and these tools can serve as helpful warning indicators of such situations.
Ultimately, clarity, follow-up, and open communication are keys to helping ensure suc-
cessful implementation of these tools.

NEGATIVE MENTORING EXPERIENCES

While there is an understandable focus on effective and positive mentoring relation-
ships, programs, and behaviors, mentorship scholars acknowledge that mentorship quality
exists on a continuum (Ragins et al., 2000). Mentorship can include dysfunctional elements
or problematic events that are collectively referred to as “negative mentoring experiences”
(Eby et al., 2000; Kram, 1985a; Scandura, 1998; Simon and Eby, 2003). Negative mentor-
ing experiences can refer to problematic aspects of an otherwise positive relationship and
do not necessarily mean that the entire relationship is negative or harmful (Kram, 1985a;
Scandura, 1998; Simon and Eby, 2003). Examining negative mentoring experiences can
help mentors and mentees address and avoid harmful mentoring behaviors.

While a dearth of research studies that directly examine negative mentoring experi-
ences of undergraduate and graduate students in STEMM exists, several recent reports

14 Mentoring plans of this type can be found in the Entering Mentoring curriculum.
15 For more information about the NSF Postdoctoral Researcher Mentoring Plan, see https://www.nsf.
gov/pubs/policydocs/pappguide/nsf09_29/gpg_2.jsp#I1C2j; accessed May 3, 2019.
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examine related issues. Graduate STEM Education for the 21st Century highlights the
growing body of research showing that today’s graduate students are more stressed and
experience different stressors than previous generations of graduate students, which can
compromise their physical, mental, and emotional well-being (NASEM, 2018a).16 The
power differential between graduate students and their research advisors can exacerbate
this or even be a cause of it (NASEM, 2018a). The report Sexual Harassment of Women:
Climate, Culture, and Consequences in Academic Sciences, Engineering, and Medicine
notes how the graduate advising relationship in STEM creates unique risks for students
because of their dependence on the advisor for career advancement and the mentor-
mentee structure allowing for time spent alone together in isolated places (e.g., labo-
ratories, field sites, hospitals) (NASEM, 2018b). Furthermore, there is a growing body
of essays and blog posts in which former graduate students have shared their personal
experiences with negative mentoring, which indicates that it occurs even if it has not
been fully and systematically investigated.!” Therefore, to have a scholarly basis for the
related findings and recommendations, this section draws more heavily from research
on negative mentoring experiences in the workplace.

One of the first descriptions of negative mentoring experiences drew primarily from
research on the development and functioning of other close relationships, such as friend-
ship and marriage (Scandura, 1998). This conceptualization combined a characteriza-
tion of relationships as having good or bad intent (Duck, 1994) with a categorization
of mentorship as providing career and psychosocial support (Kram, 1985a) to create a
typology of what Scandura termed “negative mentoring” (see Table 5-1). While negative
mentoring experiences can result from ill intent—via bullying, revenge, or exploita-
tion, for example—negative mentoring experiences can also arise from otherwise good
intentions by both mentors and mentees, such as failing to mention an opportunity to a
mentee because a mentor is concerned the mentee is already overburdened or wanting
to support a mentee but having too many other obligations or responsibilities to honor
a commitment. The mentee may perceive such omissions by mentors as an impression
of their own incompetence or lack of belonging as mentees.

Building on this conceptualization of negative mentoring experiences, researchers
studied 156 workplace mentees and found that more that 50 percent of them reported
at least one negative mentoring experience, and that they collectively reported a total

16 The National Academies Committee on Supporting the Whole Student: Mental Health, Substance
Abuse, and Well-Being in STEMM Undergraduate and Graduate Education has been tasked to “conduct a
study of the ways in which colleges and universities provide treatment and support for the mental health and
well-being of undergraduate and graduate students, with a focus on STEMM students to the extent fields of
study are available” More information is available at https://www8.nationalacademies.org/pa/projectview.
aspx?¢key=51350; last accessed August 7, 2019.

17 For example, https://tenureshewrote.wordpress.com/2013/08/12/toxic-academic-mentors/ or https://
smallpondscience.com/2015/12/07/what-to-do-you-have-a-bad-phd-advisor-in-grad-school/; accessed
August 8, 2019.
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TABLE 5-1 Negative Mentoring Typology

Psychosocial Support Career Support
Bad Intent Negative relations (e.g., bullying, harassment) ~ Sabotage (e.g., revenge, ignoring, career damage)
or exploitation
Good Intent Difficulty (e.g., offering conflicting advice, Spoiling (e.g., mentor not in right career track,
unintentionally forcing difficult choices, not in position of influence)

such as between work and family)
SOURCGE: Adapted from Scandura, 1998.

of 168 distinct negative mentoring experiences (Eby et al., 2000). After analyzing these
experiences, the investigators generated a taxonomy of 15 types of negative mentorship
experiences that fit five major themes:

« Mismatched work styles, values, and personalities

« Distancing behavior, such as self-absorption of the mentor and neglect by the
mentor

« Manipulative behavior, such as the mentor inappropriately delegating work to the
mentee, taking credit for the mentee’s work, or harassing the mentee

 Lack of mentor expertise, including both technical and interpersonal incompetence

 General dysfunctionality, such as mentors having negative attitudes or personal
problems

Studies of abusive supervision also provide insight into how negative mentor-
ing experiences might manifest in STEMM mentoring relationships, because formal
STEMM mentorship typically involves supervision with evaluative responsibilities that
result in an inherent imbalance of power and authority. Abusive supervision is defined as
“subordinates’ perceptions of the extent to which supervisors engage in sustained hostile,
verbal, and nonverbal behaviors” (Tepper, 2000). Examples of abusing this supervisory
role include telling mentees that their thoughts and feelings are “stupid” or belittling
a mentee in front of others. According to research on detrimental research practices,
neglectful or exploitative supervision in research is a violation of research integrity and
can cause harm to the STEMM enterprise and the supervised party (NAS-NAE-IOM,
1992; NASEM, 2017b).

Incivility is a type of antisocial workplace behavior characterized by its low intensity
and ambiguous intent to harm, such as rudeness, ignoring, excluding, and targeting with
angry outbursts (Cortina et al., 2001; Schilpzand et al., 2016). Because incivility is defined
as having ambiguous intent, it can be attributed either to the instigator’s ignorance or
oversight or to the target’s misinterpretation or oversensitivity. A further distinguishing
feature of incivility is that it is neutral in the relationship between the instigator and tar-
get; that is, uncivil behavior can originate from supervisors, peers, and subordinates. In
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STEMM mentorship, incivility might be enacted by other members of a mentee’s research
group and thus may be perceived as influenced by the mentor, even if the behaviors are
not perpetrated by mentors themselves.

Some studies of mentorship in undergraduate and graduate research in STEMM
have acknowledged variation in the quality of mentorship, such as mentors being absent,
setting unrealistic expectations, or not providing enough guidance (Bernier et al., 2005;
Dolan and Johnson, 2010; Harsh et al., 2011; Thiry and Laursen, 2011). In one study
of student mentorship, more than 25 percent of psychology graduate students reported
negative mentoring experiences with their dissertation advisor (Clark et al., 2000), and
in another study, 50 percent of graduate and undergraduate mentees reported at least
one significant conflict with a mentor (Goodyear et al., 1992). These results suggest that
negative mentoring experiences do occur in academic training contexts, and by extension
in STEMM contexts.!8 Calls for reform of graduate education in STEMM note alarm-
ing rates of attrition from Ph.D. programs and emphasize the importance of improving
mentorship to both reduce or prevent attrition and improve the experience of students
who remain (Berg and Ferber, 1983; NASEM, 2018a).

Negative mentoring experiences can arise unintentionally, which parallel the concept
of implicit bias.!® In recent years, the concepts and theories underlying implicit bias have
become more widely accepted in STEMM and a common part of many institutional
interventions and trainings (Carnes et al., 2015). Implicit bias occurs when automatic
actions reflect implicit learning about individuals by virtue of their group membership.
For example, gender-related implicit bias rooted in deeply ingrained gender stereotypes
typically depicts women incorrectly as less competent in STEMM fields, particularly in
leadership positions (NAS-NAE-IOM, 2007) or that women may not be as accomplished
in math. Individuals do appear to be open to the notion that they may be implicitly biased
when they learn that “bias happens”—that it does not necessarily imply ill intent—and
that one can be vigilant and intentional about creating structures and processes that are
less prone to implicit bias or that at least provide protections from its ill effects (Carnes
et al., 2015). Similar trainings and interventions about negative mentoring experiences
could be a powerful approach for addressing automatic biases that may contribute to
ineffective or negative mentoring experiences.

Because of the potential for negative mentoring experiences to cause harm, addi-
tional research to better understand the prevalence and impact of negative mentor-

18 Although there are anecdotal reports of particular negative mentoring experiences associated with
mentors who share surface-level similarities (e.g., harsher or more critical evaluations or even bullying
from mentors who share a cultural, racial, or gender identity with their mentees), there is no published
scholarship in this area.

19 Implicit bias refers to “attitudes or stereotypes that affect [the holder’s] understanding, actions, and
decisions in an unconscious manner. These biases, which encompass both favorable and unfavorable assess-
ments, are activated involuntarily and without an individual’s [conscious] awareness or intentional control”
(OSU, 2015).
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ing experiences in STEMM education is necessary. Mentees who experience negative
mentorship in the workplace report lower job satisfaction, higher likelihood of leaving
their employer, and increased stress (Eby and Allen, 2002; NASEM, 2018b). These
undesirable outcomes may result from mentee perceptions that the job, the organiza-
tion, or the career may not be the right fit (Burk and Eby, 2010; Kristof, 1996; Su et al,,
2015). In fact, one study found that workplace negative mentorship may be so damag-
ing that mentees who experience it may be worse off than if they had no mentor at
all (Eby et al., 2010). For one specific type of negative mentoring experience—sexual
harassment—numerous studies have shown declines in professional and psychological
well-being, including withdrawing from engagement with work, having thoughts of
quitting or actually quitting a job, physical complaints (such as headaches, exhaustion,
and sleep disruption), and symptoms of depression, disordered eating, stress, anxiety,
and posttraumatic stress disorder (Eby and Allen, 2002; NASEM, 2018b).

Negative mentoring experiences may be particularly harmful for mentees from UR
backgrounds given the facilitative role that mentored research experiences can have
in the success of STEMM UR groups. For example, studies investigating positive out-
comes of mentorship have shown that undergraduate mentored research experiences in
STEMM are particularly beneficial for UR at-risk students (Estrada et al., 2018; Thiry
and Laursen, 2011). Furthermore, the effectiveness of undergraduate mentored research
for UR students may hinge on the capacity of these experiences to promote a sense of
fit with the scientific community (Estrada et al., 2011, 2017; Hurtado et al., 2009, 2011).
Therefore, negative mentoring experiences may disproportionately harm these students.
Future research should address this more directly by defining and characterizing negative
mentoring experiences in STEMM and investigating its prevalence and impacts.

Studies of negative mentoring experiences, abusive supervision, and incivility have
operationalized these phenomena primarily in the perceptions of the recipients (Eby et
al., 2013; Schilpzand et al.,, 2016; Tepper, 2000; Tepper et al., 2017). Although percep-
tions have been criticized for their lack of objectivity (Linn et al., 2015; Tepper, 2000),
this approach has multiple merits. First, directly observing mentorship would be intru-
sive and impractical, and negative mentoring experiences may not always be visible to
observers. Second, mentors may not be aware that particular behaviors are problematic
and may not be willing to report less-than-ideal behavior, making mentor self-reports
of negative mentoring experiences equally subjective. Finally, mentee perceptions of
mentoring relationships have been shown to fundamentally alter these relationships and
to have long-term effects on mentee outcomes (Eby and Allen, 2002; Eby et al., 2008,
2010; Scandura, 1998).
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MENTORSHIP EDUCATION??

The remainder of this chapter describes approaches to mentorship education for
both mentors and mentees. The committee uses the term mentor education as the general
term for all types of learning and development directed toward the person in the role
of mentor and the term mentee education as that directed to the person in the role of
mentee.?! The committee recognizes that there are many guidebooks and websites with
information for mentors and mentees to help them advance their practice. It is beyond
the scope of this committee’s charge to compile them all and report on their effective-
ness. Instead, we focus in this section on face-to-face and online education modules
developed for and tested with undergraduate and graduate mentees and their mentors.

Mentorship is like any skill: some individuals have natural aptitude, but for most
people—and even those with a natural aptitude—instruction, practice, feedback, self-
reflection, and intention are involved in becoming proficient. In fact, assuming mentees
and mentors have the skills and knowledge needed to develop a successful mentoring
relationship is naive and can disadvantage mentees who lack sufficient social capital to
connect with their mentors (Pfund, 2016; Pfund et al., 2013).2> While some progress has
been made in educating mentors and mentees (Gandhi and Johnson, 2016; Pfund et al.,
2014), standards and metrics can provide a rubric by which mentors and mentees get
the most from their mentoring relationship (Lee et al., 2015).

Unweighted results of a special mentoring module from a recent survey of faculty
with undergraduate teaching responsibilities found that 63.8 percent of science, technol-
ogy, engineering, and mathematics (STEM) faculty who responded to that module have
participated in mentorship education, which was a higher participation rate than for all
faculty (57.6 percent) (Stolzenberg et al., 2019). When faculty self-rated mentorship skills
were analyzed according to who participated in mentorship education, faculty who had
taken a mentorship workshop or other educational module rated the strength of their
mentorship skills higher than those who had not participated in such education. Perhaps
more importantly, faculty who had participated in a mentorship education workshop
or program rated themselves higher on a range of skills, including accounting for the

20 Though the committee did not specifically examine incentives to promote faculty, staff, postdoctoral
researchers, and student engagement in mentorship education, the last section in this chapter stresses the
importance of “marketing” such programs to these groups. Box 5-3 provides a list of talking points to
encourage participation in mentorship education. Chapter 7, in its discussion of culture change and the
steps that various members of academic institutions can play in fomenting culture change, also lays out
actions that institutions can take to incentivize faculty mentors, in particular, to recognize the importance
of learning to be effective mentors and take the time to engage in mentorship education activities as part
of their professorial duties.

2l The committee recognizes that individuals often occupy both the mentor and the mentee roles at the
same time for certain career stages.

22 A discussion of social capital theory is part of the “Six Theoretical Models for Mentorshi
Chapter 2.

)

section of
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biases and prejudices they bring into a mentoring relationship and working effectively
with mentees whose personal backgrounds differed from their own (Stolzenberg et al.,
2019). This survey also found that while the majority of faculty strongly agreed it was
among their responsibilities to promote their mentees’ skills, such as their writing, less
than a third strongly agreed they should provide for their mentee’s emotional develop-
ment. These results show that some mentors do not think that provision of mentoring
in the form of psychosocial support is their responsibility.

Persistence in STEMM is shaped continually by social and psychological influences
that are well described by several social science theories and models described in Chap-
ters 2, 3, and 4. In particular, the theories presented in Chapter 2 describe the factors
relevant to effective mentorship and STEMM persistence and can be tied directly to the
design of mentor and mentee education. Scholars and researchers of mentorship educa-
tion incorporate these factors into designing interventions to guide mentors and mentees
into highly productive and purposeful relationships. These relationships, in turn, ideally
benefit both parties and increase the likelihood that mentees will continue on their path
to becoming STEMM professionals.

Mentoring of emerging STEMM professionals should be inclusive and informed by
what research has shown to produce positive outcomes for trainees from diverse back-
grounds. Few mentors, however, have been educated on effective mentorship methods
(Keyser et al., 2008; Silet et al., 2010), let alone on the needs of diverse scholars, and even
fewer mentees have been educated about how to guide their mentoring relationships and
careers. Indeed, research has shown that UR students’ requests for mentoring meetings
are more often ignored than those of White men (Milkman et al.,, 2015), and that UR
students typically receive less mentorship than their majority peers (Helm et al., 2000;
Thomas and Hollenshead, 2001).

Formal Mentor Education

A range of organizations, including research-intensive universities, professional
societies, government laboratories, nonprofits dedicated to mentorship, and corporations,
have developed mentorship education programs or embedded mentorship education into
their programming. Some of these programs are aimed specifically at STEMM research
mentorship. Unfortunately, not much data have been published on the outcomes of these
education programs. A few programs that include mentor education descriptions are
noted in Chapter 4;** two additional examples of mentorship education for mentors of
undergraduate and graduate students in STEMM are

23 While there are many programs designed to benefit STEMM students and increase retention in
STEMM that include mentorship as a component, few studies have isolated the effect that mentorship and
mentoring relationships play in benefiting students.
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o The U.S. Department of Energy’s Oak Ridge Institute for Science and Education,
which has created an online mentor orientation program for faculty, project staft,
and others who advise or mentor students, research participants, or interns in
a formal or informal program.?* This program is aimed at both first-time and
experienced mentors.

o The Nucleus Learning Network,?> which has developed customizable workshops
and training options aimed at development of STEMM mentors for UR students.

One of the most well-studied and well-known approaches to mentorship edu-
cation in STEMM is the Entering Mentoring program, developed originally in 2005
(Handelsman et al., 2005) and revised in 2015 (Pfund et al., 2015). This program intro-
duces core mentorship competencies, allows mentors to experiment with various men-
torship strategies, links mentors to mentorship tools (including those discussed above),
and provides a forum in which small peer groups of mentors can address and solve
mentorship issues. Training sessions, or modules, can be implemented and conducted
as a series of hour-long, interactive sessions facilitated by one or two faculty, staff, or
postdoctoral researchers. The six competencies from the curriculum are (1) maintain-
ing effective communication, (2) establishing and aligning expectations, (3) assessing
mentees’ understanding of scientific research, (4) addressing diversity within mentor-
mentee relationships, (5) fostering mentees’ independence, and (6) promoting mentees’
professional career development (Pfund et al., 2015). This curriculum has been used
to educate thousands of mentors throughout the United States across career stages and
STEMM disciplines.

Research using both qualitative and quantitative methods has shown that mentors
who participated in Entering Mentoring—based education assess their mentees’ skills and
communicate with them more effectively, when compared with untrained mentors, a
finding supported by reports from undergraduate researchers, who indicated that they
had better experiences with trained mentors (Pfund et al., 2006). Entering Mentoring’s
developers have tested a version of their program in a randomized, controlled trial at
16 sites, including 15 National Institutes of Health Clinical and Translational Science
Award institutions. Faculty mentors, 17 percent of whom were members of UR racial
or ethnic groups, and their junior faculty and postdoc mentees, 43 percent of whom
were members of UR racial or ethnic groups, reported a positive effect on participants’
mentorship knowledge, skills, and behaviors (Pfund et al., 2014). This was the first ran-
domized trial to show a positive effect on both mentors and mentees from a research

24 More information is available at https://orise.orau.gov/stem/mentoring/index.html; accessed April 5,
2019.

%5 More information is available at http://www.nucleuslearningnetwork.org/stemmentor; accessed April 5,
2019.
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mentor education intervention. The Entering Mentoring curriculum has been adapted
for mentors working with mentees across career stages and across STEMM disciplines.?

Entering Mentoring has been shown to be an effective approach to improving men-
toring skills in the areas it targets, and it has been successfully adapted for use across
multiple disciplines and career stages. However, there are opportunities to develop and
test training interventions that address other factors that are known or hypothesized
to affect mentoring relationships and mentee persistence. These include factors such as
power dynamics, cultural awareness, research self-efficacy, and motivation. Some train-
ing modules that target these factors have been developed using the Entering Mentoring
template.”” Other modules have been developed using other approaches (Lewis et al.,
2016). All of these modules have been tested as real-time, process-based, interactive
interventions.

The approach used for Entering Mentoring has served as a template for the develop-
ment of new modules targeting factors known to engender student persistence, such as
research self-efficacy (Butz, Branchaw et al., 2018). This approach may also prove useful
for developing modules that can prepare those engaged in co-mentorship, peer mentor-
ship, and near-peer mentorship, each of which is discussed later in this chapter.

Culturally Responsive Mentorship Education

Educating mentors to engage in culturally responsive mentorship is an area of
intense interest by national, federal, and institutional leaders (Valantine and Collins,
2015). Despite its positive effects, same-race mentoring is challenged by the scarcity of
UR faculty in STEMM. This scarcity can be overcome in part by matching mentors and
mentees who share similar attitudes and values beyond demographics. This challenge
can also be addressed by training all mentors to be more culturally responsive so that
they can effectively mentor trainees from diverse backgrounds.

Mentors of various social identities may teach at diverse institutions. However, while
they may express confidence in their ability to mentor diverse students, they may have
never had education in culturally responsive mentorship. Inclusive practices require
both education and intentional implementation even in the most racially/ethnically
diverse institutions (NASEM, 2019). Even faculty engaged in various forms of mentor-
ship or research professional development and support score only slightly higher than
the mean on a national mentoring self-efficacy measure (Guerrero, 2019). Though
there is some variation by racial background of the faculty, the sample sizes for specific
UR racial groups were too small to detect significant differences in mentoring self-
efficacy. However, national data and intervention programs reflect greater mentoring

26 All versions are freely available on the University of Wisconsin-Madison’s Center for the Improvement
of Mentored Experiences in Research website at https://cimerproject.org; accessed April 5, 2019.
27 For example, Butz et al., 2018, and Byars-Winston et al., 2018.
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self-efficacy among faculty women than among men, and greater self-efficacy among
those engaged in a faculty development intervention, although selection effects cannot
be ruled out (Guerrero, 2019; Stolzenberg et al., 2019).

One pilot-scale evaluation involving 64 research mentors from three research-inten-
sive universities tested a 6-hour program called Culturally Aware Mentoring (CAM) for
research mentors. CAM includes a facilitator guide, an online pretraining module, and
a set of measures to evaluate the effectiveness of CAM education. Participants reported
they found the program valuable in that their cultural responsiveness and cultural skills
increased, as did their intentions and confidence to deal directly with cultural diversity
in their mentoring relationships (see Figure 5-1) (Byars-Winston et al., 2018).

Other efforts similar to CAM are under way, including the Promoting Opportunities
for Diversity in Education and Research program at the National Institutes of Health-
funded Building Infrastructure Leading to Diversity site at California State University,

Mentors' Perceived Level of Skill

M Before CAM Education Program W After CAM Education Program

5.52 5.54
4.15
| I

Intentionally creating opportunities Respectfully broaching the topic
for my mentees to bring up issues of of race/ethnicity in
race/ethnicity when they arise my mentoring relationships

FIGURE 5-1 Self-reported perceived skill gains from participants in the culturally responsive mentoring
(CAM) education program.

NOTES: N = 64. All differences significant at p < 0.001.

SOURCE: Recreated from Byars-Winston et al., 2018.
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Northridge. Incorporating tenets of critical race theory into their mentor training based
on Entering Mentoring, the program’s interventions include faculty participation in 16
hours of training.?® Mentor participants increased their understanding of structural
racism and its impact on student development in STEMM, facilitated discussions of
race, and strengthened their interpersonal skills (Saetermoe et al., 2017). Together,
these findings underscore the importance of intentionality in implementation of mentor
education,? especially incorporating culturally responsive and inclusive practices, and
better assessment to understand the effect of these interventions.

Formal Mentee Education

Various institutions and organizations have developed and implemented additional
approaches to prepare mentees to effectively engage in a mentoring relationship. These
approaches take many forms, including activities at orientation sessions, professional
development conference workshops, department seminars, or full-semester courses.*
The overall goal of these approaches to mentee education is to help mentees be more
proactive in their mentoring relationships. As previously noted, in some settings this has
been referred to as mentoring up (Lee et al., 2015).

