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Purpose

The small number of women in science, technology, engineering, and math (STEM)
programs and careers is disconcerting, especially since research shows that women’s intellectual
ability in STEM fields is equal to that of men (Else-Quest, Hyde, & Linn, 2010; Stoeger, Duan,
Schirner, Greindl, & Ziegler, 2013). Over the last ten years, research has shown that girls’
confidence in their STEM abilities drops significantly during elementary school and continues to
drop in college (Hill, Corbet, & Rose, 2015). This is especially true for underrepresented women
of color (WOC) who see very few women like themselves persisting through STEM programs
and beginning STEM careers (Olson & Riorda, 2012). In addition to significant structural
barriers, Hill, Corbet, and Rose (2010) suggested that WOC lack the self-efficacy, or belief in
their own abilities, to succeed in STEM. Increasing the self-efficacy of women, particularly
WOC, who wish to pursue STEM careers is critical in order to narrow the gender and race gap in
this field. Exploring ways that all women can both find and provide support to one another in
STEM is one of many ways that progress towards equal representation in this field can be made.
One source of support that could increase the self-efficacy and persistence of STEM students
who are also WOC is interaction and exposure to successful WOC in STEM through mentoring.

The incorporation of online or electronic peer mentoring programs (e-mentoring)
designed to provide WOC with the support and experiences they need to feel confident in their
ability to succeed in STEM programs and, in-turn, a STEM career is one potential solution. E-
mentoring programs are asynchronous programs in which 100% of the training and mentoring is
completed online. While traditional peer mentoring in bachelors and master’s programs is both
common and beneficial, weekly meetings on campus and the time it takes is prohibitive for many
WOC who have jobs, family commitments, and, often unique barriers that prevent regular face-
to-face meetings (Tate & Lynn, 2005). E-mentoring provides an opportunity for students to
receive the benefits of mentoring without ever having to meet face-to-face. In order to develop
effective e-mentoring programs, the efficacy of all elements incorporated within these
interventions needs to be established, including the training programs provided for mentors. This
multi-site case study explored one such e- mentoring training program (offered and completed
100% online for mentors) and collected data that can inform future iterations of e-mentoring
training programs focused on increasing the self-efficacy and persistence of mentors. The
primary research question for the study included: How, if at all, do the experiences of WOC
mentors participating in a STEM e-mentoring training program influence their beliefs, skills, and
behaviors related to STEM?

Two historically black institutions and one public, predominately white institution with a
large minority population, partnered to develop, implement, and evaluate the pilot of a Virtual
Peer Mentoring Training Program, an online STEM peer mentorship training program for
graduate student peer mentors across two historically black institutions. Each institution served as
a case in this study. The aim of the program was to assist WOC student mentors in developing
their STEM self-efficacy, mentorship skills, and intent to graduate from a STEM program. The
overarching goal was to broaden the participation of WOC in STEM careers. The purpose of this
multi-site case study was to better understand how, if at all, STEM mentors’ self-efficacy and
ideas regarding persistence were influenced by an e-mentoring training program as well as what
mentors who participated in the six-week e- mentoring training program experienced.



Conceptual Framework

Given the aim of the program to increase self-efficacy, and ultimately persistence,
Bandura’s (1977) self-efficacy theory and models related to the development of the “whole
student” guided the development of the online peer mentor training (Illeris, 2015; Matteson,
2014) as well as the study. Self-efficacy affects goal choices, effort, and motivation to reach a
goal, and persistence toward the goal when challenges arise (Bandura, 1977). Thus, women of
color with high STEM self-efficacy are more likely to perform better and persist longer in STEM
degree programs and careers compared to those with low STEM self-efficacy.

The work of Bandura (2006) on self-efficacy comes out of his social learning theory
(SLT), later called social cognitive theory (SCT). Self-efficacy is an individual’s belief that she
can accomplish a goal given her skills and the circumstances surrounding the task (Bandura,
1986). Bandura (1977, 2006) proposed that four sources either strengthen or weaken self-
efficacy, including performance accomplishments, vicarious experience, social persuasion, and
psychological responses. While performance accomplishment is related to the experience one has
in performing a specific task, vicarious learning refers to experiences an individual has observing
another doing the task. For example, when an individual, especially like one’s self, observes
another modeling the completion of a task successfully, her belief that she can perform the task
successfully improves (Bandura, 1977). Social persuasion refers to receiving affirmation or
discouragement about one’s ability to succeed (Bandura, 1977). Psychological response refers to
how an individual reacts or responds given a specific situation. Researchers have demonstrated
that while mastery experience is most influential in boys’ and men’s STEM career self-efficacy,
the most influential factors for girls’ and women’s STEM career self-efficacy are vicarious
experience and social persuasion (Zeldin & Pajares, 2000). Thus, it is important to have like
others to view as a model, to serve as an example of success, and to provide support and
encouragement in order to develop self-efficacy of women.

Methods

As part of a larger STEM peer mentoring program funded by the National Science
Foundation (Award #1717082), an online STEM peer mentorship training was developed in
Spring of 2018. Six interactive, online modules were developed that provided between 10-15
hours of self-paced, formalized instruction. The modules were developed using various authoring
tools (e.g., eXe, Articulate, Camtasia) and hosted via a WordPress site. Each module ended with
an assignment, which required the mentor to engage in reflective journaling activity and to
participate in an online discussion with other peer mentors and faculty facilitators. Assignments
took approximately five hours to complete. Mentors had eight weeks to complete the training.

