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ABSTRACT OF THE DISSERTATION

A Crack in the Pipeline:

Why Female Underrepresented Racial Minority College Students Leave Engineering

Jenny Amanda Vazquez-Akim
Doctor of Education
University of California, Los Angeles, 2014

Professor Mark Kevin Eagan, Chair

Female and underrepresented racial minority (URM) students are indicating their interest
in STEM fields at increasing rates, yet when examining the engineering discipline specifically
disparities in degree completion rates between female URM students and others in the racial or
gender majority are even more severe. This study explored female URM college student
perceptions of school and classroom climate and the impact these factors had on their decision to
persist or to leave engineering. Through a qualitative interview methodology grounded in Social
Cognitive Career Theory (SCCT), this study explored factors including self-efficacy, perceived
barriers and supports, other-group orientation and outcome expectations that influenced students’
academic decision-making. Interview participants consisted of 5 female URM students that

matriculated into an engineering major at a top tier, private university but subsequently left
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the discipline in pursuit of another field of study. The perceptions of this target population were
juxtaposed with interview data from 4 male non-URM, 4 female non-URM, and 4 male URM
leavers in addition to 7 female URM engineering persisters. As a final component in the research
design, 9 undergraduate engineering faculty were interviewed to understand their perceptions of
why female URM students leave engineering in pursuit of other disciplines. With faculty being a
central component of the academic environment, their perceptions of female URM students, as
well as how they view their role in these students’ retention, provided insight on this other side
of retention question.

Salient findings emerged that differentiated female URM leavers’ experiences in
engineering from other student populations. Female URM leavers were less likely to call upon
self-directed learning strategies in response to academic challenges. Perceived academic barriers
such as heavy course loads, lack of connection between material and application, and perceived
academic deficits deterred these students from persisting in the field. A perceived lack of
academic preparation also inhibited female URM students from participating actively in class.
Additionally, while targeted support programs were effective in connecting female URM
students with their peers and such programs contributed to an overall sense of diversity at the

school, a lack of diversity was felt when inside the classroom.
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CHAPTER ONE
Introduction
Statement of the Problem

By the year 2050, 50% of the U.S. population will identify as Black, Latino, or Native
American (Frehill, Di Fabio, & Hill, 2008). Although their representation in the broader
population continues to grow, underrepresented racial minorities (URM) continue to pursue and
graduate with degrees in science, technology, engineering, and mathematics (STEM) at
significantly lower rates than their peers. Recent data suggest that college-bound URM students
are indicating their intentions to major in STEM fields at increasingly higher proportions, a
marked change in this recent decade (Hurtado, Eagan, & Hughes, 2012). Similarly, recruitment
of female students into STEM programs has become the focus of many universities, with 33% of
freshmen female students declaring a major in a STEM discipline in 2010, approaching the 44%
of male students who declare a STEM major (NSF, 2011). However, the college graduation rates
for URM students, including African American, Latino, and Native American students, as well
as female students in STEM fields are lower than for other groups, highlighting that higher
education is one juncture along the science pipeline where STEM talent is lost (C-IDEA, 2000;
Frehill et al., 2008; Huang, Taddese, & Walter, 2000; Hurtado et al., 2012).

With percentages of incoming URM students who intend to major in STEM becoming
almost equal to those of White and Asian American students (Hurtado et al., 2012), research that
explores the factors that impact URM STEM retention in college has become increasingly
important. Challenges persist in graduation rates for URM STEM students generally and female
URM engineering students in particular. The majority of research studies combine science,

engineering, technology, and math when looking at URM or female retention, which limits our
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ability to understand the nuances with regard to retention in particular disciplines. When we
begin to disaggregate data, disparities become even more pronounced. For instance, women were
awarded 59% of all biological science degrees, yet only 18.4% of engineering degrees (NSF,
2011), stressing that an accurate picture of women’s retention in these fields cannot be attained
when studies combine multiple STEM disciplines in an aggregated analysis. Women’s small
share of engineering degrees is also further underlined when considering they are awarded the
majority (57.2%) of all college degrees nationwide (NSF, 2011).

The call to disaggregate STEM data applies to female URM students as well. The
significantly varying retention rates of URM female students across specific STEM disciplines,
as well as differences between female URM and male URM engineering degree attainment rates,
further underscore the need to disaggregate groups that are typically combined in research
studies. The National Science Foundation (NSF) reports that, of engineering degrees conferred in
2010, 9.6% were awarded to URM males and just 3% went to URM women (NSF, 2013). As a
point of comparison, URM women accounted for 9.3% of biological science degrees in 2010,
highlighting the differences that are uncovered when STEM degree attainment is separated by
major (NSF, 2013). While studies on STEM completion have identified some of the potential
causes for overall lower graduation rates of women and underrepresented minorities, analysts
must disaggregate data by discipline, race/ethnicity, and gender to better understand the problem
(Brown, Morning, & Watkins, 2005). Once disaggregated, the severity of disparities in the
retention of female URM engineering majors becomes clearer, which fuels heightened lack of
racial and gender diversity among engineering graduate students and faculty.

With 92% of engineering faculty being non-Hispanic White or Asian (Frehill et al., 2008)

and only 20% being female (NSF, 2011), racial and gender diversity among engineering faculty
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is limited, leaving female URM students with very few potential mentors with whom they can
identify. Research has shown the positive effect that faculty interaction can have on student
persistence in STEM (Campbell & Campbell, 1997; Endo & Harpel, 1982; Kim & Sax, 2011;
Kobrak, 1992; Maton, Hrabowski, & Schmitt, 2000). Maton et al. (2000) explain that “contact
with faculty outside the classroom, and the development of mentoring relationships, including
with minority faculty, can decrease academic isolation, and contribute to positive outcomes” (p.
631). A lack of diversity among engineering faculty deprives female and URM students of the
psychological support of having role models who share common backgrounds (May & Chubin,
2003). This lack of diversity among engineering faculty may affect female URM engineering
students’ decision to leave the discipline for other majors given the impact professors have on
student persistence. As such, colleges and universities find themselves in a self-reinforcing cycle
where URM women leave engineering due to the lack of diversity in their undergraduate
engineering programs, and these increased attrition rates among undergraduate URM female
engineering majors thins the pool of potential female URM engineering professors who could
serve as role models.

Hurtado, Eagan, & Hughes (2012) found that, among degree earners, female URM
STEM aspirants were 5.2 percentage points less likely to complete their bachelor’s degree in
STEM than URM male STEM aspirants. While many STEM research studies aim to look at
either URM student retention or female student retention, it is rare to find a study that considers
both race and gender and the impact this may have on female URM attrition in engineering.
Some studies highlight the potential problems of coupling race and ethnicity with gender when
looking at underrepresented populations in STEM, though this research has primarily focused on

such issues at the faculty or career level (Leggon, 2010; MacLachlan, 2001). However, these
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researchers wisely observe that when URM or female populations are aggregated, URM females
ultimately fade into the larger group, and important data on this population are lost (Leggon,
2010; MacLachlan, 2001).

My research provides the opportunity to focus on and further understand female URM
engineering student attrition specifically as a way to understand the impact of engineering school
and classroom climates on students’ educational decisions. By branching from existing research
yet disaggregating STEM and honing in on engineering specifically, this study offers insight into
the unique experiences that engineering students have compared to their peers in other STEM
disciplines. By focusing this study on female URM students who matriculated into college as
engineering majors, the opportunity exists to discover potential causes for attrition among this
population in an effort to ensure more equitable access and success in the field for this highly
underrepresented population. As gender and racial diversity diminishes in Ph.D. programs and
among engineering faculty, such a study targets a potential fissure in the already-weak pipeline.
Fueling female URM students’ interest to enter engineering, providing the needed academic
preparation, and recruiting this population actively are all important, but utilizing a lens that
centers on the college influences that dissuade female URM students’ pursuit of their
engineering degree moves this study into an under-researched area. Bonous-Hammarth (2000)
highlighted that research is needed that explicitly explores contextual factors that cause STEM
students, and female URM STEM students in particular, to leave the disciplines, as the
researcher’s quantitative data left room for additional questions. This study sought to understand
those potential environmental factors that cause female URM students to leave the discipline
including their perceptions of classroom climate, interactions with faculty and their peers, and

perceived barriers and supports in their quest of their engineering degree. Further, I contrasted
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these experiences with those reported by other students who also left engineering as well as
URM women who have persisted in the major.

In order to understand the potential impact of the environmental factors that influence
female URM students’ decision to leave engineering majors, this study addressed the following
research questions:

1. According to female URM students, what are the social cognitive factors, including
perceived barriers and supports, other-group orientation, and perceptions of climate, that
influence female URM students’ decision to change majors out of engineering? How do
these perceptions compare to those of male and non-URM female students?

2. How do female URM students who leave engineering describe the academic
environments of both engineering and their second-elected majors as compared to female
URM students persisting in engineering?

o How do URM women who left engineering describe the academic environment
within engineering? Do they describe the environment within their second major
differently?

o Are there differences between URM women who stayed in engineering and those
who switched in how they perceived the engineering academic environment?

3. How do the perceptions of the engineering academic environment differ for female URM
students who have changed majors compared to other groups of students who have also
changed majors out of engineering?

