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Investigating the Role of Interaction, Attitudes, and Intentions for Enrollment
and Persistence in Engineering among Underrepresented Minority Students

Abstract

One of the most significant challenges facing engineering education in the United States is the
persistent problem of inclusion and retention of certain racial and ethnic groups - particularly
blacks and Latinos. This paper, part of the NSF Awardees Poster Session, presents results from a
RIGEE-funded project whose aim is study how formal and informal interactions with
engineering agents (professionals and faculty) influence attitudes and intentions of
underrepresented minority (URM) students for enrollment and persistence in engineering. The
project employs a case study approach focused on two key phases of engineering education —
initial enrollment and persistence to advanced program stages - guided by a framework that
incorporates social cognitive, social capital, and community cultural wealth theories. We report
on the findings of four studies conducted as part of this project, which guide recommendations
for further research and practice.

Introduction

The participation of women and underrepresented minorities in engineering has been
“disturbingly slow” !"l. To address the chronic issues of underrepresentation in engineering
education, a small but growing body of research has attempted to move away from a deficit
perspective and has examined social and cultural explanations for engineering persistence among
women, racial/ethnic minorities, first-generation college students, and other underrepresented
groups. Frameworks emphasizing social and cultural capital; as well as the unique forms of
capital possessed by students from marginalized groups (e.g., cultural wealth); offer alternate
perspectives to focus on how underrepresented students navigate and persist in engineering.

As part of a federally funded project on the role of student-faculty interaction for the persistence
of underrepresented racial/ethnic minority (URM) students in engineering, we have collected
mixed methods data from undergraduate engineering students at one college of engineering in a
Predominantly White urban research university in the Southeastern US. We obtained quantitative
data using questionnaires from both “new entrants” (first-year) and “persisters” (junior and
senior) in engineering. Our qualitative data collection (interviews and focus groups) focused
specifically on two underrepresented racial/ethnic groups in engineering — black and Latino
students. In this paper, we summarize the bodies of literature guiding the project, outline the
project methodology, summarize the results of four studies, and offer some preliminary
recommendations for research and practice based on these findings.

Participation and persistence in engineering for underrepresented students

Differing participation and persistence in engineering has been investigated using theoretical
frameworks from higher education ), sociology "), and psychology !"\. The importance of
interactions, resources, and supports is prominent across these theories, as precursors to beliefs
about one’s abilities and identity that support academic effort, performance, and career



persistence. Research and theory on interactions with faculty, other sources of capital (i.e.,
cultural wealth), and self-efficacy, particularly for underrepresented students in engineering,
frames this study.

Interactions with faculty

Predominant frameworks of participation and persistence in higher education emphasize the role
of student interaction with faculty **. Social capital frameworks offer another way to
understand how and why interaction with faculty is important for persistence of students in
STEM, through defining ties to institutional agents (faculty, staff, administrators) as links to
important information needed to navigate and succeed in the college environment *'?. Student-
faculty interactions (SFI) are vital to the success of all engineering students, but especially
underrepresented racial/ethnic minority groups (URM). Research over the past 15 years has
evidenced the relationship of SFI with academic performance, persistence, and academic and
personal growth for URM students in STEM disciplines, including engineering.

Academic performance: Underrepresented students of color (i.e., black, Latino, Native
American) in STEM disciplines benefit greatly from faculty-student interactions. Frequent
interactions with faculty and support from contact with faculty are linked with higher grades
(13141 " A dditionally, faculty mentorship may lead to higher academic performance even if
students had low testing performance prior to college !'*\. The nature of interaction with faculty
may also be important. While interactions related to course materials may not relate to higher
GPA ", conducting research with faculty members is associated with improvements in
academic performance "), Faculty-student interactions are generally beneficial to URM
students especially when conducting research with faculty or receiving mentorship from faculty,
however some literature suggests that receiving criticism from faculty or interacting with faculty
to discuss course materials did not suggest that students would increase their GPAs.