Few studies have examined the outcomes of mentee education approaches and
programs for undergraduate and graduate students. One well-studied and extensive
approach to mentee education for undergraduate students is the Entering Research cur-
riculum (Balster et al., 2010; Branchaw et al., 2010). This curriculum was developed in
an effort to formalize the programming that was being done with undergraduate students
engaged in mentored research and to help undergraduate students gain knowledge and
skill in navigating their mentoring relationships and research environments. Entering
Research is a process-based curriculum that brings undergraduate researchers together
to discuss the challenges they face as novices in learning to conduct research and in
navigating their mentoring relationships. Entering Research can be integrated into exist-
ing undergraduate summer research programs or offered as a one-credit seminar in the
academic year. Qualitative and quantitative data from diverse undergraduate student
mentees who participated in Entering Research reported significantly higher gains in
research skills, knowledge, and confidence when compared with a control group who
participated in undergraduate research experiences but not in the Entering Research

8 Critical race theory “analyzes the role of race and racism in perpetuating social disparities between
dominant and marginalized racial groups” Its purpose is to “unearth what is taken for granted when
analyzing race and privilege, as well as the profound patterns of exclusion that exist in U.S. society” (Hiraldo,
2010, pp. 53-54).

29 Intentionality refers to a calculated and coordinated method of engagement to effectively meet the needs
of a designated person or population within a given context.

30 Some of these programs are noted in the “Intervention Programs that Include Mentoring Experiences”
section in Chapter 4.
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training. Of particular relevance were student-reported gains in “understanding the
career paths of science faculty” and “what graduate school is like,” which were sig-
nificantly greater than those of the control students. In addition, 41 percent of Entering
Research students reported that this curriculum helped them learn how to effectively
communicate and interact with their research mentors (Balster et al., 2010).

A revised version of Entering Research, developed by 27 scholars from 15 institutions,
includes 96 activities and a trainee learning assessment tool (Branchaw et al., 2019).
The new materials are designed for both undergraduate and graduate student mentees
across STEMM disciplines, and are available from the Center for the Improvement of
Mentored Experiences in Research website.’! The activities and assessment tool are
organized by the Entering Research conceptual framework, which includes seven areas of
trainee development: (1) research comprehension and communication skills, (2) practi-
cal research skills, (3) research ethics, (4) researcher identity, (5) researcher confidence
and independence, (6) equity and inclusion awareness and skills, and (7) professional and
career development skills. These activities can be integrated into existing undergraduate
or graduate research training programs, or offered as stand-alone workshops, for-credit
seminars, or courses in the academic year.

Mentorship Education for Peers and Near-Peers

It is also important to teach students the skills of serving as effective peer and near-
peer mentors. The literature on team science (NRC, 2015a) indicates that creating effec-
tive teams requires more than simply putting people together and assuming that their
interactions will be effective. Therefore, it is necessary to offer mentorship education for
peer and near-peer mentors. As described in Chapter 4, many programs are embedding
peer and near-peer mentorship into their overall approach. For example, the Canvas
Network’s online 6-week mentorship education program, offered by the Ohio State
University Global One Health Initiative, works specifically with third- and fourth-year
undergraduates who will be peer mentors for UR freshmen and sophomores major-
ing in STEM. This program offers a course, delivered online and developed through a
supplement to the university’s NSF Louis Stokes Alliances for Minority Participation
grant, to “prepare student mentors for the critical role they will assume in improving
the academic and social transition of their mentees by helping them achieve social and
academic success” (OSU, 2019).

Some initiatives have described efforts to prepare peer and near-peer mentors.
For example, one study described the effect of peer mentorship on women’s experi-
ences and retention in engineering during their first year of college. The peer mentors
attended a half-day training that included reflections on being first-year students, prepa-
ration for their meetings with mentees, and discussion of expectations for the program

31 See http://www.cimerproject.org; accessed April 4, 2019.
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(Dennehy and Dasgupta, 2017). Another study found that e-mentorship modules that
train graduate students for peer or near-peer mentorship improve self-efficacy for women
in STEMM, facilitate student success in STEMM programs and the workplace, and
increase persistence and graduation rates through college STEMM programs (Wendt et
al., 2018). One study examined the risks and benefits for being a peer mentor or having
one mentor in a first-year undergraduate course. Findings from this study indicate that
“even in programs where peer mentor training is ongoing and established, assumptions
cannot be made about the understanding of the roles, risks, and benefits involved in
such relationships. This study demonstrates that students, instructors, and mentors all
have different perspectives about a mentor’s role and how that role should be enacted”
(Colvin and Ashman, 2010).

In general, many programs integrating peer-mentoring approaches and the prepara-
tion of students for these roles have not published evaluation data, let alone conducted
rigorous studies, of peer mentoring. A 2014 review of undergraduate mentoring pro-
grams identified only three studies that included some form of peer mentoring, only one
of which used a quasi-experimental design (Gershenfeld, 2014). There is an opportunity
to contribute to the literature on outcomes of graduate student peer-mentoring interven-
tions. One study examined the effects of 35 dyads in a graduate student peer-mentoring
program (Grant-Vallone and Ensher, 2000). Results showed that peer mentoring pro-
vided the graduate students with both increased levels of psychosocial and career sup-
port, with peer mentors providing higher levels of psychosocial support than career
support.

High-Touch and High-Tech Synchronous, Online Education

The original Entering Mentoring curriculum has been adapted and implemented in
synchronous, online platforms such as Blackboard Collaborate through the NSF-funded
Center for the Integration of Research, Teaching and Learning. As with the face-to-face
version of Entering Mentoring, the online version allows participants to engage in small-
and large-group discussions, chat-room discussions, collaborative writing, and group
problem solving. Participants from three implementations of Blackboard Collaborate
describe similar learning gains for online and face-to-face education, with all of the 39
responding participants indicating they felt the online environment promoted an inclu-
sive learning environment and that the experience improved their confidence in their
mentorship ability (McDaniels et al., 2016).

The National Research Mentoring Network Mentor Training Core offers other train-
ings and modules, such as the one on cultural awareness described earlier in this chapter,
some of which have been prepared and tested for online delivery. Preliminary find-
ings from a national randomized control study testing the effectiveness of a culturally
responsive mentorship module added to the Entering Mentoring curriculum revealed that
faculty mentors receiving the additional module content were more likely to view their

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/25568

The Science of Effective Mentorship in STEMM

MENTORSHIP BEHAVIORS AND EDUCATION 123

personal racial/ethnic identity as relevant to their mentoring than did those receiving
the standard curriculum (Byars-Winston and Butz, 2018). The Center for the Integra-
tion of Research, Teaching and Learning also offers online mentor training regularly to
graduate students and postdoctoral and faculty mentors.*?

Asynchronous Online Education

For some mentors, engagement in real-time, interactive mentorship education can
be difficult due to scheduling and other professional responsibilities, such as clinical
duties. Another approach to mentor education is the use of asynchronous, self-paced,
online professional development. One example is Optimizing the Practice of Mentoring
(OPM), developed in 2012 by investigators at the University of Minnesota (Weber-Main
et al., 2019).%* This course, which takes 90 to 120 minutes to complete, prepares faculty
to be effective research mentors to graduate students, junior faculty, and postdoctoral
researchers by providing descriptions of different mentorship approaches, an overview
of roles and responsibilities within the mentoring relationship, a structured approach
to mentorship, a toolkit of resources, and interactive learning exercises to illustrate
strategies for effective mentorship. At the end of the course, participants develop an
individualized mentorship action plan for applying what they have learned. Since mid-
2012, mentors from more than 300 institutions, averaging 225 mentors per year, have
accessed this module. Early evaluations demonstrated that 87.5 percent of survey respon-
dents reported “making” or “planning to make” changes in their mentorship practices
as a result of online training (Weber-Main et al., 2019). Statistically significant increases
between pre-to-post-OPM completion were reported in self-ratings for overall mentor-
ship quality and confidence to mentor effectively. In partnership with the University of
Wisconsin-Madison and other NRMN collaborators, OPM has been expanded to now
include three additional modules that have been tested in combination with face-to-face
discussion sessions.

Other examples of self-paced online education for mentors of undergraduate and
graduate students include a range of recorded webinars and videos, such as the NRMN
training videos that are part of its virtual guided mentorship program and training,** or
the mentoring science trainees’ playlist from iBiology.>> While these aids may be helpful
in preparing mentors and mentees to effectively engage in their online relationship, little
has been published on their impact; thus, a comprehensive listing of all such approaches
is not included in this report.

32 More information is available at https://www.cirtl.net/; accessed April 26, 2019.

33 More information is available at https://www.ctsi.umn.edu/education-and-training/mentoring/mentor-
training; accessed April 26, 2019.

34 More information is available at https://nrmnet.net/mymentor/; accessed April 24, 2019.

3 More information is available at https://www.ibiology.org/playlists/mentoring-science-trainees/; accessed
April 24, 2019.
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Education in Small Groups

All the mentor and mentee education approaches described above use small-group
discussions in which peers learn from one another.*® The small-group setting creates a
safe space where mentors or mentees can talk openly about pressures and challenges
that are often difficult to reveal and share. In particular, UR mentees benefit from learn-
ing in settings where they can feel safe to share the hurdles they face as UR individuals.
The effect of small groups has been noted for Entering Mentoring and Entering Research
(Branchaw et al., 2010; Handelsman et al., 2005; Pfund et al., 2015), and has been dem-
onstrated in several other mentorship programs as well.

Incentivizing Engagement in Mentorship Education

For institutions and organizations that want to implement mentor and mentee edu-
cation, it is important to have a plan in place to effectively market the program to faculty,
students, and postdoctoral researchers and engage them in mentorship and mentoring
relationships. The desire to have practical strategies for garnering interest of mentors
and mentees in mentorship education was one of the most asked-about topics in the
listening session conducted for this report. This interest was also expressed at the second
national conference on the Future of Bioscience Graduate and Postdoctoral Training,
which highlighted the desire for institutions to make it widely known among faculty,
students, and postdocs that mentorship education brings with it tangible benefits that
can improve the outcomes of and satisfaction with mentoring relationships (Hitchcock
et al., 2017). Some potential talking points are highlighted in Box 5-3.

36 More information on small-group learning is available in Springer et al., 1999; Svinicki and Schallert,
2016; and Wilson et al., 2018.
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BOX 5-3
Recruiting Participants to Mentorship Education

The following talking points can be used to recruit participants to mentorship education offerings:

e Effective mentorship has been linked to enhanced mentee productivity, self-efficacy, and career
satisfaction, and is an important predictor of the academic success of STEMM professionals in
training.

e Established mentor education curricula are available, and even experienced mentors learn
strategies for more effective mentorship from these curricula.

e Federal funding agencies are calling for evidence-based mentor education and the use of
mentorship tools, which are addressed in research mentor education offerings.

e A recognized mentee education curriculum is available that will help mentees identify a
research mentor with aligned research interests and develop a strong, positive professional
relationship with this mentor.

e By participating in mentorship education, mentors and mentees will receive resources and
materials on how to be more effective in their mentoring relationships.

e Mentor and mentee education provides the opportunity to discuss mentorship challenges
with peers, share best practices, read relevant literature, and review structured documents
for mentorship success, including mentorship compacts and IDPs.

¢ Mentorship education can help mentors and mentees attend proactively to their relationships
and resolve mentorship challenges, thereby making their relationships more effective and
efficient.

¢ Increasing access to effective mentorship is a strategy toward inclusive excellence.

SOURCE: Adapted from www.cimerproject.org/#/curricula/recruiting.
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Assessment and Evaluation:
What Can Be Measured
in Mentorship, and How?

Assessments and evaluations enable institutions and individuals to determine if mentor-
ship is achieving the desired goals and outcomes. However, there is a folly in hoping for
a specific outcome if measures used to evaluate what is happening focus on something
else entirely (Kerr, 1995). To fully understand mentorship, evaluation measures would
ideally address both mentorship processes and mentorship outcomes and the system
factors that can profoundly shape it.! Measurement and evaluation play a critical role
in assessing interventions, determining organizational priorities, and developing and
testing theory—three key elements that underlie understanding the effectiveness of
mentorship. In addition, initiatives and their outcomes that are assessed consistently
are better positioned to provide insights for improvement and long-term outcomes.
Therefore, intentionality is needed when selecting measures to assess mentorship and
outcomes of mentorship.2

This chapter draws on theories and frameworks from Chapter 2 to highlight how to
evaluate mentorship in its various forms and contexts. Box 6-1 highlights how theory
may inform the concepts that are discussed, like the process-oriented model shown in
Figure 6-1. Evaluating the effectiveness of mentorship depends on both quantitative and
qualitative measures and tools. Ideally, such measures identify how mentorship or spe-
cific mentorship factors contribute to desired outcomes and provide specific insights into
how interventions work. Integrating theories is important because they make explicit the

! As articulated in the discussion of theories applicable to mentorship in Chapter 2.
2 Intentionality is defined as a calculated and coordinated method of engagement to effectively meet the
needs of a designated person or population within a given context.
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(e.g., motivation) of mentorship.

BOX 6-1

Theory and the Process-Oriented Model of Mentorship

Concepts from and aligned with ecological systems theory are evident in the process-oriented
model of mentorship used to review existing measures in this chapter. Core premises from this theory
draw attention to assessment and evaluation of person-level and environment-level factors in exam-
ining the processes and outcomes of mentoring experiences as well as the contexts in which those
experiences occur. Ecological systems theory, along with others such as social exchange theory, draws
attention to both the technical aspects (e.g., research skill development) and the relational aspects

Prior

performance
Motivation
Similarity
Formality

Processes

. .

* Career Support

* Role Modeling

................................

* Relationship Quality

Correlates

Relationship
duration

¢ Interaction
frequency

¢ Social capital

FIGURE 6-1 Simplified process-oriented model of mentorship.

SOURCE: Adapted from Eby et al., 2013.

i » Psychosocial Support

i » Negative Experiences i

Outputs

Performance
* Motivation
¢ Persistence
¢ Career-related
outcomes

mechanisms by which mentorship is expected to operate and therefore the appropriate
measures to use to assess mentorship activities and programs. This chapter focuses on
quantitative measures, although the importance and value of qualitative assessment is

acknowledged.
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CONSIDERATIONS IN ASSESSMENT OF MENTORSHIP

As mentioned in Chapter 4, it is challenging to determine how to assess effective
mentorship at the program, institution, individual, and relationship levels across science,
technology, engineering, mathematics, and medicine (STEMM) disciplines and career
stages. In selecting appropriate measures, there are at least three important questions
to consider:

1. How can we quantify “quality” mentoring relationships and programs—and at
what time and from whose perspective? Similarly, what are the indicators that
prevailing evidence suggests constitute quality in mentoring relationships?

2. What measures assess effective mentoring relationships in STEMM fields that
allow for multiple mentoring relationships at one time?

3. What outcome measures are useful in assessing the most successful characteristics
of mentoring relationships and programs?

Measures must be theoretically grounded, psychometrically sound, and reliable across
demographic groups. This includes careful consideration of factors such as selection bias.
Ideally, measures also provide information that can be used by mentors and mentees to
adapt their behaviors to maximize positive outcomes, and by programs and institutions
to help them improve their mentorship activities. This chapter discusses the work that
has been done on developing and using such measures, some of the challenges in doing
so, and potential areas of research to better assess the effectiveness of mentorship educa-
tion and initiatives. It focuses on identifying validated quantitative measures for use in
assessment efforts for mentorship improvement and summarizing qualitative work on
outcomes, antecedents, and correlates of mentorship.?

THEORETICAL APPROACH

Existing research on mentorship tends to examine the relationships between mentor-
ing functions, intervening processes, and individual-level outcomes, such as satisfaction,
career progression, STEMM persistence, and retention. Still, there is opportunity for
future work to augment our understanding of the intervening psychological, cognitive,

3 The measures highlighted in this chapter have been studied and are supported by some validity and
reliability evidence. They have also been used in practice. However, it was beyond the scope of this report to
determine how widely these instruments are used. Table 6-1 provides a list of measures that could be con-
sidered over measures that lack such reliability and validity evidence, along with context for those measures.
In addition, Chapter 1 discussed what qualifies as evidence and reminded the reader that the committee
endorses using both qualitative and quantitative methods.
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affective, and behavioral processes that link the quality of the mentorship a mentee
receives and outcomes in STEMM contexts.*

Assessing mentorship’s relational processes involves moving beyond cross-sectional
studies and interpersonal analysis and including intrapersonal research methods such as
experience sampling assessment or ecological momentary assessment designs (Shiffman
et al., 2008).> For example, experience sampling assessments can involve, but are not
limited to, the use of cell phone and computer-based applications.® Using an app, indi-
viduals could be prompted to record mentorship behaviors they experienced that day.
Such methods allow for analysis of daily variations in mentoring functions as predictors
of relationship development over time or relate mentor or mentee behaviors over time to
other factors, such as institutional support, and outcomes. Effective tracking allows users
and researchers to examine which factors are related to and predictive of happiness. Such
approaches will facilitate the study of how relational experiences over time culminate
to predict outcomes, which could provide important insights for understanding both
immediate and cumulative effects of mentorship.

To highlight the available valid measures and the strength of evidence supporting
them, the committee drew on a process-based model of mentorship that suggests key
individual and relational characteristics and processes for mentees (Figure 6-1) (Eby et
al., 2013). This model focuses on the individual level in the ecological systems model
discussed in Chapter 2. As noted throughout this report, contexts are important for
mentorship. However, the committee failed to find any valid measures for assessing a
culture of mentorship for STEMM undergraduate students and graduate students at the
level of the department, college, or institution, or professional associations or societies.”

* Organizational scholarship has relevant information that may be useful to consider factors, such as
resilience, that mediate mentorship (Kao et al., 2014).

5 Experience sampling asks individuals to “provide systematic self-reports at random occasions during
the waking life of a normal week. Sets of these self-reports from a sample of individuals create an archival
file of daily experience” (Larson and Csikszentmihalyi, 2014). Ecological momentary assessment (EMA)
“involves repeated sampling of subjects’ current behaviors and experiences in real time, in subjects’ natural
environments. EMA aims to minimize recall bias, maximize ecological validity, and allow study of micro-
processes that influence behavior in real-world contexts. EMA studies assess particular events in subjects’
lives or assess subjects at periodic intervals, often by random time sampling, using technologies ranging
from written diaries and telephones to electronic diaries and physiological sensors” (Shiffman et al., 2008).

% One example is the Track Your Happiness app. More information is available at https://www.
trackyourhappiness.org/; accessed April 24, 2019.

7 In organizational behavior, culture and climate assessments are oftentimes aggregates of individual
assessments: if a large number of people feel their organization is safety focused, a strong safety culture
exists. However, it is unclear that a full parallel can be made to the mentorship culture for STEMM under-
graduate and graduate students.
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MEASURES OF MENTORING RELATIONSHIP PROCESSES
IN STEMM CONTEXTS

Efforts to assess mentorship at any level are ideally a part of a larger evaluation effort
of expected outcomes. Scholars have provided guidance for evaluating formal mentor
programs (Lunsford, 2016), and such assessments may be formative—used to change
mentorship behaviors or practice and to inform decision making about programs—or
summative—used to demonstrate the effectiveness and significance of practices, behav-
iors, or programs.

As noted in Chapter 4, mentorship occurs formally and informally, but in all cases
it is expected to result in an improved outcome for participants. Meta-analyses from a
mentee perspective® indicate four categories of outcomes for mentorship: attitudinal,
behavior, career, and health related (Eby et al., 2013). Attitudinal outcomes change the
fastest and include attitudes such as sense of belonging in and satisfaction with an aca-
demic major, department, discipline, or program. Behavioral outcomes refer to behaviors
such as remaining in a major or a graduate program. Career outcomes refer to career
prospects, such as gaining admission to graduate school or to a job. Health-related out-
comes refer to strain or stress and self-efficacy, which are related to psychological health.

Process-Oriented Model

In the ideal case, measurement models would map onto theoretical models to test
research questions and hypotheses of mentorship processes and outcomes. In the com-
mittee’s review of assessment methods, recent theoretical and empirical evidence sup-
ports a process-oriented model of mentorship (Figure 6-1) (Eby et al., 2013) that can
be mapped onto assessment methodologies. This model holds that personal, contextual,
and relational inputs shape the characteristics of the mentoring relationship processes,
and these relationship processes influence cognitive, emotional, and behavioral out-
puts. Outputs from mentorship in STEMM contexts vary widely across the literature,
with examples including psychological processes such as self-efficacy, learning or skill,
scholarly achievement, and enhanced career aspirations and advancement including
persistence in STEMM pathways (Crisp and Cruz, 2009; Eby et al., 2013; Gershenfeld,
2014; Ghosh, 2014; Ghosh and Reio, 2013; Jacobi, 1991; Pfund et al., 2016; Sadler et al.,
2010; Syed et al., 2011).

According to this process model, mentorship includes active functions such as career
support or instrumental support (i.e., sponsorship, coaching, exposure and visibility, pro-
tection, and challenging work assignments) and psychosocial support (i.e., acceptance,
counseling, and friendship) that were discussed in Chapter 2. Additional roles include

8 A meta-analysis involves quantitatively combining and analyzing data from multiple studies to deter-
mine aggregate effect sizes for relationships between variables across multiple quantitative studies.
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passive functions, such as role modeling,’ in which a mentor serves as an inspirational
example of the norms, attitudes, and behaviors necessary to achieve success (Lockwood
and Kunda, 1997). Mentorship also includes negative experiences, including mismatch
within the mentorship dyad, distancing behavior, manipulative behavior, lack of exper-
tise, and general dysfunctionality, as discussed in Chapter 5 (Eby et al., 2004; Eby, Durley
et al., 2008; Kram, 1985b). Benevolent mentorship support functions—career support,
psychosocial support, and role modeling, for example—promote relationship quality,
which includes overall relationship satisfaction, trust, reciprocity, and effectiveness
(Kram, 1985b), whereas negative experiences diminish relationship quality. Relationship
quality, in turn, reciprocally influences future levels of provided and received mentor
support functions (Eby et al., 2013). For research mentoring in STEMM, performance
outputs encompass an array of research skills, as well as critical research products such
as publications.

A landscape review conducted for this report identified 35 assessments of mentor-
ing relationship processes in postsecondary educational STEMM contexts from the
perspectives of mentees, mentors, or programs/institutions, many of which contain
components that map onto process models (Hernandez, 2018). Most of these assess-
ments have focused on measuring characteristics of the mentoring relationship from
the mentee’s perspective, and the majority of those assessments focused on under-
graduate and graduate students, with fewer looking at postdoctoral researchers. Of the
few assessments focused on the mentor’s perspective of the mentoring relationship, most
examined university faculty, graduate student, and postdoctoral researcher perceptions
of the mentoring relationship they had with undergraduate mentees (Hernandez, 2018).
Assessments of mentoring relationships from the program or institutional perspective
drew on the perceptions of institutional staff members who run mentorship programs
or faculty mentors involved in those programs.

The quantity and quality of validity evidence varies substantially across mentee, men-
tor, program, and institutional evaluation perspectives and within specific assessments
from each perspective. Figure 6-2 summarizes the strength of the validity evidence based
on assessment content, internal structure, and relationships among processes within the
process-oriented model of mentorship (Eby et al., 2013). Table 6-1 lists the instruments
that have moderate levels of validity evidence supporting their use (Hernandez, 2018).