4. What factors do engineering faculty believe to be the most salient in affecting female

URM students’ decision to persist or to leave engineering for other majors?
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Background

College completion rates for STEM students have historically been lower than national
averages. While 58% of college students complete their degree within six years (Aud et al.,
2012), only about 40% of STEM degree aspirants do so in the same time frame (Holden &
Lander, 2012; Hurtado et al., 2012), yet that number jumps to about 67% completion when
including STEM aspirants who ultimately receive a degree in a non-STEM field (Hurtado et al.,
2012). The differences in completion rates become even more pronounced when looking
specifically at URM STEM students, with research placing their completion rates below 30% (C-
IDEA, 2000; Huang et al., 2000; Hurtado, Eagan, & Chang, 2010; Hurtado et al., 2012)

While there exists a gap in the research that explores female URM engineering retention
specifically, a review of the extensive research on URM students in engineering and female
students in engineering sufficiently exposes that challenges exist for these populations. In 2009,
plans to pursue STEM majors among college freshmen nationwide were almost identical for
White and Asian American students as compared to URM students: 34.3% and 34.1%
respectively (Hurtado, Eagan, et al., 2010). However, longitudinal studies have consistently
highlighted the disparities between racial majority and minority populations in STEM degree
completion. The Center for Institutional Data Exchange and Analysis (2000) tracked STEM
degree completion for students who entered college in 1993-1994 and found an overall
completion rate of 38%. When disaggregating the data by race, African American students were
14.4% less likely to complete their STEM degree in four years as compared to White and Asian
students (Hurtado et al., 2012). Similarly, 8.6% of Native American students and 5.3% of Latino
students were less likely to complete their STEM degree in four years compared to their

counterparts in the racial majority (Hurtado et al., 2012). Huang (1999) found that of 859 science
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and engineering students, 46% of the White and Asian American students completed their degree
versus 26.8% of URM students.

Looking more closely at the loss of URM students in STEM, researchers have uncovered
a phenomenon that many merely change majors out of STEM and complete degrees in other
fields at their university. When looking at longitudinal data of 62,115 students who entered into
STEM programs nationwide in 2004, five-year STEM degree completion rates for Black and
Latino students were 18.4% and 22.1% respectively. However, completions rates jump when
considering those who left their STEM majors but obtained degrees in non-STEM disciplines.
URM STEM aspirants’ graduation rates actually look somewhat better in this case, with 32.2%
of Black STEM aspirants and 41.6% of Latino STEM aspirants graduating within 5 years
(Hurtado, Eagan, et al., 2010). Hurtado, Eagan, & Hughes (2012) identified multiple factors that
impact STEM degree completion versus non-STEM degree completion of URM students. For
example, a higher academic self-concept improved odds of URM STEM completion, while a
higher social self-concept increased the chances of non-STEM degree completion (Hurtado et al.,
2012). French, Immekus, and Oakes (2005) highlighted that further research of this phenomenon
1s necessary, as similar findings emerged in their research of 678 first year engineering students
of all racial backgrounds.

Studies that aggregate data of women’s degree completion in STEM mask the accurate
representation of where women are pursuing and succeeding in these disciplines and where
women are truly underrepresented. However, those studies that explore female STEM retention
as an aggregate find unique reasons for attrition for this population as compared to their male
counterparts (Seymour & Hewitt, 1997; Strenta, Elliott, Adair, Matier, & Scott, 1994; Vogt,

Hocevar, & Hagedorn, 2007). In a study of students who enter science and engineering fields yet
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eventually leave, women persisted at lower rates than men, and women who left exhibited a
heightened perception of competitiveness in the academic climate (Strenta et al., 1994).
Additionally, female students reportedly experienced a greater sense of disjuncture between their
high school and college academic environments, with the former fostering self-confidence and
the latter more prone to being isolating (Seymour & Hewitt, 1997). All of these factors play a
role in the disparate engineering degree completion rates between female URM students and
their male White and Asian American counterparts.

A number of studies have looked at students’ perceptions of their collegiate academic
environments as a potential factor in their ultimate decision to leave engineering (Brown et al.,
2005; Byars-Winston, Estrada, Howard, Davis, & Zalapa, 2010; Lent et al., 2003; Lent et al.,
2005). While there exists a substantial body of work on pre-college, recruitment, and admissions
factors that impact female and URM student success, fewer studies look at the influences that
students’ external environments have on their internal decision making (Brown et al., 2005).
Factors such as faculty and peer interactions as well as school and classroom climates can have
an impact on students’ educational choices. Students’ perceptions of this environment and the
meaning they assign to their own perceived educational realities also play a role in how these
students maneuver through their academic decision-making.

Social Cognitive Career Theory (Lent, Brown, & Hackett, 1994) lends itself to exploring
the potential connections between students’ perceptions of their academic environment and their
persistence in their chosen path. Social Cognitive Career Theory (SCCT) seeks to achieve a
deeper understanding of the non-academic factors that affect student persistence, and more
specifically persistence in engineering, as it explores one’s personal characteristics and

environmental contexts that impact academic and career-related interests and choices. As more
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qualified and interested female URM students enter engineering yet eventually elect to change
majors, the role that their academic environments play on that decision is called into question.
The Problem in a Local Context

In California, where over 57% of the students enrolled K-12 schools identify as Black,
Latino, or Native American (CA DOE, 2012), only 14% of incoming freshmen enroll in
engineering programs in the state, and of those only 1.3% of degrees are awarded to URM
women (EWC, 2008). One top California engineering institution, Western Pacific University
(WPU) was selected as the research site due to its high selectivity of students and its active
support programs for URM and women in engineering. However, even with its selectivity and
initiatives, this institution has lower graduation percentages for female URM students in
engineering than others in the major. At the top-tier WPU School of Engineering (U.S. News &
World Report, 2011) disparities in retention exist between female URM students and their White
and Asian American male counterparts. Table 1-1 below provides a snapshot of engineering

student persistence and graduation rates organized by race and gender.

Table 1-1
WPU School of Engineering Persistence Rates
Persisting in Persisting in
N Left University Engineering another Major

Non-URM Male 817 5.4% 86% 8.7%
URM Female 61 9.8% 70% 19.7%
Non-URM Female 398 7.0% 77.4% 15.6%
URM Male 141 9.2% 79.4% 11.3%

Note: Cohorts entering 2008-2011
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Table 1-2

WPU School of Engineering Graduation Rates

Persisting in Graduated from
N Left University Engineering another Major
Non-URM Male 994 10% 72.9% 17.1%
URM Female 62 13% 58% 29%
Non-URM Female 337 6.5% 70.6% 22.8%
URM Male 153 15.7% 69.9% 14.4%

Note: Cohorts entering 2003-2006

Although engineering graduation rates at WPU School of Engineering are higher than the
national average, disparities still exist both between genders and between racial majority and
minority students, with the largest gap occurs when comparing URM female students to non-
URM male students. The proportion of female URM students who matriculated into an
engineering major but have elected to pursue another degree at WPU more than doubles the
percentage of White and Asian American male students. Additionally, as shown in Table 1-2, of
the students who obtained their degree from WPU, female URM engineering students are the
most likely to complete a degree outside of engineering with close to 30% of URM female
engineering aspirants earning a degree from another major outside of The WPU School of
Engineering.
The Research Population

By studying female URM engineering student attrition at a university ranked in the top
25 of U.S. News and World Report, an important assumption can be made: admissions standards
are competitive and therefore all students admitted into the school of engineering meet the high
academic requirements for selection into the university. At WPU, the university accepts less
than 25% of applicants with the majority of students holding a high school GPA of 3.75 or above

and an average SAT score above 2000 out of 2400 (College Board, 2012). Students admitted into
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the WPU School of Engineering must have a strong mathematics and science high school record,
typically requiring Advanced Placement or International Baccalaureate coursework in these
subjects. Additionally, emphasis is placed on the mathematics portion of the SAT and ACT when
reviewing applicants. These variables serve as indicators of likely success in the engineering
major. As the students who matriculate into the WPU School of Engineering are deemed
academically qualified through this rigorous review process, focusing this study on female URM
students who ultimately decide to change majors allowed for a close examination of alternative
factors aside from academic preparation that influenced their decision.

At WPU, there were approximately 57 currently enrolled female URM students who
entered the WPU School of Engineering between 2008 and 2011 and were either persisting or
have changed to another major. Minority and women engineers receive dedicated support outside
of the classroom through the Center for Engineering Diversity and the Women in Engineering
Program. Despite this additional support, female URM students who demonstrated their
preparation for the major through the rigorous admissions review process and confirmed their
interest in the field as a declared engineering student were still the most likely to leave
engineering for another discipline. There was a clear need to understand the unique experiences
of this population.

Research Design

This study aimed to fill gaps in the research for this population and this problem.
Currently, research on Social Cognitive Career Theory and STEM adopts a quantitative approach
to determining social cognitive factors that may cause students to leave engineering. However,
there is limited qualitative data that explores student perceptions more deeply. This study adds

voice to the statistics and answers the call in the research for more qualitative methods to
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understand the complexities of this problem (White, Altschuld, & Lee, 2008). Quantitative
research can only go so far as to explain why students leave engineering. This study sheds light
into the perceptions and experiences of female URM students who have encountered the
undergraduate engineering environment. STEM retention efforts, in practice, have been largely
informed by anecdotal information rather than theory-driven research leading to interventions
that may not be effective (Byars-Winston et al., 2010). STEM retention research must instead
deepen the understanding of the intricacies that cause the underrepresentation of certain groups
to then inform practice (Lewis, 2003). Grounding this study in Social Cognitive Career Theory
provided a frame for understanding underrepresented students’ interactions with their
educational environments. Measures explored participants’ perceptions of school and classroom
climate, environmental supports and barriers, and other-group orientation in relation to their
academic decision-making as a framework for understanding the experiences of female URM
students who begin their academic careers in engineering.

This study explored female URM student perceptions of school and classroom climate
and the impact these factors had on their decision to persist or to leave engineering. In order to
gain a better understanding of female URM attrition in engineering programs nationwide, |
researched the environmental factors that influenced their decisions, including the impact of
faculty-student interaction and students’ own perceptions of the classroom and engineering
school environment. Research abounds showing the disparities between retention rates of racial
and gender minorities as compared to their counterparts in the majority; however, there is much
more limited insight on the social cognitive factors that may play a part in these disparities.