Persistence: The academic persistence of engineering students is higher than students in other
majors !'® yet research unfailingly reveals that black and Latino engineering students are
underrepresented and have lower persistence rates than their White peers. Additionally, the
literature has found that black and Latino students may resist initiating contact with
predominantly white faculty out of fear of being stereotyped or negatively perceived by faculty
and prefer same-race faculty mentors ['*?*?!. Conversely, authors in one study found that
interactions outside of ethnicity with faculty and peers were beneficial and increased
underrerpresented students’ confidence **!. Overall, engineering students’ interactions with
faculty are vital for retention and persistence *****)and are especially critical for black and

Latino students in ensuring their academic success [*'* 2627,

Academic & personal growth: There are several benefits of faculty-student interactions for URM
students in engineering including increased development in intellectual and personal growth
while at higher education institutions. Students’ interactions with faculty can provide high levels
of satisfaction in intellectual ability, problem solving, career development, and scientific
reasoning “**?). However, problem solving and intellectual growth are especially increased for
students of color **). More frequent contact with faculty has also been linked to self-efficacy

among engineering students >,



URM engineering students’ interactions with faculty members are important for developing
intellectual thinking and growth because more exposure to knowledge and resources build
students’ abilities to perform tasks in while and out of the classroom. Personal and intellectual
growth for black and Latino students in engineering increases when interacting with faculty
because students are able to critically think when engaged with various research and
engineering-related projects (as assigned by faculty) and gain more exposure and knowledge
than they previously had. However, research shows that URM engineering and STEM students
may have frequent interactions with faculty, but feel less satisfied with those interactions since
they are less meaningful and are less likely to engage in undergraduate research with faculty

members 2126301,

Cultural wealth as capital for engineering

Traditional social and cultural capital theories ! emphasize how the values and practices of
dominant groups are rewarded in education. The notion of community cultural wealth (CCW) !
was developed to show how communities of color and other non-dominant groups create wealth
that is valuable for persisting in education. Yosso ! delineates six forms of CCW:

31]

1) Aspirational capital: The ability to maintain hopes and dreams for the future, considering
real and perceived barriers.

2) Linguistic capital: The ability to switch communication styles or languages based on
environment (e.g., academic and nonacademic).

3) Familial capital: Knowledge gained from, and maintenance of a connection to the home
community and culture.

4) Social capital: Networks of people and resources that provide instrumental and emotional
support to navigate through institutions.

5) Navigational capital: Skills of navigating through social institutions that are designed for
dominant social and cultural groups.

6) Resistant capital: Knowledge and skills developed through oppositional behavior that
challenges inequality.

The notion of CCW as an alternative framework to understand the success of URM and other
underrepresented groups (e.g., first-generation and students from low-income families) in
engineering has yet to be explored in-depth. A recent dissertation study; conducted as part of our
project; demonstrates this promise and reveals how black and Latino engineering students are

empowered by different forms of capital related to their background, culture, and experiences
[32]

Engineering self-efficacy

Previous research on the role of self-efficacy beliefs in engineering support the notion that they
are strong predictors of academic achievement and engineering interest °>**.. Self-efficacy
figures prominently in Social-Cognitive Career Theory (SCCT) " to explain achievement and
career-related choices. The authors of the theory suggest that contextual factors are particularly
influential for underrepresented groups, and have successfully employed the theory to understand
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engineering interest and goals , adjustment *! satisfaction **), and persistence *°! among
college engineering students. Other researchers have employed the framework to understand
persistence of ethnic minority women in engineering [*'*.

Marra and colleagues **! developed the Longitudinal Assessment of Engineering Self-Efficacy
(LAESE) to measure self-efficacy, feelings of inclusion, and outcome expectations of women
studying engineering. This instrument was further revised by Concannon and Barrow ** to
include four subscales —engineering self-efficacy I and II (ESE I and II), coping self-efficacy
(CSE), and engineering career outcome expectations (ECOE). These authors found effects of
gender for CSE (women lower than men) and ECOE (women higher than men) ). These studies
considered ethnicity and transfer status, but not relationships with engineering faculty and other
forms of capital that influence self-efficacy and outcome expectations.

Project methodology

As part of the two-year project, we administered questionnaires and conducted interviews and
focus groups with first-year (new entrants) and junior and senior (persisters) engineering students
at one college of engineering in a Predominantly White urban research university in the
Southeastern US. Questionnaires were open to all engineering students, while focus groups were
open to only students who identified as black and/or Latino. The college of engineering at this
institution enrolls over 2,500 students in programs in seven different undergraduate engineering
programs. Black and Latino students make up small proportions of the overall engineering
population (7% Black, 6% Latino), whose distribution varies significantly by engineering degree
program. Women engineering students of color make up much higher proportions among their
race/ethnicity groups (14%-15%) than their White counterparts (8%).