Assessments from the mentee perspective examined types of career and psychosocial
support mentees received as well as overall mentor relationship quality. Items in these
assessments ranged from general support functions that apply across contexts, such as
goal setting, to support functions that are specific to STEMM contexts, such as research
collaboration. Assessments from the mentor perspective examine a variety of behaviors
categorized as provision of career support and psychosocial support. Assessments at the

° Role modeling, as a support function of mentorship, is sometimes broken out and sometimes subsumed
in the psychosocial support functions (Crisp and Cruz, 2009).
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TABLE 6-1 Assessments by Career Stage with Moderate Levels of Validity Evidence

Scale Name Subscales For Career Stage Discipline
[No. of Items]
(Author, Year)
Mentorship Functions Scale Career Support Mentees  Doctoral “Hard”
[MES, 29] Psychosocial Support Sciences
(Noe, 1988) (from use in
original text)
Mentor Role Instrument Career Support Mentees  Graduate Academic
[MRI, 33] Psychosocial Support Medical Center,
(Ragins and McFarlin, 1990) clinical and
translational
science
trainees
Global Measure of Mentorship  One factor encompassing career Undergraduate ~ STEMM
Practices and psychosocial support and Graduate
[GMMP, 18] networking
(Dreher and Ash, 1990)
Mentor Satisfaction scale Satisfaction
[3]
(Ensher and Murphy, 1997)
Need Satisfaction Scale Three factors: Mentees UR Medical Center
[9] Autonomy Undergraduate,
(La Guardia et al., 2000) Competence Postdoc,
Relatedness Faculty
Survey on Doctoral Education  Six factors: Mentees  Doctoral STEMM
— Mentorship Subscale Affective
[23] Instrumental
(Golde and Dore, 2001; Noy Intellectual
and Ray, 2012) Exploitive
Available
Respectful
Working Alliance in Advisor- Three factors: Mentees  Doctoral STEMM
Advisee Relationships Rapport Undergraduate
[AWAL, 29] Apprenticeship in summer
(Schlosser and Gelso, 2001) Identification-Individuation research
Mentorship Effectiveness N/A Mentees  Undergraduate  N/A
Scale in summer
[12] research
(Berk., 2005)
College Student Mentorship Two dimensions of psychosocial Mentees  Undergraduate  N/A

Scale
[CSMS, 25]
(Crisp and Cruz, 2009, 2010)
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TABLE 6-1 Continued

Scale Name Subscales For Career Stage Discipline
[No. of Items]
(Author, Year)
Role Model Identification Role model Mentees  Undergraduate  STEM
[4] in summer
(Hoyt et al., 2012) research
Mentoring Competency Maintaining effective Mentees  Undergraduate  STEMM
Assessment communication
[MCA, 26] Aligning expectations
(Fleming et al., 2013; Pfund et  Assessing understanding
al., 2013, 2014) Addressing diversity
Fostering independence
Promoting professional development
Mentor Effectiveness Scale Effectiveness Mentees  Undergraduate  N/A
[26] in summer
(Byars-Winston et al., 2015) research
Mentorship Structure, Mentor network structure Mentees  Master’s N/A
Motivation, and Effectiveness Motivations to be mentor in clinical
[32] characteristics research
(McGinn et al., 2015) Effectiveness
Mentorship Experience in Challenge Mentees  Undergraduate  STEMM
College Authenticity
[24] Commitment
(Gullan et al., 2016) Community
Mentorship Strategies and Instrumental support Mentees  Undergraduate  Science
Approaches Socioemotional support
[14] Culturally responsive support
(Haeger and Fresquez, 2016)
Deaf Mentorship Survey Being a scientist Mentees  Undergraduate  Scientific
[DMS, 15] Deaf community capital disciplines
(Braun et al., 2017) Asking for accommodations
Communication access
Evaluation of Mentoring Global measure of similarity, Mentees  Undergraduate  Engineering
Relationship support, and satisfaction
[9]
(Dennehy and Dasgupta,
2017)
Mentoring Competency Six factors: Mentors  Undergraduate ~ STEMM
Assessment Maintaining effective faculty
[MCA, 26] communication

(Fleming et al., 2013; Pfund et
al., 2013, 2014)

Aligning expectations

Assessing understanding
Addressing diversity

Fostering independence
Promoting professional development

SOURCE: Hernandez, 2018.
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program or institution level included items that ranged from general support functions
to items that are specific to STEMM contexts, such as fostering research independence.

USING EXISTING MEASURES AND TAILORING
ASSESSMENTS TO STEMM CONTEXTS

There are several pathways for developing and selecting measures to evaluate men-
toring relationships. First, a large body of research on mentorship measures in the organi-
zational behavior literature delineates and differentiates between psychosocial and career
support mentorship functions and sometimes role modeling functions. These measures
can be adapted through minimal wording changes to STEMM contexts—by changing
contextual components of items from “workplace” to “university” or “research group,’
for example—and some of them have been used in assessments of academic mentorship
(Eby, Allen et al., 2008; Pfund et al., 2016). Second, significant development and valida-
tion work on STEMM -specific measures can supplement broad mentorship measures
with STEMM context-specific behaviors, competencies, and outcomes.

Two examples illustrate the benefits of adapting assessments or developing them for
postsecondary STEMM contexts. The Global Measure of Mentorship Practices (GMMP)
(Dreher and Ash, 1990) was developed as a comprehensive assessment of mentorship
support received, and it was adapted for use in postsecondary STEMM contexts by omit-
ting two questions that were irrelevant to graduate students and adding four additional
questions that related to disseminating research and exploring career options (Tenen-
baum et al., 2001). The resulting adapted GMMP instrument measures 10 behaviors of
career and psychosocial support that are generally specified to mentee experiences in
postsecondary STEMM (see Box 6-2). The adaptation of the GMMP was efficient and
relatively low in cost, but without a more complete attempt to establish validity with the
population of interest, it is possible that the modified instrument misses important career
support behaviors unique to STEMM.

In contrast, the Mentoring Competency Assessment (MCA) (Fleming et al., 2013)
is an example of an instrument developed specifically for postsecondary STEMM
research contexts.!® The content validation process for this measure involved (1) an
extensive review of the mentorship assessments, (2) cognitive interviews with mentors
and mentees in postsecondary STEMM research contexts, and (3) aligning assess-
ment content to a framework and learning objectives for an Entering Mentoring-based
mentor education program (Fleming et al., 2013; Handelsman et al., 2005; Pfund et al,,
2006, 2013). The resulting 26-item MCA measures six mentor competencies that are
specific to postsecondary STEMM research contexts, with one version for mentors and
one for mentees. The MCA includes sets of items, or subscales, that could be useful

10 Examples, designed for self-reflection, are available at https:/ictr.wisc.edu/mentoring/mentor-
evaluation-form-examples/; accessed May 23, 2019.

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/25568

The Science of Effective Mentorship in STEMM

ASSESSMENT AND EVALUATION

137

BOX 6-2
The Global Measure of Mentorship Practices
Adapted for Use in Postsecondary STEMM Contexts

The Global Measure of Mentorship Practices (GMMP) has been adapted to postsecondary STEMM
contexts by removing two items and adding four other, context-specific ones. Each item is prefaced
with the phrase “to what extent has a mentor...”.

The 15 items retained from the original GMMP are as follows:

e Gone out of his/her way to promote your academic interests?

e Conveyed feelings of respect for you as an individual?

e Conveyed empathy for the concerns and feelings you have discussed with him/her?

¢ Encouraged you to talk openly about anxiety and fears that detract from your work?

¢ Shared personal experiences as an alternative perspective to your problems?

e Discussed your questions or concerns regarding feelings of competence, commitment to
advancement, relationships with peers and supervisors, or work/family conflicts?

e Shared history of his/her career with you?

e Encouraged you to prepare for the next steps?

e Served as a role model?

¢ Displayed attitudes and values similar to your own?

e Helped you finish assignments/tasks or meet deadlines that otherwise would have been dif-
ficult to complete?

¢ Protected you from working with other faculty, lecturers, or staff before you knew about their
likes/dislikes, opinions on controversial topics, and the nature of the political environment?

e Given you challenging assignments that present opportunities to learn new skills?

¢ Helped you meet other people in your field at the University?

e Helped you meet other people in your field elsewhere?

The two omitted items are as follows:

¢ Given or recommended you for assignments that increased your contact with higher level
managers?

e Kept you informed about what is going on at higher levels in the company or how external
conditions are influencing the company?

The four additional items are as follows:

e Given you authorship on publications?

¢ Helped you improve your writing skills?

e Helped you with a presentation (either within your department, or at a conference)?

e Explored career options with you?

SOURCE: Tenenbaum et al., 2001.
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for measuring elements of mentorship outside of STEMM or research contexts, such
as active listening. Other subscales are specific to STEMM research, such as accurately
estimating a mentees’ ability to conduct research. The decision to adapt or develop
an assessment—and in particular, the content of an assessment—for postsecondary
STEMM is not trivial, particularly given limited empirical evidence supporting the
assertion that context-specific measures necessarily result in enhanced predictive and
construct validity (AERA, 2014).

GAPS IN STEMM MENTORSHIP ASSESSMENT

Similar to the broader literature of the science of mentorship in postsecondary
settings (Crisp and Cruz, 2009; Jacobi, 1991), a review of the mentorship assessment
literature reveals there is little consensus on how to determine either the most essential
specific forms of mentorship support or the programmatic or institutional structures
that could enhance, incentivize, or reward mentorship support. This ambiguity is often
related to a lack of valid measures at various levels or from various perspectives.

Program- and institution-level evaluations have attempted to evaluate mentorship
support in a variety of ways, ranging from perceived costs and benefits to opportunities
for professional development. However, to date there is a lack of theoretical or empirical
work linking the content or aspects of institutional support structures for mentorship
to dyadic mentorship processes, such as the perceptions of mentorship provided by a
mentor to a mentee. As a result, the current assessments of mentorship from program
and institutional perspectives do not align well with theoretical models of mentoring
relationship processes such as career support, psychosocial support, role modeling, and
negative experiences.

There are several measures of relationship quality in STEMM contexts from the
mentee perspective (Byars-Winston et al., 2015; Dennehy and Dasgupta, 2017; Ensher
et al., 2001; Hernandez et al,, 2016), but a dearth of measures of relationship quality
from mentors’ perspective. For example, negative mentoring experiences have been
documented,!! and there are robust assessments of negative mentorship experiences
outside of STEMM contexts (Eby et al., 2004; Eby, Durley et al., 2008). These could be
adapted and leveraged for use in STEMM contexts for both mentees and mentors. In
addition, numerous measures are available for documenting mentee outcomes of men-
toring relationships (Hernandez, 2018), but measures of mentor outcomes are scarce.

Finally, there is a shortage of assessments for STEMM mentorship at the department,
college, university, and professional association levels. Development of these assess-
ments could contribute to an enhanced understanding of contextual factors conducive
or prohibitive to mentorship, such as departmental, institutional, or disciplinary culture.
Preliminary evidence for what constitutes a mentorship-supportive culture is avail-

11 Negative mentoring experiences are discussed further in Chapter 5.
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able, and it has the potential to inform the development of assessments in this domain
(Zachary, 2011).

MENTORSHIP OUTCOMES

Support for mentorship within STEMM contexts is more likely if comprehensive
evidence shows how and why mentorship and specific mentorship processes are linked
to desirable outcomes for mentees, mentors, and the research enterprise. One potential
component of a greater assessment of a mentorship practice or program could be an
evaluation of programs or campaigns to demonstrate how and why mentorship can ben-
efit mentees. Therefore, in addition to gaining an in-depth understanding of mentorship
experiences from both the mentors’ and mentees’ perspective, it is important to review
different outcomes of mentorship for mentees, mentors, and their broader contexts.
This section discusses outcomes of mentorship, with an emphasis on assessment and
measurement practices.

A major purpose of STEMM mentorship is to improve outcomes for mentees,
including improved academic and professional performance, increased persistence in
pursuing a degree and career, greater self-efficacy, and a stronger sense of science identity
and belonging, among others. Successful mentoring relationships can be measured by
mentees’ successes in reaching individual milestones along their educational or career
trajectory. In addition, successful mentoring relationships yield mentees with the ability
to define their career goals, identify the skills they need to achieve those goals, and take
the necessary steps to make progress toward those goals. In that way, a successful mentor
will be one with the skills and knowledge to support mentees’ development by helping
them gain the competencies, knowledge, and confidence they will need to reach their
educational and career goals. Achieving success involves mentors understanding each
mentee’s unique needs and desires, as well as being flexible and humble enough to adapt
their mentoring behaviors to best meet the mentee’s needs and desires (Pfund, 2016).
One example illustrating the link between mentor effectiveness and mentee efficiency
in achieving academic milestones comes from Vanderbilt University, which is currently
assessing the value and impact of mentorship on almost 1,000 basic biomedical sciences
Ph.D. students (see Box 6-3).

A substantial body of research compiled over the past 30 years has examined the
effect of the mentoring relationships individuals engage in during their careers. This
research, conducted across a broad range of professional domains, indicates mentorship
has a net positive effect on academic achievement, retention, and degree attainment
(Campbell and Campbell, 1997; Crisp and Cruz, 2009; Nagda et al., 1998; Terenzini et
al., 1996), as well as career success, career satisfaction, and career commitment (Cox,
1997; Schlosser et al., 2003).
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BOX 6-3
The Relationship Between Mentoring and Graduate Student Outcomes
in Basic Biomedical Sciences at Vanderbilt University

The basic biomedical sciences at Vanderbilt University have been collecting and anonymizing
information in two areas from graduating Ph.D. students for nearly 20 years: students’ performance,
such as time to degree and number of first-author (and other position) papers published, and an assess-
ment of students’ performance at the time of graduation by the faculty who have mentored and advised
them; and students’ assessment of the mentorship received during their tenure. Mentorship is assessed
in 13 categories:

. Provide scientific training and advice
. Provide constructive feedback on oral and written communication skills
. Set reasonable goals and expectations
Communicate reasonable goals and expectations
. Set aside time to meet with you
. Encourage creativity and independence
. Treat you with dignity and respect
. Provide opportunities to present data
9. Help navigate graduate school program requirements
10. Encourage a healthy work-life balance
11. Help you complete your thesis project in a reasonable length of time
12. Support your professional development activities
13. Support your career goals

PN O U W=

Recently, an effort is being made to correlate the results of the students’ perception of the mentor-
ship and the students’ performance or outcomes. While causality cannot clearly be attributed, there
appears to be correlation between mentorship assessment and time to degree (see Table 6-3-1 for results
of Ph.D. students between 2007 and 2017), number of papers published within 3 years of graduating
(the lowest-ranked quartile of faculty had 11 students who ended up with eight or more publications
compared with the highest-ranked quartile, which had 30 students with eight or more publications),
and faculty assessment of student performance (the lowest-ranked third of mentors had nearly 6 times
as many lower-performing students as the highest-ranked third of mentors).

Outcomes of Mentorship in STEMM for Mentees

For undergraduates in STEMM, participating in mentored research experiences
has been linked to self-reported gains in research skills, productivity, and retention in
STEMM (Laursen etal., 2010; Linn et al., 2015; Sadler and McKinney, 2010). Studies have
also shown that research experiences combined with quality mentorship that includes
providing psychosocial and career support and networking opportunities contributes to
students feeling integrated into STEMM fields (Estrada et al., 2018). Effective mentor-
ing relationships have been shown to influence undergraduate mentees’ confidence in
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TABLE 6-3-1 Student Time to Defense and Rating of Thesis Mentor
Students’ Rating of Their Thesis Mentors

Top Second Third Bottom
25% 25% 25% 25%
Years to Ph.D. thesis defense 5.26 + 0.98 5.60 + 0.86* 6.01 +1.03** 6.01 +1.00%**
(Avg. = Std. Dev.)
Number of students who rated 103 213 158 174
their mentors
Number of mentors 63 63 63 64

NOTES: Graduating Vanderbilt biomedical sciences Ph.D. students (2007-2017) rated their mentors on a scale of
1 (highest) to 4 (lowest) in 13 categories. Students in this analysis were admitted through the Interdisciplinary
Graduate Program (IGP), Quantitative and Chemical Biology (QCB), and Chemical and Physical Biology (CPB)
umbrella entry programs. Based on the average rating from all their students, mentors were grouped into quartiles
from top 25 percent to bottom 25 percent, and the average time to defense for their students was analyzed. Students
in the top quartile had a significantly shorter time to defense compared with students in the second (*p = 0.02), third
(**p < 0.0001), and bottom (***p < 0.0001) quartiles (one-way analysis of variance test followed by Tukey post
hoc test). Mentor total n = 253; Student total n = 648; Overall average time to defense = 5.75 years. (Institutional
Review Board approval number: 190162)

SOURCE: Brown et al., 2019.

their research skills, a key predictor of persistence in STEMM (Byars-Winston et al.,
2015). One investigator described STEMM environments as ideal for the development
of undergraduate mentor-mentee relationships because there is often a focus on work-
ing in laboratories (DeAngelo, 2016), which places the faculty member and student in a
one-on-one situation conducive to mentorship. Still, students and faculty have to initiate
this pairing on their own.

As noted in a 2017 National Academies report on undergraduate research experi-
ences in STEM (NASEM, 2017b), mentees perceive mentors who model ethical behav-
iors, kindness, and competence as exhibiting outstanding mentor qualities (Johnson,
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2002; Mullen et al., 2000; Rice and Brown, 1990). In addition, research has shown that
perceived mentor effectiveness indirectly predicts enrollment in science-related doctoral
or medical degree programs (Byars-Winston et al., 2015).

Graduate students who have good mentoring relationships are more likely to persist
in their academic decisions (McGee and Keller, 2007; Williams et al., 2016a), with posi-
tive mentorship cited as the most important factor in completing a science, technology,
engineering, and mathematics (STEM) degree (Ashtiani and Feliciano, 2012; Solorzano
and Yosso, 2000). Quality mentorship focusing on graduate students’ psychosocial needs
appears to increase how mentees perceive the quality of the mentoring relationship and
how satisfied they are with that relationship, which in turn enables them to see them-
selves as more competent STEMM researchers (Tenenbaum et al., 2001; Waldeck et al.,
1997). Mentored graduate students and medical trainees are also more likely to publish
their research than those who are not mentored (Steiner et al., 2002, 2004; Wingard et
al., 2004).

The association between quality mentoring relationships and achievement among
mentees from groups who are underrepresented (UR) in STEMM!? is even stronger
(NASEM, 2017a).!3 Evidence suggests that positive mentor-mentee relationships and qual-
ity mentorship are particularly important for integrating women and UR students into
the STEMM academic community (Anderson and Kim, 2006; Byars-Winston et al., 2015;
Estrada et al., 2018; Felder, 2010; Good et al., 2000; Griffith, 2010; Huang et al., 2000; Lewis
et al., 2016; Lisberg and Woods, 2018). Studies have also shown that quality mentorship
increases recruitment of UR mentees into graduate school and research-related career paths
(Hathaway et al., 2002; Junge et al., 2010; Nagda et al., 1998; Thiry and Laursen, 2011).

Outcomes of Mentorship in Higher Education Outside of STEMM for Mentees

Researchers have conducted a wide range of qualitative and quantitative studies on
mentorship outcomes in higher education outside of STEMM. In qualitative studies, for
example, investigators used case study methods and interviews to study recommended
characteristics of mentorship, how students and mentors experience the mentoring
relationship, and what both students and mentors expect from mentoring relationships
and what their roles are in that relationship (Baker and Griffin, 2010; Bell and Treleaven,
2011; Griflin, 2013). For the most part, quantitative research has examined college adjust-
ment (Apprey et al., 2014), career and personal development (Haddock et al., 2013;
Kinkel, 2011; Sams et al., 2015), and measures of academic progress and success (Fox et
al., 2010; Hu and Ma, 2010; Zell, 2011).

12 This report refers to UR groups as including women of all racial/ethnic groups and individuals specifi-
cally identifying as Black, Latinx, and American Indian/Alaska Native. Where possible, the report specifies
if the UR groups to which the text refers to Black, Latinx, or of American Indian/Alaska Native heritage.

13 This topic is explored in more depth in Chapter 3.
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Most of these studies in higher education outside of STEMM did not distinguish
between mentorship and other forms of supportive relationships, including those with
advisors, institutional agents, developers, and coaches (Baker and Griffin, 2010; Bettinger
and Baker, 2011; Museus and Neville, 2012; Tovar, 2015). Nonetheless, there are lessons
from these studies that suggest what outcomes STEMM mentees might experience.
This research suggests, for example, that informal mentorships are more likely to be
successful for mentees and result in outcomes superior than with formal mentorship,
which is when relationships are based on assigning students to mentors (Davidson and
Foster-Johnson, 2001; Gandara and Maxwell-Jolly, 1999).1 This research also shows
that career and psychosocial support in mentorship often contribute in different ways
to different types of outcomes for mentees, and that career support typically results in
better career outcomes, such as greater publication output for graduate students (Haeger
and Fresquez, 2016; Tenenbaum et al., 2001). Psychosocial support results in outcomes
that are crucial for student well-being and other criteria necessary for promotion and
productivity, such as greater satisfaction with the mentoring relationship and commit-
ment to one’s own academic program (Phinney et al., 2011). Other positive outcomes
from mentorship programs include increased academic performance and involvement
in programs at the college or university (Brittian et al., 2009; Dahlvig, 2010), better
transition and adjustment to the college environment (Smojver Azi¢ and Antuli¢, 2013),
improved personal and career development (Kinkel, 2011), more degrees conferred and
persistence through programs (Gross et al., 2015), and positive civic outcomes such as
increased social responsibility and socially responsive leadership (Haddock et al., 2013).

Outcomes from a Relationship Perspective

Mentoring relationships can be characterized by the purpose, intensity, and duration
of the relationship. Successful mentoring relationships result from a mentor’s intentional
and purposeful commitment to helping the mentee succeed (Baker and Griffin, 2010).
Additionally, mentorship may help develop students’ time management skills, study
skills, communication skills, and other transferable skills sets, as well as helping them
adjust to college (Michael et al., 2010; Salinitri, 2005). Helping to guide and engage stu-
dents in research, providing direction in career goals, and creating a sense of belonging
in college departments are strategies that have proved successful in mentorship programs
(Crisp et al., 2017).

Measuring outcomes from the mentoring relationship perspective highlights the
value of having parallel measures from both sides of the relationship: that of the mentor
and the mentee. Such parallel measures can elucidate the degree to which mentees and
mentors have shared views about the mentoring relationship and mentoring activities,
which can be an indicator of their working alliance. One example of parallel mentoring

4 Informal and formal mentoring relationships are discussed in Chapter 4.
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relationship measures is from the Howard Hughes Medical Institute Gilliam Fellow-
ships for Advanced Study, a predoctoral program for UR students in STEMM. A survey
posed questions to Gilliam mentors and mentees in dyadic pairs about behaviors in the
mentoring relationships related to facilitating students’ research and career development
and science identity. Results of the survey revealed a mismatch on some aspects in the
mentoring relationship. Namely, mentors reported displaying more of the desired behav-
ior, such as, mentors sharing their own research career pathway, highlighting and giving
direction for improving mentees’ research outcomes, and affirming mentees’ ability to be
a scientist, than their mentees reported perceiving (see Table 6-2) (Pfund et al., 2019).
These findings indicate that further inquiry into how different views of mentoring activi-
ties influence mentorship outcomes could be useful, and they also point to the potential
value of mentorship education in supporting mentors’ career facilitation for students.
Few studies on mentorship outcomes appear to use theoretical frameworks focused
on the relational elements of mentoring, such as social support, that emphasize how
relationships reduce stress and promote coping, or developmental support, which links
mentorship to the college student developmental process. However, several studies
(Aikens et al., 2016, 2017) have used social capital theory as a framework for examin-
ing the effect of mentorship structures between students, doctoral and postdoctoral

TABLE 6-2 Results from a Paired Survey of Mentors-Mentees in the Howard Hughes Medical
Institute Gilliam Fellowships for Advanced Study Program

Mean
Question for the Mentee Question for the Mentor Mentee Mentor p-value
My mentor provided opportunities | provided opportunities for my 4.30 4.78 0.959
for me to draw upon my previous mentee to draw upon their previous
knowledge to complete a new task. knowledge to complete a new task.
My mentor discussed the pathway | discussed with my mentee the 3.68 4.57 0.021
he or she took to enter research. pathway | took to enter research.
My mentor appeared aware of the | am aware of the skills and 3.55 4.32 0.530
skills and behaviors that he or she behaviors that | am modeling.
was modeling.
My mentor told me | have the ability | told my mentee they have the 4.14 4.67 0.040
to be a scientist. ability to be a scientist.
My mentor acknowledged my | acknowledged my mentee’s 3.32 414 0.713
successes in real time. successes in real time.
My mentor highlighted positive | highlighted positive outcomes 3.18 4.52 0.002
outcomes of my research as of my mentee’s research as well
well as gave me clear steps for as gave them clear steps for
improvement. improvement.