Through interviews grounded in Social Cognitive Career Theory (SCCT), I gathered data

focusing on female URM students’ perceptions of classroom and co-curricular climates as well
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as factors including their perceived barriers and supports and other-group orientation that
influenced their academic decision-making. Interview participants consisted of female URM
students that have changed majors out of the WPU School of Engineering as well as those that
have persisted to provide an opportunity for comparison. To enrich the data, I conducted the
same interview protocol with other groups (i.e., male and/or non-URM female students) who
have left engineering to further identify how the experiences of female URM students are unique
or similar to others. As a final component in the research design, undergraduate engineering
faculty were interviewed to understand their perceptions of why female URM students leave
engineering in pursuit of other disciplines. With faculty being a central component of the
academic environment, their perceptions of female URM students, as well as how they view their
role in these students’ retention, provided insight on this other side of retention question.
Significance of the Research and Opportunities for Public Engagement

Research on social cognitive factors that cause URM student attrition in engineering
programs nationwide is of particular importance at this time given recent research findings and
trends. This study sheds light on a new finding in URM student engineering attrition given the
increased frequency that students change majors yet persist at the university. It contributes
findings to ideally mend a disjuncture in the URM and female engineering pipeline that is
primarily happening at the undergraduate level and further exacerbating disparities in graduate
engineering programs and in the workforce. As the nation’s demographics become increasingly
diverse, it is important that graduates of engineering schools mirror that diversity. This study
focused specifically on the persistent disjuncture in the pipeline that has been occurring in

undergraduate engineering education.
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The findings from this study will be utilized to influence programmatic efforts on the
micro-level at the WPU School of Engineering, as well as contribute data to the broader
scholarship of engineering retention. Additionally, this study may be of interest to national
organizations, including the National Action Council for Minorities in Engineering (NACME),
the American Society of Engineering Education (ASEE), and the Society of Women Engineers
(SWE), who are also seeking answers to the same questions. At the WPU School of Engineering,
discussions and strategies for retention efforts are repeatedly an agenda item during the annual
Dean’s Retreat, providing an opportunity for the research findings from this study to be
presented and translated into program and policy recommendations. At the national level, there is
an opportunity to present the qualitative data collected through this study as a complement to
studies that analyze broad, nationally representative samples to examine the predictors of
persistence in STEM (e.g., Hurtado et al., 2012). This research inserts a student and faculty voice
in describing the experiences and perceptions of female URM students’ who leave engineering
and provides comparison data for URM women who have persisted in engineering as well as

students from other groups who have opted to leave the field.
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CHAPTER TWO
Literature Review

Researchers have studied the reasons for attrition of underrepresented minority (URM)
and female STEM students for decades; however, there is a need to explore the challenges in the
retention of female URM engineering students in particular as this population’s share of
engineering degrees conferred is a fraction of other groups. More recently, studies have
highlighted trends of URM students entering into STEM majors overall at higher percentages,
almost equal to students in the majority, yet disparities in retention remain. Notably, many
studies aggregate all STEM disciplines together; however, data from the National Science
Foundation shows differences in the proportions of female and URM graduation rates across
majors, with engineering being one of the lowest for both URM students and women (NSF,
2011). The scholarship on engineering retention has also primarily concentrated on either URM
students or female students separately furthering the call for more targeted research to
understand student experiences more deeply.

To begin to understand female URM students’ collegiate experiences, it is important to
review college retention theories on a macro-level. The following review examines theories of
college student retention that will serve as the foundation for this research study. Research has
identified many factors that impact student retention. Some of the factors explored in this chapter
relate to social cognitive influences acknowledging that external environments often have an
impact on students’ decision-making. Utilizing Social Cognitive Career Theory as a framework,
researchers have investigated variables such as perceived barriers and supports, perceptions of
climate, and outcome expectations to determine that the experience of students underrepresented

in engineering vary significantly from White and Asian American males who represent the
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majority. Following this discussion, I will delve into research focused on retention in STEM
more specifically leading into studies exploring the retention of female and URM students in the
disciplines. Coupling the facts that the breadth of disaggregated research in engineering retention
explicitly is limited and research consistently highlights the varied rates of URM and female
participation and completion in each of the STEM disciplines, a closer look at engineering
retention studies is warranted. Similarly, a gap in research exists in study populations that couple
gender and race together. As such, a review of studies that examine URM populations and
female populations separately will provide a more comprehensive picture of female URM
student experiences.
College Student Retention Theories

The collegiate success of historically underrepresented students has been the subject of
countless research for decades. With less than half of all Black and Latino students completing
their undergraduate degree within six years (NCES, 2010), the challenge remains to identify and
design systems of support that will guide these students through the college process.
Additionally, while women earned approximately 57% of college degrees in 2010 (NCES,
2012), representation differs substantially when factoring in race and major (NSF, 2008). As
such, the language used to describe these retention issues, as well as the theoretical frameworks
and the suggested strategies to counter the issues, have been strongly debated among researchers
in the field. Tinto’s (1975) Integrationist Theory explores the necessity for students to fully
integrate into the college environment in order to remain at the institution and succeed.
Alternatively, Tierney (1992), in what has been deemed Multiculturalist Theory, examines the
need for the college environment to adapt to the diverse needs of the ever-changing student

demographic. In the following paragraphs, I review the social integrationist perspective of
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students’ successful educational attainment grounded in the work of Tinto (1975) and will
compare it to the multiculturalists’ approach (Maldonado, Rhoads, & Buenavista, 2005)
stemming from the research of Tierney (1992). While the following studies focus on the general
college retention of underrepresented students overall, there are implications for understanding
the experience of gender and racial minority students matriculating into top engineering schools
that will be further discussed later in this chapter.

The social integrationist vs. the multiculturalist perspective. Tinto (1975) presumed
that a “lack of integration into the social system of the college [would] lead to low commitment
to that social system and [would] increase the probability that individuals [would] decide to leave
college” (p. 92). He expanded this presumption by highlighting the distinction between social
and academic integration and that students may successfully integrate in one realm, yet struggle
in the other, potentially resulting in voluntary or forced withdrawal. Students’ own aspirations
and expectations of their educational attainment play a significant role in the likelihood that they
will complete their degree. Tinto’s “model argues that it is the individual’s integration into the
academic and social systems of the college that most directly relates to his continuance in that
college” (p. 96).

Other researchers have revised Tinto’s theory of social integration, only choosing to
agree with certain aspects and adding depth to others. Berger and Braxton (1998) agree on the
logical consistency of some of Tinto’s propositions, however, they, along with others (Bean,
1980; Braxton & Brier, 1989; Kamens, 1971), emphasized the organizational attributes of a
college that affect students’ social integration into the environment, an element into which Tinto

did not initially delve.
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Nonetheless, the importance of a student’s ability to integrate into the college
environment remains prominent in the research. According to Astin (1984), students’ level of
involvement in the college academic and social environment directly affects their level of
learning and personal development. The role of social networking is closely reviewed in the
work of Thomas (2000). He expands upon the positive impact of student connectedness on
educational attainment to include the importance of peer connections in understanding student
success. The larger the network a student has on campus, the more likely they are to persist at
that university (2000). That leaves the question, however, of whether students from backgrounds
underrepresented on campus, and more specifically in engineering, have the same level of ease in
developing these networks than do their counterparts in the majority. What has been identified
as the multicultural view of student educational attainment (Maldonado et al., 2005) may present
a response to this question.

While social integrationists place much of the emphasis of educational attainment on the
individual, multiculturalists focus closely on the role of the institution as the crux of the issue
(Maldonado et al., 2005; Tierney, 1992). Tierney (1992) adopts a “cultural perspective informed
by critical theory” by directly addressing the potential negative implications of Tinto’s social
integrationist theory on racial and ethnic minorities in particular (1992, p. 603). Tierney responds
to Tinto’s assumption that students need to integrate into the college environment in order to
succeed, equating the social integration model with a process of assimilation (1992). If an
institution adopts a multicultural perspective to promote educational attainment among its
underrepresented students, then it is assumed that “students of color [would be] more likely to
develop a sense of connection, because the institution [would reflect] comparable values, norms,

and beliefs” rather than “expecting diverse students to fall into line with White, Eurocentric
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norms” (Maldonado et al., 2005, p. 608). This model can also be applied to engineering schools
and their ability to be inclusive of women and URM students who are largely underrepresented
in the field.

Others echo Tierney’s perspective. As the profiles of college students’ change,
increasingly representing diverse backgrounds, the need for colleges to adapt to its student
population is paramount (Rendon, 1994). Bensimon (1995) emphasizes that “administrative
leaders must relinquish the concept of the university as having a set of shared attitudes, values,
goals, and practices and accept the fact that the university is composed of multiple communities
with diverse attitudes, values, goals, and practices” (Bensimon, 1995, p. 607). Higher education
is in need of theories based on “difference” rather than “sameness” (p. 608), and the work needs
to occur structurally. Rendon (1994) concludes a similar perspective in that the diversity, and,
more importantly, the embrace of that diversity, is a tremendous strength for colleges given the
changing racial, ethnic, gender, and socio-economic make up of college-going students. Other
researchers have taken note of other limitations of the integrationist perspective, remarking on
the level of assimilation that Tinto’s theory would require of students. Some theorists highlight
that the early stages of retention research was primarily conducted by White researchers and at a
time when minority students were not a critical mass on campus, thus questioning the
applicability to students of color (Hurtado & Carter, 1997; Rendon, Jalomo, & Nora, 2000).

Tinto’s later research ultimately began to incorporate principles from the multiculturalist
perspective, although not explicitly identified as such. In a 1997 study of a Coordinated Studies
Program at Seattle Central Community College, Tinto emphasized the role of the classroom as
the primary location for social and academic integration, arguing in support of learning

communities and collaborative strategies (Tinto, 1997). Students participating in this learning
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environment reported feeling more academically and socially connected to the college, felt
comfortable in sharing their diverse experiences, and “gained a voice in the construction of
knowledge” (Tinto, 1997, p. 611). For such a learning community to be developed, it requires an
institution and faculty that acknowledge and utilize the diverse backgrounds of its student
population. The effort of the Coordinated Studies Program couples student validation research
(Rendon, 1994; Terenzini et al., 1994) with students’ active engagement in the classroom (Astin,
1984) and ownership of the education process (Maldonado et al., 2005).