Instrumentation and data collection

Questionnaire for new entrants: The questionnaire items were developed by adapting existing
instruments on perceived barriers to education ! and engineering-related interactions *!\. The
items were included on a standard questionnaire administered electronically to the engineering
first-year seminar students at the institution under study during the first week of classes. Seven
items on likelihood to experience certain barriers (e.g., negative faculty attitudes, coursework
difficulties) were rated from 1=strongly agree to S=strongly disagree. For seven items on pre-
college engineering-related interactions (e.g., visiting an engineering workplace), students
indicate all of the adults with whom they interacted from five possible options: parent, family
friend, K-12 educator, college professor, or other adult mentor. Item scores were created to
indicate the number of adults providing each type of interaction support (range 0 to 5).
Additional demographic questions included whether the student’s parent had attained a four-year
degree, to determine first-generation status. Gender and race/ethnicity were obtained as reported
in the institution’s student records database. A total of 252 new entrants participated in the
questionnaire, with the majority identifying as white/Caucasian (80%) and 11% from
underrepresented groups (4% black, 7% Latino).

Focus group protocol for black and Latino new entrants: The focus group protocol included
questions prompting discussion about support and encouragement received from family,



educators, and other mentors during middle and high school; expectations about interacting with
professors on first day of classes; interactions with engineering professors; factors that affect
how students and professors interact and in and outside of the classroom; relationship they would
like to have with professors; importance of interaction with professors to help motivate
continuing in engineering studies; and aspects of student-faculty interaction that are unique to
engineering. Two focus group interviews were conducted in an on-campus student residence
building where the engineering learning community is located during October-November 2013.
Six students participated, all male and equally divided by racial/ethnic identification (3 black, 3
Latino). Interviews were digitally recorded and transcribed verbatim.

Questionnaire for persisters: We developed an online questionnaire for persisters in engineering
including items on support and interactions prior to enrolling in engineering ! (7 items),
frequency of out-of-class interactions with faculty (4 items), assessment of quality of
relationships with faculty, students, and staff (6 items), barriers experienced during studies [** (7
items), engineering self-efficacy (17 items), and cultural wealth (9 items). A total of 275 students
participated in the questionnaire, with the majority identifying as white/Caucasian (74%) and
male (80%). About 17% of respondents indicating belonging to one of the two underrepresented
racial/ethnic groups (9% black, 8% Latino).

While research to study the concept of cultural wealth has generally utilized qualitative methods,
we developed nine items for our questionnaire to explore whether and how the different forms of
capital could be assessed quantitatively. Social capital was divided into 4 items to assess
different networks and resources (peers, faculty/staff, campus organizations, off-campus
organizations). The wording of the statements was developed using the descriptions in Yosso '),
and students indicated a level of agreement with each statement from 1=strongly disagree to
S=strongly agree. Seventeen items related to engineering self-efficacy were utilized from an
existing instrument “***!, which respondents rated on a 7-point scale from 1=strongly disagree to
7=strongly agree, as in the original instrument.

Focus group protocol for black and Latino persisters: The interview protocol for black and
Latino persisters included questions prompting discussion about support and encouragement
received from family, educators, and other mentors during middle and high school; interactions
with engineering professors; aspects of student-faculty interaction that are unique to engineering
and factors that affect how students and professors interact; and the relative importance of their
relationships with professors in motivating their persistence in engineering. Four focus group
interviews were conducted on the campus in one of the main engineering buildings during the
2014-15 academic year. Interviews were conducted in the later afternoon/evening, and we
provided a casual dinner (pizza or sandwiches). Two of the focus groups included both black and
Latino students, while the other two interviews were conducted through student chapters of
NSBE (Black students) and SHPE (Latino students). Participants were 6 women (3 Black, 3
Latina), and 12 men (7 Black, 5 Latino). Interviews were digitally recorded and transcribed
verbatim.