NOTE: Bolded items indicate a measureable mismatch between mentor and mentee responses.
SOURCE: Pfund et al., 2019.
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TABLE 6-3 Parallel Mentor and Mentee Measures Assessing Social Cognitive Career Theory
(SCCT) Variables and Cultural Diversity Awareness of Mentors

Administered to

Measure Mentees Mentors
SCCT Variables?
Research Self-Efficacy X X
Sources of self-efficacy in mentoring (four subscales)
Past performance X X
Social persuasion X X
Vicarious learning X X
Emotional/affective states X X
Cultural Diversity Awareness (CDA)? (three subscales)
Attitudes toward CDA in mentoring relationships X X

Behaviors displaying mentors’ CDA

Confidence to enact CDA in mentoring relationship

SOURCES: #Byars-Winston et al., 2016; “Byars-Winston and Butz, 2018.

scholars, and faculty on various outcomes.!> These investigations found that in “closed
mentorship triads,” which included a faculty mentor, a graduate student or postdoctoral
mentor, and an undergraduate student mentee,'® interactions were the most beneficial
for mentee outcomes such as science identity development (Aikens et al., 2016, 2017),
scholarly productivity, and intentions to pursue a STEM Ph.D. (Aikens et al., 2016). In
addition, several researchers have developed parallel measures for mentors and mentees
in STEMM based on social cognitive career theory and science identity as well as
multicultural theory (Byars-Winston et al., 2016).17 These parallel mentor and mentee
measures assess elements in the mentoring relationship related to mentees’ research self-
efficacy beliefs and mentors” cultural diversity awareness (see Table 6-3).

Measuring Mentor Motivations and Correlates

Assessment and measurement of mentorship could integrate how and why mentors
participate in mentorship and what they gain from successful mentorship. For example,
one qualitative case study found that graduate students and postdoctoral researchers
who mentored undergraduates in research reported improved career preparation and

15 Social capital theory is described further in Chapter 2.
16 Triad configurations of mentorship are discussed in Chapter 4.
17 Further discussion of social cognitive career theory is in Chapter 2.

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/25568

The Science of Effective Mentorship in STEMM

146 THE SCIENCE OF EFFECTIVE MENTORSHIP IN STEMM

qualifications, cognitive and socioemotional growth, improved teaching and commu-
nication skills, greater enjoyment of their own apprenticeship experience, and twice as
many benefits as challenges (Dolan and Johnson, 2009). Their motivations for engaging
in mentorship were largely about how mentorship would serve as a means to an end,
though the benefits and challenges they reported indicated a longer-term vision of how
mentorship influenced their personal, cognitive, and professional growth. At the same
time, some mentors in this study reported that mentorship of undergraduates made their
work lives more enjoyable while generating emotional costs. Several investigators have
reported that mentors benefit from a sense of personal fulfillment through knowledge
and skill sharing, honing their leadership skills, career preparation, and cognitive growth
(Dolan and Johnson, 2009; Eagan et al., 2013; Laursen et al., 2010).

Another qualitative study determined that mentors had both career and intrinsic
motivations for mentorship in the context of undergraduate research, which appeared
to differ by career stage (Hayward et al., 2017). Career motivators for faculty included
increased productivity, help in recruiting future students, increased prestige for the
university resulting from students presenting at conferences, and helping prepare stu-
dents for graduate work and careers. Intrinsic motivators included improved teaching
and mentorship skills, feelings of doing something positive, preparing future scientists,
and increased energy and enthusiasm in the lab. Faulty mentors of undergraduates were
motivated by their belief that mentorship informed their teaching and added fun and
enthusiasm to their work, while negative factors included the need for additional time,
effort, and funding; increased tension; increased difficulty of gauging students’ research
ability; and little recognition or reward (Dolan and Johnson, 2010). Forming mentoring
relationships with graduate students helped faculty recruit undergraduates and gain a
better sense of postgraduates, but study participants had trouble gauging the effective-
ness of mentorship.

Research outside of STEMM indicates that mentors’ commitment to the mentoring
relationship matters for mentorship outcomes (Allen and Eby, 2008). Given competing
role demands on mentors and mentees in STEMM and work settings, mentor commit-
ment is not necessarily a given and is often an outcome of many factors (Aryee et al,,
1996). In fact, research outside of STEMM indicates that mentors” identities and their
perceptions of the benefits of mentorship toward their own career goal progression play
a role, along with factors such as altruism and the presence of effective schemata for
developing and sustaining relationships with mentees (Ragins, 2009).

Even though effective mentorship has been shown to relate to positive career out-
comes for mentors in workplace settings (Ghosh and Reio, 2013; Rogers et al., 2016), the
relationships between effective mentorship and career outcomes for mentors in STEMM
settings are not always self-evident. Research on work performance (Kerr, 1995; Van
Eerde and Thierry, 1996) suggests that individuals have to understand that certain tasks
and the quality of task completion will factor into organizational reward systems and ulti-
mately the individual-level compensation and rewards they receive. In other words, the

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/25568

The Science of Effective Mentorship in STEMM

ASSESSMENT AND EVALUATION 147

value and attention paid to mentorship quality might change if it became a tracked and
managed component of universities’ and research organizations’ performance appraisal
system for faculty and other researchers who engage in STEMM mentorship (Aryee et
al., 1996).18 It is important to note that there may be unintended consequences of efforts
to track and manage mentorship, especially if mechanisms are not carefully identified
and vetted by professional assessment developers to minimize inequities and bias.

NEW AND EMERGING APPROACHES TO ASSESSMENT
AND MEASUREMENT OF MENTORSHIP

Reciprocal exchanges between mentors and mentees in postsecondary STEMM
contexts warrant further study. However, existing research on relationship theory points
to the essential nature of reciprocal exchanges between relational partners (Brown,
1991; Fiske, 1992) and can provide insight relevant to STEMM mentoring relationships.
Here, the committee explores some recent advances in two methodologies—dyadic data
analysis and social network analysis of mentorship—and poses further questions for
inquiry.

Dyadic Data Analysis

Relatively recent advances in statistical methodology now allow for characterizing
reciprocal relationships through dyadic data analysis (Kenny, 1994; Kenny et al., 2006)."°
Dyadic data analysis involves collecting data from both the mentor and the mentee
over time to reveal how the perceptions and experiences of each influence the other.
For example, a mentor’s perceptions of the mentee have the potential to influence the
mentee’s self-perceptions, but this influence can only be examined if data are collected
from both the mentor and the mentee over time. This methodology allows researchers to
investigate dynamic feedback loops between mentor and mentee, where each informs the
other regarding what is or is not needed from the relationship, how the relationship qual-
ity and characteristics such as trust development shift over time, and how this influences
both mentor and mentee. For instance, this method could reveal how change in trust
over time from both the mentor and the mentee perspective influences mentee percep-
tions that they are receiving psychosocial support or mentee confidence in their ability
to be successful in a STEMM career. One study used a dyadic approach to characterize
reciprocal feedback between mentors and mentees in a STEMM research experience
context (Griese et al., 2016).

18 These topics are explored more deeply in Chapter 7.
19 Dyadic data analysis is a general methodology that captures the reciprocal nature of a relationship and
its influence on both members in the relationship (Kenny, 1994; Kenny et al., 2006).
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Social Network Analysis of Mentorship

Advancements in mentorship theory point to the importance of networks of men-
toring relationships, particularly for individuals from historically UR groups (Downing
et al., 2005; Glessmer et al., 2012; Higgins, 2000; Higgins and Kram, 2001; Higgins and
Thomas, 2001; Packard, 2003a; Packard et al., 2004). Recent advancements in measure-
ment and statistical methodology now allow researchers to capture and quantify charac-
teristics of mentorship-related networks as social networks (Scott, 2017). Social networks
can be conceptualized either as “whole networks” or as “ego networks”

Whole networks are systems such as a mentorship group. Whole network analysis
could be used to analyze the value of collective or group mentorship, including the
value of the network based on the resources offered by its members, such as expertise
and information; the diversity of its members; which relationships within the network
are most influential; how interconnected members must be for the network to be valu-
able to its members; where there might be gaps in the network; and which members of
the network serve as hubs for information or resources such as high-quality feedback.
Several researchers have begun to measure and categorize beneficial triadic mentor
network structures as the simplest form of a whole network (Aikens et al., 2016, 2017;
Morales et al., 2018) and to identify and characterize successful mentorship communi-
ties (Chariker et al., 2017), but much more can be done to determine how mentorship
networks operate and their distinctive impact and value.?

Ego networks are the connections, or lack thereof, of a single individual and the
resources available, or not, to the individual through their connections. Ego network
analysis could be used to examine the mentorship resources available to a given mentee
and how these resources relate to their personal characteristics and outcomes. For
example, mentees with different racial, ethnic, and gender identities can differ in their
mentorship networks in ways that may or may not influence their outcomes (Aikens
et al., 2017). Longitudinal ego network research is appropriate to determine whether
mentees with different personal characteristics are more or less likely to develop mentor-
ship networks that meet their needs. For instance, mentees who identify strongly with
their mentor may perceive that they are receiving both career and psychosocial support
and thus may require a simpler dyadic mentorship structure to meet their needs. Mentees
who do not identify strongly with their mentor either personally or professionally may
benefit from a more elaborate network of mentors, including others who share their
identities or particular career interests. These questions could be addressed through
systematic analysis of the ego networks of mentees related to their personal character-
istics and outcomes.

20 Insights from different forms of mentorship can be found in Chapter 4.
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Further Questions for Inquiry

Understanding the mechanisms by which mentorship is initiated, developed, and
sustained, and if they are effectual, is important for theory building and for practical
purposes. For example, if research can identify specific, favorable mentee and men-
tor behaviors, it could be possible to enhance and encourage those behaviors through
programming and evaluation systems, and thus improve mentoring relationships and
resulting outcomes.

Ideally, assessments would identify important milestones in developing mentoring
relationships. In addition, assessments could provide details on whether relationships
develop in a linear manner or if there are discontinuous changes or time-bounded
needs of mentees, mentors, or mentoring relationships that must be taken into account
to develop an effective mentoring relationship and fully realize its benefits to mentees,
mentors, and the STEMM enterprise. For more quantitative data, statistical techniques
could be used to identify unobservable subgroups based on measured variables or trends
in larger data sets, such as probability-based latent class analysis (Bauer and Shanahan,
2007; Oberski, 2016; Pastor et al., 2007; Wachsmuth et al., 2017). More work is needed to
minimize selection bias in assessing mentoring outcomes, for example, matched control
groups or propensity score matching.

Most mentorship theories suggest that mentoring relationships change over time,?!
and most correlational research assumes that change is linear—that as trust increases,
for example, so does relationship quality. However, experience implies that relationships
can shift suddenly, such as when one act of betrayal irreversibly destroys a relationship
or when one act of kindness transforms a struggling relationship. Research on turning
points in close relationships suggests using both quantitative and qualitative methods
to develop robust, explanatory theory. Research could potentially determine if there are
predictable patterns of discontinuous change, identify experiences that fundamentally
alter mentoring relationships, and learn if positive turning points can repair a previously
damaged mentoring relationship (NRC, 2002; Warfa, 2016).

There has been little research on multilevel influences arising from mentoring rela-
tionships being nested within workgroups, academic departments, research laboratories,
organizations including colleges and universities, and industries or academic disciplines.
Research is also lacking on aggregate effects that go beyond the individual, such as work-
group- or department-level effects. Multilevel modeling can help examine individual,
dyadic, group, and organizational effects on the mentoring relationship.

21 Such as the theories discussed in Chapter 2.
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Individuals, Relationships, and
[nstitutional Responsibility:
How Can Institutional Culture
Better Support Mentorship?

Effective mentorship practices contribute to the education and development of the next
generation of diverse science, technology, engineering, mathematics, and medicine
(STEMM) professionals.! Because diversity in STEMM workforces has a positive effect
on the STEMM ecosystem and on innovation, supporting effective mentorship and
mitigating negative mentoring experiences will likely result in STEMM workplaces that
are more creative, innovative, and responsive to current and emerging problems.

However, significant institutional change—requiring buy-in from institutional leader-
ship, college deans, department chairs, and individual faculty, as well as new institutional
policy—may be needed to ensure broader access to effective mentorship and support sys-
tems (Fleming et al., 2012; Packard, 2016). Funding agencies can also play an important
role in creating cultures supportive of mentorship (Fleming et al., 2012; Jeste et al., 2009)
and can catalyze institutional change in mentorship processes so that outcome measures
become routine components of grant applications and reporting requirements.?

This chapter addresses the roles in which multiple participants can serve as well-
prepared, informed advocates for effective mentorship,® one element in inclusive excel-

1 See the “Effective Mentorship Behaviors” section in Chapter 5 for a discussion on mentorship behaviors
and practices.

2 See Chapter 6 for an in-depth discussion of assessment.

% Including university leadership (e.g., presidents, provosts, deans), department chairs, program leaders
(e.g., research, training, and graduate program directors), mentors (faculty members, staff, and others who
have extensive contact with graduate and undergraduate students), and mentees (undergraduate and gradu-
ate students participating in mentoring programs and other mentoring relationships), agencies that fund
mentorship programs, and professional or disciplinary associations.
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BOX 7-1
Theory and Advancing Institutional Support of Mentorship

Concepts from and aligned with ecological systems theory have been used in the studies and
institutional efforts described and put forth within this chapter. These, and other theories, are especially
relevant to stakeholders interested in advancing effective mentorship practices and programs at various
levels within the mentorship ecosystem.

lence in STEMM education and workforces. First, the chapter lays out what a “culture
of mentorship” means. Second, it provides an overview of barriers that may be faced in
creating change to support effective mentorship and a theory of organization change.
Finally, it summarizes possible actions each stakeholder group in the mentorship eco-
system can take to improve mentorship in STEMM. Box 7-1 highlights how theory may
inform the concepts that are discussed.

A CULTURE OF MENTORSHIP

The growing science of mentorship indicates that mentorship is a learnable skill,
much like teaching and research, capable of improving individual- and institution-level
outcomes. In addition, mentorship education can improve mentor competence from the
perspective of both the mentor and the mentee. To realize the full potential of mentor-
ship effectiveness, however, changes are needed at all levels of higher education, as well
as in external environments such as professional associations.*

Mentorship, as an evidence-based practice, can be systematically integrated into
the work of individuals and organizations focused on preparing diverse undergraduate
and graduate students to join and be successful in the STEMM workforce. Though
mentorship is an activity based on personal relationships—and its successes or failures
ultimately hinge on the quality of those relationships—institutions can play a critical
role in fostering and supporting mentor-mentee relationships. Institutional culture
can promote mentorship by creating settings where faculty members and staft jointly
commit themselves to promoting mentoring and facilitate mentors’ abilities to be more
effective and culturally responsive in their mentorship of STEMM students. However,
faculty members, staff, and others who wish to engage in effective mentorship in the
absence of a supportive institutional culture often must work against that culture
(DeAngelo, 2016).

4 See the discussion of ecological systems theory in the “Six Theoretical Models for Mentorship” section
of Chapter 2.
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CULTURE CHANGE TO SUPPORT EFFECTIVE MENTORSHIP

Academic organizations have strong normative or unspoken rules that are part of the
academic culture and that influence expectations for behavior and engagement.> Chang-
ing academic culture involves institutional transformation that is deep, reaching into
daily work and value systems, and pervasive in that it is widely adopted across academic
units, disciplines, and participants (Choi et al., 2019; Gehrke and Kezar, 2018; Kezar,
2018; Kezar et al., 2018). Institutional transformation in support of effective mentor-
ship involves mentees, mentors, training program directors, departmental chairs, deans,
provosts, college presidents, and external partners—all of whom can use mentoring as
one intervention to increase retention in STEMM disciplines and help move a more
diverse group of students along STEMM career pathways. As was stated in the National
Academies report Graduate STEM Education for the 21st Century, “Achieving [cultural
change] will require a clear commitment and changes in both policies and practices
throughout the [higher education ecological] system, as well as focused actions by every
stakeholder” (NASEM, 2018c, p. 127). In short, engaging in organizational change will
involve energetic change agents, distributed leadership, adequate support, and commit-
ment to long-term change that will embed quality mentorship practices in daily work
(Spillane et al., 2001).

Barriers to Change in Mentorship

Research has documented barriers to change in educational environments regarding
advancing students in STEMM. These barriers have been well studied in STEMM teach-
ing reform, which has many parallels to mentorship reform (Brownell and Tanner, 2012;
NASEM, 2016, 2018a, 2018c, 2018d). Organizational change can be challenging, particu-
larly with units composed of individuals who value their independence and consider them-
selves experts in many areas of their work. Here, the committee describes some of the most
frequently reported barriers to change, contextualized for mentorship as they encountered
them during the listening sessions conducted by the committee and through other venues,
and provides some possible approaches for primarily engaging directly with individuals:

Barrier 1: The belief that mentorship is not a problem that needs to be addressed

Many mentors hold views about the effectiveness of their mentorship that are more
positive than reality (Kezar, 2018), although some may be more self-critical and reflective.
This is where scholarship can be effective in creating a larger conversation on assump-
tions about mentorship, using research to challenge misconceptions and establishing how
to implement new policies or processes to improve STEMM mentee outcomes. Discus-

5> See Chapter 3 for a deeper discussion on academic culture and normative rules and behaviors.
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sions about mentorship education, mentoring tools, and effective mentor behaviors may
provide opportunities for improvement that mentors had not yet considered. This report,
particularly the material on identity development in Chapter 3 and on effective mentorship
behaviors and mentorship education in Chapter 5, can be used to focus such conversations.

Barrier 2: A commitment to and comfort with traditional mentorship practices

Changes in beliefs and behaviors typically involve dissatisfaction with current prac-
tices and critique that the status quo may not work anymore for student needs in the
21st century (Gess-Newsome et al., 2003; Weaver et al., 2015; Wieman, 2017). However,
many individuals do not desire to or know how to begin to work differently. Regarding
higher education reforms, teaching offers an analogous situation in which many faculty
care deeply about teaching, but making teaching more public by opening the classroom
to systematic evaluation using multiple data sources (Reinholz et al., 2018) would require
a marked change in approaches to teaching that recognize the value of evidence-based
practice (NRC, 2012). Changing the norms of a department’s mentorship practices from
“private practice” to mentorship that is open to review and improvement can be difficult
in the face of resistance from individual faculty members and department heads, and
institutional leaders may not be aware that there is a problem or who, for one reason
or another, is not overtly in favor of inclusive or evidence-based practice.® Mentorship
education, which can be useful in these types of situations, is a solution that the com-
mittee explored further in the “Mentorship Education” section of Chapter 5.

Barrier 3: The tendency to place the sole responsibility on the mentee for their
mentorship experience

Cases of poor mentorship or negative mentoring experiences are sometimes attrib-
uted to the characteristics of the mentee rather than the inadequacies of aspects of the
relationship or neglect by a mentor, even though inadequate mentoring and negative
mentoring experiences have been repeatedly documented (Eby et al., 2000; Kram, 1985a;
Scandura, 1998; Simon and Eby, 2003).” Although there are no systematic studies in
postsecondary STEMM contexts, anecdotal reports indicate the occurrence of negative
mentoring experiences may be common. When the quality of mentorship affects the
professional development of students, and especially if it involves incidents of discrimi-
nation, bias, or harassment, institutions are responsible for addressing the problem on
behalf of students and implementing processes at a program level to prevent abuse,
neglect, and exclusion (NASEM, 2018d). Having a well-publicized process in place to

¢ Faculty culture is also typically collegial and consensus based. As a result, faculty are often unwilling to
broadly adopt new practices if specific faculty or a group of faculty oppose them.
7 See the “Negative Mentoring Experiences” section of Chapter 5 for further discussion.
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address the quality of mentorship signals the institution is proactively averting poten-
tial problems. It also represents an important step in expanding notions of institutional
responsibility for talent development and student progress.

Barrier 4: The lack of commitment to support implementation of effective mentorship

Research has shown that even effective interventions face barriers to widespread
dissemination and implementation, including lack of time, resources, rewards, exper-
tise, and confidence to implement the interventions (AAAS, 2011; D’Avanzo, 2013;
Henderson and Dancy, 2007; Henderson et al., 2010; Hutchinson and Huberman, 1994).
Despite the research available on how to address these barriers, there is a gap in knowl-
edge about what supports from different levels—individual, programmatic or depart-
mental, and institutional—promote follow-through in implementing innovations in local
contexts, and how these supports may be effectively based upon characteristics of the
individuals involved. Dissemination and implementation research indicates that con-
textual factors—including policies, infrastructure, procedures, leadership, interpersonal
relationships, and climate—play a key role in supporting others in their implementation
process (Brownson et al., 2012). As understood through ecological systems theory, char-
acteristics of individuals—career stage, appointment type, disciplines, gender, race, and
ethnicity—may play an important part in interacting with local and distant environments
to determine implementation outcomes.®

Approaches to Organizational Change

While there are multiple models of organizational change in higher education and
in STEMM learning contexts (Corbo et al., 2016; Gehrke and Kezar, 2018; Henderson et
al., 2010; Kezar, 2018; Kezar et al., 2018; Prochaska et al., 2001), thinking of institutions
as dynamic learning organizations can help participants foster change using a process
that begins with research to assess institutional performance in light of existing practice
and results in implementation of evidence-based approaches.” This process recognizes

8 Ecological systems theory is discussed further in the “Six Theoretical Models for Mentorship” section
of Chapter 2.

° The committee employed an organization learning lens as a particular change perspective well suited
to academic institutions because a learning organization is “an organization skilled at creating, acquiring,
and transferring knowledge, and at modifying its behavior to reflect new knowledge and insights” (Garvin,
1993, p. 80). This often involves the use of research or data to change mindsets and behaviors, as well as
a focus on changing, rather than preserving, underlying structures or practices. Within this framework,
key considerations include both the specific knowledge acquired by various stakeholders as well as how
new knowledge becomes embedded in the organizational structures and strategies (Dee and Leisyté, 2016;
Garvin, 1993), such as implementing evidence-based practices and regular departmental mentorship educa-
tion for both faculty mentors and students.
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that expanding and diffusing knowledge about mentorship practices can improve insti-
tutional performance in graduating more diverse and highly skilled students and suc-
cessfully placing them in STEMM career pathways.

Most organizational learning initiatives begin with research or data intended to assess
institutional performance, help change beliefs, and create the impetus for the adoption
of evidence-based practices. Such initiatives are often facilitated by external pressures for
improving student success, but changing beliefs does not automatically result in changing
behavior. Research has identified key activities that are actively managed by institutions
adept at translating new knowledge into innovative ways of behaving (Dill, 1999). These
activities can include exploring new knowledge through problem-solving, learning from
one’s own and from others’ experiences, experimenting with new processes, and transfer-
ring knowledge among actors in units and subunits within the organization.

Institutions often look to similar or peer institutions for solutions to problems and
adopt practices from different contexts to improve their performance (DiMaggio and
Powell, 1983). With this in mind, organizational learning can translate into efforts to
change mentor behavior. Specifically, such efforts may include building knowledge among
mentors by providing mentorship education, creating buy-in among faculty and staff, and
supporting them in implementing effective mentoring practices by making tools such as
templates for mentoring compacts and individual development plans and supports such
as coaching and feedback available. Efforts to sustain change might include accountability
mechanisms that build mentorship evaluation into annual review, tenure, and promotion
decisions. Institutional performance, assessed over time, allows for the development of an
understanding whether an implemented change has demonstrable effects in improving
outcomes and/or the lived experiences of undergraduate and graduate students.

FACILITATING CHANGE FOR MENTORSHIP

Organizational changes are facilitated by institutional change agents—primarily uni-
versity leaders at various levels and the faculty and staff working directly with students.
One strategy for achieving change in academia has been for institutions to create groups
or teams to develop solutions or to foster connections among faculty in disciplinary or
interdisciplinary professional learning communities on mentorship on and off campus
(Bauman, 2005; Gehrke and Kezar, 2018; Kezar, 2018; Kezar et al., 2018).1° This approach
has supported individuals willing to experiment and share successes at the department
level and has been well documented as a successful strategy in encouraging the use of
evidence-based practice in science, technology, engineering, and mathematics (STEM)
(Borrego and Henderson, 2014; Cox, 2004). It is also employed by the National Research
Mentoring Network to increase implementation of evidence-based mentorship educa-
tion (Spencer et al., 2018).