Rendon (1994) argued that institutions must validate the importance of interpersonal
situations and a culture that promotes healthy relationships and cultural pride among students,
staff, and faculty. If universities provide opportunities for students to become comfortable in
thinking critically and embracing their culture on campus, it will promote their educational
success (Maldonado et al, 2005). It is important that all students have a voice on campus, but
“having a voice without being heard is often worse than having no voice at all” (Tinto, 1997, p.
616). Multiculturalist theory suggests that universities must provide the space for these diverse
voices to be heard.

The underrepresented college student experience. Numerous studies have attempted
to capture informative data on the unique experience of underrepresented students in college
with the assumption that these experiences differ from their counterparts in the majority and have
a differential affect on URMs’ educational attainment. In an effort to gain insight on potential
reasons for attrition, researchers have commonly relied on qualitative data to paint a picture of
the numerous special circumstances these students are likely to face in their quest for a college

degree.
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Underrepresented students are concerned about the increased academic rigor of college as
compared to high school and in fact defer involvement in extracurricular activities and social
aspects of campus life in order to ensure academic success (Terenzini, et al, 1994). However, a
pivotal component of these students’ successful transition into college is becoming involved in
the social network on campus in order to build connections with resources otherwise not
obtained (Maldonado, et al, 2005).

In an effort to thwart the alienation and intimidation underrepresented students may feel
on predominantly White campuses (Rendon, 1994), students must understand and know how to
navigate through the dominant culture at their university (Maldonado et al., 2005). Building
cultural capital is key to successfully moving through the college experience and larger social
environments (Maldonado et al., 2005) and echoes the research findings of Tinto’s Integrationist
Theory. In their study conducted on Student-Initiated Retention Programs (SIRPs) at UC
Berkeley and the University of Wisconsin--Madison, Maldonado, Rhoads, and Buenavista
(2005) looked closely at the experience of student leaders involved with these programs and the
potential connection to effects on student retention. Through interviews with 45 SIRP student
leaders, researchers found that, while maintaining an understanding of the dominant culture on
campus is important, students must remain strongly connected to their own cultures and to others
from similar backgrounds on campus to solidify a support structure on predominantly White
campuses (2005). SIRPs provide students with a voice in an environment where they otherwise
might not have felt comfortable. This is similar to Rendon’s (1994) findings that these students
need to feel like they belong in order to promote their success. Though gender was not a variable
in Rendon’s study, it becomes increasingly important when considering female students’ ability

to thrive in the largely male-centered field of engineering.
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Alternately, aligning more closely with the Multiculturalist perspective, Terenzini (1994)
and Rendon (1994) found that a critical component of a student’s successful transition into
college is the validation of academic and/or social belonging as a method of encouraging these
students to become involved with campus life. Involvement in institutional life is an indicator of
a student’s integration into the campus environment. Early validation from faculty has been
found to have a positive effect on students’ success, primarily in that crucial first year (Rendon,
1994). In a study targeting URM college students participating in a faculty mentoring program,
Campbell & Campbell (1997) found that mentored students achieved higher GPAs and persisted
at higher rates than those that did not participate in the program. Thus, Rendon (1994) and
Terenzini (1994) place the emphasis on environmental factors to support the students,
highlighting that faculty should take an active role in supporting and validating the students and
promoting a multicultural. Broad research on college retention, including studies that focus on
the experiences of URM students, informs the work of scholars focusing specifically on retention
of students in STEM.

Social Cognitive Factors Affecting STEM Retention

To understand students’ trajectory in their commitment to their engineering studies,
researchers have explored potential social cognitive factors and student perceptions most
commonly framed through Social Cognitive Career Theory (Lent et al., 1994). “Social cognitive
career theory is concerned with the interplay between a variety of person, environmental, and
behavioral variables that are assumed to give rise to people’s academic and career-related
interests, choices, and performance outcomes” (Lent et al., 2005, p. 84). The studies that
employed social cognitive theories acknowledge the existence of internal perceptions and

external realities that may influence a student’s decision to persist in or leave engineering. They
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examine variables such as self-efficacy (or one’s beliefs in their own abilities), perceived barriers
and supports, outcome expectations, ethnic identity, other-group orientation, and perceptions of
campus climate (Byars-Winston et al., 2010). For the purpose of this study, perceptions of
climate, barriers, and supports and their influence on self-efficacy and outcome expectations
have the most relevance and will be reviewed in the following sections.

Perceptions of campus climate can be defined as “the sum total of the daily campus
experiences of students...pivotal to their perception of comfort that exists in the college
environment” (Brown et al., 2005, p. 264). Many studies have found that students’ perceptions of
campus climate impact their commitment to an institution and, as a result, their academic
persistence (Brown et al., 2005). As engineering schools can oftentimes be more male-dominated
and less racially diverse than other schools at a university, perceptions of school climate could
potentially vary for minority students in engineering than for those in more diverse disciplines at
the institution. Direct relationships between self-efficacy and outcome expectations have been
found as they relate to STEM goals, and this relationship is stronger for those who perceive
favorable conditions in their environments (Byars-Winston et al., 2010; Lent et al., 2003). In
their study of 487 students across 3 college campuses, Lent et al. (2005) found that students at
HBCU s reported more favorable perceptions of their college experience and had higher grades.
Additionally, higher graduation rates were associated with students' lower perceptions of racism
and discrimination as well as with students' greater institutional commitment (Lent et al., 2005).
Thus, student perceptions of campus climate can play an integral role in their college experiences
and educational choices.

Similar to perceptions of climate, environmental barriers and supports, whether perceived

or actual, have an impact on students’ belief of their own success (Lent et al., 2003). Researchers
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highlight the need to better understand the role of environmental supports and barriers on
engineering persistence (Lent et al., 2005); thus, taking a closer look at the climates that students
perceive, both on campus and in the classroom, is an important piece to determining the
challenges of retaining minority students in engineering.

The limitation of the SCCT research conducted thus far is that studies are done early on
in the student’s college career, potentially missing important insight only available through
student reflection of longer-term experiences after having completed a year or more of
coursework and either deciding to remain in the major or to transfer to another major.
Additionally, SCCT research is quantitative by design yet poses a potential opportunity for
thorough, qualitative research to supplement data on the aforementioned variables with expanded
beliefs and perceptions from students (Trenor, Yu, Waight, Zerda, & Sha, 2008). For example,
Byars-Winston et al. (2010) conducted a study grounded in SCCT with 223 engineering and
biology URM students and found a direct relationship between academic self-efficacy, outcome
expectations, and students’ goals and expectations using a multivariate analysis. However, what
is left unanswered in this quantitative model is why that relationship exists and how students
interpret their experiences to be able to directly inform practice. Lent et al. (2005) highlight that
there is “a need to better understand the role of environmental supports and barriers relative to
choice and persistence in science and engineering majors” (p. 85), and a qualitative research
design can begin to describe just that. By extending existing SCCT research, this study followed
a deliberate approach into qualitative methods to add students’ voices to the statistics of

quantitative research.
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STEM Retention Studies

STEM retention research echoes many of the discoveries that general college retention
studies have exposed and has been under a microscope due to federal agendas pushing for more
participation in STEM in an increasingly competitive global economy. However, challenges
persist in retaining a diverse pool of talented and committed students in STEM disciplines, and
racial and gender minorities encounter added obstacles in their pathways toward success. The
following review outlines the important components that either promote or hinder STEM
students’ successful completion of their degree, highlighting the unique experiences of minority
students.

While college retention studies confirm that students are more likely to leave or change
majors in the first two years (Tinto, 1993), students in STEM are even more likely to change
majors than other students within this timeframe (Chang, Cerna, Han, & Saenz, 2008; Chang,
Eagan, Lin, & Hurtado, 2011; Gainen, 1995; Gasiewski, Eagan, Garcia, Hurtado, & Chang,
2012; Reichert & Absher, 1997). One factor that researchers have found to have a negative
impact on STEM retention within this first two years are courses that serve as gatekeepers to
weed out many and retain only the top few (Gainen, 1995; Gasiewski et al., 2012; Maton et al.,
2000). These courses are typically very large and primarily didactic, which create a distanced
student-faculty and student-material relationships, disengaging STEM students originally
committed to the field. When STEM students were enrolled on campuses where STEM faculty
more readily incorporated student-centered pedagogy into their courses, their likelihood to
persist in STEM increased (Hurtado et al., 2012). Similar to Tinto’s (1997) work on learning

communities, Gasiewski et al. (2012) found that students who reported having the opportunity to
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collaborate with peers in class were more engaged in the course and connected academically to
the discipline.

Additionally, students’ perceptions of the quality of math and engineering instruction
overall has been found to be a predictor of STEM retention as well (Espinosa, 2011; Hilton,
Hsia, Cheng, & Miller, 1995) which can be connected faculty accessibility, approachability, and
pedagogical style. In Seymour and Hewitt (1997), poor teaching by STEM faculty was cited as
one of the top concerns for STEM students that ultimately changed majors. As students begin
their transition into higher education and more specifically into the engineering major at a large
research institution, the instructional design of large lecture style teaching is not conducive to the
supportive, student-centered method of instruction that research has shown to have a positive
impact on retention. They also are not conducive to scientific reasoning (Handelsman et al.,
2004), which could have very well been the draw that students had to pursue a STEM degree.
Students at times experience curriculum overload, are unaccustomed to the fast-paced teaching,
and report having difficulty getting help from professors or TAs (Seymour & Hewitt, 1997).
Thus, students are met with the challenge of remaining committed to an academically rigorous
discipline with what could be considered less support from the academic environment.

Beyond the classroom, institutional factors have been found to play an important role in
STEM retention among all students, but female and URM students in particular. Factors such as
targeted recruitment and retention efforts aimed at female and URM students via support centers
have been found to be some of the best predictors of retention in STEM (Hilton et al., 1995).
Students’ perceptions of campus climate have also been found to influence students’ satisfaction
with their college experience, affecting their likelihood to remain in STEM. Studies report that

African American students at Historically Black Colleges and Universities (HBCU) largely
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viewed their college experience as positive while those surveyed at predominantly White
institutions were much more likely to report negative experiences (Brown et al., 2005; Fleming,
Garcia, & Morning, 1995). The more students indicate favorable institutional climate conditions,
the more committed they are to the institution, resulting in their retention (Fleming et al., 1995).
As schools of engineering can oftentimes be considered unique academic environments within
their parent institutions due to their very technical, highly specialized, and sometimes less
diverse qualities, it is possible to consider an engineering school as an institution in itself
containing unique factors that may promote or deter retention.