Brief summary of findings



Differences in pre-college interactions, early expectations, and perceived barriers for engineering
students from underrepresented groups
In this exploratory quantitative study [*”, we looked at data from the new entrants’ questionnaire
to investigate how engineering-related interactions prior to college, perceived barriers during
engineering studies, and early expectations of interactions with faculty may differ among
engineering students related to membership in an underrepresented group. By conducting
pairwise comparisons based on gender, parental education, and race/ethnicity, membership in an
underrepresented group was associated with significantly greater perceived likelihood of
financial barriers (women, first-generation), lack of support from family (first-generation,
students of color) and negative attitudes from faculty (first-generation). There were no
significant differences in perceived likelihood to experience problems with coursework or fitting
in with peers.

Engineering-related interactions, perceived barriers, and early expectations of black and Latino
new entrants to engineering

In this case study of black and Latino students entering into engineering **), we explored the
question: What are the engineering-related interactions prior to college, perceived barriers during
engineering studies, and early expectations of interactions with faculty for first year black and
Latino engineering students? Sources of data included the questionnaire responses for 11 Black
students (6 men, 5 women) and 18 Latino students (16 men, 2 women) and the six male focus
group participants. Analysis of these data revealed three important themes: pre-college
interactions with educators (particularly calculus teachers); limited early interactions with
engineering faculty; factors that affect student-faculty interaction and faculty perceptions of
students; desire and expectations for faculty to provide links to opportunities; and unique factors
and barriers related to the nature and culture of engineering.

Forms of capital and self-efficacy for black and Latino persisters

In this exploratory quantitative study of black and Latino persisters (junior and senior) in
engineering [*), we focused on understanding how perceived relations with faculty and other
forms of capital from the CCW framework are related to engineering self-efficacy. The data
source for the study was the responses from 41 students from underrepresented groups on the
persisters questionnaire (24 Black and 17 Latino). Descriptive quantitative data indicate that
persisters view their relationships with engineering faculty as positive and supportive, and they
employ several types of capital, particularly aspirational capital (ability to maintain hopes and
dreams for the future) and linguistic capital (having the ability to switch communication styles or
language). All sources of capital (relationships with faculty and the six CCW forms) were
positively related to engineering self-efficacy, with most correlations being statistically
significant. Notably strong correlations were found between engineering self-efficacy and four
forms of capital: aspirational, familial, social capital-peers, and social capital-faculty.

How students of color draw on forms of capital to successfully persist in engineering



The purpose of this case study °” was to describe how engineering persisters of color use
different forms of cultural wealth ' to achieve their goal of obtaining an engineering degree.
Data from the persisters questionnaire (24 black and 17 Latino students) and from the persisters
focus groups (10 black, 8 Latino) were examined by the researchers. Descriptive quantitative
data indicate that persisters employ several types of capital, with aspirational, linguistic, familial,
and peer social capital being the most prevalent. Focus group discussions revealed how persisters
remain focused on their goal to become engineers despite barriers and challenges, use family as a
source of support and motivation, and find support from faculty in the competitive culture of
engineering.

Project summary and implications

The findings from the multiple studies conducted as part of this project point to the importance
of both pre-college and college experiences and interactions, as well as multiple forms of capital
in the persistence of black and Latino students in engineering. While the results provide
snapshots at entry and advanced participation rather than longitudinal data, taken together they
tell a compelling story about successful trajectories of engineering education for
underrepresented students.

The findings of this project have implications for educational practice and policy. At the
institutional level, educational personnel should be aware that while general support and
encouragement is important, underrepresented students will benefit most from interactions that
connect them to enriching educational experiences that are required for employment and
graduate study in engineering.

» Institutional resources and supports: Administrative personnel should promote and
provide resources for physical spaces and experiences where students can interact with
faculty more effectively to access these supports and information, rather than simply
encouraging faculty to interact more with students (or vice versa).

* Centrality of undergraduate research: Resources for undergraduate research — for both
students and faculty — are key to fostering interactions that are mutually beneficial.
Several programs of the National Science Foundation (e.g., Louis Stokes Alliance for
Minority Participation [LSAMP]) support institutions to increase number of URM in
STEM disciplines, and these funds should be used to transform institutional capacity.

* Responsive advising: In many institutions, academic advising for engineering is primarily
done by advising professionals (not engineering faculty). In these cases, there must be
seamless processes for the flow of information about opportunities. Additionally,
institutions should require professional development in cultural competencies for faculty
and advising staff.
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