10 Professional learning communities are also sometimes referred to as “communities of practice”
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Culture change in general is rarely easy (Haizlip et al., 2012), in large part because it
entails a vision-driven process that advances through successive stages!! and accounts for
avariety of different levels of institutional perspectives.!? Change also requires continued
support from organizational leaders as the new culture becomes institutionalized. More-
over, culture change in academia presupposes that a common vision is shared among
institutional leadership, deans, department chairs, faculty, staff, and students (Henderson
et al., 2010). One sign of the difficulty in achieving lasting culture change in academia
is found in the numerous National Academies reports that repeatedly call for culture
change in academia to better support undergraduate and graduate student success in
STEMM (NASEM, 2018a, 2018c, 2018d, 2019; NAS-NAE-IOM, 2007).

Each stakeholder group in the mentorship ecosystem can take actions to create
the changes needed to improve mentorship in STEMM and its outcomes, and each has
opportunities to leverage their position to affect institutional change. The remainder of
this chapter outlines possible actions and opportunities for five participant groups: uni-
versity leaders; department chairs; research, training, and graduate program directors;
faculty mentors;'® and undergraduate and graduate students. Each participant group is
provided with a set of potential actions (see Boxes 7-2, 7-3, 7-4, 7-5, and 7-6), many of
which were offered during the committee’s listening session activities. In addition, the
committee discusses potential mechanisms for change that can be facilitated by fund-
ing agencies and disciplinary associations and organizations. However, evidence of the
outcome for each actor is often lacking, particularly for interventions at the leadership
level in STEMM. Where it is possible, the committee builds on what is known from
other domains of scholarship.

University Leaders

As Chapter 4 noted, some academic institutions have created cultures that support
and value mentorship in alignment with the findings and recommendations made in

! For example, organizational research points to eight stages of transformation to achieve organizational
culture change: (1) establish a sense of urgency, (2) form a powerful guiding coalition, (3) create a vision,
(4) communicate the vision, (5) empower others to act on the vision, (6) plan for and create short-term
wins, (7) consolidate improvements and produce more change, and (8) institutionalize new approaches
(Kotter, 1995).

12 For example, scholarship from the field of physics education research developed a six-fold change
perspective: (1) scientific management, (2) evolutionary, (3) social cognition, (4) cultural, (5) political, and
(6) institutional (Corbo et al., 2016).

13 Faculty are not the only members of a campus community who can serve as mentors. However,
nearly two-thirds of individuals who identified as having a mentor as undergraduate students categorized
them as a “professor.” This varied by population: it held true for more White students (72 percent) than
underrepresented students (47 percent) and more continuing-generation students (67 percent) than first-
generation students (61 percent) (Gallup, 2018).
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this report.'* However, colleges and universities that institute policies to support effec-
tive mentorship in STEMM remain the exception rather than the norm. Institutional
policies and practices are among some of the stronger determinants for implementing
effective mentorship programs because they signal to internal and external constituents
that quality mentorship and its outcomes are valued in the academic workplace.

Organizational Approaches

Evidence regarding institutional processes that effectively support mentorship come
primarily from the literature on mentorship in business settings. This literature contains
extensive research on institutional and administrative factors that increase the likelihood
that organizations can implement and sustain effective mentorship programs (Hegstad
and Wentling, 2005). While it is true that mentorship outcomes can vary by setting (Eby
etal., 2008), overall findings across settings support the supposition that universities are
organizations with employees (including faculty) and that there are important lessons
to learn from similar organizational settings that systematically employ mentorship in
professional development.

At the institutional level, a commitment from leadership can have a profound effect
on the quality of mentorship and ultimately the development of undergraduate and
graduate students (Scandura et al., 1996). Research from the organizational perspec-
tive shows the critical role institutional leaders play in creating and sustaining cultural
change (Gelfand et al., 2007; Jayne and Dipboye, 2004; Kozlowski and Doherty, 1989;
Ostroff et al., 2013; Stamarski and Son Hing, 2015; Taylor et al., 2011). For example,
university leadership could emphasize that a culture of teamwork, trust, and successful
mentorship are among the cornerstones of successful institutions (Allen and Poteet,
1999; Kirchmeyer, 2005).

However, merely communicating the value of mentorship will produce limited
organizational change unless institutional accountability mechanisms align with state-
ments about the value of mentorship in an institutions overall efforts. For example,
the University of Maryland Baltimore County has been recognized as a national leader
of university-wide inclusiveness initiatives that have mentorship elements, sometimes
described collectively as “university as mentor” (Bass et al., 2007). Evaluation of the uni-
versity’s programs, such as the Meyerhoff Scholars Program, has shown positive effects
on the retention and success of STEM students of color (Maton et al., 2000, 2012, 2016;
Mervis, 2019; Santo Domingo et al., 2019).1°

4 The committee’s findings and recommendations are listed in Chapter 8.
15 Like many of the programs described in Chapter 4, the mentorship elements of these programs have
been described, but not studied in isolation from the other programmatic elements.
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Rewards and Accountability

Research on work motivation and its relationship to desired employee behaviors
suggests that employees must understand what factors matter in performance appraisal
and rewards systems to be sufficiently motivated to change their work behavior (Kerr,
1995; Raymond and Kannan, 2014; Van Eerde and Thierry, 1996). Although some insti-
tutions have implemented awards for quality mentorship as a means of recognizing and
placing value on effective mentorship,'® systems that highlight and reward exceptional
mentorship often do little to communicate criteria for effective mentorship or to support
effective mentorship by faculty who are not awardees.

Indeed, studies of accredited colleges of business have shown that when institu-
tions closely align their performance appraisal and promotion and tenure guidelines
with their emphasis on mentorship,!” faculty and staff are more likely to view mentor-
ship as a serious commitment requiring that they allocate time to mentorship activi-
ties and continuously develop their mentorship skills (Raymond and Kannan, 2014).
Some institutions require faculty to report on the progress of their students and their
eventual employment in the workforce, but as the committee’s listening sessions with
faculty showed, it is unclear how many institutions use such information in performance
reviews.!® Furthermore, processes that require faculty to provide the number of under-
graduate, graduate, and postdoctoral researchers they are currently supervising do not
effectively incentivize or even measure the quality of mentorship processes and outcomes
in these relationships (Raymond and Kannan, 2014; Thomas et al., 2007). In other words,
most institutions could revise their promotion and tenure and performance appraisal
guidelines to not only track the number of students a faculty member mentors, but also
track key indicators of effective mentorship. Such indicators could include whether the
mentored scientists are coauthors on manuscripts and grants and their placement into
positions, as well as process measures that assess mentoring relationship quality from
the perspective of the mentee and the mentor (Scandura et al., 1996).

Institutional commitment to mentorship can only translate into meaningful results
if the ratio of mentors to undergraduate and graduate students is reasonable and if
mentors can allocate meaningful increments of time to mentorship activities. Thus,
institutions may also want to consider the mentor-to-mentee ratio at the college and

16 For example, the University of Houston Undergraduate Research Mentor Award (see https://www.
uh.edu/provost/faculty/current/awards/mentoring/), the University of Georgia Graduate School Out-
standing Mentoring Award (see http://grad.uga.edu/index.php/current-students/financial-information/
graduate-school-recognition-awards/outstanding-mentoring-award/), the North Carolina State Univer-
sity Graduate School’s Outstanding Graduate Faculty Mentor Award (see https://grad.ncsu.edu/research/
mentor-award/), or the Virginia Tech Outstanding Mentor Award (see https://graduateschool.vt.edu/about/
awards/outstanding-mentor-award.html); accessed August 17, 2019.

17 See the “Department-Level Change” section in this chapter for more specific suggestions.

18 Information about the committee’s listening sessions is available in Appendix C.
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university level, while acknowledging that some mentors can handle a different mentor-
ship load than others (Pulsford et al., 2002).!? In addition, it is important to recognize
that mentees engage in mentorship with staff and other members of the campus com-
munity. Therefore, the institutional commitments to mentorship will have to include
staff and other members of the campus community. Institutions might reflect on their
overall activities to support mentorship by recognizing and measuring all forms of
mentorship, including informal and formal relationships that occur beyond the research
advisor and student.?

Recruitment, Hiring, and Onboarding

One way for improving mentorship in academia would be hiring individuals with
a commitment to mentorship or evidence of prior success as a formal or informal
mentor. Similar to current practices for diversity and inclusion, postings for faculty
positions could highlight how institutions view mentorship as a key component of
faculty job performance, and applicants might indicate their previous or intended
contributions to the mentorship and development of diverse undergraduate and gradu-
ate students.

Onboarding processes for new faculty and staff at many institutions include multi-
day orientation sessions that entail training on critical processes, procedures, and
organization goals. However, as noted in the committee’s listening sessions and at the
public workshops, many institutions do not stress that effective mentorship for under-
graduates and graduate students is a high-value priority that aligns with key institutional
goals during the onboarding process or during orientation.?! Systematic mentorship
education is rarely a component of onboarding processes, despite evidence suggesting
that well-trained mentors can affect undergraduates and graduate students’ perceptions
very positively (Raymond and Kannan, 2014).22 Additionally, research evidence lends
support to the notion that, for mentorship education to be effective, it does not have
to be long and time-consuming (Allen et al., 2006). Therefore, this type of institutional
commitment to mentorship does not place a large additional burden on incoming
faculty and staff. At the same time, undergraduate and graduate student orientation
programs do not discuss frequently enough how successful mentoring relationships
can be created, cultivated, and nurtured so that they benefit students and their mentors
(Packard, 2003a).

19 The various mentoring structures that can help address a high mentee-to-mentor ratio are discussed
in the “Non-Dyadic or Multiple-Mentor Mentorship” and “Online or E-Mentorship” sections in Chapter 4.

20 Discussed in the “Formal versus Informal Mentorship” section of Chapter 4.

2l Information about the committee’s listening sessions and public workshops is available in Appendix C.

22 Mentor and mentee mentorship education is discussed in the “Mentorship Education” section in
Chapter 5.
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BOX 7-2
Possible Actions for University Leadership

During its evidence-gathering activities and listening sessions, the committee heard that the
following actions by institutional leaders would be perceived as signals that mentorship is valued at
the institution:

e Develop a shared vision of goals for degree attainment in STEMM that includes mentorship
as a component.

e Appoint a task force to review mentorship activities, programs, and practices in STEMM de-
partments and labs. This can raise awareness and become a campus inventory of opportunities
available to students and mentors.

e Engage faculty professional development programs and centers in addressing mentorship as
part of undergraduate research, graduate training, faculty learning communities, new faculty
orientation, and regular programming.

¢ Provide funding to facilitate mentor-mentee activity surrounding students’ research interests.
For example, the University of California, Los Angeles, Graduate Division funds a summer
mentorship program for first-year graduate students as well as an academic year mentorship
program targeted for second-year graduate students to work on an independent research
project with the commitment of a faculty mentor.

e Encourage campuswide promotion review committees to establish guidelines for evaluating
mentorship activities and impact.

e Encourage campus STEMM programs and other student success programs to evaluate and
report on key mentorship components when reviewing overall program effectiveness.

Ethical Considerations

Ethical issues may arise in mentoring relationships, and institutions are responsible
for ensuring student educational progress (Anderson and Shore, 2008; Johnson, 2017;
McDonald and Hite, 2005; Schlosser and Foley, 2008). Compliance with federal laws
on discrimination and sexual harassment requires institutions to establish processes for
reporting and handling cases of conflict or behaviors of ill intent with neutral parties or
ombudspersons (NASEM, 2018d). In most cases, though, only informal processes exist
for those involving negative mentorship experiences or mentor-mentee conflict. Because
poor outcomes for mentees are associated with negative mentoring experiences (Eby
and Allen, 2002; Eby et al., 2010),% processes for confidential intervention and resolu-
tion would place the mentee in a more optimal context for learning and development.
Possible actions for university leadership are listed in Box 7-2.

23 Negative mentoring experiences are discussed further in Chapter 5.
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Department Chairs

Many faculty and students identify at least as strongly with their department as
with their institution. As was stated in the National Academies report Graduate STEM
Education for the 21st Century, “The department is the primary organizational unit on
a campus. It serves as the primary affiliation for most faculty and students, serving as
a key connection to a [student’s] identity within his or her field of research [or disci-
pline]” (NASEM, 2018c, p. 134). Thus, departments and department chairs can serve as
key drivers of change at institutions of higher education. It is through departments that
most institutional policies are operationalized, including promotion, tenure, and reward
systems, as well as academic oversight. Thus, departments and department chairs will be
important catalysts in developing a culture of inclusive excellence through mentorship.

Department chairs, whose function at the university is equivalent to first-line super-
visors in many organizational and business settings, can serve as critical levers in the
mentorship process. They can receive information about how mentorship practices can
be taught and improved and about the roles they can play in developing their faculty
and staff not only as STEMM professionals but also as mentors of the next generation
of STEMM professionals. For example, if mentorship in performance appraisal and pro-
motion and tenure processes and guidelines are to affect outcomes, department chairs
may want to provide junior and senior faculty, as well as staff, with the knowledge that
their involvement in development and learning activities such as mentorship will result
in positive outcomes for their mentees (Aryee et al., 1996). Department chairs will likely
also want to provide mentors with feedback and tools to monitor and upgrade their
mentorship skills.?*

Department-Level Change

Research suggests that whole department adoption is a highly effective way of embed-
ding reforms central to the teaching and learning mission (Wieman, 2017). A recent
report from the American Astronomical Society Task Force on Diversity and Inclusion
in Astronomy recommended that efforts to catalyze organizational change to improve
student retention should focus on departmental practices, including mentorship (Rudolf
et al., 2018). The report makes recommendations for departments striving to provide
effective mentorship and expand networking opportunities. Specifically, the report makes
several recommendations at the department level, including providing or requiring men-
tor education for faculty and other parties involved in mentoring, and providing mentee
training to help mentees be more proactive in their mentoring relationships.

24 Tools for mentorship are discussed in the “Mentorship Tools” section in Chapter 5; assessments of
mentorship are discussed in depth throughout Chapter 6.
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Department chairs are also well positioned to implement changes in the reward
structure for faculty and staff. Effective mentorship can be documented along with evi-
dence of influence of faculty work in teaching, research, and service.?> On many cam-
puses, mentorship is included in teaching effectiveness, documented in terms of advisee
and student progress and even student placement in postdegree pathways. However,
attendance at mentor training workshops and evaluative work can also provide further
evidence of efforts to improve mentorship effectiveness. For example, many campuses
solicit letters from students at key promotion points for faculty, but any evaluative met-
rics can be useful in the review process. Additionally, prestigious mentorship awards
such as the Presidential Awards for Excellence in Science, Mathematics and Engineering
Mentoring, American Association for the Advancement of Science Mentor Award,?® and
others can make a convincing case for national mentorship recognition. In research, the
common ways that mentorship is recorded are indicated by coauthorship with under-
graduate and graduate students on a mentor’s curriculum vitae in promotion and merit
considerations. Research statements can also include information about how the men-
tor extends research opportunities and outcomes. Finally, many faculty are engaged in
mentor training of colleagues, which becomes a vital service for improving the quality
of mentorship in departments and programs.

Department chairs can also collaborate with faculty and departmental staff to create
an “error management” culture around mentorship so that when mistakes occur, they
are shared openly as opportunities to improve policies, processes, and outcomes for
everyone involved in mentorship activities (Keith and Frese, 2008). A department that
develops an organizational error-management culture will value mistakes and construe
them as opportunities to gain and improve departmental and individual outcomes (van
Dyck et al., 2005). To this end, chairs must create opportunities to learn from current
and new practices and reflect on results (Bauman, 2005; Dill, 1999).2” Effective error-
management cultures stand in contrast to systems where mentorship quality, process,
and outcomes are assessed, but the resulting data are utilized punitively rather than with
the goal of developing better mentors and better mentorship processes and outcomes.
Possible actions for department chairs are listed in Box 7-3.

%5 For example, as part of a promotion or tenure package.

26 More information about the Presidential Awards for Excellence in Science, Mathematics and Engineer-
ing Mentoring is available at https://www.nsf.gov/awards/PAESMEM/. More information about the AAAS
Mentor Awards is available at https://www.aaas.org/archives/mentor. Accessed on August 3, 2019. A sum-
mary of the 2016 and 2017 STEM Mentors Alumni Meetings provides a reflection of the insights of several
recipients on effective mentoring practices (AAAS, 2018).

27 Tools and methods for assessing mentorship activities and outcomes and mentoring behaviors are
discussed in Chapter 6.
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BOX 7-3
Possible Actions for Department Chairs

During the committee’s evidence-gathering activities and listening sessions, department chairs
were referenced as candidates for establishing a culture of mentorship through the following actions:

e Support rewards and review processes by addressing mentorship outcomes for faculty and
staff in annual review, promotion, and tenure, including both quantity and quality of mentor-
ship experiences, and establishing a mentor award with clear criteria for evaluation.

¢ Move mentorship from “private” to public practice by encouraging faculty and staff to share
mentorship challenges, innovations, and evidence with peers (e.g., a discussion topic during
faculty meeting).

¢ Identify incentives and support (e.g., financial, release time) for participation and engagement
in professional development as it relates to mentorship education.

e Use data and research to hold broader conversations about mentorship activities and innova-
tions.

¢ Provide information about effective mentorship resources available on campus to departmen-
tal faculty and staff.

Research, Training, and Graduate Program Directors

Faculty and staff can have leadership roles as the directors of student programming
focused on research, training, or graduate education. Many of the research and training
programs, often funded partially or entirely by external funding agencies, have mentor-
ship as a core element. Programs that involve research with faculty or comprehensive
student support either implement some mentorship activity or assume that mentorship
will occur. The directors of these programs often enable or persuade colleagues to take
part in the program and, when placements or interactions between faculty and students
do not work out, they are faced with developing a solution that will help students while
maintaining their own relationships with colleagues.

Program directors can take steps to prevent or mitigate these problems by (1) ensur-
ing there are guidelines that clarify expectations of mentors and mentees, (2) inform-
ing participants about regular assessment activity as part of program requirements,
(3) establishing activities that incentivize good working alliances, and (4) including
mentorship education as an expectation for participants. Program directors can also
regularly provide midlevel administrators, such as deans and department chairs, with
program information, including information about mentoring metrics, to establish
the program as vital to training at the institution and an exemplar for mentorship
beyond the program.

It is essential that departments continuously provide faculty with information on
how they can best recruit, mentor, and contribute to the success of diverse undergraduate
and graduate students in their respective research groups (Johnson-Bailey and Cervero,
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2004; Thomas et al., 2007). This is particularly critical for mentees from underrepresented
(UR) groups®® and first-generation mentees, populations that are less likely to have a
professor as a mentor during their undergraduate experiences (Gallup, 2018). While
evidence of the challenges of identifying, recruiting, developing, and supporting diverse
undergraduates and graduate students is often discussed in social science communities
(Bauman, 2005), such evidence is less often part of the dialog in STEMM disciplines,
making progress more difficult.

Another action worthy of testing is for graduate program directors to provide incen-
tives for groups of faculty to function as mentorship teams.?® Such a step could hasten
the transition from a system where one principal investigator mentors and supervises
undergraduate and graduate students to a group approach, which could increase the
likelihood that several mentors’ skill sets would meet the mentorship needs of a mentee.
Such practices not only limit the likelihood of abuse (Johnson and Nelson, 1999), but
help undergraduates and graduate students grow through exposure to the mental models,
methodological approaches, and other attributes of multiple mentors from several disci-
plines. Program directors can also pay attention to the stages of mentorship and ensure
that the evolving needs of undergraduate and graduate students are met as they move
toward increasing independence.*® Possible actions for research, training, and graduate
program directors are listed in Box 7-4.

Faculty Mentors

Faculty can have tremendous influence on the culture of mentoring through their
own practice—by what they implement, role model, and value in their research teams
and in what they support and promote within their programs and departments. Insti-
tutional change can begin with a faculty innovator or group of faculty change agents
who lead the organization either from a position of authority or at the grassroots level,
with a longer-term intention of influencing others that have direct contact with students
(Kezar and Lester, 2009).

In addition, any institutional change toward a culture of mentorship that fails to
recognize the needs of the faculty and focuses solely on the needs of the students will
not be successful. Faculty can be integral in advocating for specific policies or programs
that maintain the relational nature of mentorship. Many institutional levers for change
entail faculty approving and implementing new policies and adopting new practices that
become a part of their daily work in developing STEMM talent. Moreover, faculty who

28 This report refers to UR groups as including women of all racial/ethnic groups and individuals specifi-
cally identifying as Black, Latinx, and American Indian/Alaska Native. Where possible, the report specifies
if the UR groups to which the text refers are Black, Latinx, or of American Indian/Alaska Native heritage.

29 The benefits of mentorship teams is discussed in the “Non-Dyadic or Multiple-Mentor Mentorship”
section of Chapter 4.

30 The stages of mentorship are discussed in Chapter 2.
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BOX 7-4
Possible Actions for Research, Training, and Graduate Program Directors

During the committee’s evidence-gathering activities and listening sessions, research, training,
and graduate program directors were singled out as playing a pivotal role in advancing quality mentor-
ship through the following actions:

e Establish regular reviews of student progress, paying particular attention to the stages of
mentorship and addressing issues of equitable access to effective mentorship.

¢ Integrate expectations for mentor-mentee performance, including the use of mentorship
compacts and other tools.

e Adopt general guidelines that include establishing learning objectives and responding in a
timely and productive fashion to dissertations, requests for letters of recommendation, and
other key career development milestones.

e Establish more formal mentoring processes, setting expectations, and taking responsibility for
monitoring the quality of mentorship experiences.

* Provide opportunities for mentorship education for both mentors and mentees.

have developed successful practices often find these practices begin to be more broadly
adopted across peer institutions, as institutions have a tendency to become more alike
rather than dissimilar over time (DiMaggio and Powell, 1983).

While institutional or department-level rewards and incentives will likely be crucial
motivators for faculty in dedicating time toward improving their mentorship, there are
also several potential intrinsic or implicit motivators for individual faculty members to
consider. These include improvements in the overall efficiency of their mentees and
productivity of the research teams, socioemotional growth, improved teaching and com-
munication skills, improved clarity around personal-professional boundaries, and the
development of the next generation of STEMM professionals.

Underrepresented Faculty

As they reflect on their own experiences, UR faculty may put additional time into
mentoring UR students, offer the mentoring they may have desired in their own profes-
sional development, and seek to supplement student needs and fill gaps that are not being
fully addressed by the institution. Additionally, UR faculty may be asked disproportion-
ately to mentor by UR mentees who perceive them as more effective than non-race- or
non-gender-matched mentors or by colleagues who think that UR faculty are better
able to mentor UR mentees.”’ While mentorship is beneficial for students—especially

31 Discussions of identity and cross-race mentorship are throughout Chapter 3.
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undergraduate students—UR faculty who mentor may not reap benefits for the service
they render within their academic departments.

One study, for example, found that UR faculty pay a high emotional, financial,
and professional price that outweighs much of the altruistic satisfaction received from
helping students (Schwartz, 2012). Faculty members said that helping UR students
navigate the new academic culture, helping them through personal or family problems,
or finding resources to enable them to stay in college took a toll on them emotionally.
Another study found that mentoring took a toll on Black faculty members’ personal and
family life because it meant dedicating more hours to tasks that faculty members could
complete faster without student help (Hunter et al., 2007). Investigators have described
the taxing nature of the lack of time and financial resources needed to fund undergradu-
ate research (Lei and Chuang, 2009). The financial costs of mentoring incurred by UR
faculty include devoting extra time beyond the workweek to mentoring and using their
own income to help fund undergraduate research.

Professional costs arose from spending 10-16 hours (or more) per week doing
undergraduate research mentoring that was not valued by the university and that took
time away from teaching and publications, which could have severe ramifications for the
faculty member’s career (Schwartz, 2012). In fact, studies show that academic reward
systems do not value campus service activities such as mentoring (Acker and Armenti,
2004; Clark and Corcoran, 1986), and some faculty have reported that their institutions
implicitly or explicitly discouraged faculty from devoting much time to service and
mentoring by not acknowledging such efforts in promotion and tenure decisions and
not allowing relief from clinical, administration, or teaching activities to allow time for
mentoring (Gandhi and Johnson, 2016). Research indicates that women faculty feel
particularly pressured by the demands of service, mentoring, and teaching, while men
faculty were more protective of their research time (Misra et al., 2011), though the way
they protect that time was unclear. One study found that women viewed service, includ-
ing mentoring, primarily as a burden, and even though they recognized that it would
not benefit their tenure packages, women still volunteered for service because they saw
it as vital to sustaining diversity (Misra et al., 2011).

