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ABSTRACT
Women are underrepresented in the fields of Science, Technology,
Engineering and Mathematics (STEM) from high school to college and into
employment. As these are the fastest growing and highest paying fields of the
economy this means women are missing the large economic benefits. While
there has been a great deal of research into female STEM students at
university, there has been almost none examining female STEM students at
community colleges. The purpose of this qualitative case study explored the
perceptions, experiences, and values of students, staff, and faculty involved in a
program to improve the success and retention of female students in STEM at a
community college in southern California. For this study one administrator, 5
faculty members, 1 staff member, and 13 students involved with the Women in
Technology program at El Camino College participated in hour long, semistructured interviews. The following five thematic categories emerged from
those interviews: (a) choosing STEM, (b) peers and community, (c) barriers to
success, (d) cultural issues, (e) the challenge of STEM, and (f) what a
successful program looks like. The dissertation includes recommendations for
policy, practice, and future research based upon the themes within those
categories.
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CHAPTER 1
INTRODUCTION
“Where are the women?” It’s a common question for science, technology,
engineering and math (STEM) instructors to ask each other. I know my courses
typically hover around 5% female, and I do not know of any local colleges that
are doing better. I do know that they are missing out on fields with the best job
prospects in the American economy and that the American economy is missing
out on their ideas, inventions, and intellectual capital. I also know that it is far too
big a question for a single dissertation to answer.
This study examined the specifics of one program at one community
college that attempted to do better in recruiting women into STEM fields of study.
In Chapter 1 I define and give more background on the problem, including why it
is such a problem. In Chapter 2, I examine the current literature to show how this
study filled a vital gap. And in Chapter 3, I detail the research methods and
methodologies I used and why they best answer my research questions. While in
Chapter 4, I discuss the findings of my study, and in Chapter 5, I discuss the
implications and recommendations based on those findings.
Background of the Problem
In America today, women are effectively shut out of careers in STEM.
While women represent half of the workforce, they make up only 25% of STEM
workers (U.S. Department of Commerce, 2011). This low workforce participation
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by women in STEM areas is predicted by their low participation in STEM degree
and certificate programs.
Women make up 60% of all college students but are only earning 16.5%
of undergraduate degrees in engineering (American Physical Society, 2011). It is
not that woman are not earning degrees; in fact, according to the U.S.
Department of Education (2004), in 2001 the percentage of degrees conferred to
females exceeded the percentage of degrees conferred to males in many fields
of study: 84% in health professions and related sciences; 78% in psychology;
77% in education; 61% in accounting; and 60% in biological and life sciences.
Biology and life sciences is the one area of STEM where women have been
competitive with men (Turner & Bowen, 1999), but it is also the area of STEM
with the fewest job prospects (National Science Foundation [NSF], 2011). In the
physical sciences and mathematics, women earn degrees at medium to low
levels compared to men (NSF, 2011). Conversely in the areas of STEM with the
greatest job prospects, engineering and computer science, women’s participation
is less than 20% (Corbett, Hill, & St. Rose, 2011; NSF, 2011).
In fact, there has been a decline for women receiving engineering and
computer science degrees at the bachelor’s level (Department of Education,
2004; NSF, 2011). Part of the reason is because they leave STEM programs at
high rates (Borum & Walker, 2012; Corbett et al., 2011). They leave these
programs for many reasons, including feelings of isolation (Borum & Walker,
2012), an inability to fit into the aggressive and competitive STEM culture
(Johnson, 2012), family responsibilities (Jackson, 2013; Reyes, 2011) and a
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lower sense of academic self-efficacy (Buse, Bilimoria, & Perelli, 2013; Hong &
Jun, 2012; Hurtado, Cabrera, Lin, Arellano, & Espinosa, 2008). But this
difference in completion does not seem to be determined by ability. Women with
the same high school GPA and SAT scores are more likely to drop out of the
same STEM program than comparable men (Heilbronner, 2013; Riegle-Crumb,
King, Grodsky, & Muller, 2012). In addition, the low enrollment among women is
not due to their interest in STEM fields; until they reach high school, female and
male students with equivalent GPAs have the same interest in STEM (Leaper,
Farkas, & Brown, 2012).
The exclusion of any group from STEM is troubling because it contains the
highest paying and most in-demand career paths now, in the recent past, and the
predicated future.
Employees in STEM occupations typically have higher average salaries
than other workers. In 2010, STEM workers earned 26 percent more than
non-STEM workers, even after accounting for other factors that affect pay,
such as age, gender, race, location, industry, and union status. This socalled “STEM premium” is persistent and has grown over time––in 1994
the STEM premium was just 18 percent (U.S. Congress Joint Economic
Committee, 2012, p. 3).
And in fact, the STEM premium is even higher for women than men (U.S.
Department of Commerce, 2011, p. 3). The unemployment rate also indicates the
huge demand for STEM workers; in 2011 the overall unemployment rate in
America was 8.9% but it was less than half that for workers in the STEM sectors
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(U.S. Congress Joint Economic Committee, 2012). This demand has been
recession-proof and overall predictions indicate growth for the future; overall jobs
are predicted to increase by 14% from 2010 to 2020, while STEM jobs increase
by 17% (U.S. Congress Joint Economic Committee, 2012).
Another negative impact of the omission of women from the STEM sectors
is the inability of America to meet the need for STEM workers. This makes us
uncompetitive in an increasingly global and educated economy (U.S. Congress
Joint Economic Committee, 2012). This lack of STEM talent is also a threat to
our security in terms of a diminishing technological advantage and in cybersecurity readiness (Whartons, 2012). The lack of STEM workers within America
has led to demands to increase the number of H1-B visas issued; these visas
allow foreign workers with specialized skills to legally work in America, but in no
way does this present a viable long term solution.
Finally, I would like to point out the unique position community colleges
hold. With their focus on employment-related skills and their relationships with
industry, community colleges can help meet industry needs that universities
cannot (James, 2014). At the same time, community colleges have always been
a vehicle for underrepresented groups to enter the educated workforce (Cohen,
Brawer, & Kisker, 2013). And with their shorter certificate programs and flexible
course offerings, they are particularly attractive to women whose family
responsibilities and academic backgrounds might limit their ability to attend
traditional universities (Starobin & Laanan, 2008; Starobin, Laanan, & Burger,
2010).
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Problem Statement
There are fewer women than men working within the STEM fields by a
large margin. Consequently, the economy is missing the intellectual labor,
creativity, and problem solving of women to meet its STEM challenges. At the
same time, women are missing the STEM premium that these jobs pay. And,
finally, even though community colleges are uniquely positioned to address the
issue by training women for many technical and high paying positions, there has
been very little research into how community colleges might be part of a
comprehensive national solution.
Purpose Statement
The purpose of this exploratory case study was to discern the perceptions,
experiences, and values of students, staff, and faculty regarding (a) women in
vocational STEM-related degree and certificate programs and (b) professional
women in STEM fields. The study was conducted at a California community
college that has implemented a program to improve success, recruitment, and/or
retention of female students in STEM fields.
Research Questions
The following research questions guided this case study:
1.

What are the perceptions, experiences, and values of the faculty,
students, and staff involved in the program, relative to:


the importance of more women participating in STEM,



the role of women in STEM, and
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the role of the institution in women’s choices to enroll or
persist in STEM?

2.

What are the perceptions, experiences, and beliefs of students
enrolled in the program relative to:


their STEM self-efficacy,



their STEM identity,



the culture of their program, and



the barriers and facilitators to their success in the program?
Significance

This research is important because we currently have so little literature on
women in STEM at the community college level and nothing focused on
employment or transfer oriented technology programs. The exploratory nature of
this study provides a framework for future educational researchers to further
examine these programs and students. It paints a rich picture of the current
experience of students in these programs to inform the policy developed by
community college leaders. And it will guide the practice of community college
STEM faculty in creating curricula and classrooms that are open to all.
Scope of the Study
This section addresses my study’s assumptions, delimitations, and
limitations. I assumed that this is an important issue, that faculty, staff, and
students were honest with me in our interactions, and that this case is not an
anomaly. As a case this study is delimited by the fact that it takes place in a
certain location over a certain period of time and involving a specific population.
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Finally, as a case the study is limited by the potential socio-economic factors that
may influence the larger school and by the inability to choose a representative
sample.
Assumptions of the Study
My primary assumption is that this issue matters at all. Throughout this
chapter, I have certainly tried to make the case that this topic matters, but I have
to acknowledge that it is a judgment. Everything else in this study was based on
that judgment.
A second assumption is that faculty, staff, and students were honest in
their interviews. Students may feel pressure to be positive about a program that
has helped them, and faculty and staff might feel the need to tone down the
harshness of their responses for professional reasons.
Finally, while I did not assume that this case is representative (that is not
necessary for case study research to have value); however, I did assume that the
results of this case study were not an anomaly. That is, there are no peculiar
circumstances that hold this campus, program, or set of participants apart from
the rest of the world.
Study Delimitations
Case study research comes with a certain set of obvious delimitations. It
takes place in a certain location over a certain period of time and involving a
definitive population. While this does prevent researchers from doing statistical
generalization from the data, it is the above delimitations are exactly what allow
analytic generalization to be much stronger and richer. Another delimitation of
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this proposed research project was its exploratory nature. This will allow the
results of this project to guide future research and to fill the current gap in the
research literature.
Study Limitations
Most of the limitations come from the small sample that this case study
used. While a small sample is not inherently a weakness in a case study, it did
have a few other effects. For example, due to the small number of participants
involved, I was not able to choose a representative sample of students from the
program. This potentially colored the research, because outliers—those with very
strong positive or negative opinions—are more likely to volunteer to participate.
In addition, because this research takes place at one campus in Southern
California, there could be demographic or socioeconomic factors that influenced
the outcome of this research project. The final important limitation of this
research is the limitation of all dissertation research and that is time. The
research must be carried out over a certain timeframe, which prevented
longitudinal evaluation.
Definitions of Key Terms
Analytic generalization. According to Yin (2013), analytic generalization is
the logic for extending case study findings to situations outside of the original
case study based on the relevance of similar theoretical concepts or principles. It
is also called level two generalization.
Certificate. A certificate is earned by students who complete a defined
pathway of credit courses at an accredited institution; typically, a community
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college. The certificate indicates competence in a narrowly defined area and
prepares a student for employment in a technical field.
Participation. Participation can be used to measure enrollment in a STEM
program at a post-secondary institution or employment in an occupation that
requires a STEM degree. It is a measurement, often expressed as a percentage,
of female participants compared to all participants. (American Association of
University Women [AAUW], 2008).
Program. A program is a defined pathway of credit courses offered by an
institution. Program completers may be awarded certificates, degrees, or transfer
to a four-year institution.
Retention. The measurement (often expressed as a percentage) of one
group enrolled in a STEM program at a post-secondary institution who stay
enrolled from one semester to the next, excluding those who graduate, describes
retention (AAUW, 2008).
Science identity. Carlone and Johnson (2007) developed a grounded
model of science identity composed of three overlapping components:
competence, performance, and recognition as a scientist.
Statistical generalization. The generalization of findings from a sample to
the general population, through the application of statistical inference, is called
statistical generalization. It is also called level one generalization (Yin, 2013).
STEM. Science, technology, engineering, and mathematics comprise the
STEM disciplines. It is typical for a STEM curriculum to be challenging,
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sequential and have a high dropout rate (AAUW, 2008; Bayer Corporation,
2012).
STEM premium. STEM workers command higher salaries and have lower
unemployment rates than workers in other economic sectors, yielding the STEM
premium (U.S. Congress Joint Economic Committee, 2012).
Student. A student is a person enrolled at an accredited institution in a
program that will convey upon them a certificate or degree.
Organization of the Dissertation
In this chapter, I introduced the lack of women in STEM as my dissertation
problem. I gave background information to understand the context of this issue
and I detailed the problem, purpose, and questions of my proposed research.
Then I explained the significance of this research and its scope.
In Chapter Two I present the state of the literature. I explain the dominant
models used for research into the problem. I outline the effects of barriers on
women in STEM programs and the effects of interventions designed to overcome
those barriers. I then illustrate the salient qualities of a successful female STEM
student and, finally, I show how this proposed dissertation will fill a gap in the
current research literature.
In Chapter Three, I provide explanations of qualitative research and case
study research in particular, and I articulate my rationale for case study design as
the best choice for this study. I then explain my choices in research methods and
protocols including setting, sample, data collection and, most importantly, data
analysis. I also examine my role as the researcher in this dissertation.
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Chapter Four describes the results I found; the themes that emerged from
data analysis. Chapter Five interprets those results and concludes with
recommendations for future research, practice, and policy.
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CHAPTER 2
REVIEW OF THE LITERATURE
Women are less likely to enroll in STEM degrees at university, and if they
do enroll they are more likely to divert into another degree field (Bayer
Corporation, 2012; Brainard & Carlin, 1998). They are also less likely to work in
STEM careers after graduation (U.S. Government Accountability Office [GAO],
2004). This means the economy is missing the intellectual labor, creativity, and
problem solving of women in its STEM sector and women are missing the STEM
premium that these jobs pay (Kahveci, Southerland, & Gilmer, 2006). At the
same time, even though community colleges are uniquely positioned to address
training women for these technical and high paying positions, there has been
very little research into how they might improve things.
This literature review starts by detailing the theoretical foundation of this
study. Second, it defines the models used by researchers to examine and explain
this problem. After that, it examines the internal and external barriers to success
faced by women in STEM. The next section discusses common interventions that
various institutions have implemented in an attempt to improve recruitment,
success, and retention of women. The subsequent section examines how
research answers the question, “What are the salient qualities of successful
females in STEM?” This chapter concludes by considering the vital role of
community colleges in bridging this gap.
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Theoretical Foundation
This study is built on the theoretical foundation of pragmatism, an
American philosophy originating with Charles Sanders Pierce in the late 1800s
(Cherryholmes, 1992). William James and later John Dewey built on his work.
According to Biesta and Burbules (2003) Dewey is also responsible for the
defining trait of pragmatism, transactional realism. Prior philosophies were
concerned with the duality of knowledge. Many argued that there was a
definitive, measurable world and knowledge was a description of that world. The
more accurate the description, the truer the knowledge. Others argued that
knowledge was constructed by individuals or groups and existed within their own
minds, making truth relative. Transactional realism argued a third path. In
transactional realism there is an actual world but it has no truth on its own; the
truth is constructed by an individual’s actions within the world and how those
actions construct meaning for them. According to Creswell (2008), the four
general tenants of pragmatism are its concern with the consequences of actions,
its problem centered approach, its pluralistic worldview, and its orientation toward
real-world practice.
Consequences of Actions
Pragmatism is less interested in the antecedent conditions of the world
than what the conditions of the world will be after action is taken (Creswell,
2008). For Dewey, knowledge is uncertain precisely because we cannot predict
that a certain pattern of action will result in the same consequences that they
caused in the past (Biesta & Burbules, 2003). Dewey also refused to separate
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knowledge and action but viewed them as cyclical (Biesta & Burbules, 2003).
Knowledge emerges from action and feeds back into action.
Problem Centered
Pragmatism is concerned with problems and their solutions (Patton,
1990). This is particularly salient for educational research. According to Biesta
and Burbules (2003), “Educational research … is not so much research about
education as research for education” (p. 1).
Pluralistic
Research methods, be they quantitative, qualitative, or mixed, usually
arise from the underlying theoretical framework and are then used to answer the
research questions. Pragmatism is pluralistic in that it starts with the research
problem and chooses the method based upon which is most likely to answer the
research questions (Creswell, 2008).
Oriented Toward Real-world Practice
While describing Dewey’s practice of grounding ethical questions in
exercises of human interaction and social imagination Spring (2008) said:
Dewey believed that ideas, values and social institutions originate in the
material circumstances of human life. He rejected the notion that they are
of divine origin or reflect some type of ideal. . . . [Dewey believed] humans
should adopt those ideas, values, and institutions that best work in a
particular social situation. (p. 273)
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Why Pragmatism Was the Right Choice for This Study
Some of the challenges with this study include the lack of prior research
and data on the topic and the lack of female students involved in STEM. Some
theoretical frameworks would require quantitative or mixed methods studies that
would have severe limitations due to these factors. Pragmatism allows a great
deal of freedom and allows the researcher to focus on the problem and not the
methods. In fact, James (1907) said, “It does not stand for any special results. It
is a method only. (p. 97)”
James (1907) also said, “The true is the name of whatever proves itself to
be good in the way of belief, and good, too, for definite, assignable reasons” (p.
109). This dissertation concerns a real problem that exists right now and
pragmatism allows the researcher to examine everything and find the truth that
works on this problem. The feminist framework was specifically not chosen
because there are actions and points of view it dismisses out of hand that may
be useful to solving the problem of women in STEM. In addition, many women in
STEM do not consider themselves feminists (Grays, 2013) and evaluating them
with a philosophy they may not believe in seemed patronizing.
Review of the Scholarly Empirical Literature
Pipeline Model
Nearly every paper on female students in STEM addresses the pipeline
model even if only to explain why they are not using it. The pipeline model
envisions students entering school at one end of the pipe and exiting at the other
end (Bayer Corporation, 2012; Etzkowitz Kemelgor, & Uzzi, 2000; Hernandez,
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Schultz, Estrada, Woodcock, & Chance, 2013). Because STEM is very
sequential when compared with other degree paths, this model is directly
analogous to the students’ coursework. Typically, liberal studies degrees allow a
great deal of flexibility in the courses that students can choose to take and the
order in which they may choose to take them (Etzkowitz et al., 2000). STEM
degrees often have pre-requisites for more than just the major; students also
must have completed certain courses in math and physics that have their own
chain of requirements. This leads to a challenging and linear progression for
STEM students. Those who drop or fail a class cannot come back in at another
point (Bayer Corporation, 2012). Their only option is to take the same class
immediately afterward. Many students of both genders choose not to repeat and
leak out of the STEM pipeline, with female students doing so at a higher rate
(Hernandez et al., 2013).
Facilitators and Barriers Model
First, this sub-section should be distinguished from the later section,
Measuring Barriers to Women in STEM. While that section looks at research that
has measured the impact of barriers, this sub-section identifies research that
uses either facilitators or barriers as a model to understand and to explain the
experiences and outcomes of female students in STEM. Much research that
seeks to adapt a broader theory specifically to women in STEM would fall into
this category. For example, when Packard, Gagnon, LaBelle, Jeffers, and Lynn
(2011) looked at the impact of professors, transfer advising, and work flexibility
on persistence of female students who transfer to four-year programs in STEM,
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they did so within the theory of cultural capital. Similarly, in 2005, Starobin and
Laanan adapted Astin’s (1993) input-environment-output model to understand
which elements of their community college experience (the environment)
increased or hampered the STEM self-concept of female students.
Feminist and Cultural Model
A great deal of research has viewed the culture of STEM and its maleness
through a feminist lens. The cultural identifiers of maleness typically include
individualism, privileging rationality over emotion, and strong competition. These
identifiers are believed to prevent female students from integrating into the STEM
environment (Borum & Walker, 2012; Etzkowitz et al., 2000; Kahveci,
Southerland, & Gilmer, 2008). One technique that has been used to quantify the
impact of cultural alienation on student persistence is distance from privilege
using the DFP tool (Kerr et al., 2012). Kerr et al. (2012) used this tool to assess
students on two scales. The Access to Resources Scale investigated 73
characteristics representing the resources associated with privilege, while the
ladder scale measured 10 items to determine a student’s perceived distance
from privilege. Dawson-Threat and Huba (1996) also took a quantitative
approach when they surveyed college students in and out of the STEM fields on
their perceptions of femininity. They found that most women in male-dominated
industries viewed themselves as less feminine. Those who viewed themselves as
feminine, even if they rejected traditional gender roles, found themselves in
traditionally feminine occupational tracks.
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Also common in this area are qualitative explorations of the female
experience within the STEM culture. For example, Borum and Walker (2012)
used a Black feminist framework in their grounded theory study of Black women’s
studies in mathematics. They found feelings of isolation and rejection to be the
primary indicators of withdrawal and prescribed more mentorship and femaledirected study groups to counteract the dominant masculine culture. Similarly,
Kahveci et al. (2008) found that students with a feminine perspective (regardless
of gender) expect relationships and support in their academic programs, two
things that are often missing from STEM programs. According to Carlone and
Johnson (2007) these relationships and support facilitate the building of a strong
STEM identity, which is the belief that one is a valid, competent member of the
STEM community. Their grounded theory study of successful women of color in
STEM found that recognition, which pre-supposes that other program
participants care, is the primary indicator of success.
Interest and Aptitude Model
The final model used commonly in research asserts that female students’
interest and/or aptitude explains the gap in achievement. There is strong
evidence that aptitude does not explain the lower attainment rates of female
students (Else-Quest, Hyde, & Linn, 2010; Heilbronner, 2013; Riegle-Crumb et
al., 2012). In fact, the research of Riegle-Crumb et al. (2012) quantitatively
analyzed three cohorts of college students across three decades and found no
correlation between STEM ability (as measured by high school performance) and
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college STEM matriculation. There is some evidence, however, that indicates
female students may be less interested in STEM.
Some of the strongest research in this regard is the meta-analysis
performed by Else-Quest et al. in 2010 that included several international
studies. They found that countries with more gender equity had a larger gap
between male and female participation in STEM. Heilbronner (2013) and Leaper
et al. (2012) surveyed adolescent girls and followed up with their college choices,
and in both instances, female students indicated they choose degrees beside
STEM due to interest in other fields of study. Even within STEM, there is a
widening gap between the biological sciences and the higher paying engineering
disciplines that seems to be driven by interest (Turner & Bowen, 1991). It is
important to note that Leaper et al. (2012) found interest in STEM equal between
male and female students until high school. Almost all of these studies
recommend further research on the personal and cultural factors that drive the
interest of these female students.
Measuring Barriers to Women in STEM
There are many barriers to the success of women in college STEM
programs. The research literature categorizes these barriers as either internal or
external (Borum & Walker, 2012; Else-Quest et al., 2010; Fox, Sonnert, &
Nikiforova, 2011; Goldman, 2012; Hurtado et al., 2009; Johnson, 2012; Kerr et
al., 2012; Packard et al., 2011; Reyes, 2011; Starobin & Laanan, 2008).
The internal barriers originate from the beliefs, values, and abilities of the
student herself and include low self-efficacy, academic ability and preparedness,
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familial responsibilities, and career aspirations (Buse et al., 2013; Else-Quest et
al., 2010; Hong & Jun, 2012; Hurtado et al., 2009; Johnson, Stone, & Phillips,
2008; Packard et al., 2011; Reyes, 2011; Starobin & Laanan, 2008). External
barriers originate within the structure and culture of the college or program itself
(Borum & Walker, 2012; Else-Quest et al., 2010; Fox et al., 2011; Hong & Jun,
2012; Johnson, 2012; Kerr et al., 2012; Nguyen & Ryan, 2008; Packard et al.,
2011; Reyes, 2011; Starobin & Laanan, 2008) and are, therefore, potentially
more amenable to interventions (Fox et al., 2011).
Internal barriers. The internal barriers to success for women students in
college STEM programs include (a) academic preparedness, (b) low selfefficacy, (c) family obligations, and (d) career aspirations.
Academic preparedness. One factor that can inhibit women from
reaching their potential in the STEM field is their preparation to take the oftenchallenging classes required. High performing female high school students are
less likely to choose the advanced mathematics courses that are foundational to
many STEM fields (Heilbronner, 2013). They also often score lower on the
Science Aptitude Test during their senior year of high school (Wainer &
Steinberg, 1991). However, since girls score equal to boys in the science and
math aptitude tests in elementary school, the cause of this gap is still in question
(Heilbronner, 2013). And if a student does need remediation, it can be especially
burdensome due to the higher number of credits required by a typical STEM
degree (Heilbronner, 2013).
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Self-efficacy. Self-efficacy refers to an individual's belief in their capacity
to be successful within a specific environment. It is established that there is a
strong correlation between students’ concept of self-efficacy and their
continuation and success in any academic discipline (Bandura, 1997). This
connection is even stronger for women deciding to continue in STEM degrees
(Buse et al., 2013; Hurtado et al., 2009). At the same time, women were found to
have lower levels of self-efficacy than men across every race and socioeconomic status, even when their classroom performance was superior (Johnson
et al., 2008).
Family obligations. Another barrier to the success of women attending
college in a STEM field is the pull of family obligations. Many researchers
consider this an internal barrier because this choice is made based on their view
of their own role in the family (Reyes, 2011). Women are more likely to have to
leave school due to their responsibilities as the primary caregivers of their
children (Reyes, 2011). While it is assumed that family tragedies occur at the
same rate for female and male students, female students are more likely to stop
or postpone schooling to assist their family (Reyes, 2011). In fact, long-term
success in the STEM field is positively correlated with fewer or no children (Buse
et al., 2013).
Career aspirations. This barrier is concerned with the student’s personal
goals: their view of what is an acceptable career for a woman and their personal
level of science identity (Buse et al., 2013; Goldman, 2012; Hurtado et al., 2009;
Packard et al., 2011). There is a strong correlation between identifying oneself as
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a scientist, engineer, or other STEM professional and persistence in the field
(Goldman, 2012; Hurtado et al., 2009). Conversely, dropping out of the STEM
field is highly correlated with the perception that the student was pushed into the
discipline—that STEM is not part of who they are (Buse et al., 2013).
Institutional barriers. Institutional barriers are those that are external to
the students themselves and include the diversity of the faculty and student body,
the culture of the STEM programs, and the interactions that female students
have with faculty and staff. Fox et al. (2011) found that the most successful
programs for increasing STEM participation for women focused on these
institutional barriers.
Diversity. A critical mass of women within a STEM program was found to
be a necessary element of success (Jackson, 2013; National Research Council
[NRC], 2006). One of the strongest predictors that a student would not complete
a STEM program was a feeling of isolation (Borum & Walker, 2012). According to
Reyes (2011), this can mean students do not develop the peer relationships
needed for job networking or support during difficult coursework. It can lead to
students not being taken seriously. “Some of my classmates, the guys, they used
to make jokes and comments that didn’t help at all. Basically tell me, ‘Oh, you
should just get married and maybe marry an engineer guy’ (Ruth)” (Reyes, 2011,
p. 251).
Culture of competition. STEM programs are known for cultures where
aggression, independence, and competitiveness are rewarded (Johnson, 2011).
In fact, many within the STEM community consider this part of what makes their
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field more academically and professionally rigorous and valuable (Johnson,
2011). But women are often socialized to learn in a cooperative and supportive
environment and adjusting to this masculine culture can be a huge barrier to their
success (Kahveci et al., 2006). Johnson (2012) found that 29% of a STEM
student’s feeling of belonging could be attributed directly to the culture of the
program itself.
Faculty and staff interactions. According to Starobin and Laanan
(2008), advising is one of the most critical and often-earliest interactions students
will have with staff at college. They found that nearly all participants in their study
of female community college STEM students who transferred to four-year
institutions agreed that proper advising was critical. It laid out a clear pathway to
completion and let them see what avenues were available to them.
Unfortunately, many students are not receiving quality advising (Packard et al.,
2011).
At the same time, a lack of mentorship can have a huge negative impact
on the success of female students in STEM programs (Reyes, 2011). However,
when directors of women in STEM programs at 49 different colleges were
surveyed, 40% of them reported little or no faculty involvement in the process of
improving female outcomes (Fox et al., 2011).
Stereotype threat. Stereotype threat is a theory to explain the behaviors
and effects of a targeted group (female students in this case) when they “must
deal with the possibility of being judged or treated stereotypically, or of doing
something that would confirm the stereotype” (Steele & Aronson, 1995, p. 401).
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Nguyen and Ryan (2008) did a meta-analysis of women performing a
mathematics task and found that while they received a smaller performance
decrement from overt stereotype threat, subtle stereotype threat (which is more
likely to come subconsciously from an authority figure or institution) had a much
larger detrimental effect on their performance. While there are internal factors
such as perfectionism (Rice, Lopez, Richardson, & Stinson, 2013) and being
“math identified” (Nguyen & Ryan, 2008) that help female students resist subtle
stereotype threat, there is still some on STEM performance and identity.
Common Interventions
Universities have tried employing a myriad of interventions to improve
female persistence in STEM programs with various levels of success. The first
and most basic intervention is attempting to recruit more women (Bayer
Corporation, 2012; Fox et al., 2011; GAO, 2004). It is simple, measurable, and
fits nicely into the pipeline model. The second and equally popular intervention is
living and learning communities. Typically, these involve housing the students
together and assigning them some or all of their classes as a cohort (Fox et al.,
2011). A third common intervention on campuses involves assigning female
students in STEM degrees to a colloquium. Typically, this is a one credit course
or seminar revolving around a topic such as women in science (Fox et al., 2011).
According to Kahveci et al. (2006), another intervention colleges have started in
the past few years is the creation of mentoring programs, using faculty or staff or
both, to help guide female students in the STEM fields and to act as role models
for their success. Finally, involving female students in undergraduate research as
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a method of increasing their self-identification as scientists has been gaining in
popularity at college campuses across the country (Hernandez et al., 2013).
Recruitment. For any program that intends to improve the success of
women in STEM degrees, recruitment is an obvious goal, but there has been
very little research on the methods or effects of various recruitment efforts. In
their survey of directors of programs for women in undergraduate science and
engineering, Fox et al. (2011) found that recruitment of women was one of the
top five goals for almost all institutions. They also found that most institutions
rated themselves successful at recruitment, relative to the other internal goals.
Living and learning communities. Living and learning communities are
a growing set of programs at universities across the country and are increasingly
focused on improving the success of women in STEM (Fox et al., 2011).
Terenzini, Pascarella, and Blimling (1996) have found that students who
participate in such communities have enhanced self-esteem, academic
performance, and coping strategies. At the same time these students are more
likely to persist to graduation and are more engaged with their peers and the
campus itself (Pike, Schroeder, & Berry, 1997).
Living and learning programs allow universities to weave multiple
interventions together. Many academic leaders see this approach as more
effective (Fox et al., 2011), and the data seem to support this conclusion
(Brainard & Carlin, 1998; Hathaway, Sharp, & Davis, 2001; Kahveci et al., 2006).
Kahveci et al. (2008) offer an explanation: “Looking across these cases and our
surveys, we found that the [learning communities] functioned in four ways, each
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interwoven with the others: academic assistance, academic support, emotional
support, and exploration of identity” (p. 58).
The areas of academic assistance and support, emotional support, and
the exploration of identity are vital to address because they all impact a student’s
STEM self-efficacy; among female students this usually drops dramatically over
the first year of study (Brainard & Carlin, 1998). While studying the Women in
Engineering Retention Program at the University of Washington, Brainard and
Carlin (1998) also found that students who participated in the program continued
in STEM at a rate of 72%, while non-participants continued only at 55%.
Hathaway et al. (2001) found a similar result when examining the Women in
Science and Engineering-Residence Program (WISE-RP) at a large, public,
Midwestern university. They found that while the majority of new students still
switched their majors, the participants changed their majors less often and were
more likely to switch to another STEM discipline.
The findings for living and learning programs were not universally positive,
however. Johnson (2012) used data from the 2004 National Study of LivingLearning Programs in a quantitative study that found a distinct negative
correlation between women-only living and learning programs and a sense of
belonging on campus. The participants felt closer to other participants but not the
college or the STEM field in general.
Colloquium. Many colleges offer a colloquium on women in STEM as part
of a comprehensive program to improve success (Fox et al., 2011). Typically, this
involves a single credit course or series of speakers discussing STEM career
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options and how female students may fit into the field. There has not been much
research on the effectiveness of such colloquiums by themselves but they are
often part of successful programs (Kahveci et al., 2006). This positive result
should not come as a surprise since the lack of knowledge concerning career
options is a common hindrance to success for females in STEM (Reyes, 2011).
Mentorship. A prime indicator that a female student will successfully
complete a STEM program is the identification of a mentor who can provide
academic support, academic assistance, and career guidance (Borum & Walker,
2012). Many universities have developed formal processes for mentorship of
female students in STEM degrees to make sure they are receiving these benefits
(Kahveci et al., 2006). Kahveci et al. (2006) found that STEM students that were
mentored were significantly more likely to complete their major. This difference
was applicable to both male and female students.
One potential difficulty in developing formal mentoring relationships for
females in STEM programs could be the lack of female STEM faculty mentors.
Fortunately, Jackson (2013) found that the gender of the mentor does not impact
the mentoring:
Interestingly, while all of the students identified support systems as being
vital to their success, the students did not seem to have a preference over
whether the support systems consisted of males or females, which
challenges the thought that mentors must be of the same gender as the
mentee to be effective. (p. 30)
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Undergraduate research. The impact of science identity on persistence
in STEM degrees is well known to researchers (Hurtado et al., 2009). Research
indicates that the most effective method of increasing science identity among
female and other underrepresented minorities is through undergraduate research
experiences (UREs) (Harsh, Maltese, & Tai, 2012; Hernandez et al., 2013;
Hurtado et al., 2009). Harsh et al. (2012) used data from a national, mixedmethod study of STEM professionals to identify important factors in their
decisions to continue in the STEM path. They found that women in STEM
identified UREs as their primary reason for attending graduate school in a STEM
program, in addition to being the source of their largest confidence boost during
their undergraduate careers. When Hernandez et al., (2013) used goal theory in
their quantitative study of underrepresented (including female) minority students
in STEM degrees, the only systemic factor that had a consistent, positive effect
for all groups was participation in a URE.
Intervention challenges for community colleges. There are some
unique challenges for community colleges in exercising many of these
interventions due to their structure, student body, and mission. Very few
community colleges have any type of student housing, which makes living and
learning communities problematic. Curricular decisions may be dictated by state
regulations regarding transfer or employment, which makes adding requirements
for colloquiums laborious. The students are often adults and/or working which
makes it challenging to involve them on campus outside of class for any reason.
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Finally, UREs are one of the most successful interventions that universities have
employed, but community colleges are not research institutions.
Successful Female STEM Students
Another frame for the research of women in STEM is examining
successful participants to learn more about their salient qualities and
experiences.
What are their salient qualities? Starobin and Laanan (2008) found very
little difference between the women who were successful in STEM programs at
community colleges and other women attending the same schools. These
women, like others at their schools, were diverse ethnically, by academic
background, and by age. The successful female STEM students found the
community college to be a supportive, inclusive environment. They did report
difficulty adjusting to the university, but as a group they felt their time at a
community college had prepared them for success.
In 2013, Heilbronner surveyed undergraduate students who had been
finalists and semi-finalists for the prestigious Science Talent Search while in high
school. Controlling for GPA and SAT scores, all the females had significantly
lower STEM self-efficacy than the men—even the women who chose to pursue
STEM fields for their undergraduate degrees (Heilbronner, 2013). The exception
was in the life sciences and pre-medical degree programs where female students
had levels of self-efficacy equal to male students and were actually overrepresented. In 2009, 59.7% of the degrees in biology and 72% of all premedical
degrees were awarded to women (American Physical Society, 2011).
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Both Carlone and Johnson (2007) and Starobin and Laanan (2005) tried
to build models of successful female STEM students by looking at science
identity through a series of ethnographic interviews. They labeled three identities:
the research scientist, the altruistic scientist, and the disrupted scientist. The
women with research scientist identities were passionate about science and were
recognized by science faculty, and by themselves, as science people (Carlone &
Johnson, 2007). The women with altruistic scientist identities regarded science
as a vehicle for making the world a better place and had different definitions for
being science people, definitions they created for themselves that did not require
outside recognition (Carlone & Johnson, 2007). The women with disrupted
scientist identities did not often receive recognition by their peers as science
people, which made their path difficult (Carlone & Johnson, 2007).
Conversely, Starobin and Laanan (2005) used quantitative methods to
build a model of a successful female STEM student using two well-known
models: the input-environment-output model (Astin, 1993) and the differential
coursework hypothesis (Starobin & Laanan, 2005). Using data from the
Cooperative Institutional Research Program (CIRP) 1996 Freshman Survey of
15,000 students, they examined high school academic performance, background
characteristics, and attitudes toward science. Starobin and Laanan (2005) found
that pre-college work––that is high school grades, experiences, and attitudes
toward science––had a huge impact on successful completion of, and initial
interest in, a STEM degree.
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What are their salient experiences? In addition to determining the
important factors in a female student’s success from outside research, it is also
important to let their lived experiences speak to us. This was the reasoning
behind Borum and Walker’s (2012) qualitative exploration of black women who
had completed a Ph.D. in mathematics. Using grounded theory within a blackfeminist framework, they found the prime experiential indicators of a successful
student to be mentorship, a supportive program, and study groups. They found
feelings of isolation to be a primary concern of these participants, which is
backed up by other research (Fries-Britt, 1998; Johnson, 2012). An unexpected
finding was that poor advisement from ill-informed or uncaring faculty almost
derailed some of their academic careers (Borum & Walker, 2012).
Jackson (2013) similarly explored the experience of female students in
STEM programs; however, this research looked at students who transferred from
community colleges to local universities and found the following:
The female students in this study discussed how the community college
faculty members served as avenues for mentoring and consultation. The
community college faculty members assisted the female students with
understanding their own experiences regarding STEM and their overall
interest in STEM. . . . Regarding academic advisors, the female students
credited the academic advisors at the community college with preparing
them for transfer in terms of their social and psychological adjustment.
(Jackson, 2013)
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So from the experiences of students who have successfully navigated as females
in STEM programs, proper and supportive advisement is key.
Role of Community Colleges
American community colleges have a unique role both in helping our
economy meet our STEM needs and in increasing female participation in STEM
(Hoffman, Starobin, Laanan, & Rivera, 2010; Maguire, Starobin, Laanan, &
Friedel, 2012; Starobin & Laanan, 2008). In fact, the Undergraduate Science,
Mathematics, Engineering and Technology (SMET) Education Improvement ActH.R. 3130 specifically recognizes the role of community colleges as contributors
to the increasing number of undergraduate students in science, mathematics,
and engineering education. A stated objective of the law is to raise
postsecondary enrollment rates of women in science, mathematics, engineering,
and technology disciplines at community colleges with the goal of improving their
workforce participation. In addition, the NCF has found the contributions of
community colleges so vital that they created that Advanced Technology
Education grant program to fund the training and development of STEM
technicians in a wide range of fields. In 2008, public two-year colleges enrolled
over six million students, of which 58% were female (National Center for
Education Statistics [NCES], 2008). For many of these students, community
colleges are the only bridge to a career field due to their flexible scheduling,
student support, and open enrollment policies. These same factors that make
community colleges important to all underrepresented students make them
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perfectly positioned to help mediate the gap between women and men in the
STEM field (Starobin & Laanan, 2008).
Conceptual Framework
All the relevant research has tried to make sense of why women are less
successful or involved in STEM than men in order to better understand their
processes, experiences, and outcomes. Most of this research can be categorized
into four models that have been used to organize this review. According to Sutton
and Staw (1995), a model is “a [hypothetical] story about why acts, events,
structure, and thoughts occur” (p. 378).
The first model is the pipeline model, often referred to as a leaky pipeline,
which uses the view that women start at one end of a pipe as college freshmen
and then, after a sequence of coursework and events, exit the other end as
employed STEM professionals. The second model is that of facilitators and
barriers, that is every person, policy, cultural value, and so forth can be
categorized as either facilitating the success of women in STEM or as a barrier to
it. A third model is the feminist and cultural framework, which examines the
inherent maleness of the conditions and values of STEM through a lens of
feminist critical theory. The final model is one that uses the interest and aptitudes
of individual students to explain the gap between females and males in STEM.
Chapter Summary
There are still many things we do not know about the challenges involved
in improving the outcomes of women studying STEM. What we do know is that
when compared with males of similar aptitude, they are enrolling in smaller
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numbers and they are diverting into other degrees in greater numbers. We know
that when they do choose to enter and persist in STEM it is often in the lower
paying life sciences instead of the higher paying engineering fields. We know that
women face both internal and institutional barriers to their success in STEM. We
have a variety of models that are useful for examining these phenomena, but no
single model seems to explain what is happening. We have seen a variety of
interventions used by various schools. While some have been more successful
than others, multi-layered approaches seem to have had the most impact.
We also know the unique role that community colleges play in helping all
underrepresented students to achieve their educational goals. Which is why it is
problematic that there has been little research on female STEM students at
community colleges, and all of it has been focused on transfer students. This
study helps fill that gap by examining a program for improving female success in
both vocational and transfer STEM degrees.
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CHAPTER 3
RESEARCH METHODOLOGY
While women represent half of the workforce they make up only 25% of
STEM workers (U.S. Department of Commerce, 2011), and the percentage
receiving engineering and computer science degrees at the bachelor’s level is in
decline (U. S. Department of Education, 2004; NSF, 2011). This means the U.S.
economy is missing the intellectual labor, creativity, and problem solving of
women in its STEM sector when we cannot meet our current needs for STEM
workers (U.S. Congress Joint Economic Committee, 2012). At the same time
women are missing the STEM premium that these jobs pay, which includes 26%
higher pay on average and half the unemployment compared to other fields of
employment (U.S. Congress Joint Economic Committee, 2012). And finally, even
though community colleges are uniquely positioned to address training women
for many technical and high paying positions there has been very little research
into how they might part of a comprehensive national solution.
The purpose of this study was to explore the experiences, values, and
perceptions of students, staff, and faculty regarding women in their vocational
and transfer STEM degree and certificate programs and within their professional
field at a California community college that has implemented a program to
improve success, recruitment, and/or retention of female students.
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In this chapter, I present the qualitative methodology that was used for this
study. I then describe the case study approach to research and explain why it is
the best fit for this particular study. Next, I detail the specific research methods
and choices used in this case study. I then provide the setting and sample
information. Afterward I explain the data collection procedure followed by the
data analysis, and I end this chapter with an appropriate summary.
Qualitative Research
Qualitative studies, such as this one, are often used to build a rich,
detailed description of the central case (Creswell, 2008; Yin, 2013). Creswell
(2008) also stated that qualitative research is often the choice when the
researcher is not interested in repeatability or direct induction but rather in having
a deeper understanding of the phenomenon to be studied. Qualitative research is
also distinguished by taking place within the actual, interconnected environment
and not being separated from it either physically (in the case of an experiment in
a controlled environment) or statistically (Creswell, 2008). Finally, Creswell
(2008) mentioned that in qualitative research it is possible to use a variety of
methods to collect the comprehensive data needed to construct themes and
larger meaning. These methods include open-ended questions, interviews,
documents, and analysis of text, images, and audio and video data.
“All research needs a foundation for its inquiry, and inquirers need to be
aware of the implicit worldviews they bring to their studies” (Creswell, 2007, p.
21). With that in mind, it is important to discuss both the common philosophical
underpinnings of qualitative research, and also how my philosophy guided me to
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it. First, Creswell (2007) stated that qualitative research is generally skeptical
about the absolute knowledge claims that positivism makes and quantitative
research requires. Qualitative research is more likely to believe that truth is
constructed, either socially or within power-dynamics. According to Creswell
(2007), this second scenario will often attract researchers with an
activist/participant philosophy to qualitative research. I have come to qualitative
research through a different mindset.
I agree with the pragmatist statement “Truth is what works at the time”
(Creswell, 2008, p. 33). Since this problem has not yet been well studied, I do not
know what works. But I do know that I am more likely to find it if I align my
research methodology with the questions I am asking. My questions are broad,
complex, and exploratory in nature, all of which Creswell (2008) presented as
strengths of qualitative research.
Another strength of qualitative research is the broad spectrum of data that
can be used. Interviews with both closed and open questions, historical
documents, internal communications, audio and visual data and images can all
be used to help tease out the main themes (Creswell, 2008). Creswell (2008)
pointed out some weaknesses in qualitative research, the main being related to
statistical trustworthiness and the lack of reproducibility of results. But so little
has been done with my topic that it would be impossible to collect a large enough
sample for either of those outcomes.
For all these reasons—the lack of research on this area, which led to the
exploratory nature of my questions, the flexibility of methods and data, and the