While students encounter a number of deterrents to persistence in STEM, many factors
promote their retention in the field. Reaffirming the research of on the positive impact of faculty
(Astin, 1984; Rendon, 1994; Terenzini et al., 1994), STEM retention researchers have also more
recently highlighted the positive role faculty can play on student persistence (Cole & Espinoza,
2008; Gasiewski et al., 2012; Herrera & Hurtado, 2011; Kim & Sax, 2011; Maton et al., 2000;
Perna et al., 2009). When a faculty member exhibits genuine concern for student learning and
creates a comfortable environment in the classroom for students to actively participate, students
are more engaged and consequently become more committed to the material and field
(Gasiewski et al., 2012). Professors have a large impact on the climate of a classroom and can
significantly influence a student’s experience to remain with the major or to leave.

Additionally, students who participated in some form of faculty-sponsored research
reported an increased commitment to and understanding of the discipline (Eagan et al., 2013;
Seymour, Hunter, Laursen, & DeAntoni, 2004). Maton et al. (2000) interviewed African
American science and engineering students and their faculty mentors in the Meyerhoftf Scholars

Program at Johns Hopkins University to exhibit the impact of faculty on URM students.
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“Contact with faculty outside the classroom, and the development of mentoring relationships,
including with minority faculty, can decrease academic isolation, and contribute to positive
outcomes” (Maton et al., 2000, p. 631). Meyerhoft Scholars highlighted how fortunate they were
to have direct access to faculty and the increased level of comfort they experienced in asking
questions and seeking support of these faculty members. Of the many individuals on a college
campus whose roles are to support college student development and retention, faculty appear to
have the greatest impact on students. Students interact with faculty most often during their
college experience, whether directly through face-to-face or email conversations, or indirectly
through grading policies, syllabi, and classroom attendance. As such, research indicating the
substantial impact faculty can have on students’ experiences and potentially their ultimate
retention becomes logical.

Students’ interactions with their peers and with their academics have also been found to
have an impact on their retention in STEM fields. Similar to the work of researchers who have
found the positive impact of building peer relationships in college (Rendon, 1994; Terenzini et
al., 1994; Thomas, 2000), increased student interactions and the building of peer networks have
been found to also have a positive effect on STEM retention (French, Immekus, & Oakes, 2003;
Hurtado et al., 2007; Perna et al., 2009; Seymour & Hewitt, 1997). Students that actively engage
with their academic environments through supplemental instructions and/or tutoring also
describe a greater level of commitment to their STEM pursuits (Gasiewski et al., 2012; Good,
Halpin, & Halpin, 2002; Herrera & Hurtado, 2011; Perna et al., 2009). Positive academic
climates presumably foster students’ motivation to build peer relationships and engage with their
academic disciplines. As researchers have discovered the connection between motivation and

higher GPAs (French et al., 2003), as well as higher levels of academic engagement (Gasiewski
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et al., 2012), the link between retention and positive peer and academic interactions becomes
clearer. Research suggests that a student’s collegiate environment plays a role in their academic
decision-making. As such, the engineering school environment and the student experiences it
promotes or inhibits may be key in a student’s decision to stay or to leave the major.
The Need to Disaggregate Engineering out of STEM

A primary limitation of prior STEM research is the commonly aggregated reporting of
the data (Newman, 2011). Research in this area largely investigates retention issues in science,
technology, engineering, and math collectively, while data show that retention across these
disciplines varies substantially, particularly for women and URM students (NSF, 2011).
Disaggregating STEM and analyzing data for engineering students separately can more
accurately represent the severity of the retention problem in the discipline, as majors with strong
retention percentages such as biological sciences cannot inflate the data. It is difficult to gauge
the potential uniqueness of engineering students’ experiences as they travel through the pipeline
when their data are infused with data from others disciplines. Research is not finding that
students leave engineering due to academic reasons as has previously been assumed (Borrego,
Padilla, Zhang, Ohland, & Anderson, 2005; Seymour & Hewitt, 1997). In fact, Seymour &
Hewitt (2000) found that, rather than academics, students left due to perceptions of environment
and success. Though fewer research studies disaggregate engineering out of STEM, those that do
offer discipline-specific data provide insight to the distinctive experiences of undergraduate
engineers yet begs the opportunity for further research into engineering retention specifically.
The following discussion of racial and gender minority retention inserts engineering-
disaggregated research when available amidst the more common approach of combining all

STEM disciplines for these populations.
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URM Retention

To approach an understanding of the under-researched female URM students’ experience
in STEM, and more specifically engineering, a review of the more comprehensive bodies of
research that explore the retention URM and women separately serves as an initial step. As
previously discussed, research has shown that URM students’ reduced likelihood of being
retained in STEM is often affected by factors that differ from or that do not affect White and
Asian American STEM students in similar ways. URM students are less likely than their White
and Asian American counterparts to maintain their STEM interests through to graduation
(Herrera & Hurtado, 2011).

One particularly salient factor that adversely affects retention in STEM for URM students
is negative racial climates. Students who reported having experienced negative racial climates at
their institutions were more likely to leave (Chang et al., 2011). This was even the case for
students who were highly domain-identified. In other words, many students who initially
indicated a strong commitment to their STEM major yet also reported a high level of negative
racial experiences ultimately left. However, when little or no negative racial experiences were
reported and the student was highly domain-identified, students had significantly higher
probabilities of persisting in a science major (Chang et al., 2011). Students’ perceptions of racial
climates can be real or perceived and may also be influenced by their prior exposure to similar
environments (Chang et al., 2011; Fleming et al., 1995).

While hostile racial climates can obstruct URM students’ academic success in STEM,
they can also have negative effects on all students’ sense of belonging at an institution (Hurtado,
Newman, Tran, & Chang, 2010), which connects to the work of Rendon (1994) and Terenzini,

et. al. (1994) that emphasized the connection between sense of belonging and student retention.
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A longitudinal study following 6,290 high-ability URM students found that the best predictors of
persistence, or lack thereof, included factors in the students’ college environment (Hilton et al.,
1995). For example, involvement in co-curricular activities including pre-professional
organizations and major-related clubs increases a student’s likelihood of retention (Chang et al.,
2011; Good et al., 2002). Building a network of social and academic resources is thus pivotal in
securing a URM student’s persistence in the major and it likely is only possible in positive racial
climates.

In an effort to combat URM student attrition, many engineering programs have created
support programs for these students. Studies have shown the positive impact of such support
programs on the URM retention (Good et al., 2002; Seymour & Hewitt, 1997). In their study of
STEM students’ reasons for persisting or leaving the disciplines, Seymour and Hewitt (1997)
found that all URM students who persisted identified a support program as a key to their decision
to remain in the major. In a longitudinal study of students who participated in a URM
engineering support program as compared to those who did not, over 75% of program
participants remained in engineering while less than half of nonparticipants persisted (Good et
al., 2002). Participants of these programs were also more likely to seek out and utilize additional
academic support programs at their institutions (Good et al., 2002), which connects with later
work linking engagement with academic resources to students’ commitment to the major
(Gasiewski et al., 2012).

These findings are echoed in the mixed methods study of the Meyerhoff Scholars
Program, a support program dedicated to increasing the number of URM student in science and
engineering at the University of Maryland, Baltimore County (Maton et al., 2000). Through

semi-structured interviews, Maton et al. (2000) explored the role the Meyerhoff Program played
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on the success of its participants. Students attributed the recognition and support from faculty as
important factors in their commitment and success to the discipline.(Maton et al., 2000).

While faculty can play a positive role in URM students’ success, as in the Meyerhoff
Program, they can also serve as a deterrent for students as they pursue their academic and career
goals (Newman, 2011). In his qualitative study of 12 African American engineering students,
Newman (2011) found that students could feel encouraged or deterred from based on their
interactions with faculty. Students in this study also noted the lack of same-race faculty that they
could look to as mentors (Newman, 2011). The impact faculty have on URM engineering
retention is evident. What is important to distinguish is whether or not that impact is positive.

Additionally, URM students who report studying with peers in their major are 9.66
percentage points more likely to remain in the major (Herrera & Hurtado, 2011). Participation in
a learning community, receiving advice from upper-division students and even cross-cultural
interactions all have been found to positively impact African-American students in particular to
engage in science research (Hurtado et al., 2007; Hurtado, Newman, et al., 2010), potentially
increasing their level of commitment to their field. This experiential learning and application of
science concepts solidifies URM students’ active engagement with the discipline and has been
found to have a significant impact on their academic and social adjustment in their college
transition overall (Hurtado, Newman, et al., 2010).

African-American students’ self-concept has also been found to have a positive effect on
their level of engagement in the sciences (Hurtado et al., 2007), and there is an opportunity to
research how factors in these students’ academic environments influence the development of
their academic self-concept. Seymour and Hewitt (1997) uncovered the potential detrimental

impact that environment can have on URM students’ academic self-concept and commitment to
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STEM disciplines in particular. Their interviews with URM STEM students exposed the unique
experience these students have in STEM, including the differences in ethnic cultural values and
socialization, their internalization of stereotypes, and their ethnic isolation and perceptions of
racism on campus (Seymour & Hewitt, 1997). Those who ultimately left STEM often moved to
majors where they were less ethnically isolated (Seymour & Hewitt, 1997).

As evident in the research, multiple elements in URM students’ interactions with their
academic environment play a role in their STEM retention. Negative racial climates adversely
affect a URM student’s persistence in the major, while positive influences such as peer networks
and support services promote their commitment.