In contrast, another study documented UR faculty mentors’ narratives on the
benefits of working with high-performing graduate students in terms of sharing their
work with the world, collaborating, learning, and “loving it” (Lechuga, 2011). Further,
benefits accruing to mentor and mentee in effective relationships between faculty
include higher rates of presentation, publication, and support in promotion and tenure
(Tillman, 2001). Some UR faculty have reported that their departments and universi-
ties encourage mentoring by providing protected time for mentoring, offering mentor-
ing awards, and establishing mentoring as valuable in promotion decisions. Many UR
faculty also report that they participate in mentorship activities through professional
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organizations that value social identity and that welcome and include UR mentors at
multiple career stages.*

Even UR faculty who choose to spend time mentoring UR students as part of their
own mission as change agents for diversity may find that the time they take to mentor
UR students goes unrewarded by their institution. When UR faculty provide service
such as mentorship, and when they are sought out for that service because of their
identity, even by students outside of their own departments, there is “identity taxation”
or a “cultural tax”—the extra time and effort spent on the needed service but not spent
on other activities such as research that may lead to promotion. In this case, UR faculty
may feel a conflict between needing to attend to the usual tenure-track duties related
to research, teaching, and services, and wanting to assist in the mission of increasing
diversity. The Strategies and Tactics for Recruiting to Improve Diversity and Excellence
project at the University of Michigan, part of the National Science Foundation’s (NSF)
Organizational Change for Gender Equity in STEM Academic Professions program for
advancing women faculty, addresses the cultural tax, among other conflicts, by appoint-
ing tenured faculty from well-represented groups to bring attention to issues affecting
institutional diversity and inclusion (Baez, 2000; Diggs et al., 2009; Hirshfield and Joseph,
2012; Reed et al., 2018; Sturm, 2006).

Possible actions for faculty are listed in Box 7-5.

Undergraduate and Graduate Students

Graduate and undergraduate students can significantly affect the culture of men-
torship, both in their individual mentoring relationships and in their departments and
educational programs (Lunsford and Baker, 2016). Evidence suggests that students can
actively engage in “mentoring up,” an approach that helps mentees gain the knowledge
and confidence to take equal responsibility with mentors for developing effective men-
toring relationships (Lee et al., 2015, chap. 7). Students can also learn to become more
effective in their relationships by participating in mentorship education to advance their
skills and confidence in being effective mentees while translating those skills into rela-
tionships with more junior colleagues they begin to mentor. As members of departments
and programs, they can influence change by discussing their mentoring experiences and
the criteria they use when choosing mentors and by providing honest feedback about
their mentorship experiences in the department or program.

Students have the opportunity to benefit substantially from the developing research
on mentorship, both as mentees and as mentors to others. When the number of faculty

32 For example, the National Society of Black Engineers, the Society for Advancement of Chicanos/
Hispanics and Native Americans in Science, the Society of Hispanic Professional Engineers, and the
American Indian Science and Engineering Society.

33 This is discussed further in the “Mentorship Education” section of Chapter 5.
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BOX 7-5
Possible Actions for Faculty Mentors

During evidence-gathering activities and listening sessions, the committee heard the following
ideas about how to leverage the multiple roles faculty already play in mentorship activities:

o Create opportunities to reflect on mentorship, assess mentees’ needs, and set expectations in
labs and research relationships.

e Participate in mentorship education activities to become more aware of practices, career and
psychosocial support functions, and to learn to set reasonable expectations in mentor-mentee
relationships.

e Work with other faculty within and across institutions to extend mentee networks, explor-
ing non-dyadic approaches to mentorship to meet the needs of mentees, and encouraging
mentees to seek support wherever they can find it and support them in doing so.

¢ Initiate and participate in faculty learning communities focused on mentorship.

e Adopt new policies and practices in departments to ensure access to mentorship and ensure
the quality of mentorship experiences for both mentors and mentees.

¢ Hold colleagues accountable for adopting effective mentorship practices in reviews for tenure
and promotion.

@ Mentoring structures beyond the mentor-mentee dyad are discussed in the “Non-Dyadic or
Multiple-Mentor Mentorship” section of Chapter 4.

or diversity of faculty is not sufficient, graduate students and postdoctoral researchers
play a critical role in interacting with undergraduate students. For example, they can
help undergraduate students build skills and learn about graduate education (Aikens et
al., 2016; Dolan and Johnson, 2010) and they benefit themselves by mentoring these stu-
dents (Dolan and Johnson, 2009; Limeri et al., 2019).3¢ Many intervention programs also
involve undergraduate students as peer or near-peer mentors. Research on biomedical
students who reported receiving advice from juniors or seniors found that those students
adjusted better to academic life and had a heightened sense of belonging in their fresh-
man year (Hurtado et al., 2007).3> Possible actions for students are listed in Box 7-6.

Funding Agencies

Funding agencies can play a powerful role in advancing cultural change by proactively
encouraging or even requiring institutions to systematically develop undergraduate and
graduate students, and especially students from historically UR backgrounds to diversify

34 See the discussion on mentorship configurations that occur throughout Chapter 4.
35 While this study did not focus on mentorship per se, it illustrates the benefits of interacting with more
advanced peers.
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BOX 7-6
Possible Actions for Undergraduate and Graduate Students

During evidence-gathering activities and listening sessions, the committee heard the following
ideas for actions students can take to improve their chances of engaging in quality relationships as
both mentors and mentees:

e Inquire about a potential mentor’s approach to working with students and expectations for
students, and reflect on how approaches and expectations align with their own working style
and expectations.

e Inquire about the tools and supports for mentorship used in programs and departments, such
as mentoring compacts, mentoring maps, individual development plans, and professional
development for mentors.

e Seek multiple mentors to provide diverse forms of support and encourage other students to do so.

e Seek advice from trusted faculty and peers on how to respond to negative mentoring experi-
ences, including when it may be necessary to change mentors.

e Ask for evidence of mentor effectiveness from department chairs, program directors, and other
students in the program, and carefully weigh this evidence in choosing mentors.

o Ask for opportunities to share honestly and confidentially on mentorship experiences, perhaps
through ombudspersons.

¢ Identify opportunities to participate in mentorship education to advance skills as a mentor
and mentee.

e Seek opportunities to serve as mentors to others and apply lessons learned to their own
mentoring relationships.

e Bring information on the science of mentorship, as well as evidence-based resources and
tools, to their educational environments to be discussed with mentors and others in their
research teams, departments, and programs.

the U.S. science workforce (Hrabowski and Henderson, 2019). There are several examples
of funding agencies already engaging in the realm of mentorship, particularly in the use of
mentoring tools.*® For example, the NSF requires a mentorship plan, including academic
and professional development activities, to be provided to all postdoctoral researchers
supported by an NSF-funded project (NSE 2019). In 2014, the National Institutes of
Health (NIH) began to require individual development plans for all NIH-funded graduate
students and postdoctoral researchers as a means of providing a structure for identifying
and achieving their career goals (NIH, 2014). More recently, the National Institute of
General Medical Sciences (NIGMS) began requiring mentor preparation for all mentors
of trainees on NIH T32 grants.”’

36 A discussion of mentoring tools can be found in the “Mentorship Tools” section of Chapter 5.

37 NIH T32 grants include the Ruth L. Kirschstein National Research Service Award (NRSA) Predoctoral
Institutional Research Training Grants, Medical Scientist Training Program, Initiative for Maximizing
Student Development (IMSD), Graduate Research Training Initiative for Student Enhancement (G-RISE),
Institutional Translational Research Training Program, and Training Program for Institutions That Promote
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Some funding agencies require mentorship plans that include explicit mentoring by
multiple researchers to ensure they have access to a broad set of technical skills and experi-
ences, along with exposure to essential role models from diverse backgrounds (Campbell
and Campbell, 2007).% Despite the increased emphasis on multimentor approaches favored
by funding agencies,* institutional obstacles to executing these plans or to providing and
encouraging access to more than one mentor are still deeply ingrained in the culture of
many academic departments, colleges, and institutions, which emphasizes the primacy of
the apprenticeship model of graduate education (de Janasz and Sullivan, 2004).40

The Howard Hughes Medical Institute Gilliam Fellowships for Advanced Study for
graduate students represents one example of how a funding organization is emphasizing
and supporting mentorship through program requirements. The Gilliam Fellowships
program now requires its mentors to engage in a year-long mentor education program
based upon Entering Mentoring and culturally responsive mentor education (HHMI,
2019).*! The Alfred P. Sloan Foundation’s approach involves supporting nine campus-
based University Centers of Exemplary Mentoring. These centers provide scholarships,
faculty and peer mentoring, professional development activities, seminars, and other
resources that promote completing graduate study (APSE, 2019).

There are growing examples of empirically guided institutional initiatives to support
culturally responsive mentorship, including the National Research Mentoring Network
and the Building Infrastructure Leading to Diversity programs, both sponsored by the
NIH Diversity Program Consortium. Emerging evidence from one program that serves
UR STEMM students has documented the positive effect of campus partners supporting
faculty engagement in providing research training environments that affirm UR students’
cultural and science identities and their sense of belonging (Estrada et al., 2017).

Diversity. More information is available at https://grants.nih.gov/grants/guide/pa-files/PAR-19-228.html;
accessed May 9, 2019.

38 For example, NIH Career Development (K) awards.

3 A discussion of mentorship configurations is provided throughout Chapter 4.

40" Although the reasons for limiting access to multiple mentors are multifaceted, key factors include
individual research mentors’ attitudes and belief systems regarding mentorship (Johnson and Huwe, 2002).
Many faculty continue to believe that the individuals they mentor should contribute exclusively to their
own research productivity and that the student should not spend time working on projects associated with
a secondary mentor. In other cases, faculty believe that working with multiple mentors on research will
result in breadth rather than depth of training. At the same time, pressure to publish based on grant fund-
ing is perceived as high by most investigators, and this pressure often drives research mentors to expect
scientists-in-training in their groups to dedicate themselves to the groups’” objectives entirely (Johnson and
Nelson, 1999). Some have reported working on the lab’s research for some 70 hours a week, leaving students
with limited time to pursue other interests (Mason et al., 2009) or develop mentorship or collaborative
relationships outside their research advisor’s research group. Additional discussion of multiple mentorship
structures is presented in Chapter 4.

41 More information about Entering Mentoring is available in the “Mentorship Education” section of
Chapter 5.
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Although funding agencies have successfully created programs to support under-
graduate and graduate students from UR backgrounds with the explicit goal of transition-
ing them to faculty roles (Fleming et al., 2012), accountability mechanisms that require
institutions to emphasize effective mentorship and expect principal investigators to
mentor successfully are still not as prevalent as they could be. For instance, even though
some grant programs require descriptions of mentorship plans, funding agencies have
issued limited recommendations for process and outcome measures that can be used to
evaluate mentorship progress within a grant-funded project. Furthermore, there are no
apparent processes in place for determining whether and how well principal investigators
have implemented supportive mentorship activities, particularly for undergraduates and
graduate students from underrepresented backgrounds. With exceptions such as NIH
T32 pre- and postdoctoral training grants, institutions and principal investigators apply-
ing for funding are rarely required to include documentation on the diversity of those
involved in mentoring relationships or present evidence about the effectiveness of their
mentorship activities. More generally, many funding mechanisms do not routinely
require applicants or their institutions to describe their mentorship systems, including
the systems that incentivize and reward effective mentorship or the processes in place
to support and evaluate culturally responsive mentorship. As noted above, NIGMS has
recently implemented a requirement for mentorship education and evaluation in NIGMS
training grants as one way to engender a noticeable shift toward more effective practices.
How this new requirement affects mentoring programs remains to be seen.

Disciplinary Association Support

STEMM disciplinary associations and organizations have been catalysts for sup-
porting and empowering faculty in education reform, often offering opportunities for
faculty to showcase innovations and learn from peers and providing venues for discus-
sion of mentorship research and interventions. They also provide mentoring experience
both through standalone programs and through affiliation with conferences and other
gatherings, including the following:

o STEMM-focused professional societies, for example, the American Physical
Society,** the American Astronomical Society,*> and the American Chemical
Society**

42 For example, case studies in mentorship. More information is available at https://www.aps.org/
programs/education/ethics/mentoring/; accessed May 9, 2019.

3 For example, a task force and report focused on diversity and inclusion in graduate education. More
information is available at https://aas.org/education/aas-task-force-diversity-and-inclusion-graduate-
astronomy-education; accessed May 9, 2019.

4 Por example, New Faculty workshops. More information is available at https://www.acs.org/content/
acs/en/education/educators/coursesworkshops/csc-new-faculty-workshop.html; accessed May 9, 2019.
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« Education-focused societies and organizations, for example, the American
Society for Engineering Education,* the Society for the Advancement of Biology
Education Research,* and the Center for the Integration of Research, Teaching,
and Learning®

« National initiatives dedicated to helping faculty and their institutions implement
change, for example, Project Kaleidoscope of the American Association of Colleges
and Universities,*® and the Association of Public Land-Grant Universities*’

These organizations support professional learning communities that value men-
torship and can extend the knowledge base about and implementation of effective
practices.

45 More information is available at https://www.asee.org/; accessed May 9, 2019.

46 More information is available at https://saberbio.wildapricot.org/; accessed May 9, 2019.

47 More information is available at https://www.cirtl.net/; accessed May 9, 2019.

48 More information is available at https://www.aacu.org/pkal; accessed May 9, 2019.

4 For example, degree completion initiatives (see http://www.aplu.org/projects-and-initiatives/center-for-
public-university-transformation/), access and diversity initiatives (see http://www.aplu.org/projects-and-
initiatives/access-and-diversity/), and STEM education initiatives (see http://www.aplu.org/projects-and-
initiatives/stem-education/); accessed May 9, 2019.
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Findings and Recommendations

Mentorship serves an essential role in the process of enabling students to become science,
technology, engineering, mathematics, and medicine (STEMM) professionals. Despite
the influential role that mentorship plays in academic STEMM culture, it rarely receives
the focused attention, evaluation, and recognition that other aspects of the professional
development process receive, such as teaching and research. Mentorship is a skill that is
learned, practiced, and improved upon with self-reflection and feedback, and mentorship
can be investigated empirically to understand how it works and to improve its practice.
In this report, the committee has

o provided an evidence-based definition for mentorship and mentoring
relationships;

o discussed theoretical frameworks useful for understanding mentorship processes
and contexts;

o described the importance of acknowledging and building a mentee’s identity in
mentoring relationships, particularly for individuals belonging to populations
that are underrepresented (UR) in STEMM,! and of changing institutional
culture to support effective mentorship in STEMM for all students, not just a
select few;

! This report refers to UR groups as including women of all racial/ethnic groups and individuals specifi-
cally identifying as Black, Latinx, and American Indian/Alaska Native. Where possible, the report specifies
if the UR groups to which the text refers are Black, Latinx, or of American Indian/Alaska Native heritage.
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« examined the multiple factors that create beneficial STEMM mentoring relation-
ships and provided examples of approaches, structures, and programs that can
provide effective mentorship;

« reviewed the challenges of assessing mentorship in STEMM; and

« outlined actions at all levels, from students and faculty to institutional leadership,
to make effective mentorship in STEMM the expected norm.

By bringing together a more complete understanding of the suite of factors that
can affect a mentoring relationship, mentorship can receive the more focused attention,
evaluation, and recognition it deserves. An enterprise-wide commitment to effective
mentorship in STEMM could lead to effective, high-quality, and sustainable mentoring
relationships at all career stages, and it could increase student recruitment, retention,
engagement, and success in STEMM. This is particularly important for UR students in
STEMM, for whom an absence of effective mentorship could disproportionately influ-
ence retention and persistence. Supporting effective mentorship and mitigating nega-
tive mentoring experiences will likely result in a more diverse and inclusive STEMM
workplace, which in turn will be more creative, innovative, and responsive to current
and emerging problems.

This chapter presents seven sets of findings reached in the prior seven chapters and
nine sets of recommendations for action. The committee hopes the STEMM community
at large will adopt and implement these recommendations, thereby creating an ecosystem
that supports effective mentorship, bolsters the opportunities and likelihood of success
for the next generation of diverse undergraduate and graduate students in STEMM, and
more fully cultivates the diversity of talented STEMM professionals throughout the U.S.
economy that can address the critical issues facing humanity.

FINDING 1:
Sociodemographic Diversity Provides Benefits to
STEMM that May Be Underrealized

Scientific progress relies on collaborative problem solving. Teams comprising indi-
viduals with diverse experiences and areas of expertise often ask different questions and
tend to be more creative and innovative in how they answer those questions. Diversity
in the STEMM workforce improves work performance and engagement, enhances the
quality of research conducted and provision of health care delivered, and promotes
innovation and growth. At the same time, increasing diversity in the STEMM workforce
will expand economic opportunity to a greater percentage of the nation’s population and
meet the growing demand for STEMM-trained professionals.

There is widespread recognition that lack of diversity among STEMM practitioners
deprives segments of the population from participation in what are projected to be
among the fastest-growing sectors of the economy. Yet, a variety of factors—including
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a lack of access to effective mentorship and a need to subsume other aspects of their
identities in the name of fitting into a predominantly White, male STEMM culture—
continue to keep students from UR groups from choosing and remaining in STEMM
disciplines. While effective and culturally responsive mentorship can mitigate issues of
identity interference, some negative mentoring experiences have been linked to attrition,
especially for UR students. Unfortunately, the majority of undergraduates entering STEM
fields leave those fields before completing a bachelor’s degree, with UR students leaving
STEM fields at higher rates than their overrepresented counterparts. Further research on
both effective mentorship and negative mentoring experiences is needed to determine
how the STEMM workforce and ecosystem are affected.
(See Chapters 1, 3, 5, and 7 for more information.)

FINDING 2:
Effective Mentorship Is Associated with Positive Mentee Outcomes

Mentorship across a broad range of professional domains has an overall positive
effect on academic achievement, retention, and degree attainment as well as on career
success, career satisfaction, and career commitment. Mentoring experiences have been
found to influence mentees’ persistence and performance outcomes. At the same time,
mentees’ perceptions of the quality of their mentored experiences are key drivers in
positive behavioral outcomes such as STEMM degree attainment, especially among UR
individuals in STEMM fields. Despite the positive effect of mentorship, UR individuals
enrolled in STEMM degree programs typically receive less mentorship than their well-
represented peers.

Effective mentorship involves receiving both career support and psychosocial sup-
port. Career support often results in better career outcomes, such as greater publication
output for graduate students, whereas psychosocial support helps produce outcomes that
are crucial for student well-being and other criteria necessary for persistence and pro-
ductivity, such as greater satisfaction with the mentoring relationship and commitment
to one’s academic program. Graduate students who have positive mentoring relationships
are more likely to persist in their academic decisions, and mentored graduate students are
more likely to publish their research than are those who are not mentored. For under-
graduates, participating in mentored research experiences has been linked to retention
in STEMM, while mentee perceptions of mentor effectiveness—at least in part—predicts
enrollment in science-related doctoral programs.

(See Chapters 2, 3, and 6 for more information.)
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FINDING 3:
Effective Mentorship Involves Intentionality

Mentorship in STEMM has largely been practiced without systematic efforts to
prepare for, structure, and reflect on mentoring relationships. The research synthesized
in this report shows that effective mentoring relationships are characterized by trust,
and trust develops when mentors and mentees work together to identify and respond to
their mutual goals, needs, and priorities, which can change over time and thus require
adjustment. This level of personalization and responsiveness requires intentionality,?
including intentional preparation and careful application of evidence-based practices.
Multiple theories indicate that intentionality that manifests at all levels of higher educa-
tion, from the individual to the department, institution, and discipline levels, is more
likely to result in effective mentorship for all students. Furthermore, intentionality in
mentorship gives mentees the latitude to seek out additional forms of mentoring support,
such as co-mentorship and peer mentorship.

(See Chapters 4 and 7 for more information.)

Finding 3.1: Theory can guide the development of effective mentorship practices

There are multiple theoretical perspectives useful for characterizing mentorship and
its antecedents and outcomes. Some theories account for contextual factors, while others
emphasize the mentor, mentee, and mentoring relationship at the individual level—and
both types can and do influence the practices of mentorship. Interpersonal processes
that operate in the context of the mentoring relationship are one foundational aspect of
mentorship supported by multiple theories. Theory also supports the idea that individual
and environmental factors are salient to the effectiveness of a mentoring relationship.

(See Chapter 2 for more information.)

Finding 3.2: Effective mentorship involves building interpersonal trust

Mentoring relationships that build on and actively cultivate bilateral trust, as well
as mutual accountability and responsibility, are more effective. Effective mentorship
behaviors are largely characterized by trust and responsiveness in offering career and
psychosocial support to mentees across mentoring stages and in multiple forms, such as
formal and informal mentoring structures. Many factors have been identified as being
supportive of the mentoring relationship, particularly for identification, developing
interpersonal comfort, building trust, and setting expectations. These factors include
having a mentor who shares surface-level similarities, such as race and gender; who has

2 Intentionality refers to a calculated and coordinated method of engagement to effectively meet the needs
of a designated person or population within a given context.
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been through similar experiences based on a shared identity; or who shares deep-level
similarities such as shared goals, interests, values, and attitudes. Additionally, mentees
in informal relationships may develop greater trust with their mentor and identify with
them to a greater extent than mentees in formal relationships, thereby perceiving a
higher-quality relationship.

(See Chapters 3, 4, and 5 for more information.)

Finding 3.3: Effective mentorship evolves through different stages

Because mentorship is a working alliance, it takes place in a series of stages: initiation,
cultivation, separation, and redefinition. Attending to the mentoring needs and potential
relational challenges that can arise across mentoring stages will enhance overall quality
of and satisfaction with mentorship.

(See Chapter 2 for more information.)

Finding 3.4: Effective mentorship is personalized and responsive

Ongoing collaboration and discussions are key to initiating and sustaining an effective
mentoring relationship that is responsive to the needs, goals, interests, and priorities of
both mentors and mentees. Effective mentorship entails critical and honest self-reflection
at multiple stages of the mentorship process. It includes psychosocial and career support,
as well as networking opportunities tailored to the needs, interests, and priorities of
mentees, and it contributes to their feeling of being successfully integrated into STEMM
fields and their confidence in their ability to do research, a key predictor of persistence
in STEMM.

(See Chapters 3 and 5 for more information.)

Finding 3.5: Mentoring can occur in multiple configurations

Typically, mentorship in STEMM is assumed to occur between one mentor and
one mentee, or what is known as a mentorship dyad. While dyads continue to serve an
important role for mentorship in STEMM, mentorship has expanded conceptually and
operationally to include a broader range of structures to better support mentees’ devel-
opment. Effective mentorship structures include triads, collective or group mentoring,
mentoring networks, and emerging online and e-mentoring communities.

In STEMM, effectively co-mentored students are able to develop more quickly,
acquire more complex research management skills, and become more independent.
Triads—relationships among three people—are associated with superior outcomes for
undergraduate students if they involve direct interaction among all members (closed
triads). Peer mentorship groups have been reported to promote collaboration, provide
mentees with psychosocial and career support, increase dedication to a STEMM major,
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and increase retention. A mentoring network can foster mutually beneficial and less hier-

archical exchanges; provide more relational and reciprocal mentorship; and provide sup-

port, affirmative spaces, and accountability. Non-dyadic mentoring structures can span

levels of expertise, cross disciplines, and provide developmentally adapted mentorship.
(See Chapter 4 for more information.)