38
alignment of philosophical underpinnings—the qualitative research methodology
is the best choice for this study.
Research Design
In the most elementary sense, the [research] design is the logical
sequence that connects the empirical data to a study’s initial research
questions. . . . Note that a research design is much more than a work plan.
The main purpose of the design is to help to avoid the situation in which
the evidence does not address the initial research questions. (Yin, 2013,
loc. 1225)
I begin this section with a discussion of the five components of research
design within a case study: the questions, propositions, logic that links the data to
the propositions, unit of analysis, and criteria for evaluating the study’s findings. I
then discuss the role of theory in a case study. Next, I examine how one judges
the quality of a case study, which involves its validity (internal, external, and
construct) and reliability. Finally, this chapter examines the various design
choices within case studies, and the thorny issue of when one can and cannot
use case study research to generalize.
The Five Components of Case Study Research
A case study’s questions. The research questions for my study are:
1.

What are the perceptions, experiences, and values of the faculty,
students, and staff involved in the program, relative to:


the importance of more women participating in STEM,



the role of women in STEM, and
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the role of the institution in women’s choices to enroll or
persist in STEM?

2.

What are the perceptions, experiences, and beliefs of students
enrolled in the program relative to:


their STEM self-efficacy,



their STEM identity,



the culture of their program, and



the barriers and facilitators to their success in the program?

According to Yin (2013), these are the type of questions that are most
appropriate for case studies. They are questions that are looking for a deeper
understanding. They are not asking about where or when, which can be better
answered with other methodologies. They do not ask what happened or what
were the results. These are questions that would be better answered by another
research design and perhaps even another methodology.
A case study’s propositions. The research questions alone do not
indicate what exactly should be studied. A case study’s propositions are the
judgments that help guide that decision (Yin, 2013). Some case studies may not
have propositions if they are exploratory in nature, but they still need some
criteria to judge whether or not they are successful. If the questions tell us where
we want to end up, the propositions are the distance and direction.
A case study’s unit of analysis. A case study’s unit of analysis involves
defining the case and bounding the case (Yin, 2013). A case is defined by the
phenomena you are interested in studying. If you are studying people, it might be
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an individual, a family, or a group bound by social or professional ties. If you are
interested in a location, the case may be defined by a country, state, city, or even
a neighborhood.
Once you have defined the case then you must choose what is within the
case and what is not. This is determining the boundaries. For example, if you are
studying a neighborhood, you have to decide exactly which streets demarcate
your research subject. If you are studying a group of people, you must determine
exactly who is in and who is out of the group you will investigate.
A case study’s logic linking the data to the propositions. This part of
the research design is vital to ensure that the researcher can answer the
research questions after the completion of data collection. According to Yin
(2013), “even more experienced researchers often note how they have either (a)
collected too much data that were not later used in any analysis or (b) collected
too little data that prevented the proper use of a desired analytic technique” (loc.
1399).
A case study’s criteria for interpreting its findings. In quantitative
research the criteria of having a certain p value is determined before the study
begins. By the same token, case studies should identify rival explanations during
the design phase so that collected data can be used to address or reject them in
the final study.
Role of Theory in Case Studies
When I use the term theory as part of my research design, I am using the
definition that is specific to case studies: “This theory should by no means be
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considered with the formality of grand theory in social science. . . . The simple
goal is to have a sufficient blueprint for your study and this requires theoretical
propositions” (Yin, 2013, loc. 1447).
As explained by Sutton and Staw (1995), theory is “a [hypothetical] story
about why acts, events, structure and thoughts occur” (p. 378).
Judging Quality in a Case Study
Most empirical research can be judged by four main questions (Yin, 2013):
1.

Construct validity. Do the operational measures match the concepts
that are being studied? Case studies address this question with
multiple sources of evidence, establishing a chain of evidence and
having a draft reviewed by key informants.

2.

Internal validity. Do certain conditions lead to other conditions and
are they distinguished from specious relationships? This measure
only applies to explanatory studies that attempt to establish causal
relationships.

3.

External validity. What is the domain to which this study’s findings
can be generalized? Since case studies are never statistically
generalizable that is not a concern. The issues of case study
generalizability are handled later in this section.

4.

Reliability. Can this study be repeated? Case studies address this
with a well-documented case study protocol and by developing a
case study database.

42
Case Study Designs
Case studies’ designs are defined by their context and case number. Case
number is rather straightforward; there are single case studies and multiple case
studies. Single case studies do not allow for breadth or comparison so are
generally avoided if possible, but they are appropriate if the case is considered
critical, unusual, common, revelatory, or longitudinal.
Context refers to the unit of analysis. A single case study may have a
single unit of analysis, or multiple units embedded within it. By the same token a
multiple case study can have a single unit of analysis for all cases, or multiple
units embedded within each (see Figure 1).

Figure 1. Basic types of designs for case studies. Taken from Case Study
Research: Designs and Methods, by R. K. Yin, 2013, loc. 1724. Copyright 2014
by Sage Publishing.
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This case study will be a single case with multiple units of analysis, Type 2
in the diagram in Figure 1.
Generalizing from Case Studies
Yin (2013) makes a sharp distinction between statistical generalization
and analytic generalization. In statistical generalization, an inference about the
general population is made based on data collected from a sample of the
population. Case studies do not work this way because they do not provide
meaningful samples.
On the other hand, case studies are quite strong at analytic generalization.
This generalization is at a higher level than the original case. It may apply to very
different populations and cases (unlike statistical generalization) and is not just
useful in generating theory. Analytic generalization may reinforce, reject, or
modify current theoretical constructs or generate new ones entirely (Yin, 2013).
In Figure 2 Level One can be considered a statistical generalization and Level
Two analytic generalization:
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Figure 2. Making Inferences: Two Levels. Taken from Case Study Research:
Designs and Methods, by R. K. Yin, 2013, loc. 1522. Copyright 2014 by Sage
Publishing.
Research Methods
In this section, I describe the specific research methods I used in this case
study. Specifically, I discuss the propositions, theory, unit of analysis and design,
setting, sample, data collection, data analysis, and steps taken to ensure validity
as described above. I would like to point out that, according to Yin (2013), “case
study research designs have not been codified” (loc. 1213). Consequently, this
section describes an open-ended procedure that does not dictate how I answer
my research questions but ensures that all the work completed does answer
them.
Propositions
Due to the lack of research on women in STEM at community colleges,
this case study is exploratory in nature. According to Yin (2013), “Some studies
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may have a legitimate reason for not having any propositions, . . . [for example,
studies] in which a topic is the subject of exploration” (loc. 1276). Yin (2013)
explained that the exploration should still have a purpose, which allows for
criteria to judge whether or not the exploration was successful. I proposed that
this study would be successful if the answers to the research questions could be
demonstrated to align with (or diverge from) current theory, policy, and best
practices concerning women in STEM at other levels of education and the
economy. The research questions did prove to be suitable.
Theories
What case study research refers to as theories (Yin, 2013) I called models
in Chapter 2. They are


The pipeline model. The view that individuals (women) start at one
end of the STEM pipeline (signing up for the earliest STEM classes)
and proceed to leak out at various stages until there are very few left at
the final stages.



The facilitators and barriers model. This model posits that there are
things (people, policies, cultural values, etc.) that either facilitate the
success of women in STEM or hamper it.



The feminist and cultural model. Here the inherent cultural values of
STEM are critiqued through the lens of feminist critical theory.



The interest and aptitude model. This model explains the gap between
female and male achievement in STEM through differing natural
abilities and goals.
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These are not theories to be proven or disproven but guidelines for how the data
collected in this study was interpreted.
Unit of Analysis and Design
My design was a single case study design because of its uniqueness. I
could find no similar programs concerning STEM at the two-year level. This is
appropriate for an exploratory case study as this is a revelatory case. Within the
single case, I have an embedded design with multiple units of analysis. I
examined the perceptions of students, staff, faculty, and educational leaders
within this program and each of these clusters was its own unit of analysis along
with the program as a whole.
Setting
El Camino College is a relatively large California community college in
Southern California. In Fall of 2016, it had 24,092 unique students taking classes
onsite and online; 7,902 (33.2%) were full-time and 15,873 (66.8%) were parttime. The students attending El Camino take classes to transfer (58.7%), to get a
degree or certificate (6.0%), to retrain or recertify (4.7%), to acquire basic skills
(7.1%), and for their own personal reasons. The student population is relatively
gender-balanced with 51.7% of the student body identifying as female and 48.3%
as male. It is designated by the U.S. Department of Education as a Hispanic
serving institution (HSI) and has a student body that is 52% Hispanic, 15%
African-American, 15% Asian, 13% White, and 5% “Other”.
The Women in Technology (WIT) program started in 2006 with funds from
the Carl D. Perkins Career and Technical Education Act of 2006, commonly
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referred to as CTEA. A few years after its inception, WIT merged with the Society
of Women Engineers at ECC in order to increase the number of women in the
program. It started with a single staff member and with the purpose of increasing
the enrollment of women in non-traditional CTE fields at ECC. It started by
creating advertisements, holding informational sessions, and direct outreach
during on campus events. All activities took place in both English and Spanish.
However, WIT was never institutionalized and has struggled for funding over the
years, with the original staff member moving on during a temporary shutdown in
2007.
In 2010, WIT was one of nine programs to become a recipient of the
CalWomen Tech Project that was funded by the Program for Research on
Gender in Science and Engineering from the NSF, grant number 0533564. Since
the end of that grant in 2013 the program has struggled but continues to
coordinate informational trips to local STEM employers, hold weekly meetings,
field teams for STEM competitions, and maintain a study room for WIT students.
It employs one counselor part-time and averages about thirty students, faculty,
and staff at their weekly meetings. It is difficult to know the exact size of the
program because community college students often leave and return to school
for a variety of reasons, including employment, moving between community
colleges because of course scheduling, and transfering out to universities.
Sample
The participants in this study comprised a purposeful sample (Creswell,
2007) of program constituents from multiple levels, including administrators,
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faculty, staff, and female students. One administrator, 5 faculty members, 1 staff
member, and 13 students from the WIT program were included (see Table 1).
This provided a complete picture of the program at multiple layers of authority,
each with their own goals and perceptions. The WIT counselor (one of the
gatekeepers that Creswell [2007] speaks of) helped me locate the other required
participants and encouraged their cooperation.
The administrators, faculty, and staff have firsthand knowledge of the
challenges involved with women in STEM at the community college level and the
driving need that caused them to create the program. They also brought to the
study important perceptions, insights, and perspectives as to how these
challenges should be addressed and how the program addressed them. The
students brought their own lived experiences and goals as females, as students,
and as an underrepresented group that informed the development of this case
study.
According to Bogdan and Biklen (2007), the two actions required for the
production of ethical research are acquiring the informed consent of the
participants and protecting the participants from harm. For the consent to be
informed participants must understand the study. They must understand the
purpose of the study and the benefits to them, the world, and future research on
the topic. They must also know if they will be exposed to danger of any kind and
that their participation is entirely voluntary and that they can leave the study at
any time. All of this was covered on the Informed Consent form (see Appendix A)
that all participants completed.
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Table 1. Basic Demographic Information
Participants Gender