Female Retention

As the gender minority in engineering, research has found that women, like URM
students, have a unique experience in the discipline that differs from their counterparts in the
majority. In a five-year longitudinal study with engineering students at nine institutions, Borrego
et al. (2005) found that female engineering students attending private universities were more
likely to switch out of engineering in pursuit of another major. Female students were found to
leave engineering much sooner than their male counterparts and also left with higher GPAs,
implying that other factors are potentially at play (Borrego et al., 2005). The most common
major women elected after leaving engineering was largely business (24%), with biology,
physics, and education following distantly (Borrego et al., 2005).

A female student’s interaction with her engineering academic environment and
curriculum has been found to differ substantially from her male counterparts, as self efficacy in
science and math among female students is less evident than for male students (Leslie, McClure,

& Oaxaca, 1998). In a study that followed a cohort of students through five semesters of
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chemical engineering coursework, considerable differences emerged between men and women
(Felder, Felder, Mauney, Hamrin, & Dietz, 1995). Although women entered the chemical
engineering major with academic preparation equal to or greater than the men, they experienced
a gradual loss of confidence and commitment as they progressed through the coursework (Felder
et al., 1995). Women were more motivated to study and reported more clarity on their
understanding of the importance of school and attaining their academic goals, yet they were less
likely to persist in the major. Of the men and women who failed one of the courses in the
sequence, a higher percentage of women ultimately decided to transfer out, potentially
highlighting their susceptibility in facing academic obstacles in a male-dominated environment
(Felder et al., 1995). Nonetheless, women were more likely than men to transfer out of
engineering in good academic standing while men who transferred out exhibited more academic
challenges through poor grades and/or falling behind in course sequences (Felder et al., 1995).
These findings underscore the existence of non-academic factors that impact a female
engineering student’s decision to transfer out of engineering.

Stereotype threat has been found to have an impact on women’s interest in STEM. In an
experiment on 68 undergraduate women Shapiro, Williams, and Hambarchyan (2013) found that
women’s STEM interest suffered when encountering a stereotype threat. However, when
exposed to a female role model intervention, the impact of some elements of stereotype threat
seemed to be buffered (Shapiro et al., 2013). As female engineering students have limited
opportunities to interact with female engineering role models due to the scarcity in the field, such
a buffer against stereotype threat is unlikely. This controlled experiment on stereotype threat
provides additional context to research that highlights the disparate experiences between male

and female students in the engineering discipline. Female engineering students were found to
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have more uncertainty in their background knowledge about engineering and lower confidence in
their abilities to succeed in engineering than did male students, though male students were less
confident in their study habits (Besterfield-Sacre, Moreno, Shuman, & Atman, 2001). Male
students, on the other hand, reported feeling more closely aligned with the skills and qualities
necessary for engineering, including being more technically- and mechanically-inclined, traits
that most female respondents did not identify with (Besterfield-Sacre et al., 2001). In the post-
test administered at the end of the first year, female students continued to question their abilities
as engineers.

In their longitudinal study that followed five cohorts of chemical engineering students,
Felder et al. (1995) found that female and male engineering students also differed in their
attributions of success, with females citing hard work and help from others as their top reasons
for being successful and male students identifying hard work and their own academic abilities as
factors for success. Conversely, female students felt their lack of ability was a significant reason
when they did not perform well academically, while men most often attributed “not working
hard enough” as their reason for not attaining higher grades (Felder et al., 1995). These
differences in attributions of success and failure expose the different experiences of men and
women as they navigate through an undergraduate engineering experience.

Faculty have also been shown to have an impact on female students’ experience in STEM
fields. In a study that surveyed 100 women about their perception of the undergraduate
engineering climate, students indicated that supportive and approachable faculty was even more
important than the amount of perceived support in the environment (Gallaher & Pearson, 2000).
Seymour and Hewitt (1997) found that 80.3% of women in STEM reported dissatisfaction with

faculty and those interviewed primarily attributed that dissatisfaction to the minimal support they
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received from their professors. The researchers noted, however, that a “failure to encourage is
taken as discouragement” for female STEM students who are often experiencing a disjuncture
between the supportive and encouraging high school environment and their new collegiate
STEM environment (Seymour & Hewitt, 1997). Furthering the research on the impact faculty
have on women in STEM, Espinosa (2011) found that women of color left STEM majors partly
due to faculty insufficiently connecting course content to students’ goals.

Disparities in the retention of men and women in engineering become exacerbated by the
final years of college. Even for women that remain in engineering through to their degree, a
disjuncture emerges in their disinterest in pursuing graduate coursework. Felder et al. (1995)
found that, toward the end of their fourth year, 54% of male students expressed intentions of
continuing on to graduate school compared to only 18% of women, and this disparity helps to
explain the very poor representation of women in engineering Ph.D. programs and among the
engineering faculty (NSF, 2011). It is possible that at this juncture, female students’ lower level
of confidence and their perceived lack of ability eventually influences them to forego graduate
education in the field.
Female URM Retention

There is limited scholarship that explores the unique experiences of female URM
students in engineering. Collectively reviewing the separate bodies of research on URM and
female engineering students potentially supplies relevant data for female URM engineer
retention. There exist, however, a handful of studies that explore female URM engineering
students specifically, solidifying the existence of disparities between female URM engineers and
White and Asian American male engineers. Bonous-Hammarth (2000) discovered that of the 330

students who began their college career as a STEM major, African American, Latina, and
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American Indian female students exhibited the largest decline in attrition, with 63% ultimately
deciding to leave STEM, making an already small population even smaller.

Researchers who study the experiences of female URM students in STEM acknowledge
that this population is often living a different STEM reality than their counterparts in the
majority (Carlone & Johnson, 2007; Espinosa, 2011; Johnson, 2007; Leslie et al., 1998). While
43% of White men perceive their science and math ability better than most, only 16% of African
American women and 17% of Latina women hold a similar perception of their abilities (Leslie et
al., 1998). In her qualitative study of 16 female URM students in science, Johnson (2007) dug
deeper into these students experiences and found that decontextualizing science and approaching
the teaching of science without making connections to the students in the room or people overall
ultimately was very discouraging to the study participants, many of whom were entering science
for social reasons. Additionally, the absence of discussions around race, ethnicity, and gender
was also something that these students noted (Johnson, 2007), implying the lack of a
multiculturalist perspective in this field and exhibiting that it is in fact having an impact on
student perceptions of the discipline.

In a case study at an HBCU, Perna et al. (2009) found that many of the influential factors
that impact all students’ retention (i.e. peer networks, faculty involvement, and a positive campus
climate) were the same factors that influenced African American women to persist in STEM
(Perna et al., 2009). African American women have been found to have lower self-efficacy than
African American men, further highlighting that gender differences exist among racial minorities
in STEM (Gainor & Lent, 1998). Espinosa (2011) closely explored the factors that affect female
URM STEM retention and discovered that many factors resided in the college environment

including increased interactions with academic peer groups. Similarly, the more this population
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engages with co-curricular opportunities in STEM, the more likely they are to remain committed
to the discipline (Espinosa, 2011). Johnson (2007) found that large class sizes made connecting
with the professor very difficult for female URM students and the didactic lecture style even
more distant. Even professors’ approach to opening up the floor for questions was abrupt, and
none of the participants in the study were observed to take that professor up on the offer
(Johnson, 2007).

Researchers have also discovered the impact that same-gender and same-race mentorship
has on female and URM students in particular (Blake-Beard, Bayne, Crosby, & Muller, 2011;
Maton et al., 2000). With the instructional design of many introductory courses being somewhat
detached from the student and those courses often being taught by faculty in the gender and
racial majority in the field, it would appear almost impossible for female URM to obtain that
needed mentorship. It is important to highlight that, while informative, many of these studies do
not disaggregate their findings by STEM major, once again calling upon the need to explore the
unique experiences of female URM in engineering specifically.
Conclusion

As evidenced by the research, multiple factors in students’ collegiate environments play a
part in their perceptions, satisfaction, and sometimes their decision-making when it comes to
their academic pursuits. Students’ ability to build a network of peer, staff, and faculty supports in
a positive and comfortable climate promotes their ability to succeed. However, the ease in which
a student can achieve this differs greatly among student populations and disciplines. In the White
and Asian American male-centered engineering majors, the synthesis of research suggests that
female URM students likely have a much more difficult time navigating in and benefitting from

the academic environment. With a lack of faculty from similar backgrounds to serve as mentors
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in the field and few peers that share the same racial and gender identities, successful retention of

female URM engineers requires deliberate and thorough research to give voice to the unique

experiences of this population.
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CHAPTER THREE
Research Design

Introduction

The goal of this study was to explore the perceptions of female underrepresented racial
minority (URM) engineering students about school and classroom climate and the impact these
factors had on their decision to persist or to leave engineering. While percentages of female and
URM students entering into science, technology, engineering, and math (STEM) are increasing
compared to prior decades, completion rates still remain considerably lower than White and
Asian American males (Hurtado, Newman, et al., 2010). This research project explored this issue
by disaggregating engineering from STEM because data from the National Science Foundation
show significant differences in participation and completion rates of URM women among the
different STEM disciplines with engineering being the lowest at 3.1% of degrees earned among
this population (NSF, 2008). Additionally, the majority of research studies on the retention of
underrepresented engineering student populations do not explore women and URM students
separately. This study aims to contribute to the knowledge of potential causes of attrition for this
population specifically. This was explored through the following four research questions:

1. According to female URM students, what are the social cognitive factors, including
perceived barriers and supports, other-group orientation, and perceptions of climate, that
influence female URM students’ decision to change majors out of engineering? How do
these perceptions compare to those of male and non-URM female students?

2. How do female URM students who leave engineering describe the academic
environments of both engineering and their second-elected majors as compared to female

URM students persisting in engineering?
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o How do URM women who left engineering describe the academic environment
within engineering? Do they describe the environment within their second major
differently?

o Are there differences between URM women who stayed in engineering and those
who switched in how they perceived the engineering academic environment?

3. How do the perceptions of the engineering academic environment differ for female URM
students who have changed majors compared to other groups of students who have also
changed majors out of engineering?

4. What factors do engineering faculty believe to be the most salient in affecting female
URM students’ decision to persist or to leave engineering for other majors?