FINDING 4:
Identities Are Important for Inclusive and Effective Mentorship

The development of an identity associated with science is an important factor in
the retention and success of mentees in STEMM fields, particularly for individuals
from UR groups. How an individual’s science identity fits with other social identities,
such as gender, race, or socioeconomic status, has a significant effect on an individual’s
career goals. In fact, UR scientists, compared with scientists from well-represented back-
grounds, must balance many more social and cultural identities that are less compatible
with the socially accepted, normative identity of a scientist who is a White, middle-
to upper-class, able-bodied, heteronormative man. Effective mentoring relationships
employ competency- or skills-based, inclusive practices to help students see themselves
as STEMM scholars with the potential to make meaningful contributions to their disci-
plines. This in turn enhances mentee outcomes, experiences, and retention in STEMM
and helps to create inclusive learning experiences that benefit all mentees and their men-
tors, regardless of their race, ethnicity, socioeconomic background, sexual orientation,
or gender identity.

(See Chapters 3 and 5 for more information.)

Finding 4.1: Effective mentorship helps integrate identities

Mentorship can ameliorate the negative effects of students’ feelings of being “othered”
in STEMM by increasing inclusion and psychosocial support. Positive mentor-mentee
relationships and effective mentoring are particularly important for integrating women
and UR students into the STEMM academic community. Moreover, positive mentor-
mentee relationships and quality mentorship have been shown to increase recruitment,
retention, and continuation of UR mentees into graduate school and research-related
career paths.

Engaging in culturally responsive mentoring, whereby mentors show interest in and
value students’ cultural backgrounds and their non-STEMM social identities, is one
strategy mentors can implement to validate their mentees’ multiple identities, especially
in cross-racial relationships. Instruction in culturally responsive mentorship can lead to
gains in cultural awareness and culturally sensitive skills, as well as increased intentions
and confidence to address cultural diversity in mentorship. Mentees without access to
culturally responsive mentoring can experience identity interference or identity conflict
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and concealment, which is the perceived or actual discordance between different aspects

of an individual’s identity. Identity interference can result in depression, reduced psy-

chological well-being, and lower academic or professional performance. Affinity-based

mentorship groups have been used successfully to support individuals from UR groups

in STEMM who may not otherwise have access to culturally responsive mentorship.
(See Chapters 3, 5, and 7 for more information.)

Finding 4.2: Effective mentorship involves crossing cultural boundaries if they exist

Because mentoring relationships by their nature involve culturally diverse individu-
als interacting with one another, mentorship is a culturally embedded endeavor. How-
ever, many faculty mentors in STEMM fields can unintentionally devalue cultural and
social diversity in mentoring relationships and neglect the importance social identities
have in shaping their mentees’ academic experiences. An important aspect of many UR
mentees’ social identities is their racial identity. While mentors may honestly believe that
holding “colorblind” views is a good thing, trust is more likely to develop when mentor
and mentee agree on the significance or insignificance of race in the relationship and
workplace. Crossing cultural boundaries often requires mentors to move out of familiar
and prescribed ways of interacting and communicating so that they can forge relation-
ships built on honesty, equity, reciprocity, respect, and integrity.

(See Chapter 3 for more information.)

Finding 4.3: Shared beliefs, values, and interests can be more important
than demographic identity matching for effective mentorship

Many UR students prefer to have mentors of the same race and gender and who have
life experiences similar to their own, including experiences pertaining to race, ethnicity,
and gender. However, the opportunity to maximize, for example, same-race mentorship
is challenged by the scarcity of UR faculty in STEMM, leading UR students to believe
they cannot find safe spaces in which they can discuss their identities and interests.
Another challenge is that UR tenure-track faculty who mentor UR undergraduate stu-
dents may not receive the professional benefits, rewards, or recognition from mentoring
at their institutions and may experience greater emotional and workload costs.

Prior research is equivocal regarding the importance and influence of race and
gender match, but at least some research supports the notion that deep-level similarity,
meaning having shared beliefs, values, and interests, is more predictive of relationship
quality and desirable mentee outcomes. Having a mentor of the same gender and race/
ethnic background is not necessarily associated with differences in outcomes such as
grade point average, self-efficacy, or confidence about their fit in science. In fact, hav-
ing a mentor from a well-represented background may provide access to resources and
privilege that otherwise may be difficult for UR students to access. Mentors of differ-
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ent identities who work intentionally to be culturally responsive and who understand
power dynamics and oppression have successfully fulfilled the needs of UR students.
Furthermore, faculty mentors of UR students can help by working with them to navigate
invalidating experiences and reinforce their self-efficacy.

In addition, UR faculty are limited in number, may be underrecognized and under-
rewarded for their work as mentors, and “taxed” because of the personal and professional
costs of working with a disproportionately large number of mentees. However, members
of the current well-represented STEMM academic community can work as partners and
ally with UR faculty to change the status quo without unduly burdening UR faculty.

(See Chapters 3, 4, 5, and 7 for more information.)

FINDING 5:
Effective Mentorship Is a Learned and Developed Skill

Mentorship is a learned skill, and mentorship education influences mentor and
mentee attitudes, self-efficacy, and behaviors. Mentorship skill development benefits
from instruction, practice, feedback, self-reflection, and intention. Operating on the
assumption that mentors and mentees have the skills and knowledge to build success-
ful relationships without formal mentorship education favors mentee populations that
already possess the social capital to connect with their mentors.

(See Chapters 2 and 5 for more information).

Finding 5.1: Mentorship education programs are effective

Programs developed to foster mentorship skills have been shown to help mentors
and mentees advance their skills in multiple areas. Mentors who participate in tested
mentorship education view themselves as more skilled and are viewed by their mentees as
more competent mentors than mentors who do not participate in such education. Faculty
who engaged in mentorship education report gains across a range of skills, including
accounting for the biases and prejudices they bring into a mentoring relationship and
working effectively with mentees with different personal backgrounds. Mentees who
participate in mentorship education report improvement in research skills, knowledge,
and confidence, and note that such professional development helped them learn how to
effectively communicate and interact with their mentors.

Mentorship education can be provided in different modes. In-person education has
been shown to be highly effective, and some specific online trainings have produced
gains similar to face-to-face trainings. Professional societies, such as STEMM disciplin-
ary associations and organizations, can also provide opportunities for faculty to share
approaches to mentorship and learn from peers, and offer venues for discussion of
mentorship research and interventions.

(See Chapter 5 for more information.)
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Finding 5.2: Mentoring tools can assist in effective mentorship

Mentoring compacts or plans provide a structure for mentors to outline expecta-
tions from, and commitments to, mentees—and vice versa. Individual development
plans facilitate skills identification and support structured bilateral engagement and
personalization in the mentoring exchanges. Mentor maps can be a useful tool to
help mentees identify mentoring needs and seek out specific mentors or mentoring
resources.

(See Chapter 5 for more information.)

Finding 5.3: Mentorship is not always positive

Mentoring quality exists as a continuum and can include negative mentoring expe-
riences or problematic events. Mentorship becomes less effective when mentors are
absent, set unrealistic expectations, or do not provide clear and relevant guidance. Other
negative mentoring experiences can include mentor-mentee mismatch in working styles,
values, and personalities; distancing behavior such as self-absorption of the mentor and
neglect of the mentee; manipulative behavior, such as the mentor inappropriately delegat-
ing work to the mentee or taking credit for the mentee’s work; lack of mentor expertise,
including both technical (skill- or career-related) and interpersonal incompetence; and
general dysfunctionality, such as mentors having negative attitudes or personal problems.
While negative mentoring experiences can occasionally arise from ill intent, negative
outcomes from mentoring can also arise from otherwise good intentions. Although there
are no systematic studies in postsecondary STEMM contexts, there are many anecdotal
reports suggesting that negative mentoring experiences may be common.

(See Chapter 5 for more information.)

FINDING 6:
Mentorship Processes and Outcomes Can Be Measured

Measurement of mentoring behaviors and mentorship outcomes furthers the under-
standing of how various processes lead to outcomes associated with effective mentorship
and can thereby improve its practice. Measures based on a sound theoretical framework
can define, align, and guide mentors’ and mentees’ perceptions and behavior within their
relationships to achieve positive benefits from mentorship. While measures of mentoring
relationship processes from the perspectives of mentees, mentors, or programs and insti-
tutions exist, the validity for these measures varies substantially. Additionally, important
areas of STEMM mentorship have not been assessed.

Measures from the mentee perspective have examined the types of career and
psychosocial support received and mentees’ ratings of relationship quality with their
mentors. Measures from the mentor perspective have assessed a variety of behaviors cat-
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egorized as career or psychosocial support. Measures of mentorship at the department,
college, university, or professional association level are much more limited.

Measures can be either adapted from existing ones or developed for postsecondary
STEMM, but the decision is not trivial, particularly given limited empirical evidence sup-
porting the assertion that context-specific measures necessarily result in enhanced mea-
surement or prediction. Development and validation work on STEMM-specific measures
can supplement broad mentoring measures with STEMM context-specific behaviors.
Valid measures are available for assessing mentorship at the individual level from both the
mentor and the mentee perspective, but there are few valid measures at levels beyond
the individual, though some exist at the program level.

(See Chapter 6 for more information.)

FINDING 7:
Broadening Access to Effective Mentorship Is Contingent on Institutional Change

While effective mentorship is already in practice at many institutions, barriers to
widespread dissemination and implementation of even the most effective interven-
tions in STEMM mentorship include lack of time, resources, rewards, expertise, and
confidence to implement. Broader access to quality mentorship and support systems at
academic institutions may entail significant institutional change.

(See Chapter 7 for more information.)

Finding 7.1: Changes in institutional rewards systems
can enhance mentoring provision and quality

A commitment from institutional leadership to support mentorship could have a
profound effect on the quality of mentorship and ultimately the development of under-
graduate and graduate students. For example, significant culture change in the practice
and rewards for mentorship at academic institutions is likely necessary to enable broader
access to effective mentorship. Even though many institutions have implemented awards
for mentorship excellence, the system of rewarding and highlighting exceptional men-
torship often does little to communicate mentorship expectations for faculty who are
not awardees. In addition, few institutions systematically incorporate accountability
for mentoring into faculty promotion and tenure decisions. Mentorship quality could
become a carefully tracked and managed component of universities’ and research orga-
nizations’ performance appraisal systems for faculty and other researchers who engage
in STEMM mentoring.

(See Chapter 7 for more information.)
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Finding 7.2: Mentors and mentees can influence institutional changes

Faculty have the potential to significantly influence the culture of mentorship
through their own mentoring relationships, through the relationships of those who
work on their research teams, and in their programs and departments. Mentees can
also be agents for improvements in mentorship, by advocating for access to effective
practices, by actively contributing to their mentored relationships, and by engaging in
mentorship themselves.

(See Chapter 7 for more information.)

Finding 7.3: Outside agents can spur institutional changes

Some funding agencies are encouraging quality mentorship by requiring mentor-
ing plans in grant applications and the reporting of some mentoring outcomes and of
mentor and mentee diversity. Funding agencies can further encourage culture change in
mentorship by requiring evidence-based mentorship plans, mentor and mentee educa-
tion, and reports of mentorship quality and outcomes for grantees.

(See Chapter 7 for more information.)

THE RECOMMENDATIONS

The committee presents nine sets of recommendations to encourage a shift away
from a culture of ad hoc mentorship and toward one of intentional, inclusive, and
effective mentorship in all institutional contexts (e.g., minority-serving institutions,
undergraduate-only institutions, research-intensive institutions, academic medical
centers). For the first seven sets of recommendations, the committee lays out specific
roles for various participants in the mentorship ecosystem—including institutional
leadership (e.g., presidents, provosts, deans), department chairs, program leaders (e.g.,
research, training, and graduate program directors), mentors (faculty members, staff,
and others who have extensive contact with graduate and undergraduate students), and
mentees (undergraduate and graduate students participating in mentoring programs
and other mentoring relationships), and professional associations. The last two sets of
recommendations are directed at agencies that fund mentorship programs and scholars
of mentorship.

The committee’s recommendations are best understood in the context of a common
understanding of mentorship. Therefore, the first recommendation is directed toward all
participants in the mentorship ecosystem.
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Recommendation 1:
Adopt an Operational Definition of Mentorship in STEMM

Institutions and programs should adopt an evidence-based, operational definition
of mentorship, such as the one used by the committee in its work:

Mentorship is a professional, working alliance in which individuals work together
over time to support the personal and professional growth, development, and success
of the relational partners through the provision of career and psychosocial support.

Mentorship is operationalized for STEMM contexts through the career support func-
tions (e.g., career guidance, skill development, sponsorship) and psychosocial support
functions (e.g., psychological and emotional support, role modeling) aimed at mentee
talent development. Mentorship complements other developmental processes like teach-
ing or coaching to support mentees in developing knowledge and skills, and is essential
to the holistic development of scientists, technologists, engineers, mathematicians, and
physicians, including but not limited to developing a strong identity as a STEMM pro-
fessional, developing confidence in one’s ability to work as a STEMM professional, and
successfully navigating the culture of STEMM.

2.1:

2.2:

2.3:

Recommendation 2:
Use an Evidenced-Based Approach to Support Mentorship

Institutional and departmental leadership should support the use of evidence-
based mentoring practices by both mentors and mentees, starting with new
faculty and student orientation. Support should include tested mentorship
education curricula, resources, and tools (guided discussions, mentoring com-
pacts, individual development plans, and mentor maps) as well as time for
professional development and mechanisms for feedback, improvement, and
accountability.

Program leaders should support mentorship by ensuring there are evidence-
based guidelines, tools, and processes for mentors and mentees to set clear
expectations, engage in regular assessments, and participate in mentorship
education. Program design should take into account the stages of mentoring
relationships and ensure that the evolving needs of undergraduate and gradu-
ate students are met as they shift to career stage-appropriate independence.
Department chairs should deliver professional development on effective men-
torship to support mentors and mentees in understanding how successful
mentoring relationships can be created, cultivated, and nurtured; addressing
challenges such as those caused by biases and micro- and macroaggressions;
encouraging self-reflection; and mastering critical skills over time.
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2.4:

2.5:

Mentors should learn about and employ evidence-based mentorship tools and
strategies through a process that includes exploring evidence-based mentor-
ship resources, dedicating time for mentorship education, and participating in
relationship-level, department-level, and institution-level mentoring account-
ability mechanisms.

Mentees should acquaint themselves with evidence-based mentorship tools
and strategies, including compacts, individual development plans, mentor
maps, and mentoring accountability mechanisms. When possible, mentees
should take advantage of any mentee-focused mentorship education and
resources and be aware of which faculty members in their program, depart-
ment, or institution have participated in mentorship education and which
faculty use evidence-based mentorship tools.

Recommendation 3:
Establish and Use Structured Feedback Systems
to Improve Mentorship at All Levels

Assessment and evaluation of mentorship are necessary to identify areas of strength
and opportunities for improvement. Evaluation through structured systems may reduce
unintentional bias and protect mentees who are in inherently more vulnerable positions
as students and trainees.

3.1:

3.2:

3.3:

Institutional and departmental leadership should regularly and systematically
review formal mentorship activities and programs to support development of
mentorship skills and student success and well-being. Such reviews should
involve different stakeholders groups, check for alignment with stated program
goals and missions, ensure that practices for effective mentorship are incor-
porated throughout activities and programs, and work to create a culture of
accountability.

Program leaders should establish and systematically review formal mentor-
ing activities and programs and other structured feedback systems to make
programmatic decisions such as who is allowed to serve as a mentor, when to
intervene if relationships are not effective, and how to help mentors improve
their skills over time using established methods and instruments for measur-
ing mentorship effectiveness. Program leaders should regularly provide deans,
department heads, and other program leaders with program metrics, including
data on mentorship processes and outcomes.

Mentors and mentees should work with each other and their institutions to
develop feedback systems to document, evaluate, and advance mentorship
competencies over time using established methods and instruments for mea-
suring mentorship effectiveness. They should also participate in institutional
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3.4:

reviews of formal mentorship activities and programs to enhance mentor and
mentee outcomes and inform periodic self-reflection.

Professional associations should regularly review and gather evidence on formal
mentorship activities and programs that are designed to enhance students’ suc-
cess outside of their home institution. Such reviews should also check for align-
ment with stated program and association goals, missions, and accountability
mechanisms and for widespread use of effective mentorship practices.

Recommendation 4:
Recognize and Respond to Identities in Mentorship

All participants in the mentorship ecosystem should recognize that identities influ-
ence academic and career development and thus are relevant and significant for effective
mentorship.

4.1:

4.2:

4.3:

4.4:

5.1:

Institutional leadership should intentionally support mentorship initiatives
that recognize, respond to, value, and build upon the power of diversity.
Leaders should intentionally create cultures of inclusive excellence to improve
the quality and relevance of the STEMM enterprise.

Mentors should learn about and make use of inclusive approaches to men-
torship such as listening actively, working toward cultural responsiveness,
moving beyond “colorblindness,” intentionally considering how culture-based
dynamics like imposter syndrome can negatively influence mentoring relation-
ships, and reflecting on how their biases and prejudices may affect mentees
and mentoring relationships, specifically for mentorship of underrepresented
mentees.

Mentees should reflect on and acknowledge the influence of their identities
on their academic and career trajectory, including the potential for imposter
syndrome to disrupt mentorship. Mentees should seek mentorship that is
intentional in considering their individual lived experiences.

Professional associations should intentionally address sociodemographic fac-
tors in mentoring relationships, specifically for mentorship of underrepre-
sented mentees. Professional associations should also intentionally create
cultures of inclusive excellence to improve the quality and relevance of the
STEMM enterprise.

Recommendation 5:
Support Multiple Mentorship Structures

Institutional leadership should support policies, procedures, and other infra-
structure that allow mentees to engage in mentoring relationships with mul-
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5.2:

5.3:

5.4:

6.1:

6.2:

tiple individuals within and outside of their home department, program,
or institution, such as professional societies, external conferences, learning
communities, and online networks, with the ultimate goal of providing more
comprehensive mentorship support.

Mentors should provide opportunities and support for mentees in mentoring
relationships with other individuals within and outside of their home depart-
ment, program, or institution (such as professional societies, external confer-
ences, learning communities, online networks) who can provide complemen-
tary or supplementary functions that enable mentees to progress and succeed.
Mentees should consider developing, as needed, a constellation of mentor-
ing relationships with multiple individuals within and outside of their home
department, program, or institution using tools designed for this purpose such
as mentoring maps and individual development plans.

Professional associations should proactively facilitate the development of men-
toring relationships among individuals from different programs or institutions,
as needed, who can provide complementary or supplementary mentorship
functions. This could include activities such as pairing first-time conference
attendees (mentees) with returning conference attendees (mentors) to orient
them to conference events and support their networking or establishing and
supporting online communities for mentees to find and make supportive con-
nections outside their own institutions and environments (e.g., academia).

Recommendation 6:
Reward Effective Mentorship

Institutional leadership should reward and visibly recognize mentors for docu-
mented, effective, and inclusive mentorship in the same manner as effec-
tive teaching is recognized, including through annual awards. Consideration
should be given to all forms of mentorship, including informal and formal
relationships that occur beyond the research advisor or other academic advi-
sor and the student. Leaders should also structure job recruitment, applica-
tion, and selection procedures to make evident an applicant’s commitment
to and success with mentorship and ensure mentorship quality and potential
are weighed in hiring decisions, possibly through the inclusion of mentoring
statements in applications.

Department chairs, in consultation with institutional leadership, should use
promotion, tenure, and performance appraisal practices to reward effec-
tive mentorship. Elements of a promotion or tenure package could include
descriptions of approaches and resources used in mentoring, reflective state-
ments of ways the candidate has worked to improve their mentoring over time,
evidence of mentored scientists as coauthors on manuscripts and grants and
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6.3:

their placement into positions, letters from program leaders and testimonies
from students, institutional and national awards for mentorship, and process
measures that assess mentoring relationship quality from the perspective of
the mentee and the mentor.

Professional associations should provide visible recognition of effective men-
torship through prominent rewards for documented, effective, and inclusive
mentorship, such as certifications for completing substantive mentorship edu-
cation, named awards for sustained contributions to mentorship, and note-
worthy track records of effective mentorship supported with assessment data.

Recommendation 7:
Mitigate Negative Mentorship Experiences

Mentorship education for both mentors and mentees can help to reduce or prevent
negative mentoring experiences. However, negative mentoring experiences do and will
occur, and direct steps should be taken to mitigate harm from such occurrences.

7.1:

7.2:

7.3:

7.4:

Institutional leadership should appoint and make visible one or more neutral
third parties (e.g., ombudspersons, research integrity office) to serve as a point
of contact to identify and address negative mentoring experiences. These indi-
viduals, offices, or committees should be selected based on their potential to
engender a sense of trust and approachability among mentees and mentors.
The appointed neutral third parties should also be prepared to carry out their
role effectively by participating in professional development on mentorship,
conflict management, and workplace laws and ethics.

Program leaders and department chairs should periodically review mentorship
assessment results to identify and mitigate negative experiences. They should
be open to the possibility of having to serve as a neutral third party to improve
ineffective or negative mentoring experiences, and they should also be prepared
to carry out their role effectively by participating in professional development
on mentorship, conflict management, and workplace laws and ethics.
Mentors should recognize that negative mentoring experiences can occur
even with well-intentioned mentors and mentorship practices and be open to
addressing unintended negative mentoring experiences with a neutral third
party. In addition, mentors should become familiar with and recommend
resources, such as ombudspersons, who can help identify and address negative
mentoring experiences.

Mentees should maintain relationships with a network of faculty outside of
their primary advisor, research supervisor, or mentor, and when necessary,
seek out an ombudsperson or other neutral third party who can serve as a
resource to address negative mentoring experiences.
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Recommendation 8:

Recommendations for Funding Agencies that Support Mentorship

Funding agencies play a key role in shaping the values of institutions and the proj-
ects that scholars pursue. As such, funding agencies’ role in encouraging and supporting
effective mentorship practices is essential.

8.1:

8.2:

8.3:

8.4:

Funding agencies should encourage the integration of evidence-based mentor-
ship education for mentors and mentees and assessments of mentorship into
grant activities that involve undergraduate and graduate student research,
education, and professional development to support the development of the
next generation of talent in STEMM.

Funding agencies, when supporting STEMM student development, should
require tools such as mentoring compacts and individual development plans
to operationalize intentionality and promote shared understanding of the goals
of mentoring relationships on sponsored projects.

Funding agencies should support the study of the process and impacts of
mentorship and the development and validation of new or adapted measures
for use in STEMM mentorship to comprehensively understand the relation-
ship between mentorship processes and outcomes, as well as demographic
disparities in student outcomes.

Funding agencies should support in-depth, cross-program evaluation and
research to better understand the processes and outcomes of mentorship,
particularly on the outcomes of diverse student populations.

Recommendation 9:
Recommendations to Scholars of Mentorship

When the committee reviewed the literature on mentorship and mentoring rela-
tionships, it became apparent that more scholarship is needed on specific aspects of
mentorship and mentoring relationships. Items 9.1-9.5 represent some of the areas that
would benefit from additional scholarship and make contributions to advance the sci-
ence of mentorship.

9.1:

Scholars should conduct multidisciplinary research on mentorship in
STEMM, including employing advanced multimethod approaches, using
current technologies, and establishing standards for measurement to uncover
the relational processes that drive effective mentorship. Scholars should par-
ticularly attend to the reciprocal and dynamic nature of mentoring patterns,
processes, and outcomes in STEMM to advance theories of mentorship in
STEMM.
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9.2:

9.3:

9.4:

9.5:

Scholars should make greater use of study designs that allow for causal and
longitudinal inferences, paying particular attention to the antecedents, pro-
cesses, correlates, and outcomes within effective mentoring relationships in
STEMM to determine the effects of mentorship on persistence and success
in STEMM as well as on the STEMM enterprise.

Scholars should define and characterize negative mentoring experiences
or ineffective mentorship in STEMM and investigate their prevalence and
impacts, specifically addressing the possibility that negative mentoring experi-
ences may disproportionately harm underrepresented students and compro-
mise science and research itself.

Scholars should intentionally expand the knowledge base for populations that
remain little studied in STEMM and account for how differing conditions
and contexts of mentorship may differentially affect individuals with diverse
sociocultural identities. Scholars should examine mentorship assets at the
individual, department, and institutional levels to assist STEMM researchers
and universities in creating targeted recruitment and retention programs for
underrepresented and underserved populations.