Ethnicity

Age

Program

Role

Sarah

Female

Caucasian

-

CTE

Dean

Mary

Female

Caucasian

-

Geographic Information
Systems

Faculty

Theresa

Female

Caucasian

-

Welding

Faculty

Male

Caucasian

-

Electronics

Faculty

Female

Caucasian

-

HVAC

Faculty

Male

Caucasian

-

HVAC

Faculty

Alejandra

Female

Hispanic

-

WIT

Staff

Camila

Female

Hispanic

20

Chemical Engineering

Student

Brianna

Female

AfricanAmerican

25

Computer Science

Student

Natalia

Female

Hispanic

23

Mechanical Engineering

Student

Mina

Female

Asian

21

Civil Engineering

Student

Regina

Female

Hispanic

27

Construction
Engineering

Student

Lucia

Female

Hispanic

24

Mechanical Engineering

Student

Martina

Female

Hispanic

21

Aerospace Engineering

Student

Kayla

Female

AfricanAmerican

24

Chemical Engineering

Student

Jasmine

Female

AfricanAmerican

26

Computer Engineering

Student

Zoe

Female

Hispanic
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Geographic Information
Systems

Student

Kimberly

Female

Caucasian

27

Chemical Engineering

Student

Chloe

Female

AfricanAmerican

22

Architecture

Student

Ashley

Female

Caucasian

23

Math

Student

John
Patricia
Dave
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The other requirement of ethical research, protecting the participants from
harm, was accomplished by protecting the identity of all participants. I ensured
confidentiality by assigning pseudonyms to all participants and documents
(transcripts, audio recordings, and emails). All these methods of assuring ethical
research were documented in the California State University, Fullerton
Institutional Review Board (IRB) application. The approval of the IRB
demonstrates that this research project was planned ethically (Creswell, 2007).
Data Collection and Management
Following the suggestion of Creswell (2007), data collection involved
multiple, related sources. The primary sources of data were semi-structured
interviews and follow-up questionnaires with participants. I also examined
documents related to the program, including recruitment materials and grant
applications.
Instrumentation. In December 2015, I conducted a pilot interview with a
female STEM student at my community college to ensure the effectiveness of my
data collection. This allowed me to determine the appropriateness of my
interview protocol in relation to my research questions, estimate the length and
intensity of future interviews, improve my interview technique, and refine my
interview questions. In March 2016, I began my data collection. I conducted a
series of semi-structured, one-on-one interviews utilizing an interview protocol
(see Appendix B). The open nature of the interviews allowed for the emergence
of follow-up questions that gave participants the opportunity to fully convey their
stories and to “shape the response” (Creswell, 2007, p. 19) and allowed me to
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probe more deeply into the perceptions of the participants (Bogdan & Biklen,
2007).
In addition, I collected documents relevant to the program. These included
advertising materials created to attract female students into the program and the
actual grant application documentation as well. These were used to triangulate
and add context to the interview findings.
Procedures. In February 2016 I contacted Victoria at ECC, the counselor
who currently runs WIT. I did a short, unrecorded interview with her to better
understand the program, its history, its role, and its students. She then invited me
to the weekly meetings of WIT that I attended for the next month. At each
meeting, she introduced me, and I explained to the students my research goals
and asked if anyone was interested in participating. From these meetings, I
interviewed 13 students. Victoria also introduced me to the dean, involved
faculty, and the original staff member who began WIT. This led to seven more
interviews. These 20 interviews ranged in length from 35 to 60 minutes and were
audio-recorded.
Data management. I electronically recorded each interview and had a
third party transcribe them. The original recording and the subsequent transcripts
were stored in an encrypted folder on a locked computer, secured by a unique
password to ensure confidentiality. This folder was backed up to a physical drive
and to the cloud using secure services. All collected documents were stored in
the same folder.
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Human subjects. I took the steps described in the previous section to
ensure that each participant’s data was kept secure and their identity was kept
confidential. I also worked to be sensitive during the data collection to
participants’ reactions, and I attempted to avoid triggering any negative emotions
based on their history. Because of the non-controversial nature of my research
topic, I do not expect any harmful consequences for the participants, but I have
done my best to minimize the risk. Finally, before I collected data I had my study
approved by the California State University, Fullerton IRB to ensure that
participation is safe.
Data Analysis and Interpretation
In this section I describe my data analysis plan, including the techniques I
used. I explain how I started by “playing” with the data to gain insight and then
used the analytic strategy of constructing meaning from the “ground up” to build
themes from the data. All of this was done within the Dedoose software package.
This section then describes how I ensured the validity of my data using an
external audit and triangulation. And finally, I describe my role as the researcher
and examine my internal values and biases.
Data analysis. Planning the data analysis before conducting research is
vital according to Yin (2013): “Too many times, researchers start case studies
without having the foggiest notion about how the evidence is to be analyzed. . . .
Such case studies easily become stalled at the analytic stage” (loc. 3435). I
followed this advice and began by playing with the data. That is, I arranged it in a
variety of formats that helped me visualize and understand it in a general sense. I
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started by reviewing the transcripts multiple times, adding my own notes and
impressions in the margins. Then I coded the data in Dedoose by moving
through the transcript statement by statement. My coding technique was
emergent, and by the last transcript, the codes changed greatly from the first
transcript as my understanding of the data evolved. I then put all the codes on
post-its, categorized them, and looked for codes I could eliminate, condense,
merge, and organize within other codes. Following this step, I recoded every
transcript with these newly composed codes. I then continued my process by (a)
putting the information into arrays, (b) making a matrix of categories and then
placing various pieces of evidence into the matrix, (c) noting the frequency of
particular events or statements, (d) arranging the information into approximate
chronological order, and (e) creating flowcharts and graphics that illustrated the
data. This process greatly aided my actual analytic process. Throughout this
process I triangulated the data within the participants’ roles (student, staff,
faculty, and leadership) and between the roles and the textual data, including
advertisements and the original grant application.
According to Yin (2013), analyzing case study data is more challenging
than other qualitative techniques because the methods have not been well
defined. Consequently, Yin recommended choosing both an analytic strategy and
an analytic technique to mitigate these challenges. A strategy is a broad,
overarching set of guidelines for where you want your analysis to start and end.
For my analysis I worked my data from the ground up as described by Yin
(2013). I pored through the data, playing with it and looking for patterns to
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emerge. This inductive strategy could be problematic for experienced
researchers who may come into analysis with relevant data paths already
planned, but because of my relative inexperience and the exploratory nature of
this case study, it was the best approach.
I had intended to use logic models as my analytic technique (Yin, 2013).
According to Yin (2013), “the logic model stipulates and operationalizes a
complex chain of occurrences or events over an extended period of time. The
events are staged in repeated cause-effect-cause-effect patterns” (loc. 3927). In
development of the study I had believed the logic models made sense, given that
I was investigating an intervention. However, as I proceeded in my analysis I
found that WIT was more of a longstanding community than a single event and
this technique would not help me analyze the data. I decided to proceed with a
ground up, emergent approach instead.
Finally, I used Dedoose, a cloud-based software package, to assist me in
my analysis. I entered my textual data and did my initial coding in Dedoose, then
iteratively developed more complex codes, categories, and groupings within the
tool. The tool was used as an assistant to help me quickly visualize the data, but
I constructed meaning from its output.
Trustworthiness. I ensured the trustworthiness of my data through an
external audit and triangulation. As described in Creswell (2007), I invited other
doctoral students to examine parts of my data to answer the following questions:


Are the findings grounded in the data?



Are the inferences logical?
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Are the themes appropriate?



What is the degree of researcher bias?

I also triangulated my data analysis with corroborating evidence from
different people and with different types of evidence (from interviews and
documents) (Creswell, 2007). I had the opportunity to triangulate across the
different embedded units of analysis as well.
Role of the researcher. In qualitative research it is accepted that the
researchers themselves, with their biases, perceptions, and backgrounds, will
have a strong impact on the research projects (Creswell, 2008). If the researcher
examines these qualities in a thoughtful, reflective manner then these prior
values and experiences can aid rather than hamper the study (Lock et al., 2007).
I am a technical professional with experience working in a STEM field, and
I am intimately familiar with that culture. I am also an education professional with
over ten years of experience teaching STEM to students from diverse
backgrounds. This has given me deep, firsthand knowledge of both the
expectations and culture of STEM professionals and the challenges and barriers
to increasing female participation. While conducting this study, I drew upon my
foundational knowledge to better process the rich, textual data I collected.
I have to acknowledge that based upon my background and my values, I
believe that the number of female students participating in STEM should be
increased, both for the sake of the women involved and the country that is
missing their contributions. The fact that I have come to this belief from a
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pragmatic instead of feminist or equity perspective will also have an impact on
how my research is conducted, and I am aware of that.
Reed (2006) emphasized that researchers are either insiders or outsiders,
and in this case, I was definitely an outsider. I had no prior knowledge of any of
the participants and as I have never been in a position of power over anyone at
the campus, I did not experience any conflict of interest.
Chapter Summary
This chapter described a qualitative, single case study with multiple units
of analysis that explored the perceptions, experiences, and beliefs of students,
staff, faculty, and leadership that participated in a program to improve female
enrollment and success in STEM at a two-year college. It described the
philosophy, vocabulary, and processes of qualitative research and case studies
in general and how this case study fits within those guidelines though its
research design. The setting where the research took place and the process for
collecting the data there were also detailed, along with how the data was
managed and how participant safety was prioritized. Finally, this chapter
explained how the data was analyzed, including trustworthiness and the role my
perceptions played in the analysis.
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CHAPTER 4
FINDINGS
The purpose of this exploratory case study was to discern the perceptions,
experiences, and values of students, staff, and faculty regarding (a) women in
vocational STEM-related degree and certificate programs and (b) professional
women in STEM fields. The study was conducted at El Camino Community
College, which had implemented a program named Women in Technology (WIT)
to improve success, recruitment, and retention of female students in STEM fields.
Thirteen students, one staff member, one dean, and five faculty
participants were each interviewed for approximately one hour. The following
research questions guided the collection and analysis of the data:
1.

What are the perceptions, experiences, and values of the faculty,
students, and staff involved in the program, relative to:


the importance of more women participating in STEM,



the role of women in STEM, and



the role of the institution in women’s choices to enroll or
persist in STEM?

2.

What are the perceptions, experiences, and beliefs of students
enrolled in the program relative to:


their STEM self-efficacy,



their STEM identity,
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the culture of their program, and



the barriers and facilitators to their success in the program?

