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Using research center-based mentoring to increase minority
participation in engineering

Minority underrepresentation in engineering: Minorities continue to be underrepresented in
science and engineering both at the undergraduate and graduate levels as well as in the
workforce (National Science Foundation, 2013, 2014). This can be partially attributed to the fact
that the loss of science and engineering college majors is disproportionate among minorities
(Maton, Hrabowski, & Schmitt, 2000; Seymour & Hewitt, 1997).

Improving higher education outcomes through mentoring: Mentoring can improve retention and
academic performance (Gershenfeld, 2014; Lee, 1999; Nora & Crisp, 2007) and many theories
have been put forward to explain this. One theory contends that mentoring promotes the
involvement of students in the educational process, which correlates with graduation and
academic achievement (Astin, 1984). Another theory holds that retention is the outcome of the
academic and social integration of the student in the educational environment (Tinto, 1975). A
third theory suggests that mentoring provides the social support that allows students to better
cope with the demands of college (Pearson, 1990; Vaux et al., 1986). Another theory states that
mentoring provides the developmental support necessary for students to reach their potential
(Chickering, 1969; Thomas, Murrell, & Chickering, 1982). However, using a single theory is
inadequate and all theories should be acknowledged given the range of outcomes in mentoring
programs (Gershenfeld, 2014).

Mentoring for minority students: Discrepancies between mentoring opportunities available to
minority and Caucasian students is of concern (Jacobi, 1991). Mentoring for minority students
used to be rare (Haring, 1999; Johnson, 1989), albeit recent efforts have investigated the impact
of mentoring on this group (Bernier, Larose, & Soucy, 2005; Bordes & Arredondo, 2005;
Campbell & Campbell, 1997; Collier & Morgan, 2006; Gershenfeld, 2014; Ishiyama, 2007;
Kador & Lewis, 2007; LaVant, Anderson, & Tiggs, 1997; Lee, 1999; Zalaquett & Lopez, 2006).
Mentoring has been recommended to offer minority students the support needed to succeed in an
environment that may appear alienating or hostile (Johnson, 1989; Moore & Amey, 1988;
Sedlacek, 1983; Ugbah & Williams, 1989). Albeit some reports exist on the mentoring of science
and engineering students (Frierson Jr, 1996; Hoyte & Collett, 1993), work on the mentoring of
minority engineering students is still inchoate. This is unfortunate, since attrition among
minorities has been attributed to academic and cultural isolation, lack of peer support, low
motivation, low expectations, and discrimination (Allen, 1992; Gandara & Maxwell-Jolly, 1999;
Garrison, 1987; Nettles & Thoeny, 1988; Seymour & Hewitt, 1997; Steele & Aronson, 1995).
These issues can be addressed by mentoring, which can increase the number of students that earn
science and engineering degrees (Maton et al., 2000) and join graduate programs (Hrabowski &
Maton, 1995; Maton & Hrabowski 111, 2004).

Challenges for mentoring in academic engineering departments: Unfortunately, mentoring in
academic engineering departments is rendered difficult by several factors, faculty role strain
having been identified as a chief concern (Bowen & Sosa, 1989; Boyer, 1990; Fairweather,
1996; Geisler & Rubenstein, 1989).



Opportunities for mentoring in research centers: Some research centers display a number of
attributes conducive to mentoring (Bozeman & Boardman, 2003). Specifically, research centers
staffed with non-faculty researchers — who typically have lower teaching and administrative
workloads than faculty — may be particularly amenable to mentoring, since student retention is
enhanced by the amount and frequency of student-mentor non-classroom contact (Pascarella,
Terenzini, & Feldman, 1991). Moreover, the research focus of research centers tends to be
entirely problem driven and not to closely track disciplines or established scientific and technical
specialties (Bozeman & Boardman, 2003). However, research centers that require for its
affiliates to be full-time tenured or tenure track faculty may not favor mentoring, as research
center association exacerbates faculty role strain (Boardman & Bozeman, 2007; Bozeman &
Boardman, 2004).

Mentoring of minority engineering students at a center for applied research (CAR): Since the
mentoring literature is lacking in terms of the potential benefits of housing mentoring programs
in research centers relative to traditional engineering departments, the prospect of broadening
participation in engineering through a CAR-based mentoring program is now being investigated.
The CAR involved is staffed by full-time non-faculty scientists and engineers researching topical
subjects. Students involved in the CAR research projects have access to ancillary services,
facilities and support staff. Besides gaining laboratory experience, students working at the CAR
receive credit towards a degree and/or compensation. In addition, students gain authorship in
journal articles, attend scientific conferences to present their results, and participate in a number
of outreach efforts. The CAR offers student researchers a supportive environment, as students
experience a sense of permanence and community in the organization.

Goals of CAR-based mentoring: The CAR-based mentoring initiative is designed to accomplish
three main goals: 1) to motivate minority students to study engineering and help them graduate
with engineering degrees; 2) to help these students acquire the skills they need to become
engineering professionals, academics, leaders and role models; and 3) to investigate if mentoring
in research centers offers advantages over mentoring in traditional engineering departments.