In this chapter, I discuss my research design and justification for utilizing qualitative
research methods to explore the experiences of female URM students who matriculated into a
top-tier engineering school and have either remained in the discipline or have elected to change
majors. I describe the reasoning behind utilizing an interview-based data collection method to
explore the perceptions of the target population and others in their academic environment and
explain the data analysis methods to derive a body of rich data. I conclude this chapter with a
candid discussion of potential threats to credibility and limitations that were countered through
elements of my research design and strategies of inquiry.

Research Design

This research design aimed to fill gaps in the research for this population and this
problem. This qualitative study was grounded in portions of Social Cognitive Career Theory
(SCCT), analyzing social cognitive and environmental factors that may influence female URM

engineering students to change majors. Factors include perceived barriers and supports,
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perceptions of climate, other-group orientation, and outcome expectations. Additionally, I
explored elements stemming from prior research on factors that influence female and URM
engineering attrition such as the impact of faculty interactions and students’ sense of belonging
in the engineering environment.

Currently, research using SCCT and STEM adopts a quantitative approach to determining
social cognitive factors that may cause students to leave engineering. While researchers of
engineering education have primarily preferred quantitative approaches, there is a push in the
field to diversify the methods of these studies with qualitative research as there is limited
qualitative data that explores student perceptions more deeply (Borrego, Douglas, & Amelink,
2009). This study adds students’ voices to the statistics. Quantitative research cannot explain why
students leave engineering. This study sheds light on the perceptions of female URM students
who have experienced the undergraduate engineering environment. STEM retention research
must deepen the understanding of the intricacies that cause the underrepresentation of certain
groups in the discipline (Lewis, 2003). Grounding this study in SCCT provided a frame for
understanding underrepresented students’ interactions with their educational environments and
aims to deepen the knowledge of STEM retention with theory-driven work.

Female URM students who enter as engineers were interviewed to explore the
aforementioned SCCT factors where quantitative data fall short. In-depth interviews function as
a method to understand the experiences of others and the meaning-making they attribute to those
experiences (Seidman, 2006). This population included both current engineering students as well
as former engineering students who have since elected to pursue another major at the same

university. As a point of comparison, male students and non-URM female students were also
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interviewed using the same protocol. To expand on student perceptions of their academic
environments, the interview protocol explored other elements including:

o Classroom climate

o Participation (or lack thereof) in co-curricular opportunities

o Faculty interaction

o Peer interaction

o Academic self-concept, defined as one’s perceptions of one’s own academic

ability (Bong & Skaalvik, 2003)
As a complement to students’ perceptions, engineering faculty were interviewed on their
perceptions of female URM engineering student attrition, as well as how they viewed their role
in these students’ retention. The qualitative method that this study used is a series of interviews
with students and faculty. Given the nature of the research questions in looking to gather
participant perceptions and their description of an aggregate of experiences, semi-structured,
person-to-person interviews were the most appropriate approach. Semi-structured interviews
account for respondents’ unique interpretation of the world around them, thus allowing me, as
the researcher, to explore emerging themes and respond to opportunities for richer data
(Merriam, 2009). This maintained the structure of a consistent and deliberate protocol to be able
to identify themes in the data while also allowing for flexibility to explore emerging perceptions
and prevalent responses for added depth to the research.
Study Population
In order to collect data on student perceptions of their academic environments and the

potential impact of being a racial and gender minority in engineering, the following populations

were a part of this study:

43

www.manaraa.com



Female underrepresented minority students who matriculated into an engineering major
and completed at least one semester of engineering coursework, but were currently
enrolled at the university in another major
o The reflections of this population were central to the purpose of this study. This
population provided insight on the reasons for their attrition.
Female underrepresented minority students who matriculated into and were persisting in
engineering and completed at least one semester of engineering coursework
o Exploring the perceptions, experiences, and beliefs of female URM students
persisting in engineering provided a counterpoint in comparison to those that
decided to leave.
Male students and non-URM female students who matriculated into an engineering major
and completed at least one semester of engineering coursework, but were currently
enrolled at the university in another major
o The perceptions and experiences of this population served as an opportunity for
comparison analysis to identify where the female URM experience was unique
and where it was similar most students.
Engineering faculty members who teach lower-division undergraduate courses and have
had female underrepresented minority students in their classes
o As a core factor of academic environments, specifically in the classroom, faculty
perceptions of female URM engineering student attrition served to supplement
data and create potential connections between faculty perceptions and investment
in the retention of these students and students’ perceptions of their classroom

environments and faculty interactions.
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Target student populations were identified via university records. To align with federal
standards, WPU follows the Integrated Postsecondary Education Data System (IPEDS)
guidelines in recording students’ race and ethnicity. The WPU School of Engineering considers
students of African American, Hispanic, and Native American descent as historically
underrepresented racial minorities (URM), including biracial students.

Data Collection Method

Interviews began in January 2014 and culminated in February 2014. There were 57
currently enrolled female URM students that began their academic careers in engineering and
were either persisting or changed to another major. Thirteen students elected to pursue another
major at the university, while 44 were persisting in engineering. The male population and non-
URM female population were considerably larger, allowing for increased opportunity to identify
interview participants. Concurrently to student interviews, faculty interviews took place. There
were approximately 169 faculty members at The WPU School of Engineering available to
participate in interviews.

Outreach and incentives varied by targeted population. Student email addresses were
obtained via the university database and students beginning their sophomore, junior, and senior
year were emailed once in January 2014 inviting them to participate in the interview. Participants
were offered $20 cash as compensation as well as entered into a raffle for a $100 gift card to the
university bookstore. There was no monetary incentive for faculty to participate in the study;
however, email outreach included more background on the potential implications of the work,
fostering a desire to impact research and practice as an incentive.

As students indicated their interest in participating in the study, their gender and URM

status were noted to track the representation across different target groups. The interview sample
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included the following: 1) five female URM students who changed majors, 2) seven female
URM students who were persisting in engineering and 3) 12 male and/or non-URM female
students who have changed majors. Within this third group, four were non-URM women, four
were URM men, and four were non-URM men. Additionally, nine faculty members representing
different academic departments within the engineering school were interviewed.

Interviews were up to one hour in length and took place in a small conference room in the
WPU School of Engineering. Prior to the interview, all students were asked to complete a brief
demographic and biographical questionnaire requesting relevant background information
including their self-reported gender, race, and ethnicity (see Appendix A). The interview
protocol varied slightly among each category of participant:

Students who changed majors. This interview protocol emphasized research questions
#1 and #2 through students’ descriptions and perceptions of both the engineering academic
environment and the environment of their current major. This interview protocol was
administered to both female URM students as well as those in other groups (see Appendix B).

Students persisting in engineering. This interview protocol mirrored the interview
questions posed to students who changed majors, exploring descriptions and perceptions of the
engineering academic environment. Utilizing the same interview questions here allowed for
comparison of perceptions between students who persisted in engineering versus those that did
not (see Appendix C).

Faculty. Faculty followed a slightly different interview protocol based on research
question #3 (see Appendices D and E). Faculty were asked about their perceptions of why female
URM students leave engineering and questioned on their perceived role in female URM student

retention.
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s theoretical framework to the

Figure 3-1 provides a study diagram connecting this study’

interview protocols
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Data Analysis Method

Interviews were recorded using an iPad, with an iPhone serving as a back-up recorder.
During and immediately following all interviews, I took field notes of relevant observations to
improve the data collection process. I transcribed 29 interviews, while an outside vendor
transcribed 4, capturing the data soon after its collection to adequately manage the two-month
interview window. Concurrent with the data collection process, participant responses were
analyzed and organized into emergent themes. Appendix D provides a snapshot of the data
matrix used in analysis. This continuous analysis of the data refined the data collection process
and promoted the development of themes within and across respondent groups (Merriam, 2009).
From this I began with open coding and an expansive list of potential themes before moving into
an analytical coding process that required more categorization and interpretation of the data
(Maxwell, 2012). Throughout this process, I employed a constant comparative method to
identify similarities and differences among the study populations (Merriam, 2009). Conducting
this level of analysis concurrently with data collection left room for themes to emerge and the
analysis to influence subsequent processes (Merriam, 2009). I exercised the anonymity of the
respondents, yet maintained their categorical label (i.e. student—changed major; student—
engineering; faculty member), in order to be able to explore connections, or lack thereof,
between participant categories. Once all data was collected, I underwent multiple iterations of
developing and refining codes to finalize the coding structure and identify findings from the
resulting themes (Gasiewski et al., 2012).
Special Site Considerations and Researcher Positionality

As a student affairs staff member at the WPU School of Engineering, I had increased

access to the study populations, however there are special considerations that needed to be taken
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into account as a result. Through my position, I was able to identify and contact students that left
engineering as well as the female URM students that were persisting. My position at The WPU
School of Engineering may have meant that I developed personal and professional relationships
with some of the study participants. When considering student participants, this could have
resulted in a positive impact on the study through an increased level of emotional access leading
to true candidness in the interview responses. Additionally, as a female, underrepresented
minority, I could potentially establish an additional layer of emotional access as someone with
whom respondents may have been more comfortable sharing experiences. However, having
developed a relationship with some respondents may have also increase the likelihood of
reactivity. This potential limitation is addressed in the section below.

To further manage my role as a researcher, I did not conduct any interviews in my office
to create a physical disconnect between the research study and my role at the school.
Additionally, in all communication regarding the study, I connected myself with UCLA ELP,
removing my signature in email communication; however, during interviews I acknowledged my
position at the university.

As a staff member at the research site, there are some benefits to conducting this study at
this location. I will be in a position to share findings from this study with key stakeholders on
campus in positions that can institute programmatic and policy changes in response to my
recommendations. [ will be able to directly share the results of this work with faculty and student
affairs staff at the school who can subsequently identify improvements to retention practices.
Credibility and Limitations

This study was susceptible to threats of bias, reactivity, a small sample size and a lack of

generalizability as a result.
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Bias. My own bias as the researcher existed as a result of professional experience
working with female URM students in engineering, as well as working with students who are
either the racial or gender minority in their educational environments. My bias assumed that
there do exist factors in a minority student’s educational environment that cause him or her to
make certain decisions about their academic goals. As such, this study was conceived from this
bias but was grounded in existing research that supports the assumption. In this study, interview
data from female URM students who matriculated as engineers provided rich and thorough direct
quotes from this population that supported and contradicted this bias. Additionally, qualitative
data collected from students who can provide a comparison of their engineering academic
environment as opposed to their second-elected major’s academic environment provided detailed
descriptions in place to support or contradict the aforementioned assumptions. While my bias as
a researcher could have been considered a potential threat to credibility, the study’s research
design served as a reliable check to counter that threat.