In the process of answering these research questions, the following
categories of themes were found during the exploratory, emergent analysis
process: (a) choosing STEM, (b) the importance of peers and community, (c)
barriers to success, (d) cultural issues, and (e) elements of a successful support
program for women in STEM. Pseudonyms were used to protect confidentiality in
the process of reporting participants’ perspectives.
Choosing STEM
One of the thematic categories that developed during analysis was the
choosing of STEM: Why it is important that women choose to enter the STEM
field; how these particular women made that decision; and how educational
institutions affected their choice. Throughout this study, there has also been
interwoven within all the themes and categories a theme of revelation; these
students have opinions and perspectives at odds with how we think about
women in relationship to STEM based upon the current literature. The category
of choosing STEM is no exception. One example was that while all of the student
participants thought it was vital that more females enter the STEM field to bring
to the field their skills and perspectives, most of the student participants believed
the skills and perspectives that women bring to be distinct from those of men.
Another revelation was that few of the student participants chose STEM for its
excellent job prospects, yet most advertising material and leaders promoting
STEM to female students emphasize the financial opportunities. Another theme,
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this one expected because of previous research, was that every participant—
student, staff, or faculty—emphasized the importance of reaching out to women
early. Finally, a theme emerged about informing students of their options, the
challenges of doing so, and the impact of the information on participants. Many
students talked about the confusion they felt when choosing a major and how
they started on a different course before finding out about STEM.
Women Are Different
When asked about why there is a need for more women in STEM, not one
student participant mentioned that women were excluded from the economic
gains that STEM workers receive. That is in direct contrast with much of the
research and advocacy that has been done for women in STEM so far which
emphasizes that loss (Kahveci et al., 2006). Instead of economic gain, students,
staff, and faculty talked about the skills and perspectives that women can bring to
the STEM field. There was a broad consensus that women are better multitaskers. Female students are also seen as more dependable, detail oriented, and
patient. According to Mary, a STEM faculty member: “I see my female students,
in general, being significantly more dedicated and more responsible than my
male students. To me, there’s just . . . kind of a harsh difference between the two
of them.” And Regina, a construction management student, agreed:
The professor [said] we’re gonna have a small house, 20 by 16, and he
gave us the plans. I noticed that I was more patient, and I would actually
read the rules, and read what [tools and materials] we needed to use.
While the males were more like, let’s just start hammering and cutting
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wood, and they would do the measuring wrong, or they did it in a lazy way,
and I was more patient, calm. . . . And I noticed that females are a little bit
more detailed and careful when it comes to the measuring.
I also found evidence for a belief that women are more socially skilled than
traditional male STEM students. According to the engineering student Mina: “You
sort of expect engineers to be like, shy and not very talkative, and awkward . . .
to be very anti-social, and stuff. But Society of Women Engineers wasn’t like that
at all.” Sarah, a dean of Career and Technical Education, has observed the
same:
It’s not just this individual who’s really good at math and science we’re
having. He wants to be an engineer. A lot of these young ladies and
women are so diverse in their talents. And so not only are they smart, they
also can present, and they go out and recruit other students. They’re
making posters or they’re designing stuff. So it’s an amazing group of
women who just really can do lots of different things and multi-task and
are creative, articulate, [and can] present. [They are] confident, especially
when they can get together with others.
The study participants also thought it was important to bring women’s
unique perspectives into STEM. According to the math student Ashley:
I think women in STEM fields can offer a complete different perspective,
and have a different outlook to teach or to be involved. One of the friends I
know works at Northrup Grumman. It’s interesting because they have
these meetings, and she’ll have good ideas whereas no one else has
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thought of that. Is that because she’s a woman or she has a different
perspective? That’s interesting because, of course, she has a different
perspective, because of her upbringing, right? Because she’s a woman or
because she’s whoever, [her perspective] is different than yours.
Job Prospects
Another revelation was that the female students who choose STEM are
not choosing STEM because of the higher pay and better job opportunities. Many
select their fields because they want to help people, protect the environment, or
contribute to the world in general. When Mina was asked what interested her
about her chosen field, she replied, “Well, it’s actually the fact that I can actually
do something to change the world, I guess. I can contribute my knowledge to
maybe make something or build something that can actually change this world
for the better.”
Zoe, a landscape architecture student, agreed:
And I think I could help people, which is my original intent as a high school
student, through creating amazing built environments and taking care of
all the details nobody wants to think about. All of the little technical
engineering, planning, and research [that includes] what kind of buildings
do people want to live in, what makes people happy/not happy, and all of
that’s actually available through data and GIS.
According to STEM faculty member Mary this has caused a problematic
side-effect; female students emphasize the softer, less technical aspects of their
STEM fields:
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I had this conversation with a student, she was wanting to do something
vague, but in the environmental studies. I could see again it was more in
the, “Oh I love animals and plants, and that’s what I want to do,” and, you
know, I totally agree with that, that’s why I started in biology. [However]
the field is utterly competitive now mostly for women, and some men,
coming from that background. There’s so many of them. I see a lot of
resumes that have that standard approach, you know, “I’ve volunteered
with the wildlife organization, yada yada” but there’s no really more
scientific [courses] or mathematical statistics. I would try to talk to her
about the value of statistics, . . .on databases and statistical analysis that
can really pop you ahead of [other applicants]. I try to get them to think
about moving beyond the standard female approach to environmental
science, which I think doesn’t prepare them well for [a] true job or career
advancement, without a stronger math and science background. And I
also encourage them to get some programming skills because . . . the
paying jobs are in the mobile development, the apps and software
development, not in making maps.
Mary also insisted that most of her female students do not consider the
financial consequences of their decisions:
I tell them that there are differences in salaries, but I think a lot of young
people aren’t thinking about that yet. . . . They haven’t had to pay bills yet.
. . .Yeah, it’s a rude awakening.
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In fact, the only students who indicated that job prospects and salary
influenced their decision to enter STEM were older students with children who
returned to school after working in other fields. This is in contrast to the
advertising produced by the WIT program to attract female students (see
Appendix C).
Start Early
One unsurprising theme that came up was that of reaching out to female
students early. Faculty like HVAC instructor Patricia brought it up when
discussing the challenges of attracting female students to her area:
In my particular area, [the number of women is] pretty low and so a big
part of my role here is try to figure out how to get more women into our
program. And that’s proven to be quite the challenge. I’ve joined
communities, I’ve taken part in conferences, and you know, everybody
comes back with the same answers. “You gotta start young,” “You gotta
get them while they’re young,” “Start it with elementary school.”
Geographic Info Systems professor Mary agreed:
I think that should start very early, well before community college bringing
girls into the technology and science and mathematics arena. Without that
happening in the lower grades from middle school and high school
especially, I don’t see how this is going to change any time in the future.
More optimistic is computer science student, Brianna, who sees promise
in the recent STEM programs for young women “There should be more girls,
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because now they’re more having programs in high school like Girls Who Code. I
was like, “Why are you doing this now? You should’ve had this like, long ago.”
Inform Students of Options
The final theme that almost all student, staff, and faculty participants
brought up was the importance and challenge of informing students of their
options. Many staff and faculty indicated that their female students had not even
considered following a STEM path. Sarah, the dean of Career Technical
Education, recounted this encounter with a student:
I had also one situation where we had a Saturday robotics class, and I
was out there kind of bringing some students in, directing them where they
should meet, etc. And this car pulled up and it was a brother and a sister.
They got out and the sister brings her brother up to the classroom. She’s
younger than him but she is guiding him onward to the classroom where
the robotics class is. And so, you know, we’re talking and I said, “Well,
what are you doing?” I said, “Do you want to join us in the class?” She
said, “Oh, I can’t.” And I said, “Why not?” and she said, “Oh, my mom
wants me to take cosmetology classes as soon as I can.” I was like “Oh.” I
said, “You know you could make a lot more money doing [robotics].” You
know?
Therese, a member of the welding faculty, admits that even she had not
considered a trade and found her way into STEM by accident by being
apprenticed to a metal sculpture artist:
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I think that women aren’t trained or told that a trade job is a direction, an
option. Unless maybe as nurse or cosmetologist. Even my parents are
kind of shocked that I do a hands-on job but that was my path. And
because I did the artistic path, it kind of is a more female path.
Students also reported confusion with which STEM path fit their career
goals. Engineering student Lucia didn’t understand the difference between being
an auto mechanic and being a mechanical engineer:
That's where I was confused, do I do automotive technology or what do I
do? And I was like "Okay" and I explain to [her counselor] that I want to
work on cars . . .I want to be the one who from the ground up builds an
engine, who decides how this and that works from this mechanism and all
that, and he was like "Oh, mechanical engineer?" and that's when I look
that up.
Participants reported that a program like WIT can make great inroads with
guest speakers, field trips, and informational materials. These data are discussed
in the section of this chapter titled, “What a Successful Program Looks Like.”
Importance of Peers and Community
Previous literature supports the finding in this study of the importance
participants placed on their peers. Borum and Walker (2012) acknowledged that
peer recommendations for creating more female-directed study groups facilitated
success. Peer relationships can help combat isolation, improve low STEM selfefficacy, increase STEM identity, and reduce the impact of stereotype threat
(Borum & Walker, 2012; Buse et al., 2013; Johnson, 2012; Rice et al., 2013).
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Peer Support
Most students emphasized the importance of support from their peers.
Zoe, a single, working mother studying geographical information systems
software, said she didn’t need most of the traditional support services offered by
the school such as counseling and tutoring. She said that studying with a friend
she met in class is what has helped her stay on track and to overcome any
challenges with the material. Jasmine, a computer engineering student,
emphasized that having a study group of other female students motivated her to
stay in the program in spite of scheduling conflicts, outside responsibilities, and
challenging course materials. When asked if she had ever considered dropping
out, she replied:
More towards the beginning. Yeah, because the [general education]
classes I was taking at the time. They were in the morning, but the
[electronics] program I was taking was in the morning as well. Monday
through Friday. And I only had the electronics class here in El Camino
twice a week. So I talked to the teacher, and he was like, “Yeah, you can
come see my night class,” and I did that for a bit. But it started to tax on
me; it started to wear me out. But you know, I finished the program, I stuck
with the class, came back, took the first test, saw that I got an A and I was
like, “Oh okay, maybe I can do this.” [On the] next test, didn’t do so good,
got a D or an F. And then, there were about three girls in my class, and we
just got together and sat down and [said], “We’re gonna study. We’re not
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gonna stop; we’re gonna do this.” And so we just sat there, studied before
every test, finished the class, and walked out with As.
There was evidence that female-driven study groups combat feelings of
isolation by allowing students to bond over their feelings of otherness. Accoring
to math student, Ashley:
A lot of the [other] girls that are also having troubles. [For example,] one of
the girls in our study group, she’s a cheerleader, right? And so we bonded
over that. I was like, “Oh yeah, people really think we’re stupid.” It’s just
something I know I’m self-conscious about.
Ashley also talked about the challenges of trying to prove herself to get
male students involved in her study group:
Forming a study group and having a text group [available for questions]
helped. Our study group kinda just started with like me and two other girls.
So I really had to go out (because I don’t feel they’re strong in math) and
try to get guys [who are stronger in math] involved. [To get them
interested,] I’ll go up to the board and do the hard ones so [he knows he]
can benefit from this study group, too. [Right now our study group is] four
that are going twice a week, and it’s been really nice.
Faculty participants also saw the value in study groups; however, some
students described instructors who discouraged working together, to the
students’ confusion and frustration. According to computer science student,
Brianna:
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Usually most of the time, [in the real world] you would be working with
people. But given how [some faculty at] El Co do certain things, you have
to do by yourself. Even though we prefer to work together in a group,
because it makes the work go by faster, and we all learn from each other.
And it actually makes the program even better, but the teachers prefer to
see what you can do by yourself. . . . But for me, that notion must be
gotten rid of, because given how it is right now. In fact, everybody should
be working together, because the one thing that all my teachers have said
[is] that in the field, you will be working with other people; you will not be
working by yourself. Yet they give us programs that require us to work by
ourselves.
Individual work is a traditional tenet of STEM culture.
Physical Space
An interesting finding was the importance of physical space to students––
how they used it to meet the challenge of the STEM program and how it helped
them build a community. Ashley, a math student, talked about her frustrations
studying in the library and other multi-use areas on campus:
I’ve definitely seen massive discrepancy in STEM and non-STEM
students. . . . Like doing my homework in the library is a complete
difference of the mentality. . . . I had to leave the library because it’s so
loud. I don’t understand, even the [librarian], she’s trying to keep it down,
but then decides if you can’t beat them, join them. And she just put white
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boards up there to maybe make it more productive. Meaning it’s like,
there’s no focus.
Ashley explained how STEM-focused study spaces are different:
MESA is math, engineering, science, and academic success. It’s where
STEM majors can go. . . . It’s been great. That’s where I do all my
homework and it’s so focused. That’s where our study group meets. They
have see-through study rooms so you can close the door so it’s not that
loud, but you still have to be focused.
Sarah, the dean of Career Technical Education, talked about how a large
part of the creation of WIT was driven by the desire to have a physical space for
students in order to help them create a community and connect to the campus:
We wanted to create a center where there was a place for them to go and
be able to––you know like minds. . . . They stay at the WIT Center
because it’s comfortable, and it’s just nice. They’re able to relax and talk to
each other about their studies, and it’s not a heavy duty study center. And
that’s what we want to do––one place where they can gather.
There is one other thing I’d like to add to that. [One goal of WIT] was
retention—creating awareness, educating, but also encouraging students
to stay because they felt connected somewhat. There is a study by Vince
Kendall, and he found that students if they can engage on campus and get
to know their instructors or a counselor or a staff person, that they make
that connection and they do feel part of something and so they tend to
stay.
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Chloe, an architecture student, also commented on how important the
community of her architecture lab was to improving her process and keeping her
focused on her studies:
The Architectural Deparment lab [was helpful]. Just that kind of
community, because once class is over, you’re gone. You’re off either to
lunch, you’re off to another class, you’re off to go home, you’re off to go
hang out with friends or something. For the architecture lab, people come
early, people stick around for hours. And people come in on days where
they’re not even having class. It’s a place to be; it’s a place to talk with
people, grab lunch with them. But then also a place where you can get
actual feedback on your work to make it better. And it’s not like you’re
stealing ideas; it’s like you’re improving on your ideas. They’re just
pointing out ideas that you didn’t notice about your own ideas.
Our architecture lab is really community-based . . . that community-based
feel where you feel okay to ask people [for help], even if they’re not
currently taking your class. Just ask other people in the lab, too, if they
have a different take on your stuff. And that’s good because it’s teamwork.
. . . Mainly it’s good [because of] that community feel. Because even
though you’re not living with these people, you are there a lot. So it’s
better when there are rooms that are like a home base.
These study groups, physical spaces, and the sense of belonging and
community they nurture appear to address many of the barriers to success that
female students in STEM face.
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Barriers to Success
The findings of this study indicated low STEM self-efficacy among female
students in STEM as a barrier to success, which was supported by previous
literature. Female students’ weak STEM identity in this study was based on their
belief that they are lacking in real-world STEM knowledge. A second barrier was
found in the theme of poor teaching, that is students having teachers who were
uninterested in their students’ success. A third theme that was identified was the
theme of outside time commitments, another finding supported by the literature.
Students who attend community colleges typically work and female students
often bear the brunt of familial responsibilities. However, this seems to be
particularly challenging in a rigid, fast-paced STEM program. Similarly, previous
literature has concluded that female STEM students often experience isolation
and intimidation, but the findings of this study indicated that the culture of most
STEM programs exacerbates those problems. Finally, participants described a
culture of sexism and its impact on their success in the program.
Low Self-Efficacy
Research tells us that students who have higher self-efficacy are more
likely to persist in STEM (Hong & Jun, 2012) and that female students typically
have lower self-efficacy than their equivalent male counterparts (Heilbronner,
2013). The findings of this study also show a gap between these female
students’ (a) perceptions of their ability and (b) grades as evidence of their ability.
When asked about how she compared to her colleagues in computer science,
Brianna said:
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In comparing myself to my colleagues, I would say I’m a bit lower on the
field. When we start to do work, they just go straight into it. And I’m like, “I
wanna fully understand what I need to do first.” I need to break it up into
pieces. I need to write out what I’m going to do first—how it needs to look,
what form everything I need will take. Before I even start touching the
keyboard. But they start touching the keyboard and then in like an hour
they’re done.
However, she also stated that the male students commonly get stuck on
unanticipated problems that her slow and steady method had prepared her for.
She also told me that she is an A student, but in spite of both of these facts she
labeled herself as less competent.
Engineering student Mina also earns As but feels inadequate:
I feel, actually, not very smart when I’m with them. Because I feel like,
everyone’s so much better than me in those fields. And I’m here just like
trying to be an engineer. And some kids that are studying aren’t even in
engineering [but] are so much better in math or science than I am. So I
think I get discouraged a bit when I see those smarter people.
When mathematics student Ashley was asked how she compared to other
students in terms of STEM ability, she explicitly stated what many of the younger
female students seemed to imply:
Ability-wise . . . on paper I’m doing really well. I have an A [in most
classes]. I’ve gotten good grades. You want to go off what the [grade on
the] paper says. But it’s like, I don't know. I mean the only people that ask
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me for help are girls. But I don’t know. . . . I like to think I am. But I don’t
know. Well, [guys say things like], “I’ve taken apart computers and put
them back together.” So who knows?
Much of this distrust of their grades seems to stem from a belief there is
some real-world knowledge they are not privy to. Jasmine, a computer
engineering student, spoke of her anxiety about finding a job and being asked to
do a task she is not prepared for because her schooling may be all theory. Lucia,
the mechanical engineering major, had similar anxieties: “I freak out thinking that
I'm gonna be one of those people who, you know, don't understand this things
but then they're in the field and it's like, ‘What are you doing here?’” Camila, a
chemical engineering major, also talked about practical experience as if her
peers had more practical experience than she did, in spite of the lack of evidence
to support this conclusion:
But when it comes to actually thinking of going out into the real world, I’m
feel like I am not prepared because I don’t have the experience on how to
apply that knowledge I have. I don’t know. I think it’s just a matter of
getting that experience to where I can feel I’m on the same level with
them.
Some students, such as the math major, Ashley, feel that they need to
prove themselves to their male colleagues:
Guys would say, “Maybe we can do our homework together.” But even
then, I have to prove myself first, because I feel some of them are
thinking, “Oh, I’m going have to be pulling most of the weight.” So you
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have to go up [to the board] and do the hard physics problem that’s
integrated with trig, before they go up.
However, it appears that this lack of self-efficacy may dissipate with age.
The female faculty I spoke with were all confident in their abilities. And Zoe, the
adult single mother who was studying landscape architecture, was very certain of
her competence “Personally, I feel pretty technically able. I’ve always learned
different software programs. I worked in a research development company for
interactive television back in the 90s, so I got to learn different things . . . html
commands, querying, and [Microsoft] Access.” But when asked about her
technical self-efficacy when she first attended college 20 years ago “No, no. That
was—I was really young. I . . .I didn’t...I just got my first e-mail [account].”
Poor Teaching
Many students felt their teachers did not care or were not interested in
teaching STEM students. Some students also spoke about conflicts between
teaching styles and their learning styles in STEM classes. This is separate from
the normal challenges of STEM coursework, which the students understood and
expected to be difficult. Lucia, a mechanical engineering student, specifically
talked about how poor teaching could be a challenge to course completion and
made her feel she did not belong in the program:
Some professors aren't enthusiastic about teaching students. They just
really love what they're teaching, but they're not that good at teaching, you
know? I would try to tell them, “Teach us as if you were teaching yourself
when you were an undergrad. How do you think you could help your
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younger self?” Stop viewing it as let me just dictate. These and that, and
this is all the information you need. I'm like, just explain it to us as a
human not as a book. . . . It’s hard to find those really good professors, but
either way, I'm thinking I should just be able to adapt. . . . And they would
explain stuff to me, but I still would not understand. I would go see tutors. I
would look things up online. I would look through the book; I would ask
other students. And I just . . . I cannot get it. I [thought], “I guess this is my
sign telling me I can't do engineering.”
But when Lucia got a teacher who gave her personalized attention and
made her feel comfortable, she got an A in that subject. Natalia, another
mechanical engineering student, also felt that teachers were not dedicated to her
success and that they expected a great deal of memorization but did not build an
environment conducive to learning:
I feel sometimes the teachers are just trying to get their job out of the way.
And just say, “Here. Here’s the material,” and they just hope for you to
learn it. They treat it like an online class. They give you a bunch of stuff
and you just write it. They expect you to go study it on your own, but they
don’t give you an actual classroom environment where you can actually
learn instead of just copying stuff down.
Ashley, a mathematics student, had a better experience when she sought
out a female teacher for one of her more challenging courses:
[For my] trig teacher, I specifically chose a woman. [Out of] all of my
professors, she cared; she wants to help you out, and she’s really good.
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And it’s been really nice to [finally] see a math teacher who, you know, I
don’t want to say “doesn't suck,” but knows her stuff and is able to explain
in a way that we can understand.
Outside Time Commitments
Many of the student participants reported that outside time commitments
often conflicted with success in their STEM program. While this is not a complete
surprise, as community college students are much more likely to work and
female students typically take on the bulk of the family caretaking responsibilities
(Reyes, 2011), this barrier did manifest in unexpected ways, in particular the guilt
female participants felt at choosing their family over school.
One of the most revealing findings was that when given an opportunity for
free childcare, women did not take advantage of it. According to Sarah, the dean
of Career Technical Education, when WIT fought hard for a grant to pay for
female students in STEM classes to get childcare:
The students didn’t use the childcare. There didn’t seem to be a whole lot
of interest. It might have been a younger group of women at that time that
didn’t have childcare issues, because usually women vote [for] childcare.
But that really wasn’t the case here.
Sarah said bus passes and other tools were more popular. This is not to
say that female students do not have parenting challenges. Family
responsibilities and childcare were on the minds of many of the participants.
When I asked Zoe, the landscape architect studying geographical information
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systems software, if there was anything else she thought I should know, it was
the first thing she spoke of:
I think women, or at least returning-to-school women, have unique
challenges that, unless you’re a single parent trying to do everything on
your own, [you would not understand]. I think that, even though the
classes are offered at night, which is great, because you still have to work,
you still have to make money. [But] who watches the kids at night? Who’s
going to do that? Having an on-site class that’s mandatory makes it
difficult. Who are you gonna pay to do it? Who are you gonna ask a favor
to do it, so that you can keep trying to better yourself?
And for many of these students those questions cannot be answered just
once at the beginning of the semester and then they can move forward. Due to
shifting work and academic responsibilities of their partners, they might end up
having to drop classes in the middle of the semester or not live up to their full
academic potential. According to Lucia, the mechanical engineering major:
There has been a couple of times where I get frustrated. You know I have
my daughter, and I have a really stressful personal life that I can’t give
school my full attention. . . . Instead I am half here, half there, jumping
back and forth. I was actually in Engineering 9, and I just dropped that one
last week because I have a daughter and I have a husband, and he
comes to school, and he works as well, so it was not gonna work with our
schedule anymore. So, I'm just gonna take that one when I transfer to a
university.