Scholars should investigate how different aspects of mentor-mentee socio-
cultural similarity may help shape mentorship outcomes to elucidate the effec-
tiveness of matching practices and processes in formal mentorship programs
and provide greater access to quality mentoring.
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Glossary

TERM MEANING

Advising A potential career support function that involves
providing feedback about specific questions, such as
the classes a student needs to take to graduate

Affinity A similarity of characteristics
Ambient heterosexist “Insensitive verbal and symbolic (but non-
harassment assaultive) behaviors that convey animosity toward

non-heterosexuality” that “take place within the
environment but are not directed at a specific target,
such as the telling of [heterosexist] jokes that can be
heard by anyone within earshot” (Silverschanz et al,,
2008, p. 180)

Antecedents A thing or event that existed before or logically
precedes another

Assessment Method or tool used to evaluate, measure, and
document an educational variable of interest; can
be formative—used to change behaviors or practice
and to inform decision making about programs—or
summative—used to demonstrate effectiveness and
impact of practices, behaviors, or programs
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TERM MEANING
Attrition The loss of participants, such as students, over time
Bidirectional Functioning in two directions
Cascade mentoring A mentorship structure in which mid-level mentees

become mentors to incoming mentees, while
maintaining their mentoring relationships with more
senior mentors, intended to distribute support and
information in a generational fashion

Coaching Activities that are most often focused on addressing
specific issues for achieving career aspirations or
imparting specific competencies in the near term,
such as how to write a scientific paper

Collective or group Multiple mentors working collaboratively to support
mentorship multiple mentees who may also provide each other
with peer support

Colorblindness The notion that society is nonracial, and that
ethnicity and skin color is of no consequence for
individual life chances or governmental policy
(adapted from Ansell, 2008); an approach to social
or professional interactions that includes focusing
exclusively on individual performance measures
without consideration of factors that are highly
correlated with performance of their social identities
such as social identities, their cultural background,
and additional social context. This tends to privilege
individuals with better preparation, higher social
capital, and fewer additional obligations—often
White, male, single, full-time, non-first-generation
students from higher socioeconomic backgrounds.

Communities of practice “Groups of people who share a concern or passion for

something they do and learn how to do it better as
they interact regularly” (Lave and Wenger, 1991)

Competencies The skills and abilities required to do something
successfully or efficiently

Construct validity The soundness of the inferences about the conceptual
elements of a theory made from the results of a data-
gathering process
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TERM
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Continuing-generation

students
Correlates

Critical race theory

Cultural capital

Cultural identity

Culturally responsive

Deep-level similarity

Diversity

Dyadic data analysis

Dyadic mentorship/
mentoring dyads

E-mentoring

Students that have at least one college-educated
parent

Each of two or more related or complementary things

A theory that “analyzes the role of race and racism

in perpetuating social disparities between dominant
and marginalized racial groups.” Its purpose is to
“unearth what is taken for granted when analyzing
race and privilege, as well as the profound patterns of
exclusion that exist in U.S. society” (Hiraldo, 2010)

The level of comfort a student has in enacting
behaviors that are consistent with the dominant
culture surrounding them (Bills, 2003)

A social identity that is associated with a nationality,
ethnicity, religion, social class, generation, or any
group defined by a distinct culture

“Using the cultural knowledge, prior experiences,
frames of reference, and performance styles of
ethnically diverse students to make learning
encounters more relevant to and effective for them”
(Gay, 2010)

Similar identity traits that include shared attitudes,
goals, interests, values, and even perceived similarity
in problem-solving style

“The similarities and differences between individuals,
accounting for all aspects of one’s personality and
individual identity. It implies variety in characteristics
like race, [gender], or age” (Young, 2018)

A general methodology that captures the reciprocal
nature of a relationship and its influence on both
members in the relationship (Kenny, 1994; Kenny et
al., 2006)

Mentoring relationships involving two individuals

Mentorship that takes place using assistive technology
and individuals rarely, if ever, meet in person
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Ecological momentary A research technique that “involves repeated
assessment sampling of subjects’ current behaviors and
experiences in real time, in subjects’ natural
environments” (Shiffman et al., 2008)
Effect size A statistical concept that measures the strength of the

Ego network analysis

Evaluation

Experience sampling

First-generation students

Formal mentorship/ formal
mentoring relationship

Grey literature

relationship between two outcomes

The study of connections, or lack thereof, of a single
individual and the resources available, or not, to the
individual through their connections

The process of determining the merit, worth, value,
or impact of a program, practice, or behavior

A research technique that asks individuals to “provide
systematic self-reports at random occasions during
the waking life of a normal week. Sets of these
self-reports from a sample of individuals create

an archival file of daily experience” (Larson and
Csikszentmihalyi, 2014)

Students who are the first members of their families
to attend college

Mentoring relationships or programs in which an
individual or program has specific responsibilities
related to the progress and success of the mentee,
and where the parties are formally assigned and
expected to engage in mentorship. Such relationships
may include an evaluative or supervisory function in
which the mentor is responsible for overseeing and
evaluating the mentee’s progress and success, such as
in a primarily research context in STEM

References including “trial registries, conference
abstracts, books, dissertations, monographs and
reports held by ... government agencies, academics,
business, and industry” (NAS-NAE-IOM, 2011b).
Newspapers, magazines, and web pages are also
considered to be components of the grey literature
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Holding environment

Identity

Identity interference

Implicit bias

Imposter syndrome

Incivility

Inclusion

“A reliable environment where individuals feel safe

to examine and interact with what their world can

and should present, even when they are anxious,
inexperienced, challenged, unmotivated, or
misdirected” (Audrey Murrell’s remarks at workshop 1)

Composite of who a person is, the way one thinks
about oneself, the way one is viewed by the world,
and the characteristics that one uses to define oneself,
such as gender identification, sexual orientation, race,
ethnicity, nationality, and even one’s profession

When cultural meanings and stereotypes assigned to
social identities cause those with multiple identities
to feel that one identity interferes with the successful
performance of another identity

“Attitudes or stereotypes that affect [the holder’s]
understanding, actions, and decisions in an
unconscious manner. These biases, which encompass
both favorable and unfavorable assessments, are
activated involuntarily and without an individual’s
[conscious] awareness or intentional control” (OSU,
2015)

“[A]n internal experience of intellectual phoniness”
(Clance and Imes, 1978)

Low-intensity conduct that lacks a clear intent to
harm but nevertheless violates social norms and
injures targeted employees (Cortina, 2008)

Efforts used to embrace differences; also used to
describe how much each person feels welcomed,
respected, supported, and valued in a given context
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Inclusive excellence A philosophical approach to higher education

administration and processes that means attending
to both the demographic diversity of students/
trainees and the need for developing climates and
cultures in institutions so that all have a chance to
succeed in STEMM. For purposes of this report, this
includes a mindset where excellence and inclusion
are synonymous, a concern for equity in STEMM,
active work to develop mentee’s capacities and assets,
and a commitment to their success by faculty and
the institution. This definition is close to the original
term developed by AAC&U initiatives and adopted
by its Board of Directors. More information is
available at www.aacu.org/about/statements/2013/
diversity; accessed on August 17, 2019

Informal mentorship/ Mentoring relationships that evolve spontaneously
informal mentoring and informally (Ragins and Cotton, 1999), with no
relationship specified responsibilities and involve no evaluative or

supervisory function

Intentionality A calculated and coordinated method of engagement
to effectively meet the needs of a designated person
or population within a given context

Intersectionality The complex, cumulative way in which the effects of
multiple elements of identity (such as race, gender,
and class) combine, overlap, or intersect especially in
the experiences of marginalized individuals or groups

Intervention An action or set of actions taken to improve a situation

Learning organization “An organization skilled at creating, acquiring, and
transferring knowledge, and at modifying its behavior
to reflect new knowledge and insights” (Garvin, 1993,
p- 80)

Meaningful others People an individual identifies from whom acceptance
matters (Carlone and Johnson, 2007, p. 1192)

Measure An indication or means of assessing the degree,
extent, or quality of processes and outcomes

Mentoring The unidirectional process commonly associated with
mentorship
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Mentoring networks The constellations of mentors, mentoring

relationships, and mentorship resources that a mentee
can engage for support

Mentorship Mentorship is a professional, working alliance in
which individuals work together over time to support
the personal and professional growth, development,
and success of the relational partners through the
provision of career and psychosocial support

Mentorship ecosystem A set of interconnected participants including
university leadership (e.g., presidents, provosts,
deans), department chairs, program leaders (e.g.,
research, training, and graduate program directors),
mentors (faculty members, staff, and others who have
extensive contact with graduate and undergraduate
students), and mentees (undergraduate and graduate
students participating in mentoring programs and
other mentoring relationships), and agencies that
fund mentorship programs

Mentorship education All types of learning and development activities
directed toward the development of the skills,
competencies, and effective behaviors of mentors or
mentees

Meta-analysis Quantitatively combining and analyzing data from
multiple studies to determine aggregate effect sizes
for relationships between variables across multiple
quantitative studies

Microaggressions “The everyday verbal, nonverbal, and environmental
slights, snubs, or insults, whether intentional
or unintentional, which communicate hostile,
derogatory, or negative messages to target persons
based solely upon their marginalized group
membership. In many cases, these hidden messages
may invalidate the group identity or experiential
reality of target persons, demean them on a personal
or group level, communicate they are lesser human
beings, suggest they do not belong with the majority
group, threaten and intimidate, or relegate them to
inferior status and treatment” (Sue, 2010)
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Negative mentoring Dysfunctional elements or problematic events that
experiences can occur during a mentoring relationship
Ombudsperson A designated neutral party who provides confidential,

Peer/near-peer mentorship

Power differential

Predictive validity
Program director
Psychosocial

Psychosocial support

Reciprocal

Reflectivity

Role modeling

informal, independent, and impartial assistance to
individuals through dispute resolution and problem
solving methods such as conflict coaching, mediation,
facilitation, and shuttle diplomacy (Houk et al. 2016)

Mentoring relationships formed between individuals
who are at approximately the same stage of career
development

The “perceived difference between mentor and
mentee with regard to status, authority, and self-
efficacy. High power-differentials limit the ways
in which mentor and mentee regard one another,
resulting in decreased mentee empowerment,
creativity, and initiative” (Starr-Glass, 2014)

The soundness of the predictive inferences made
from the results of a data-gathering process

A manager with the overall responsibility for the
success of a program

Relating to the interrelation of social and
psychological factors

A nontherapeutic intervention relating to social
and psychological factors that helps a person cope
with stressors at home or at work. Adapted from
https://medicaldictionary.thefreedictionary.com/
psychosocial+support; accessed August 17, 2019

Bearing on or binding each of two parties equally
Internal dialogue related to one’s own concerns and
the social contexts

A potential psychosocial support function in which
a mentor serves as an inspirational example of the
norms, attitudes, and behaviors necessary to achieve
success (Lockwood and Kunda, 1997)
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Science

Science identity

Self-efficacy

Sexual and gender minorities

Social capital

Sociocultural

Sociodemographic

Social identities

Sponsorship

“The intellectual and practical activity encompassing
the systematic study of structures and behaviors
through observation, experiment, and theory”
Adapted from https://www.realclearscience.com/
blog/2012/11/we-talk-about-science-a-lot-but-what-
is-it.html; accessed on August 16, 2019

A professional identity within the scientific

culture; an identity that is connected strongly to
science, including three overlapping dimensions—
competence in one’s own mind and as judged by
others, performance in terms of having the skills and
opportunities to act like a scientist, and recognition
by oneself and meaningful others

An individual’s belief in their capacity to execute
behaviors necessary to attain specific performance
goals

Individuals with sexual orientation identities such

as lesbian, gay, bisexual, queer, and asexual, as well
as gender identities such as pre- and posttransition
transgender, intersex, and nonbinary

The ability of individuals to secure benefits by virtue
of membership in social networks or other social
structures (Portes, 1998)

An emphasis on the environmental factors of society,
culture, and social interaction

An emphasis on the social and demographic factors
such as race, ethnicity, age, sex, gender, sexual
orientation, socioeconomic status, (dis)ability status,
religion, education, migration background, and culture

Identities based on assigned characteristics (e.g.,
race, ethnicity, or gender) or self-determined
characteristics (e.g., scientist or student) and shaped
within a social context (Barker, 2012, 2016;
Eggerling-Boeck, 2002)

A potential career support function that involves
a senior person publicly acknowledging the
achievements of and advocating for a mentee
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Stereotype threat A “socially premised psychological threat that arises

when one is in a situation or doing something for
which a negative stereotype about one’s group applies”
According to stereotype threat theory, members

of a marginalized group experience that a negative
stereotype exists in reference to their group, and they
demonstrate apprehension about confirming the
negative stereotype by engaging in particular behaviors
or thoughts that can compromise their performance in
a given domain (Steele and Aronson, 1995)

Surface-level similarity Similar identity traits that include normally readily
detectable attributes such as race, ethnicity, gender,
and age

Theory A framework for understanding human behavior,
including students’ decision-making processes and
choices

Triadic mentorship/ Consist of two mentors (typically one senior mentor

mentoring triads or primary investigator and one postgrad [graduate

student or postdoctoral scientist] mentor) working
with a mentee (typically an undergraduate)

Underrepresented groups Women of all racial/ethnic groups and individuals
(UR) specifically identifying as Black, Latinx, and
American Indians/Alaska Natives. (Where possible,
the report specifies if the UR groups to which the
text refers are Black, Latinx, or of American Indians/
Alaska Natives heritage.)

Unidirectional Operating in a single direction

Whole network analysis The study of a complete system to determine the
resources offered by its members, such as expertise
and information; the diversity of its members; which
relationships within the network are most influential;
how interconnected members must be for the
network to be valuable to its members; where there
might be gaps in the network; and which members
of the network serve as hubs for information or
resources such as high-quality feedback
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Working alliance A conscious and active collaboration between

members—in this report, mentors and mentees—
with three characteristic features: “an agreement on
goals, an assignment of task or a series of tasks, and
the development of bonds” (Bordin, 1979)
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A Selection of STEMM
Intervention Programs that
Include Mentoring Experiences

This appendix provides a selection of programs that include some stated goal or element
of mentorship. The programs highlighted are not exhaustive and are intended only to
be representative. Inclusion here should not be taken as an endorsement of any of the
programs or particular aspects of the programs. Attempts were made to provide a range
of representative programs in the following categories: federally funded programs, insti-
tutionally based programs, and programs that are provided by national organizations. A
small number of national awards for mentorship are included as well.

FEDERALLY FUNDED PROGRAMS

Alliances for Graduate Education and the Professoriate (AGEP)

« https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5474

“The Alliances for Graduate Education and the Professoriate (AGEP) program seeks
to advance knowledge about models to improve pathways to the professoriate and success
for historically underrepresented minority doctoral students, postdoctoral fellows and
faculty, particularly African Americans, Hispanic Americans, American Indians, Alaska
Natives, Native Hawaiians, and Native Pacific Islanders, in specific STEM [science,
technology, engineering, and mathematics] disciplines and/or STEM education research
fields. New and innovative models are encouraged, as are models that reproduce and/or

237
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replicate existing evidence-based alliances in significantly different disciplines, institu-
tions, and participant cohorts.”

“The AGEP program goal is to increase the number of historically underrepresented
minority faculty, in specific STEM disciplines and STEM education research fields, by
advancing knowledge about pathways to career success. The program objectives include:
To support the development, implementation and study of innovative models of doc-
toral education, postdoctoral training, and faculty advancement for historically under-
represented minorities in specific STEM disciplines and/or STEM education research
fields; and to advance knowledge about the underlying issues, policies and practices that
have an impact on the participation, transitions and advancement of historically under-
represented minorities in the STEM academy.”

Selected Publications

Collins, P. M., and R. Hopson. (eds.). 2014. Building a new generation of culturally responsive evaluators through AEA’s
graduate education diversity internship program. In New directions for evaluation, no. 143. Hoboken, NJ: John
Wiley & Sons.

Delaine, D. A., R. Tull, R. Sigamoney, and D. N. Williams. 2016. Global diversity and inclusion in engineering education:
Developing platforms toward global alignment. International Journal of Engineering Pedagogy (iJEP) 6(1):56-71.

Di Pierro, M. 2007. Excellence in doctoral education: Defining best practices. College Student Journal 41(2):368-376.

Gonzalez, C.2001. Undergraduate research, graduate mentoring, and the university’s mission. Science 293(5535):1624-1626.

Griffin, K. A., M. M. Muiiiz, and L. Espinosa. 2012. The influence of campus racial climate on diversity in graduate educa-
tion. The Review of Higher Education 35(4):535-566.

Hrabowski III, E. A. 2014. Institutional change in higher education: Innovation and collaboration. Peabody Journal of
Education 89(3):291-304.

Jones, S. M. 2014. Cultivating diversity and inclusion in higher education: The role of graduate school preparation pro-
grams. Urban Education Research & Policy Annuals 2(1):28-38.

Tull, R. G., J. C. Rutledge, E. D. Carter, and J. E. Warnick. 2012. PROMISE: Maryland’s Alliance for Graduate Education
and the Professoriate enhances recruitment and retention of underrepresented minority graduate students. Aca-
demic Medicine 87(11):1562-1569.

Tull, R. G., A. Y. Williams, and S. S. Hester. June 2015. An NSF AGEP program’s unintended effect on broadening partici-
pation: Transforming “Non-STEM” graduate students into engineering education faculty, researchers, K-12 educa-
tors, and advocates. In Proceedings of the 2015 ASEE Annual Conference & Exposition. Washington, DC: American
Society of Engineering Education. Pp. 26-204.

Centers of Research Excellence in Science and Technology (CREST) and
HBCU Research Infrastructure for Science and Engineering (HBCU-RISE)

o https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=6668

“The Centers of Research Excellence in Science and Technology (CREST) program
provides support to enhance the research capabilities of minority-serving institutions
(MSI) through the establishment of centers that effectively integrate education and
research. MSIs of higher education denote institutions that have undergraduate enroll-
ments of 50% or more (based on total student enrollment) of members of minority
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groups underrepresented among those holding advanced degrees in science and engi-
neering fields: African Americans, Alaska Natives, American Indians, Hispanic Ameri-
cans, Native Hawaiians, and Native Pacific Islanders. CREST promotes the development
of new knowledge, enhancements of the research productivity of individual faculty, and
an expanded presence of students historically underrepresented in science, technol-
ogy, engineering, and mathematics (STEM) disciplines. CREST Postdoctoral Research
Fellowship (PRF) awards provide research experience and training for early career scien-
tists at active CREST Centers. HBCU-RISE awards specifically target HBCUs to support
the expansion of institutional research capacity as well as the production of doctoral
students, especially those from groups underrepresented in STEM, at those institutions.”

Selected Publications

Blake, R. A., J. Liou-Mark, and C. Chukuigwe. 2013. An effective model for enhancing underrepresented minority
participation and success in geoscience undergraduate research. Journal of Geoscience Education 61(4):405-414.

Boshoff, N. 2009. Neo-colonialism and research collaboration in Central Africa. Scientometrics 81(2):413-434.

James, S. M., and S. R. Singer. 2016. From the NSF: The National Science Foundation’s investments in broadening par-
ticipation in science, technology, engineering, and mathematics education through research and capacity building.
CBE—Life Sciences Education 15(3):fe7. doi:10.1187/cbe.16-01-0059.

Matthews, C. M. May 1993. Federal research and development funding at historically Black colleges and universities. Wash-
ington, DC: Congressional Research Service, Library of Congress.

Michelson, E. S. 2006. Approaches to research and development performance assessment in the United States: An analysis
of recent evaluation trends. Science and Public Policy 33(8):546-560.

Historically Black Colleges and Universities -
Undergraduate Program (HBCU-UP)

« https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5481

HBCU-UP provides a number of awards intended to strengthen STEM undergradu-
ate education and research at HBCUs, including the following:

« Broadening Participation Research (BPR) awards, which “provide support for
research that seeks to create and study new theory-driven models and innovations
related to the participation and success of underrepresented groups in STEM
undergraduate education.”

« Implementation Projects (IMP) awards, which “provide support to design,
implement, study, and assess comprehensive institutional efforts for increasing
the number of students receiving undergraduate degrees in STEM and enhancing
the quality of their preparation by strengthening STEM education and research.”

« Broadening Participation Research Centers (BPRC) awards, which “provide
support to conduct broadening participation research at institutions ... are
expected to represent the collective intelligence of HBCU STEM higher education,
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and serve as national hubs for the rigorous study and broad dissemination of
the critical pedagogies and culturally sensitive interventions that contribute to
the success of HBCUs in educating African American STEM undergraduates.
[BPRCs] are expected to conduct research on STEM education and broadening
participation in STEM; perform outreach to HBCUs in order to build capacity for
conducting this type of research; and work to disseminate promising broadening
participation research in order to enhance STEM education and research outcomes
for African American undergraduates across the country”

Selected Publications

Fortenberry, N. 2005. An examination of NSF’s programs in undergraduate education. Journal of STEM Education 1(1).
Laboratory for Innovative Technology in Engineering Education (LITEE), https://www.learntechlib.org/p/174279/
(accessed February 23, 2019).

Joseph, J. 2013. The impact of historically Black colleges and universities on doctoral students. New Directions for Higher
Education 2013(163):67-76.

Jungck, J. R., H. D. Gaff, A. P. Fagen, and J. B. Labov. 2010. “Beyond BIO2010: Celebration and Opportunities” at the
intersection of mathematics and biology. CBE—Life Sciences Education 9(3):143-147.

Lewis, C. W,, E A. Bonner, D. Rice, H. E. Cook, M. V. Alfred, F. M. Nave, and S. S. Frizell. 2011. Chapter 2 African-
American, academically gifted, millennial students in STEM disciplines at historically Black colleges and univer-
sities (HBCUs): Factors that impact successful degree completion. In Beyond stock stories and folktales: African
Americans’ paths to STEM fields. Bingley, UK: Emerald Group Publishing Limited. Pp. 23-46.

McNair, L. D. 2009. HBCU perspectives and research programs: Spelman College as a model for success in the STEM
fields. In Memoriam 85.

Payne, G., and R. H. Dusenbury. 2007. An early intervention program for minority science students: Fall Bridge Program.
International Journal of Learning 14(6):23-27.

Pender, M., D. E. Marcotte, M. R. Sto. Domingo, and K. I. Maton. 2010. The STEM pipeline: The role of summer research
experience in minority students’ Ph. D. aspirations. Education Policy Analysis Archives 18(30):1-36.

Russell, S. H., C. P. Ailes, M. P. Hancock, J. McCullough, J. D. Rosesner, and C. Storey. 2005. Evaluation of NSF Support for
Undergraduate Research Opportunities: 2003-NSF-program Participant Survey. Menlo Park, CA: SRI International.

Suitts, S. 2003. Fueling education reform: Historically Black colleges are meeting a national science imperative. Cell
Biology Education 2(4):205-206.

Louis Stokes Alliance for Minority Participation (LSAMP)

« https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=13646
 Bridge to the Doctorate Programs: http://lsmce.org/lsampcommunity/map-of-
Isamp-community/bridge-to-doctorate-map/

“Louis Stokes Alliances for Minority Participation (LSAMP) program is an alliance-
based program. The program’s theory is based on the Tinto model for student retention.!
The overall goal of the program is to assist universities and colleges in diversifying the
nation’s science, technology, engineering and mathematics (STEM) workforce by increas-

! Clewell, B.C., Cosentino de Cohen, C., Tsui, L. and Deterding, N. (2006). Revitalizing the Nation’s Talent
Pool in STEM. Urban Institute. Washington, D.C.
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ing the number of STEM baccalaureate and graduate degrees awarded to populations
historically underrepresented in these disciplines: African Americans, Hispanic Ameri-
cans, American Indians, Alaska Natives, Native Hawaiians, and Native Pacific Islanders.”

“The LSAMP program takes a comprehensive approach to student and retention.
Particular emphasis is placed on transforming STEM education through innovative,
evidence-based recruitment and retention strategies, and relevant educational experi-
ences in support of racial and ethnic groups historically underrepresented in STEM
disciplines.”

“The LSAMP program also supports knowl