Description of CAR-based mentoring program: 10-15 minority engineering students are
recruited each fall. Students meet right away with a College of Engineering counselor and a CAR
point of contact. This establishes a connection between university personnel and students from
the moment they arrive on campus, a critical component of any successful mentoring program
(Astin, 1982; Fleming, 1981; Flemming, 1988; Parker & Scott, 1985; Pounds, 1987). A first
meeting is immediately held to explain participants the goals and benefits of the mentoring
program, as students seem unable to press mentoring to its fullest potential when they lack this
understanding (Haring, 1999). In this way, students are placed in a supportive environment and
meet other students like them at an early stage, which are vital initial steps of mentoring
programs shown to improve retention (LaVant et al., 1997). Participants are also asked about
their needs to be successful in college, as need assessment represents a desirable first step
because needs vary widely (Haring, 1999). Early on their engineering studies, students tour the
CAR and learn about its research groups and projects. Based on their interests and preferences,
students are then matched with a CAR mentor. Throughout their college years, students receive
support and guidance from the aforementioned counselor, a CAR point of contact and mentor.



These individuals help students develop the skills they needed to pursue a successful career in
engineering.

Skills to be developed through mentoring: Students are helped to develop their academic and
study skills, research skills, communication skills, teaching skills, funding procurement and
project management skills, and outreach skills by their counselor, their CAR point of contact and
their mentor, who also make use of a variety of resources available at the university. This
arrangement avoids understaffing, a design flaw commonly found in mentoring programs
(Haring, 1999).

Types of mentoring expected and observed: Given that mentoring roles can also be assumed by
senior student and peers (Haring, 1999; Kram & Isabella, 1985; Zalaquett & Lopez, 2006),
authors have identified several types of naturally occurring mentoring relationships in addition to
classic mentoring, namely, individual-team, friend-to-friend, and peer-group (Philip & Hendry,
2000). Since this provides each student with an extended support network, this program
incorporates elements of network mentoring (Haring, 1997; Swoboda & Millar, 1986).
Moreover, the mentoring program includes both formal mentoring relationships, which are
structured and managed (Chao, Walz, & Gardner, 1992), and informal mentoring relationships,
which develop naturally (Campbell & Campbell, 1997; Chao et al., 1992).

Assessment of previous mentoring studies: Research on mentoring has been limited by data
collection at a single point in time, as well as by the fact that most studies display a pre- and
post-design and limited sample sizes (Jacobi, 1991). Moreover, two common threats to internal
validity have been identified in previous mentoring reports, namely the lack of control groups
and of reliable measurement instruments (Crisp & Cruz, 2009; Gershenfeld, 2014; Paglis, Green,
& Bauer, 2006). Thus, a quasi-experimental design including cross-sectional and longitudinal
components is needed (Cook & Campbell, 1979).

Assessment of the present mentoring study: The 4-year duration of this mentoring program
allows for the acquisition of valuable longitudinal data, which will be collected at multiple and
regular intervals to determine the amount of time it takes for mentoring effects to emerge and the
length of time that these effects persist (Jacobi, 1991). Cross-sectional information is being
acquired in the form of data that will allow a comparison between mentored and unmentored
students as well as between students mentored at a research center and those mentored at
traditional engineering departments. Both objective and subjective measures are being used,
since the latter has been deemed to hold the greatest promise to achieve internal, external and
social validity (Gershenfeld, 2014). Objective parameters include both retention and performance
data, while subjective parameters include feelings of integration to the university environment
and perception of mentoring relationships, which are being gauged through survey instruments.
Notably, the size of the population sample is within the range employed in some of the foremost
studies on mentoring in a college setting published to date (Frierson, Hargrove, & Lewis, 1994;
Gershenfeld, 2014). This approach offers important advantages over a true randomized
experiment, which has been associated with ethical concerns (Gershenfeld, 2014).

Initial results of assessment: In terms of academic performance, participants in the research-
center based broadening participation in engineering (BPE) mentoring program belonging to the



cohort recruited in the fall of 2015 had a higher average cumulative GPA at the end of the fall
2015, spring 2016 and fall 2016 semesters than underrepresented minority (URM) engineering
students from the same cohort not participating in the BPE mentoring program, this improved
performance for BPE program participants being observed irrespective of ethnicity, i.e., across
both African American and Hispanic students (see Figure 1).
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Figure 1. Academic performance of BPE and non-BPE URM engineering students

In terms of retention, 80% of the BPE and non-BPE URM engineering students recruited in the
fall of 2015 remained students in good standing within the College of Engineering by the spring
of 2016; however, while the aforementioned value remained unchanged in the next semester for
BPE students, only 57% of non-BPE URM engineering students remained students in good
standing within the College by the fall of 2016. Subjective measures have been studied through
the use of surveys, a first survey being employed to assess the needs and expectations of
participating students. Recurrent answers included assistance improving both study and time
management skills, help deciding on major and career path, as well as support accessing
opportunities to attain hands-on experience in the field. A second survey was employed to probe
the feelings of integration to the university environment and the importance attributed to having
mentors of the same gender or ethnicity. Students reported feeling very well integrated to the
university environment thanks to the mentoring program. However, ambivalent answers were
given to having mentors of the same gender or ethnicity, albeit gender was identified as a more
important criterion and academic interests were identified as an equally or more important
matchmaking parameter. A third survey focused on the perception on the part of mentored
students of different mentoring relationships, students invariably ranking research center-based
and mentoring program-associated mentoring relationships more positively.
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