78
This discussion led to another revealing finding. Many of the student
participants felt guilty at not being able to put in the amount of effort that is
expected of a full-time STEM student. Lucia sometimes feels:
Maybe I just shouldn't go into this because I think an engineer who is
putting their time into this should give their all into this. You know, you're
working with the mechanisms that produce everything in the world. You
should be able to put in all your time. I don't think I project as much as
what I could do because I will always put first my daughter so I don't put in
as much effort [time]. . . . I have my personal life that is more important to
me.
In addition to family responsibilities, many of the participants also had
work responsibilities. The majority of participants worked at least part time and
some worked more than full time while still attending school. Ashley, the
mathematics major, was employed at three jobs and had to lie to some of them
so they do not know how many hours she is working:
I told MESA [I was working] 30 [hours per week]. This isn’t illegal, but I
actually work 55. Trying not to go to near 60 because then I’m not getting
enough sleep.
Isolation and Intimidation
Feelings of intimidation, isolation, and rejection were common among
participants, and these factors have been well documented in the research
(Johnson, 2012). Intimidation is actually part of the STEM culture; it is common to
conduct orientations that highlight how difficult the program will be. But these
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practices may be directing female students into other areas. Kimberly is currently
a chemical engineering student but she started in aerospace engineering at a
nearby university before changing majors and completing a bachelor’s degree in
Japanese. When asked if she had ever considered dropping out, she talked
about the decision to change:
Oh man, I did have that point back in Irvine. Where they showed me the
times. They tried to scare us out [in] freshman year, saying, “These are
your schedules, these are your classes, these are the blocks you’ll be
studying.” You had like one hour [of] free time a week, or something
ridiculous like that. And that was very effective, I dropped out.
The mere fact that women are outnumbered so heavily can also be very
intimidating to female students. When asked why more female students were not
interested in STEM, Jasmine replied, “Some girls don't like the whole being in a
classroom where they feel outnumbered and the rest of it. They could be
discouraged a bit.”
Similarly, Kayla, a chemical engineering student, started on a different
degree path because of the gender disparity in STEM classes and almost
finished a B.S. in psychology:
I was also afraid of the large gender differences. I didn't want to be the
only female in these classes, you know. So that was a huge factor in me
being put off and being like, “Nah, I'm just gonna study psychology.”
Brianna, the computer science major, felt isolated both as the only woman
and as one of the few people of color in her STEM classes:
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I’m 25, African American, and in most of my classes leading to this
semester I noticed that there’s barely any, in a sense of, other girls like me
in my classes. Everyone else is either the usual Caucasian or Hispanic or
whatever in the class. But when it comes to my core classes like the
higher level math, in the physics, in the chemistry, in the computer science
especially, all of it are guys. And it’s usually the Caucasians and Asians,
[and] there’s usually no other girls. So I stick out like a sore thumb in the
classroom.
Gender stereotypes can also lead to intimidation of female students. While
discussing the low number of female students in her physics class, Camila, a
chemical engineering major, said:
Ridiculously low. It’s very intimidating, because when I was younger I’ve
always heard men were better in math. Even when they’re joking, it
actually makes you believe that. So when I’m in one of those classes I
think, “Oh, probably the top student would be a man.” So up to until now
I’ve noticed my grades, well, my math scores, have been improving. And
the first exam, I got the highest grade. It completely changed my
perspective. But even then, I still sort of believe it. ‘Cause that’s just how
people joke about it. As if women are always supposed to be in the
humanities. Like I’ll be studying math on the bus, and I can tell that
especially the men look at me, as if like “Why are you studying that?” I
don’t get that “Why are you studying that?” It’s very judgmental in general.
Even if they don’t mean to do it on purpose, it kind of just happens.
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The lack of women in STEM also lead to feelings of isolation and weak
STEM identity that can have a negative impact on completion (Borum & Walker,
2012). And the problems might be worse than we know, because female
students may not be comfortable talking about their feelings, as recounted by
Ashley the mathematics major:
I think it’s important to know [there are] a lot of the girls that are also
having trouble. Like one of the girls in our study group, she’s a
cheerleader, right? We bonded over that. I [said], “Oh yeah, people really
think we’re stupid.” It’s just something I know I’m self-conscious about,
and it seems like [she is], too. It’s not something you talk about to people,
so I don’t know about everyone else.
These feelings of isolation and rejection can also be related to the more
direct sexism that is often present in STEM cultures.
Culture of Sexism
The culture of sexism that participants experienced takes many forms.
Some talked about blatant sexism such as being told that they were physically
incapable of doing the job because they were women. Some told stories of
sexual harassment. Most of the sexism discussed was more subtle––a lack of
respect, the ignoring of their ideas, and a general discouragement from pursuing
STEM.
Therese, the welding faculty member who has been working in the trade
for over 20 years, brought up one of her early experiences with being dismissed
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as a woman and why she feels women are not socialized to deal well with such
treatment:
“You should step aside and let a real welder come in.” He was referring to
a man. So you have to have a thicker skin. And again, culturally women
are raised to be pleasers like, “Oh, I hope I didn’t offend you” [or] “Oh, I
hope they like me.” When you go into an industry that is not accepting
[women], then it’s difficult on some who were raised that way, to go want
to be pleaser, want to hear that they’re accepted.
Therese said that one of the qualities that made her successful was
having a tough, no-nonsense attitude, but she stated that she had seen such
statements as those above scare her students out of welding. The faculty
participants, who had been involved in STEM for a longer period of time, all had
stories of direct sexism. Mary, the geographic information systems faculty
member, said it was the main reason she left her Ph.D. program 40 years ago.
But Kimberly, the chemical engineering student, not only experienced sexism but
a hostile environment in her recent job as a technician at a satellite company:
We went out to lunch one day, and I drove with [the men] and they
actually went to a strip club during work hours. I was like, “I can’t believe
it.” They dragged me along, even though I didn’t want to go. I was really
uncomfortable; it was really, really weird to be there. I was like, “I want to
go back to work, because we’re getting paid to work.” It was just
ridiculous. And they would make comments, not about me, but about
women in general. And I would overhear it, and it would just make me
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really uncomfortable to be there. Then, by the time I had enough, school
was starting so I was able to quit with a reason and say, “I’m going back to
school,” and get out of it. It was just not a good experience. And I hope
that was the worst experience I’d have to experience in this field. Because
that’s one thing I’m a little worried about.
Most of the sexism was much more subtle, such as having their ideas and
contributions ignored. Lucia, the engineering student, spoke about an experiment
in her physics lab:
For example, we were doing an experiment not that long ago, where we
have to measure the distance that a beaker goes down before it
separates. So we were measuring the surface tension and [male
classmates] were trying to clamp the caliper. They weren't sure how to do
it, and I kept telling them put it upside down, clamp it on to this, and all we
have to do is turn the little jack table and it does all the work for us. We
don't have to be moving both separately. And at first they kept ignoring
me. Then afterwards I ignore them, and I went [and] did it and they were
like "Oh, oh that's a really a good idea," and I was just, “[Yeah] but you
didn't listen to me because I'm a girl,”. . . I knew how to work with it a little
bit because I've more experience with a lot of tools like that because I've
worked on cars and done other stuff hands-on, not just the engineering
aspect of it. . . . But they kind of ignore sometimes because I'm a girl.
One of the most common forms of subtle sexism reported by participants
was the discouragement experienced when they talked to family, friends and
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professionals about their interest in STEM. Mina, the civil and environmental
engineering major, went to a career counselor in high school:
I went to a consultant before I applied to universities. I wanted to be an
architect, actually. I was in grade 10 at the time, and he told me I should
be taking AP calculus when I was in grade 10. And I wasn’t strong at
math. So he sort of discouraged me to become an architect because of
the lack of my mathematical skills.
While STEM majors and careers are mathematically demanding, most
high achieving students like Mina will be able to complete the mathematics
requirements within six years. The tenth grade is plenty of time to prepare. It was
more common for participants to be discouraged by family members than by
school personnel. Lucia, the engineering student, spoke about that:
My sisters, well, they follow my mom [with] “No, girls aren't supposed to do
certain things,” so I was always . . . shut out on certain things. . . . As a kid
I always wanted a remote-control car, [but] they will never get it for me. It
was always baby dolls and stuff.
Natalia, the mechanical engineering student, felt that her family was just
waiting for her to fail. Alejandra, the staff member who started WIT, said she
noticed a distinct difference between the Hispanic families and other families in
terms of how they felt about their daughters entering STEM: “When I [would] go
on a promotional tour to talk to the parents, the parents were like ‘Oh, no. That's
not for my daughter. No, of course not. My daughter cannot be doing such a
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job.’" These cultural expectations are carried by students into their academic
careers.
Cultural Issues: Students and STEM
The success and choices of the community college student participants
were impacted by their cultures of origin and by the culture of the STEM
program. Sexism as a part of STEM culture has been addressed in the previous
section, but student participants also discussed additional cultural facets of
STEM including the practices of weeding out underperforming students and of
working individually, which was often at odds with how they prefer to learn.
As for the students’ cultures, most were first generation college students
with families that did not understand the college culture. They had very few
female role models and almost none had female relatives in STEM. Finally, the
student participants came from cultures with very strong expectations of women
and men and their respective roles; the choice to pursue a degree in STEM
violated those expectations.
STEM Culture
STEM programs are known to be very challenging (Hernandez et al.,
2013). They require high-level math and physics classes, and they have rigid
prerequisites that force students to complete their classes in a certain sequence
(Bayer Corporation, 2012). And, as I describe in the “Challenge of STEM” section
of this chapter, many of the participants had a great deal of pride in the difficulty
of STEM courses. However, this level of difficulty has led to a common practice
of weeding out, that is, making coursework deliberately difficult and intimidating
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to convince students to drop out. This has been so effective, according to
Kimberly, a chemical engineering major, that she dropped her original aerospace
engineering major and completed a bachelor’s degree in another field before
returning to get a STEM degree. As she explains it:
I got into Irvine with aerospace engineering as my degree . . I was like,
“Oh, I’m good at math and science, so I’m gonna give this a shot.” But it
was really overwhelming. It kind of did the whole, “We’re gonna scare you
out of it [STEM],” just to scare out the people who are really not dedicated.
Brianna, the computer science major, had made similar observations:
What I would find most challenging would be the approach—in how they
go about in doing it. . . . The thing is, some of these programs are
[designed to] really grind your gears. And make you wanna say, “I don’t
want to do this anymore.” Because it feels like so much and
overwhelming.
Both students certainly understood how challenging STEM is but felt that
the programs were made even more difficult by faculty trying to intimidate
students. Brianna also commented on how the courses seemed to require
working individually and competitively:
When I’m at home, I have no one there. I’m just by myself, staring at a
screen, and I have to figure out how to do this, what goes on, everything
like that. And the notion is that, in STEM it’s like, it’s a dog eat dog world.
You’re either gonna get it or you’re gonna disappear, that’s it. You can’t
make it after that.
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Most students highlighted their preference for working collaboratively, a
research finding discussed in “The Importance of Peers and Community” section
of Chapter 4.
Students’ Cultures
The cultures the students brought with them to their studies also had a
large impact on their success in STEM majors. Most participants were first
generation college students, often the first in their family to attend college, and
had little familial guidance for careers. The majority were also Hispanic, as ECC
is a HSI. There was a decided lack of female STEM role models among the
participants and almost none had female relatives in STEM majors or careers. A
small number did have male family members who encouraged them, and they
indicated that this support had a positive impact on their choices and success.
Finally, interwoven with all of these findings was the impact of the expectations
placed upon the participants as women by their families and culture. Many felt
pressured to be mothers and not pursue higher education or were discouraged
from proceeding in STEM because of those expectations.
Family and background. Most participants reported being first generation
college students, although several had siblings who had attended higher
education institutions. Like Regina, the construction engineering student, many
participants were the first females in their families to attend college:
“Unfortunately, I’m the first one. I’m the first female in college from my family. In
my dad’s family, and from my mom’s side of the family—I’m the first one.”
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That was a fairly typical statement from participants. They also reported that
family, neighbors, and extended social networks could be unsupportive of
education in general and women in STEM in particular. Sometimes people were
actively dismissive, as described by Natalia. the mechanical engineering major:
I’m sometimes out on my porch studying and all that. . . . And they look at
me and I see them giving me weird stares. You can tell education to that
level isn’t in their mind, and that seeing something like that it’s just
completely [strange].
Many Hispanic participants also pointed to their Hispanic culture as
inhibiting their success in STEM. Alejandra, the staff member who started WIT,
highlighted the challenges of convincing Hispanic families to support their
daughters in a decision to study STEM:
The Hispanics’ reactions were like "Wow!” They were in shock. “Oh no, I
cannot do that." You know, because, I guess, how, the cultural is. And the
African-Americans they say, “Well let me think. . . . I can take the risk. I
can take the chance probably.” And the Whites, they're a little bit more
normal. And of course the other reaction is of the Asian people, they were
kind of “Hmmm, let me think.” Yeah, but for Hispanics the first impression
was, "Oh, no, no this is not for me.". . . The Hispanic families have more
traditional gender roles, of course, yes.
Lucia, the mechanical engineering student, had noticed something similar in her
experience:
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[My] personal culture, for me Hispanic culture versus American culture. . .
. It's a lot to fight against with Hispanic culture because they do not like
girls being in what they call men's jobs. Even when I get my bachelor's
they’re will still be like, "Oh, tsk, I can still do more than you." They're just
very stubborn. . . .[The] Hispanic [people] they're straight up like, "No,
you're a girl. No." And American they're more..."Okay. Yeah, sure."
They're a lot more open to the idea.
Camila, the chemical engineering student, felt her father was disappointed
in her because she did not pursue a more traditional path of motherhood in lieu
of higher education:
My dad, he didn’t think I was taking this seriously. Or [it was] more like he
wanted me to be [more like] where he came from. You know, get married
at a young age, have children. Or if I did choose the school route, not to
be a scientist or an engineer. [However] just recently he’s like, “Wow, I
used to not admire you, but now I do.” Because he’s seen how hard I
worked, but that makes me think, “Well, what did you think of me before?”
John, the electronics faculty member, recounted an experience that
illustrated what happens when these rigid gender roles are further enforced by
filial duty:
I have a success story, and this is one of the reasons why I got into the
Women in Technology program. About 15 years ago, I had a student in
my class, a female Latina, and she was very, very smart. I asked her,
“What do you want to do when you graduate?” She took my electronics

90
class, my basics electronics class. She was always interested in
electronics, and she wanted to find out about it. And she said, “Well, my
dad wants me to get married and have kids.” [At the time] she worked in a
convalescence [facility] changing bedpans, and I asked her, “So, what do
you want to do?” She says, “Well, I like to fly.” So I asked her, “Why aren’t
you going to learn how to fly?” And she says, “Because I honor my father
and my culture, and I am the first one to go to college.” That’s another
thing, too, a lot of women that come into our program are first generation
or first females to go to college. And so I told her, “I’ll meet with your
father. I’ll set a meeting with your father, and I’ll see if we can convince
him in letting you pursue your dream.” So I went over to her father’s house
over here at Gardenia. I thought I was going to get jumped ‘cause all of
her uncles were at the front porch, waiting for me, and I told the father,
“Look, your daughter’s a very smart woman. She can be a leader of men.
And she’ll make you proud. But you have to give her your blessing.” And I
left, and she finished her class. So about four years later, I’m sitting there
lecturing at the old building, and I happen to look at the corner of my eye.
She was kind of a short, young lady, and I saw this young lady’s silhouette
outside my door. She wanted to talk to me. [She was] wearing a blue
uniform, had her wings on, and she had her bars. She became a pilot.
The Challenge of STEM
In the section of this chapter outlining the barriers to success, participants
discussed the impact of poor teaching on their experiences as STEM students. In
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the “Stem Culture” section, I presented participants’ perspectives about the
tradition of weeding out weaker students, and how this practice made progress
through the degree more difficult than it needed to be. But it is important to
realize that STEM coursework itself is very challenging. Regardless of gender,
the majority of students who begin in STEM will change their major before they
graduate (Brainard & Carlin, 1998). Many of the causes for this are well
documented in the literature, including (a) that the material itself is very
challenging and usually includes higher-level mathematics and physics courses
and (b) that STEM programs have a strict pipeline, and students who fail one
class may be forced to immediately repeat it before progressing. But there were
a number of surprising findings in this study. The sheer complexity of the
programs, with prerequisites, transfer limitations, and a large number of classes,
tended to drive students out. Also it was surprising to find that a large number of
students had changed their school or degree, which, while fairly common at
community colleges, exacerbated all the other challenges in completion. And
finally, I did not expect to learn how proud so many participants were at the
difficulty of STEM coursework and of their STEM identity.
Proud of STEM Challenge
I found that many of the participants were proud to be in STEM and to be
taking the challenging coursework involved. They used this identity to distinguish
themselves from other students. In the words of Kimberly, the chemical
engineering major:
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The STEM culture is unique on campus. We’re really a hardworking bunch
because we are going into a difficult field of study. We’re all going to
become scientists and engineers, which requires a really big amount of
work. So I’m going into other classes like entry-level biology classes or
English classes, and I just look around and the level of work these other
students put in is just mind-bogglingly low. Because I’m used to being
surrounded by students that put in so much work, like hours and hours
and hours of work per week, into these really difficult classes. . . . Like
some classes, [other students say], “Oh, I’ll just do what I can to get the
A,” but for science and engineering it’s like we want to understand what
we’re doing. We want to understand it fully and remember it. We work
hard.
Ashley, the mathematics student, had a similar perspective. When talking about
the non-STEM students she dealt with as a tutor she explained:
Some people are like, “Oh, I’m not going to class because of traffic.” Like,
finding any excuse not to make it to an exam. Not everyone, but a lot of
people do it. And you’re just like, “Dude, how are you missing a test?”
Right? How are you missing a day of class? One day? Or like, ten days,
right? . . . If you apply that same logic to a STEM class, you’ll get an F.
In addition to pride, many participants indicated they felt considerable
anxiety about their performance in class. But that was not the case for all
participants. Camila, the chemical engineering student, had a very positive image
of the work required for STEM:
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I think in the STEM field, if you really like what you’re doing, people will
notice it, and, of course, they’ll want to stick around with you, because you
have that motivation to keep learning and not give up. Because [STEM is]
the type of field where you have to be persistent. Even if you don’t
understand something, you have to somehow find that motivation to keep
learning.
I think the best part of the STEM field is that you have to get used to the
idea of failure. Because when you’re a scientist and your hypothesis is not
what your observations or your experiment is telling you it is, then
obviously you’re going to feel down about it. But from there, you get a new
idea and then start all over. And that’s how it usually works. You have to
get used to the idea that you’re not perfect; you’re not ever going to get
the correct answer the first time around. . . . You’re pretty much a scientist
to keep learning about this world, not to know the answers of everything.
Change of Major
It could be assumed that many of the participants would have changed
their majors at some point; community college students are much more likely to
change their major than traditional students. In fact, that seems built into the
premise of community colleges because lower cost allows students to explore
their options. According to Chloe, the architecture major:
Comparing [university] to El Camino College, it’s cheaper at ECC. So then
you don’t have to stick with the major, you can change. Other colleges are
more expensive, so even if you want to change your major you get kinda
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forced to stick with it through the whole way. But with El Camino College
you have the freedom to choose—take some classes, see if this is really
what you want to do.
Regina took this philosophy to heart. When asked what her major was she
explained:
Construction engineering and management, [but] I have changed my
major three times. At first it was business, and I felt I needed something
more challenging. And so I started hanging out with people that were
architects. So I was like, probably architect would be great for me. But
when I joined Women in Technology, I heard about the Design Village
competition. I decided to join the group, and I fell in love with the whole
idea of working with tools and doing construction, doing measurements. [I
thought], “This is something I would like to do,” and I started taking
construction classes here at school. I noticed that females are a little bit
more detailed and careful when it comes to the measuring so I started
talking to my professor. I was like, “What you think will be a great major for
where I can combine the business, the architecture, the engineering, and
the construction and everything together?” So we decided construction
engineering management was a perfect match for me.
The majority of participants had changed at least once and many of them
had completed degrees in other fields. The changes are not a problem, in and of
themselves, but they add a large burden to programs that are already long,
complicated, and difficult.
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Program Complexity
Beside the challenges of the material, many participants discussed the
complexity of STEM programs themselves. The students often did not know what
classes they needed and in what order, and this often added years to their time
in school. Some spoke about the importance of counselors in helping them stay
on track. Lucia talked about how often she saw her counselor:
I think sometimes I drive him nuts because I go at least once every
semester to visit him, and I'm always like, "Okay, well listen, [here’s]
what's going on. It's just changing my educational plan. How can I plan
ahead for the next couple of semesters for this [goal]?” He's just always
kept me on track. I've seen a couple of other counselors who aren't too
sure sometimes, but he's dedicated to the STEM field. I'm ridiculous; I look
into everything, so I'll come up with random questions [regarding classes]
for him. "Okay, listen up. Blah blah blah." It's very specific and he will
actually have the answer [even though] I expect him to be like, "Oh no; let
me go find out." So he's always been really helpful.
In addition, students who are in a transfer program have to deal with the
logistics of transfer to a university. This has caused anxiety for many of the
participants, as not all classes transfer to all universities and they may need to
take extra classes so they are ready to transfer anywhere they are accepted.
They are also concerned because not every university has their major. Camila
tried to identify her transfer school but could not give a reliable answer because
she just cannot know yet:
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UC Berkeley is pretty much impossible for me to get in with my grades.
UCLA, that’s the highest I’m willing to give it a try. There’s only five public
schools in California that offer chemical engineering. It’s Berkeley, UCLA,
Irvine, or Santa Barbara, [or] Cal State Long Beach. But Cal State Long
Beach is very impacted, so I pretty much have three options.
All of these elements contributed to another factor many participants
discussed, the length of time they were in school. It was clearly a source of
anxiety and frustration for most of them. Challenging coursework, changes in
major, and program complexity, in addition to the challenge of STEM
coursework, all increased the time for STEM students to get their degrees.
Difficulty with Course Material and Matriculation
The material covered in STEM courses is difficult. This causes a high
attrition rate in general but female students leave the field at an even higher rate
(Hernandez et al., 2013). According to Lucia the mechanical engineering student:
My impression is that there's quite a few women that are trying to get into
[STEM], but I don't know how much the schools are doing on their part to
raise the number [completing]. And you know the reason could be that
maybe they just don't meet the criteria. But it just seems like a little bit odd
that women are there trying to get into the STEM programs but [never
succeeding]. . . . Yeah, it’s just that it's a really low amount, and I see it in
classes, too. I mean physics especially. In start of the semester there's
probably like, four to five girls and then . . . not even halfway there, we
were already down to 3. Then towards the end it’s . . . sometimes there's