Reactivity. Having previously worked with some of the participants in the study, a threat
of reactivity may have existed. It was possible that students provided responses that they
believed I might have wanted to hear. This threat was minimized by utilizing an interview
protocol that encouraged participants to go into depth in their descriptions of their academic
environments in a manner that promoted their comfort with the discussion. Participants were
encouraged to be as forthcoming and honest about their experiences as they were comfortable,
reminding participants that there was nothing in particular that the study is searching for aside
from hearing about their experiences from their own voice.

Small Sample Size / Lack of Generalizability. As this was an in-depth qualitative

study, the sample size of female URM engineering students at a top-tier university was limited.
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While this can be viewed as a potential threat and there is not an opportunity to generalize the
data, this study’s purpose was to launch research that disaggregates engineering out of the more
common STEM research; additionally, this study aimed to add depth into a largely understudied
population of female URM engineering students who may have unique experiences in the field
that warranted a closer look. By having a small sample size, this study was able to delve deeper
into this population’s academic experiences, potentially creating reader generalizability and
influencing the research questions and design of future studies.
Conclusion

By conducting in-depth interviews with female URM engineers who are either still
enrolled in an engineering major or have elected to pursue another degree, I was able to add
depth to the existing quantitative research on STEM retention. This research provided the
opportunity to give voice to a population that is often folded into larger groups, whether within
all female students or all URM students in engineering, or within all STEM fields. Conducting
this study at my institution also presented the opportunity to bring the findings of this research
directly to the staff and faculty who can have an impact on programmatic and policy changes for
the underrepresented populations at the school. In the following chapters, I will discuss findings
that emerged from the conversations I have with these students as well as with faculty. From
there, I will connect these findings to implications for further research and practice in the effort

to retain more female URM students in engineering.
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CHAPTER FOUR
Findings

Introduction

This study explored the academic experiences and environmental factors that influenced
female URM students’ decision to leave engineering in pursuit of another major at their
university. Utilizing a qualitative interview methodology, 24 students and nine professors
provided their perceptions of the engineering school environment. The data were organized into
emergent themes through an open coding process. As themes emerged, I employed a constant
comparative method to identify the similarities and differences between the study’s populations.
I explore these emergent themes in this chapter, addressing the following research questions:

1. According to female URM students, what are the social cognitive factors, including
perceived barriers and supports, other-group orientation, and perceptions of climate, that
influence female URM students’ decision to change majors out of engineering? How do
these perceptions compare to those of male and non-URM female students?

2. How do female URM students who leave engineering describe the academic
environments of both engineering and their second-elected majors as compared to female
URM students persisting in engineering?

o How do URM women who left engineering describe the academic environment
within engineering? Do they describe the environment within their second major
differently?

o Are there differences between URM women who stayed in engineering and those

who switched in how they perceived the engineering academic environment?
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3. How do the perceptions of the engineering academic environment differ for female URM
students who have changed majors compared to other groups of students who have also
changed majors out of engineering?

4. What factors do engineering faculty believe to be the most salient in affecting female
URM students’ decision to persist or to leave engineering for other majors?

This chapter begins with a summary of student and faculty participant demographic data.
The paragraphs that follow discuss the engineering academic experience as described by female
URM students who initially matriculated into an engineering major but have since elected to
leave the discipline and pursue another degree. Female URM students’ perceptions of and
experiences in engineering are continuously compared to the perceptions of female URM
persisters in engineering as well as the perceptions of other student populations who have left
engineering, including males and non-URM females. I then present female URM students’
perceptions of their second-elected major with emphasis on comparisons to how they described
their engineering experience. Lastly, the chapter highlights undergraduate engineering
professors’ observations of factors that they believe may influence female URM students to
ultimately leave engineering. This section also provides insight into professors’ perceived role in
student retention. To conclude, the chapter underscores the salient findings from my research
that are addressed with recommendations in the following chapter.
Demographic Data of Sample

Thirty-three student and faculty interviews were conducted to obtain data addressing the
study’s research questions. Twenty-four students were interviewed including: A) five female
URM students who elected to leave engineering; B) seven female URM students who are

persisting in engineering; and C) four male non-URM, four female non-URM, and four male
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URM students who elected to leave engineering. Table 4-1 includes demographic data of student

participants.

Table 4-1
Student Participant Demographic Data

Demographic Category

URM Female
Leaver

Persister

Non-URM

Female

Male

URM Male

N

Ethnicity
Hispanic/Latino
Not Hispanic/Latino

Race
American Indian or Alaska Native
Asian
Black or African American
Native Hawaiian or Other Pacific Islander
White
Multiracial
None selected

Year in School
Sophomore
Junior
Senior

Mother's Education
Some high school
High school diploma/GED
Associate's Degree
Bachelor's Degree
Master's Degree
Doctorate

Father's Education
Some high school
High school diploma/GED
Associate's Degree
Bachelor's Degree
Master's Degree
Doctorate

Engineering Parents
One parent
Two parents
Neither parent
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Notably, of the female URM leavers, most did not have a parent in the engineering field

as compared to most male non-URM students who had at least one parent who was an engineer.

The majority of other URM students did not have engineering parents as well, while half of

female non-URM students did have at least one. Additionally the majority of female URM

leavers had one or both parents with an educational level below a bachelor’s degree compared to

all female non-URM students who had both parents obtain a bachelor’s degree or above.

Table 4-2

Student Engineering and Second-Elected Majors

Student Population Matriculated Engineering Major Second-Elected Major
Female URM Leavers
1 Aerospace Biology
2 Civil Business Administration
3 Biomedical Political Science
4 Biomedical International Relations
5 Chemical Biology/French

Female Non-URM Leavers
1
2
3
4
Male Non-URM Leavers
1
2
3
4
Male URM Leavers
1
2
3
4

Female URM Persisters
1

[V I S US I \]

6
72

Computer Science/Business Administration

Chemical
Chemical
Mechanical

Biomedical
Chemical
Biomedical
Industrial and Systems

Mechanical
Aerospace
Mechanical
Computer Science

Chemical
Mechanical
Civil
Astronautical
Chemical
Civil
Civil

Business Administration
Accounting
Neuroscience
International Relations

Philosophy
Human Biology
Neuroscience
Business Administration

American Studies & Ethnicity
International Relations
Economics
Psychology

Public Policy and Development

*Female URM Persister 7 changed majors out of engineering, but subsequently returned after a year in the second-

elected major
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Table 4-2 summarizes the engineering majors each student population matriculated into
as well as the second-elected major for those that left the engineering discipline. With the
exception of electrical engineering, all engineering majors at WPU were represented in the
student data.

Nine undergraduate engineering professors were also interviewed as part of the data

collection sample. Table 4-3 provides a summary of faculty demographics.

Table 4-3

Faculty Demographics

Faculty Gender Race Engineering Department
1 Male African American Electrical
2 Male Asian Biomedical
3 Male Asian Computer Science
4 Male White Chemical
5 Female White Aerospace and Mechanical
6 Female Asian Chemical
7 Female White Engineering Writing
8 Male White Aerospace and Mechanical
9 Male White Engineering Writing

When including faculty data, all eight engineering departments were represented in this study.
Given that female URM students who left engineering are the core of this research study,
the five participants in this group have been given pseudonyms that will be used as they describe
their experiences choosing and eventually leaving the discipline.
Paige. Paige is a bi-racial senior of American Indian and White descent. She matriculated
into aerospace engineering but will be graduating with her biology degree in spring of 2014. Her

initial interest in aerospace engineering sparked from an automotive class she took in high
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school. Neither of her parents have an engineering background. Her mother’s highest level of
education is a high school diploma or GED while her father has received his associate’s degree.

Lydia. Lydia identifies as Latina and is a first generation college student. She highlighted
that she entered into college as a civil engineering because the discipline touched home for her.
Her mother is from a town in Mexico where the driving conditions are very poor and where she
has even lost relatives to the dangerous roads. She explains, “That’s why I wanted to be in civil
engineering, and that's why I really chose that because it touched me, where I could possibly do
something.” She is currently a junior majoring in business administration.

Jamilah. Jamilah is an African American sophomore who entered into college as a
biomedical engineering major. Her father is a mechanical engineer and remembers being
encouraged by many to enter the engineering discipline because of the few African American
women in the field. “People were telling me that, you know, it's good to have African American
women in engineering because, you know, they're wanted and there are not very many and of
course you can get a job,” she explains. Jamilah faced some academic difficulties during her time
in engineering, ultimately resulting in academic disqualification from the university. However,
she has since returned as a political science major. Both of Jamilah’s parents have bachelor’s
degrees.

Alexis. Similar to Jamilah, Alexis is an African American sophomore who initially began
her college career in biomedical engineering but has since left the discipline to pursue a degree in
international relations with an emphasis in global economics. Alexis’ parents did not attend
college; however, she spoke of exposure to engineering via her sister and sister’s husband who

are both engineers.

57

www.manaraa.com



Anna. Anna entered college as a chemical engineering major. She is a Hispanic/Latina
student in her senior year, currently double-majoring in biology and French. Her parents have
achieved the highest level of education compared to the others, both receiving doctorate degrees.
She admits that she did not have an idea of what engineering was before college as neither of her
parents or family members are engineers. Nonetheless, she explained that she wanted to do
something science-based. “Engineering has more of, like, practical applications and something
that, if I graduate, I could do something with it,” highlighting the practicality of the major as a
factor in her decision to enter engineering. Table 4-4 summarizes the demographics of these five