Overall, six mentors participated in the training and completed survey analyzed for the
study. Five mentors and two faculty facilitators participated as partners in the interviews. The
mentors were required to be a woman or minority in STEM, be enrolled in a STEM degree
program, have a cumulative GPA of 3.0 or higher, and provide a letter of recommendation from
a STEM faculty member upon request. The selected mentors were all women between the aged
of 22-31. Five of the mentors identified their race as Black, and one mentor identified her race as
Hispanic. Tables 1 and 2 describe the mentors’ and faculty facilitators’ demographics and case.



Table 1.

Mentor Demographics
Pseudonym Location Gender Race/Ethnicity
Chanara HBCU 1 F Black/ African American
Lorraine HBCU 1 F Hispanic/Latino
Joel HBCU 1 F Black/ African American
Inana HBCU 2 F African American
Genecia HBCU 2 F African American

Table 2.

Faculty Facilitator Participant Demographics
Pseudonym Location Gender Race/Ethnicity Content Area Level

Dr. West HBCU 1 F Caucasian Science and Faculty
Technology

Dr. Kalson HBCU 2 F African American Science Faculty

Mentors completed a pre- and post-test survey as part of the training to gain insight into
how mentors’ self-efficacy, and persistence changed, if at all, after finishing the training. This
survey data was analyzed using descriptive statistics and provided a snapshot into changes that
took place during the e-mentoring training program. Following completion of the training, one-
on-one interviews were conducted with mentors, and focus groups were conducted with mentors
and faculty facilitators to learn more about stakeholder experiences. In addition, observation
notes of the mentors’ engagement in the e-mentoring training were kept throughout the training.
These notes were added to a researcher journal and used to triangulate the data collected. The
data collected from interviews, focus groups, and observations were analyzed according to the
forms of case study analysis outlined by Stake (1994): categorical aggregations, identification of
patterns, and naturalistic generalizations through two rounds of detailed coding.

Results
Results of the pre and post-test survey demonstrated that the training program promoted
an increase in self-efficacy and STEM persistence. Mentors experienced the greatest percentage
change in mentorship self-efficacy (6.86%) on the researcher created STEM self-efficacy
instrument (see Table 3).

Table 3. Descriptive Statistics

Scale Pre Training Post Training
M D M D % of Score
Change range
STEM SE Achievement 111.50 1524 112.67 1585 1.05% 10-140
STEM SE Career 110.67 12.69 11633 476 5.12% 10-140
STEM SE Mentorship 213.83 27.94 228,50 1290 6.86% 26-260

Note. SE = self-efficacy, N=6

Prior to the training only 4 mentors indicated their intent to persist in their degree and a STEM
career. All six mentors indicated their degree and career persistence after the training, a 50%
increase in the number of students noting their intent to persist.

How the training experience contributed to these changes was learned through analysis of
the data from the interviews, focus groups, and researcher’s journal. The four themes identified



provide insight into elements of the e-mentoring training that may have contributed to mentors’
positive experiences and changes in self-efficacy and persistence: (1) the training’s structure and
content, (2) the opportunity to reflect, (3) connecting with others, and (4) empowerment and
motivation. Self-efficacy theory and the literature on mentoring were helpful for exploring how
the training may have led to the changes discussed by the mentors regarding specific beliefs,
skills, and behaviors related to STEM.

Scholarly Significance

Research has documented that mentorship is “a reciprocal, dynamic relationship between
mentor (or mentoring team) and mentee that promotes satisfaction and development of both”
(McGee & Keller, 2007, p. 316), has been associated with mentee productivity (Dolan & Johnson
2009; Steiner, Curtis, & Lanphear, 2004), self-efficacy (Baier, Markman, & Pernice-Duca, 2016)
and STEM degree and career persistence (Gloria, Robinson & Kurpius, 2001; Laursen, Hunter,
Seymour Thiry, & Melton, 2010). Mentorship has been shown to broaden participation and
promote persistence of mentees in STEM degrees and careers (Ginther et al., 2011); however,
limited research demonstrates the effects of mentoring processes on mentors (Dolan & Johnson
2009; Gloria, Robinson & Kurpius, 2001) as most research has focused on mentees. Meta-analyses
(e.g., Eby, Allen, Evans, Ng, & DuBois, 2008) have demonstrated that features of effective
mentoring (e.g. type of contact, amount of time) and benefits of mentoring have primarily focused
on fields other than STEM, with a focus primarily on Predominately White Institutions (PWTI).

While the findings of this study are not generalizable, they do provide a foundation for
how mentor training may support WOC STEM students who are not attending PWIs. STEM
degree programs should consider the potential benefit of mentorship programs and invest in
quality training experiences for mentors when offering such programs. Providing well-designed
training programs for WOC STEM students can create opportunities for students to connect
with one another while developing mentorship skills and, in turn, facilitate positive changes  in
Cohen’s (2003) six behavioral dimensions of mentors, self-efficacy, and persistence. Colleges
and universities must invest in building quality support systems for WOC in STEM if they wish
to see more women in STEM complete their STEM degree program and maintain a STEM career
(Ong et al., 2018).

A dearth of literature also exists on how to best train mentors to support effective peer
mentoring relationships. Researchers have agreed that to ensure the mentoring relationship is
effective, it is important that the mentor develops skills and understands the function of the mentor
(Galbraith & Cohen, 1995; Gandhi & Johnson, 2016; Pfund et al., 2014). Consequently, funding
agencies such as the National Institutes of Health (2011) have issued reports asserting that there is
a lack of standardized training and systematic interventions and processes for mentoring
relationships in STEM fields. This study provides a snapshot of how e-mentoring training
programs could be one such support system by offering insight into what five women of color
found to be instrumental aspects of their training. Based on the findings, e-mentoring training
programs that focus on facilitating skill and self-efficacy development, as well as persistence for
WOC in STEM should provide opportunities for online training that enables flexibility,
modeling, reflection, and connection. This research provide evidence for an effective approach.
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