97
still three; sometimes there's just two of us. So it's still really low. . . .
[There are] 30 to 35 students [of both genders] beginning and . . . at the
end 15 to 20.
In particular, many students talked about their challenges with math and
physics. While talking about failing physics the first time, Lucia explained her
difficulties this way:
They would explain stuff to me, but I still would not understand. I would go
see tutors. I would look things up online. I would look through the book; I
would ask other students. And I just . . . I cannot get it. I [thought], “I guess
this is my sign telling me I can't do engineering.” And it was mainly
concept. There was quite a bit of calculation, but it was mainly concept,
and I just couldn't understand couple of things . . . the majority of things.
Regina felt her vulnerability was math: “My weakness is still math. So yeah, I
have to say math. It’s the most challenging thing . . . for me.” Jasmine had similar
feelings:
Oh yeah, that math. That’s the main thing I’m hesitant to do just yet. When
it comes to electronics math, I get it. But calculus? That stuff is kind of
tough. ‘Cause I do better with stuff that’s more related, something I’m
interested in, as opposed to just math by itself. It can get a little boring. I
can do science and tech all day long. I will sit there and study it, but math.
Yeah.
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This difficulty has led some participants to feel isolated from their friends in
other programs who do not understand the challenges and the amount of work
necessary in their classes. According to Regina:
I did have a friend, she was majoring in arts, and she wouldn’t really
understand what STEM majors go through. She would just start talking
like, “Oh yeah you know, you guys take so long; I don’t even know why.
I’ve been in El Camino for two years and I’m already transferring. You
guys have been here for like, four years, five years.” I did have a bit of an
argument with her, because I [explained] of the classes we have to take. [I
said], “You just have to go up to basic math, and we have to go up to like
calculus or past calculus.” And I feel, sometimes, we probably have more
knowledge than they do since we take more classes, and they don’t really
know how demanding it is
It would follow that most participants have considered dropping out at
some point due to the difficulty of the program. According to civil and
environmental engineering student Mina:
Actually, I felt that yesterday. For my computer science class we have to
create a function, a program where you had to make little functions, you
know. You would know because you’re a computer scientist. It’s like a
main function, and you make void functions, and I just didn’t understand
the reference parameters and stuff. So it’s then when you kind of question
yourself, like am I really smart enough to understand this? Am I really
going to understand this? Sometimes you get to a point where you just
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say, “I don’t get it.” It’s like I don’t want to get it anymore. There’s too many
things. Too many walls I’ve hit. Yesterday I just didn’t want to do this
anymore.
Elements of a Successful Support Program for Women in STEM
The most surprising finding that arose while interviewing participants is
how little the students thought about WIT. When asked about what the school
had offered which most helped them to succeed, none of the students mentioned
WIT by name as their first response. But the elements they did mention––the
tutoring, career exploration, sense of community, and physical space to be a
STEM student––were made possible by the WIT program. Tutoring and career
exploration are discussed in this section while the sense of community and
physical space provided by WIT have been discussed in other sections of
Chapter 4.
This section also focuses on the perceptions and observations of staff,
faculty, and administration who work with the WIT program. Students rarely get
to see behind the scenes of operations. Topics such as funding,
communications, and faculty support are important elements of WIT’s success. I
did not ask the staff, faculty and administration if they felt the program was a
success, but they all communicated a great deal of pride in what WIT had
accomplished and their contributions to the program.
Tutoring
When asked what resources helped them succeed in the program, the
participants’ most common response was tutoring. This should be expected
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considering the difficulty of STEM courses and the high attrition rate of STEM
courses. In areas where tutoring is not available, it is missed. According to the
mechanical engineering major, Natalia:
I think right now the challenge that I feel is that sometimes, when you
need help with certain stuff, right now they don’t have all those resources.
They’re working on them, but they aren’t in yet. Like the whole tutoring for
certain [subjects]. I know that they’re working on getting that. I think that’s
my biggest struggle because sometimes I need that extra help . . . to
clarify and help me get all those kinks out.
Tutoring is not provided solely by WIT. Lucia mentioned going to the
Learning Resource Center and Ashley discussed MESA, but tutoring has been
one of WIT’s most important functions.
Career Exploration
In the section on choosing STEM, I presented participants’ descriptions of
their lack of knowledge about options for STEM careers, particularly for women.
WIT has addressed that lack with advertisements, guest speakers, and tours of
local employers. The students involved appreciated these efforts. According to
computer engineering student, Jasmine:
[WIT] really encourages us to stick with the field of technology. They tell
us, “You guys aren’t alone.” They bring people in from different companies
to come and talk to us occasionally. Just this last semester, we went on a
trip to Northrop Grumman and that was really fun [and encouraging]. We
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also did SpaceX. And I volunteered to do Space Stay, a program where I
taught kids about robotics.
Martina also appreciated being exposed to alternate STEM careers
through WIT: “They help with trips we take, which let me see other possibilities
out there within STEM, not just aerospace. I know that if I ever want to look into
that I can.” Brianna, the computer science major, also found the trips helpful and
inspiring:
The activities [which have helped me complete my program] would be
some of the conferences that we go to, and some of the tours like JPL and
Northern Grumman, SpaceX, and even some of the activities we have on
campus like career fairs and STEM week. It inspires me because I realize
there’s so many students walking on campus, some of them are in their
first years and some are even on their last years, and they have no idea
what goes on, or have any idea about these clubs in the first place. But
when we do get some of them [we can inform them].
She also appreciated that WIT brought in guest speakers who are working
professionals in the field and who added perspectives to her view of women in
STEM:
Women in Technology has exposed me to how different it is in the field,
because they would bring in women from these fields. They will give us
their stories . . . and made us realize that they had to go through hell just
to get where they are.
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Funding
Staff and faculty expressed repeated frustration with the current funding
model. WIT would seek grants to pay for space, advertising, activities, and
personnel and the waxing and waning of state and federal budgets determined
their success. Meanwhile, very few costs of the program were ever
institutionalized, resulting in wild swings in the level of resources. Sarah, the
dean of CTE, explained:
We started with state funding. I don’t remember the exact grant but we
started with that and then eventually we used the CTEA funds for
supporting the program. So we were able to get a program coordinator,
and then a couple of recruiters. Down the line, eventually, I’m able to add
in a part-time counselor. Through the years, I was always looking for any
kind of support for our program because you can’t rely on grants. It has
kind of always been that way though, so [while] it has been supportive
here, you get it or you don’t. You know you think that it is a really
important topic and it’s like “Ah, okay. Good for you.” So it’s always been a
little bit of a challenge to keep the program financially strong and to keep it
going. There was one year when we did have to shut the program down.
Alejandra, the staff member who started the program, echoed Sarah’s frustration:
“It is very important to have this great attitude and [have] the students. At the
same time, you must have support [for] them to be successful. Like the center.
Like resources. Yeah, the money. The counselors. The administrators.” The year
the program shut down, Alejandra had to find a different job at the college that
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was funded institutionally instead of by grants. She told me that with two
daughters she could not afford the instability of working with WIT, even though it
was the most rewarding job in her career.
Faculty Support and Connections
The support of faculty is one of the most important factors in the success
of programs like WIT. In this chapter I have described how students consider
faculty to be vital to their success. Staff and leadership have told me faculty are
just as important to the success of programs like WIT. College constituents
believe no progress can be made without faculty directing students into WIT,
letting administrators know WIT is a funding priority, and providing a nurturing
environment for female STEM students.
John, of the electronics faculty, recounted the history of WIT and
explained how faculty helped make sure it was funded:
The thing was, we were looking at this program as eventually
institutionalized, and there was a lot of obstacles that we had to overcome
to [get] buy in from the college. Once we got that we started, showing the
college the value of the WIT program. The college actually bought into it
and started to support [us].
John also explained how other faculty did not believe women had a place in
STEM and pushed back against WIT:
Well, the pushback was that they had a problem whether women can do
this. I told them that I really have no doubt that they can do it. And so what
happened was, I did a pilot program. They wanted some data and I
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showed the data. I had a basic electronics class that [instead of being]
offered to traditional college students, it was high school students. And
one of the things I had to do [was] skew to more females in the program,
in this class than males. And what happened is, at the very end of the
semester we found that the women did far better than the males. They
tended to be more confident because they had that support mechanism,
inside that cohort they had inside the class.
John went on to explain that while he suspected his colleagues had felt that
women could not be successful in STEM, his experience with founding the WIT
program allowed that viewpoint to come to the surface and be addressed.
Chapter Summary
The following thematic categories were found during the exploratory,
emergent analysis process: (a) choosing STEM, (b) the importance of peers and
community, (c) barriers to success, (d) cultural issues, and (e) elements of a
successful support program for women in STEM.
One unexpected finding was that participants did not be choose STEM for
financial and employment related reasons. Also unexpected was the importance
of having a physical space of their own for building a community. The theme of
barriers to success revealed that many participants felt guilty for choosing their
family over their studies and they struggled with the challenges in transferring to
a university for a STEM degree. The effects of cultural expectations and taboos
on Hispanic women was another critical finding. Finally, the findings revealed the
challenges of acquiring funding for WIT.
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CHAPTER 5
DISCUSSION
STEM is the fastest growing sector of our economy, with higher paying
jobs and less unemployment than any other sector (U.S. Congress Joint
Economic Committee, 2012). These trends are also predicted to continue into the
future (U.S. Congress Joint Economic Committee, 2012). STEM is also vital to
the economic prosperity and national security of the United States (James, 2014;
U.S. Congress Joint Economic Committee, 2012; Whartons, 2012). But for the
most part, women are not participating in or gaining from these trends due to
their low presence in STEM fields (NSF, 2011). While there has been a great
deal of research on this problem at the university level, there has been very little
at the community college level. This is problematic because most of the
preparation for the technology sector of STEM is done at community colleges.
Furthermore, community colleges have a unique history in bringing access to
education to underrepresented groups including women (Brawer et al., 2013).
This study was conducted to help fill that gap.
The specific purpose of this exploratory case study was to discern the
perceptions, experiences, and values of students, staff, and faculty regarding (a)
women in vocational STEM-related degree and certificate programs and (b)
professional women in STEM fields. The study answered the following research
questions:
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1.

What are the perceptions, experiences, and values of the faculty,
students, and staff involved in the program, relative to:


the importance of more women participating in STEM,



the role of women in STEM, and



the role of the institution in women’s choices to enroll or
persist in STEM?

2.

What are the perceptions, experiences, and beliefs of students
enrolled in the program relative to:


their STEM self-efficacy,



their STEM identity,



the culture of their program, and



the barriers and facilitators to their success in the program?

This chapter is organized by the categories discussed in Chapter 4: (a)
choosing STEM, (b) peers and community, (c) barriers to success, (d) cultural
issues, (e) the challenge of STEM, and (f) what a successful program looks like.
For each category, I present the key findings, interpret those findings within the
context of the literature, and present implications and recommendations based
on those findings.
There is no singular development, tool, intervention, or event that will
increase the participation and success of women in STEM at community
colleges. There is no silver bullet. It will require a holistic solution with active
participation from all stakeholders. At the P-12 level we must reach out to girls
early, nurture their science identity, and let them know the impact they can have
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on the world as scientists and engineers. At the community college level we need
more programs like WIT but with institutionalized funding and spaces for students
to gather. Finally, we need clear pathways from those community colleges to
universities so students do not get lost before they transfer.
Choosing STEM
Findings and Interpretations
I found that students, staff, and faculty believed, we should reach out to
female students at an early age to inform them of their STEM options. This aligns
with research that indicates women lose interest in STEM around the same time
they start high school (Leaper et al., 2012). This is a time when youths start to
model adult identities. This drop off may occur because female students do not
see STEM as a feminine identity, which many are embracing at this stage in their
development (Dawson-Threat & Huba, 1996). I also found that when many of the
participants were younger, they also felt women should not be doing STEM jobs,
and we know that younger students are more vulnerable to stereotype threat
(Nguyen & Ryan, 2008). Furthermore, the choices females make in high school
can have a huge impact on their ability to enter STEM in college because of the
rigidness of the STEM pipeline and the high math and science requirements
(Bayer Corporation, 2012). Some students recalled being discouraged from
entering STEM in high school and that early decision putting them at a strong
disadvantage once they changed to a STEM major in college.
I also found that the female students who chose STEM are not motivated
by the financial rewards of STEM careers; both students and faculty reinforced
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this point. They are interested in having an impact on the world around them,
working on environmental issues, and improving the lives of others. This
corresponds with Carlone and Johnson’s (2007) altruistic science identity.
Implications
The implications for research, policy, and practice overlap in this category.
First and foremost, it is clear we are advertising STEM incorrectly to female
students. Instead of trying to entice them with the promise of high salaries, we
need to explain how jobs in STEM can impact the world. As an example, after the
interview with Ashley was over, we continued to talk about her career prospects
and her hesitancy to continue in mathematics and statistics. I tried to encourage
her by showing her a possible career path as a data scientist and the six-figure
salary she could earn, but she was unconvinced. Then we talked about nongovernmental organizations and how large donors now require statistical
evidence of their impact. Interventions to help in places like Africa now have to
be designed like an experiment and show results. When she realized this career
was an option with a math degree, Ashley lit up in a way I had not yet seen. This
personifies to me the gap between what STEM professionals think should be
important to her as a female in STEM and what actually is important.
Recommendations
There is a need to research why women in STEM pursue the fields they
ultimately chose. As a corollary, women who drop out of the STEM pipeline
should also be studied to find what they originally wanted to accomplish. These
data could be used to create advertising, interventions, and living communities
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that speak to their STEM identities. It is likely that these programs should
emphasize the impact that STEM fields can have on the environment and the
impact that female STEM candidates can have on the lives of others through
STEM. Ideally, female students would recognize that the differences in their
perspectives can make important contributions to the STEM field.
Relatedly, it is important for the P-12, community college, and university
systems to work together to bring female students into STEM. Community
colleges should reach out to high schools with information and guidance on
careers and academic options. Universities need clear, consistent transfer paths
so fewer female students fall through the cracks. There are a number of grants
with the goal of increasing the number of women in STEM. One technique might
be to require P-12 schools, community colleges, and universities to apply for
these grants as a team in order to reinforce this collaboration. Funding could be
institutionalized for personnel and faculty release time to build these
partnerships.
Peers and Community
Unsurprisingly, peers are important. Every student participant mentioned
peer groups in some fashion. The findings indicate that peers and friends (a)
helped students deal with challenging material, (b) provided emotional support
during challenges, and (c) provided a sense of belonging and cohesion. Further,
most student participants identified study groups as the most influential factor in
their success in their program.
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An unexpected finding was the significance of having a physical space for
these peer groups and communities to congregate. A gathering space
strengthened their bond and gave them a needed location to talk about the
challenges of being a female in STEM while working on the coursework as a
group. It also served as a place where the academic rigor required of STEM
students was respected. According to Ashley:
You’re up at the whiteboard and you have that space where everyone’s
talking about homework and math. If you're not talking about homework
and math, it’s a little weird. . . . Doing my homework in the library is
completely different. . . . I had to leave the library because it’s so loud.
Interpretations
Peer relationships have a number of known positive impacts on female
STEM students (Reyes, 2011). They combat isolation (Borum & Walker, 2012)
and reduce feelings of cultural alienation (Kerr et al., 2012). According to Steele
and Aronson (1995), peer relationships reduce the effect of stereotype threat.
Participants talked about peers setting examples for them, which indicates the
impact of peers on role-modeling (Dawson-Threat & Huba, 1996) and the
development of a science identity (Carlone & Johnson, 2007). STEM programs
often lack the interpersonal relationships and support that feminine aligned
students expect (Kahveci et al., 2006) and these peer groups can supply that.
Having their own physical space seems to amplify all these positive
impacts in addition to giving students somewhere to concentrate on the
challenging STEM coursework. It is a place they can make their own culture
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(Kerr et al., 2012) and where a diversity not found in the broader STEM
population can be heightened. This is similar to the role that living and learning
communities fulfill on traditional campuses.
Implications and Recommendations
The first finding, the importance of peer relationships, is meaningful
because study groups, peer support groups, and other methods of fostering
community are actions that community colleges can take immediately to improve
the retention of female students in STEM. Facilitation of peer relationships does
not require the hiring of new faculty or staff, nor does it require special
equipment. The second finding, that physical space can amplify these benefits,
requires more investment but has a large potential payoff.
Physical space is at a premium at community colleges. Even instructional
space is underutilized because of the challenges of classroom scheduling and
the summer breaks. But it is not necessary to build new space to accommodate
these groups. We already have non-instructional space set aside for labs, study
centers, tutoring, and in libraries. Reallocating some of that space for women in
STEM would not be burdensome. Furthermore, many different groups of women
in STEM can share one space, as evidenced by the WIT program where
architecture students plan their entry for the Design Village competition next to
students studying for their chemistry final. The key is that the space reflects them
and is dedicated to study. These spaces can also alleviate the commutercampus feel of community colleges. These physical spaces can fulfill the role of
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living and learning communities at traditional universities; connecting students to
the campus and to their fellow female STEM students.
Barriers to Success
The students discussed a number of barriers to the success of women in
STEM at ECC. Firstly, many students had low academic self-efficacy in spite of
their high grades. They felt that their success could not be trusted. When I
pointed out the discrepancy in one student’s negative self-assessment of her
ability in comparison to peers by reminding her of her actual grades in class, she
shrugged and said, “I guess I’m doing well—on paper.” The participants also felt
isolated from their male counterparts. This might have been related to the subtle
sexism they experienced; male students rolling their eyes or making jokes when
they asked questions was one example. Another barrier was STEM culture itself.
The emphasis on individual work and achievement did not fit with how female
students wanted to learn and exacerbated the other barriers.
While I knew that family responsibilities were a challenge, I did not
understand the depth of outside time commitments that female students have at
community colleges. These outside family and time commitments hamper female
students working on STEM degrees for two main reasons. The first reason is the
large time commitment of STEM coursework. Students discussed studying for
hours and working for days on projects while their friends in other fields did not
have to devote as much time. The second reason students are hampered by
outside time commitments is the rigid nature of STEM programs. Students must
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complete certain courses in a certain order due to prerequisites. If they fall out of
their proscribed curriculum, it is very difficult to get back in.
The number of students who reported poor teaching as a hurdle during
their time at ECC was high. They described teachers who were unenthusiastic,
who assigned homework that did not help them contextualize their learning, who
stood at the front of the class and lectured as their only method of teaching, and
who tested only for rote memorization. This is very burdensome in an already
difficult field.
Interpretations
Many of the barriers identified in this study align with what is already in the
research. Johnson et al. (2008) also found women had lower levels of selfefficacy than men across every race and socio-economic status, even when their
classroom performance was superior. Borum and Walker (2012) found female
students in male-dominated STEM programs felt isolated a finding supported by
what I found at ECC. Johnson (2012) found a significant driver of a female STEM
student’s feeling of belonging was the culture of the program and that the
aggression, independence, and competitiveness of STEM programs drove
female students out. At ECC I found the same factors impacting students
currently in STEM fields and those who had left STEM in the past and returned.
In 2011, Reyes noted the correlation between female students leaving STEM and
obligations as the primary caregiver of children, and I found these obligations to
be a source of intense challenge, stress, and guilt for female STEM students. It is
well documented that STEM programs have a strict and challenging pipeline with
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rigid series of prerequisites, strenuous required classes in math and physics, and
large demands on students’ time (Bayer Corporation, 2012; Etzkowitz et al.,
2000; Hernandez et al., 2013). It is clear in my findings that this has a negative
effect on female students at ECC. Finally, while there was some research on
faculty and student interactions (Fox et al., 2011), the literature does not seem to
mention the pedagogical failings I found with the students at ECC.
Implications and Recommendations
Faculty and educational leaders should take a deep look at the structuring
of STEM programs and look for ways to make the structures work better for
students who have familial obligations. A large-scale restructuring is in order.
First, we should examine the high level of math and physics requirements and
determine if they are really necessary or if they are based on history and
departmental politics. In my experience some STEM program courses are
extraneous. We should bring together faculty, industry experts, and curricular
leaders with the goal of streamlining the process for students seeking a STEM
degree. Second, we have to examine our credit system. It is currently based on
teacher workload, that is, a four-credit class means a teacher lectures for four
hours. It should instead be based on student workload. This will provide an
accurate picture for students planning their degree pathways. This an opportunity
for educational researchers who could use surveys, time-diaries, and qualitative
research to determine how much time students actually spend on certain
classes. It is clear that these STEM students are devoting much more time per
credit than their counterparts in other degree programs. With a minimum number
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of units required for full-time student status, and the implications for financial aid,
STEM students cannot pace their education to work with their lives outside of
school. Many community college students are non-traditional; they work full-time;
they attend school part-time; and they have children. STEM programs still
assume that (a) the student came straight from high school, (b) attending school
is the student’s only responsibility, and (c) the student attends school full-time.
Even under those conditions STEM students take longer to graduate, but for
female students with families it can be an insurmountable barrier.
Faculty and educational leaders also need to examine our pedagogical
practices in STEM as we have in other fields. Coursework should focus less on
rote memorization and more on the practice. Instead of learning math in isolation
it should be learned as part of the core classwork. Lab should be an integrated
part of all STEM coursework and must reinforce theory. In addition, coursework
should be more personal and flexible, designed around the students’ goals and
ambitions in the field. This could help build science identity in female students,
which helps combat almost all the barriers found in my research. And STEM
faculty should receive training on the importance of personal interactions with
students and on how to help make them feel valued for their contributions and
differences.
Cultural Issues
As I would expect with community college students, I found that the
majority of students in the WIT program were the first in their family to attend
college. Only one student had any female family members in STEM and the
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participants had little contact with any potential female role models outside of
school. Even within their college, the small number of female faculty members
made finding role models difficult. I did not expect to find the large impact that
rigid Hispanic gender roles had on the female participants in the study. ECC is a
HSI and students, staff, and faculty all expressed anxiety concerning how
Hispanic families view female students in STEM. Female students felt judged,
and faculty and staff had stories of female students dropping out due to family
pressure. Every Hispanic-identifying student participant talked about being
discouraged by family members from entering STEM, and Alejandra, the
Hispanic staff member who started the WIT program, explained her challenges in
convincing Hispanic families to allow their daughters to participate in WIT: “When
I [would] go on a promotional tour to talk to the parents, the parents were like
‘Oh, no. That's not for my daughter. No, of course not. My daughter cannot be
doing such a job.’"
The challenges students faced with the traditional weeding-out culture of
STEM were surprising. This cultural practice is one in which programs are frontloaded with the most challenging classes and students are warned of the
challenge, time commitment, and high failure rate of a STEM degree during their
orientation. As reported in Chapter 4 students had feelings of isolation and low
academic self-efficacy, and this practice exacerbated that. One student
described having dropped out of a STEM program years earlier due to the
intimidation factor, and she was returning to a new STEM field.
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Interpretations
All these findings fit within current literature. Johnson (2011) found
aggression, independence, and competitiveness are rewarded within STEM
cultures, and, in fact, many within the STEM community consider this part of
what makes their field more academically and professionally rigorous and
valuable. But the study participants had difficulty acclimating to this climate and
were often intimidated by the processes, as was found by Kahveci et al. (2006).
This culture also seemed to challenge the students’ self-efficacy.
Implications and Recommendations
There is a need for more research on Hispanic families and their impact
on female community college students’ choice of program. This finding was
difficult to interpret due to the lack of research in the literature. As Hispanics are
the fastest growing demographic in California, this research is vital to
understanding how best to reach the next generation of female students.
Educational leaders and practitioners should also be aware of the strong impact
families can have on program choices and develop informational materials and
interventions that target and include families of community college students. We
also need more research on the impact of weeding-out policies on students, and
female students in particular. We have no idea how many students are leaving
because of these practices or if they disproportionately affect female students.
Finally, educational and STEM leaders need to help shift the culture of
STEM away from weeding out. STEM workers need to know that the value of
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their field does not originate in a high initial failure rate but in the inventions and
contributions STEM brings to the world.
Challenge of STEM
Findings and Interpretations
The material that STEM covers is challenging. That finding was clear in
the student responses and has been well documented in the literature (Bayer
Corporation, 2012; Etzkowitz et al., 2000; Hernandez et al., 2013). Student after
student discussed struggling with the workload of the core program and the high
level math and physics requirements. Another challenge for students was the
complexity of their STEM programs. If they failed or withdrew from a course they
had a hard time getting back into the program at the same level because of strict
prerequisites and limited course availability (Bayer Corporation, 2012). Lucia
talked about having to drop classes due to childcare issues and how this
challenge had delayed her progress significantly. This strict pipeline (Etzkowitz et
al., 2000) had a more profound effect on the participants because many of them
had changed majors at least once. In fact, many students thought of changing
majors as a normal part of the community college experience. Finally, the
requirements for students who planned to transfer made their journey even more
complicated. Not all transfer schools had the same requirements, and since
students could not be guaranteed admission to any particular university they
were forced to take all the courses required at any college they might o attend.
Only one student mentioned the consistent help of a guidance counselor in
guiding them through this process. This fits with Packard et al.’s (2011) finding
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that few female STEM students get quality advising. Consequently, most
students had been attending community colleges for more than four years
without completing the requirements to transfer to a university.
Two other findings related to these themes are the pride that these
students felt in the challenge of STEM and their appreciation for tutoring. These
were significant findings for which I did not find precedent in the literature.
Implications and Recommendations
Many of the recommendations for these themes are similar to
recommendations for the other themes. I recommend more support for students
in handling the challenges of a STEM major. This support could include study
groups, programs like WIT, and physical spaces. In addition, tutoring clearly
helped many of these students successfully complete their classes; therefore,
increasing available tutoring and integrating it into the classroom is
recommended to increase the success of women in STEM. In addition, more
flexible programs that allow students to enter and leave as their life demands
would be a boon to community college students. Furthermore, educational
leaders should streamline STEM program requirements, both for flexibility and so
that transfer requirements are more similar across institutions in order to reduce
the number of classes students need to take.
Students also need more and better guidance on their career paths. This
recommendation requires counselors dedicated to STEM who have intimate
knowledge of the transfer requirements of local universities. This increased
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guidance must reach students in the classroom through expanded faculty roles
or through cooperation with counselors and transfer center personnel.
Finally, I recommend that educational researchers learn more about
changing majors at community colleges and the impact this has on student
retention and success. We need to know if female students change majors at a
higher rate and if STEM students change more often than students on other
paths, and what the effects are on completion time and rate when a student
changes paths.
Elements of a Successful Support Program for Women in STEM
The most unexpected finding of my research on the WIT program at ECC
was that none of the student participants initially mentioned the WIT program as
a driving force for their success. They talked a great deal about all of the
activities and support WIT provided. They appreciated tutoring, the comradery of
WIT meetings every Wednesday, the space where their study groups could
meet, and all the career exploration opportunities WIT provided. Those
opportunities included bringing in guest speakers, advertising STEM career paths
at their meetings, and conducting tours of local businesses like SpaceX so
students could learn of other STEM options. But students were unaware of the
logistics of what WIT provided for them.
Faculty and staff were acutely aware of the logistics and discussed the
challenge of keeping WIT running. They were not always successful in meeting
this challenge. Sarah described having to shut down the program one year and
Alejandra, the original staff member hired to start the program, had to move on to
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another department at ECC. The challenge of continuing the program with
funding determined by grant cycles was a major source of anxiety. In some years
grant money was plentiful, and a few years later it had dried up. Most grant
funding, including the 2010 NSF grant in which WIT participated, includes
stipulations that the grantee institution will institutionalize the program after the
grant ends. ECC was not successful in institutionalizing the program.
Faculty support was also an issue that faculty, staff, and leadership
discussed at length. First, faculty support was crucial to starting the program.
Faculty are the main point of contact with students at community colleges.
Without their support and access to their classrooms WIT would not have been
able to get off the ground. Second, some faculty discussed the challenges of
convincing other faculty that WIT was a program worth supporting. Hesitation
was based on sexism, politics, and general resistance to change and required a
concerted push and piloting from supportive faculty to bring the naysayers on
board.
Interpretations
Using the pipeline model, the career exploration activities of WIT have an
opportunity to increase the number of women entering STEM fields (Bayer
Corporation, 2012); however they seemed to target only current members who
were already enrolled in a STEM program. Meeting women working in the field
as guest speakers or during tours could have a number of other positive impacts.
Dawson-Threat and Huba (1996) found women who enter STEM feel less
feminine and these encounters could dispel that. Carlone and Johnson (2007)
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found STEM identity to be a strong indicator of persistence in a female student’s
STEM program, and these activities may increase this sense of identity. Finally,
while we know a critical mass of women in the program is a necessary element
for success (Jackson, 2013; National Research Council [NRC], 2006),
concentrating the female students enrolled in the program in one physical space
can simulate that mass. Most of the research has focused on students so the
literature has little to say concerning the funding, institutional structure, and
faculty support aspects of this theme.
Implications and Recommendations
I must reiterate that any solution to the problem of women in STEM must
be a holistic one. In that model, programs like WIT are not a driving force as
much as a clearinghouse and networking center where students, staff, faculty,
and educational leaders can come together to build better solutions for female
students. For this collaboration to succeed programs like WIT must be
institutionalized. First, the intent of grants is to get a program started and then the
institution is supposed to internalize the costs. Continually seeking out new
grants to keep programs alive is dishonest. Funding reflects priorities and women
in STEM should be a priority for community colleges. Second, without steady
funds, staff cycle in and out and the history and institutional knowledge
necessary for a successful program must continually be rebuilt. Finally, programs
like WIT do not need a great deal of resources. Funding for tutoring, advising,
and space is already allocated through various channels at the college. The
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program needs staff and faculty to ensure that those resources are intelligently
directed to help women in STEM succeed.
A successful program also must target faculty, non-STEM female
students, parents, and educational leaders. Each group should be convinced of
the importance and value of women in STEM in their own way. I have discussed
the challenge of attracting female students to STEM, but it is important to note
that the career exploration WIT provides could be an impressive asset by
providing students female role-models in STEM and showing female students the
impact they can have as STEM professionals. Parents and family, particularly of
Hispanic students, have their own challenges for outreach also discussed in this
chapter. But both staff and faculty have demonstrated some success with
building personal relationships and respect by reaching out directly to parents. A
successful program would expand on this and make parent integration and
orientation an essential part of their operations. A successful program must also
work with educational leaders to help them understand the value of a STEM
degree to students, and the importance of increasing the number of female
students in STEM. Finally, two disparate groups of faculty must be addressed.
Faculty who support the cause of women in STEM must be motivated and given
opportunities to work with the program. Faculty who are unsure or less
committed must be convinced, preferably by other faculty, using data and
personal stories to show how classes and curriculum can be changed to support
the success of female students and why that matters.
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A successful program must also make connections, both outside of the
college to industry and universities and in the institution between departments
like tutoring, counseling, and academics. Connections with industry will facilitate
the career exploration activities and provide female students with STEM
internship opportunities, while giving companies a chance to increase the
number of female STEM workers. Connections to universities will help female
STEM students transfer by starting conversations on requirements and
equivalency. And connections within the college will make sure that female
students in STEM are properly supported.
Summary of the Dissertation
This dissertation began with the question “Where are the women?” with
regards to their participation in STEM. Their participation in STEM workforce and
education is low and this causes a number of problems. They do not receive the
substantial economic benefits of working in the fastest growing, most employable
sector of the economy. Our society misses out on the inventions and scientific
contributions of 50% of our population. This dissertation focused on women in
STEM at community colleges because they supply the bulk of the technology
graduates from STEM and because community colleges have a unique history in
bringing education to marginalized and underrepresented groups.
This exploratory case study looked at the perceptions, experiences, and
values of students, staff, faculty, and administrators at a California community
college who have participated in a program to improve success, recruitment,
and/or retention of female students in STEM fields at that college. The findings
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show that these students feel isolated, they have low academic self-efficacy, and
they feel overwhelmed by the challenge and pace of the material. They feel
intimidated by the masculine culture and weeding-out of STEM programs.
Tutoring, study groups, and physical places to congregate, study, and commune
were the most important resources that participants mentioned as providing the
support that helped them stay in their program. All of these resources were
provided by the WIT program but the students rarely mentioned the program by
name as a driver of their success. For programs like WIT to be successful they
need consistent, institutionalized funding and support at all levels, including
faculty, staff, and educational leadership. But there is no silver bullet that will
instantly increase the participation and success of women in STEM at community
colleges. It will require a holistic solution with active participation from all
stakeholders.
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APPENDIX B
INTERVIEW PROTOCOL
Students
Thank you for agreeing to participate in the study. I would like you to know your
participation is voluntary and you may decide to withdraw from the study at any time.
Also, you should know your responses will be kept confidential and I will be the only
person who will have access to your information. Finally, any individual people you
mention will be kept confidential and their real names will not be written down and will
not be published.
With your permission, I would like to record this interview. The recording of this
interview will help ensure that no information is lost in the transcription and data analysis
phases of this process. Please take your time to review and sign the consent form now.
This interview should take about 60 minutes. If there is anything that requires
clarification after this interview is over, for example if there is an issue with the
recording, I may need to contact you over email. Before we begin, is there anything you
would like to know from me? On a final note, I would like you to know this is an openended process. If at any time there is anything you think you should just tell me relevant
to the program, please do so.
Can you tell me your impression of the number of women in Science,
Technology, Engineering, and Mathematics (STEM)?
Probe: In your opinion, should it be higher, lower, or is it fine?
Probe: How does electronics compare to STEM in general?
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What do you believe the role of women in STEM is or could be?
Please tell me about the careers of women in your family, female mentors or just
women you admire?
If they don’t mention STEM, I will follow up on that.
How do you feel you compare as an electronics technician to your colleagues and
how did you compare back when you were in the program?
Probe: Would your answer have been different back then?
For this next question, we’ll define culture as the rules, values, and assumption
that bind a group of people; these may be stated publically or not. Based on that how
would you compare the culture of the program with that of your workplace?
Probe: How do you feel you fit in to each?
What activities, people, or resources helped you most to successfully complete the
program?
What did you find most challenging in the program?
Did you ever have a point where you considered dropping out of the program?
Probe: Can you tell me about how you felt at the time?
Watch to see if they use beliefs i.e. “No one believed I could do this.”
Probe: Was that your only challenge during the program?
Do you think you will stay in this career field until you retire?
Probe: Can you talk about why/why not?
That answers all the questions I have. Before we conclude do you have anything
else you feel I should know? Do you have any questions for me before we finish? If you
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have any additional questions or concerns later, please feel free to contact me directly.
Thank you for your time.
Staff/Faculty/Leadership
Thank you for agreeing to participate in the study. I would like you to know your
participation is voluntary and you may decide to withdraw from the study at any time.
Also, you should know your responses will be kept confidential and I will be the only
person who will have access to your information. Finally, any individual people you
mention will be kept confidential and their real names will not be written down and will
not be published.
With your permission, I would like to record this interview. The recording of this
interview will help ensure that no information is lost in the transcription and data analysis
phases of this process. Please take your time to review and sign the consent form now.
This interview should take about 60 minutes. If there is anything that requires
clarification after this interview is over, for example if there is an issue with the
recording, I may need to contact you over email. Before we begin, is there anything you
would like to know from me? On a final note, I would like you to know this is an openended process. If at any time there is anything you think you should just tell me relevant
to the program, please do so.
Please tell me about the electronics program in general; its history,
successes, challenges, and the people involved.
Probe: How does this program fit into the needs of the community
college?
Probe: What other programs could you compare it to?
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Can you tell me your impression of the number of women in Science,
Technology, Engineering, and Mathematics (STEM)?
Probe: In your opinion, should it be higher, lower, or is it fine?
Probe: How does electronics compare to STEM in general?
Can you tell me about the Women in Technology program in particular; its
history, successes, challenges, and the people involved?
Probe: Why was the program started?
Probe: Can you tell me about your role?
Probe: What was the greatest challenge?
Probe: What was the most successful technique?
Probe: Are you proud of what you did?
What do you believe the role of women in STEM is or could be?
That answers all the questions I have. Before we conclude do you have anything
else you feel I should know? Do you have any questions for me before we finish? If you
have any additional questions or concerns later, please feel free to contact me directly.
Thank you for your time.
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SAMPLE WIT ADVERTISEMENTS
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