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Women are underrepresented in the field of computer science in the United States.
However, this is not a new problem as female participation in computer science has
been experiencing a steady decline over the last three decades. Current reporting
on women’s participation in this field has been published as steadying at around
18 percent. Meanwhile, there are varying levels of participation in other countries,
particularly in Muslim majority countries. For example, women in Bahrain, Mo-
rocco, Palestine, Oman, Saudi Arabia, Iran, and Tunisia earned more than half of
the total number of science degrees in their respective nations. This stark contrast
between the United States and these other countries has prompted an exploration
into the factors that contribute to women’s participation in computer science.

This thesis focuses on understanding how cultural environment can affect the
participation of women in computer science, specifically with respect to individual,
household, community, country, and global influences on occupational pursuit. The
guiding theoretical framework is multi-level (micro and macro) cultural theory, to
answer the following research questions: 1) How do micro and macro level cultural
influences impact Muslim identified women’s intention to pursue a computer science

undergraduate degree? 2) How do experiences differ in their impact on pursuing a

vi



computer science degree for Muslim women as compared to non-Muslim women in
the United States? To answer these questions, I employed a sequential exploratory
mixed methods design that leveraged interviews, a survey, qualitative analysis, as
well as statistical analysis. The results of this work are important to shedding light
on the ways to increase engagement of women in computer science in the United

States.
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CHAPTER 1
INTRODUCTION

The computer science field is at the vanguard of innovation, which means it has a
great influence on future advancement [Panchanathan, 2022]. Nearly all industries
have become international in today’s digital age, which has accelerated the speed
of improvement and increased competition for discoveries [Schwab, 2016]. Further-
more, the accelerated pace of growth in a rapidly changing world necessitates im-
mediate and detailed examination of numerous large-scale challenges, such as cli-
mate change, population patterns, disease control, and so on [Mynatt et al., 2020,
Kunkle et al., 2016]. In short, computer science employment is in high demand since
these are the jobs that have the greatest immediate and long-term impact on the
future.

“Globally, computer science and information technology majors in universities
are dominated by men” [Alhashmi, 2018]. However, in the Middle East, 40 per-
cent of university students specializing in computer science and IT are women
[Alhashmi, 2018]. The percentage is even higher in Saudi Arabia and the United
Arab Emirates, where women represent 70-80 percent of computer science and IT
students compared to 15-20 percent in the United States despite women making up
60 percent of enrolled college students [World Bank, 2022, Belkin, 2021]. Thus, in
order for the United States to remain competitive in this important sector, there is
a strong need to have more females in the computing fields. In the next section, I
will describe the problem, review the literature, and give more information about

Muslim women in the computer science field.



1.1 The Problem

Women’s underrepresentation in computer science in the United States and
other Western countries is not a new issue. According to the data, American
women’s graduation rates in computer science have dropped since the mid-1980s
[Snyder, 2012]. Women’s participation and representation in computer science is
critical because “greater diversity among those who create computing technology
ensures that those technologies are relevant to and usable by a wider range of
people” [Roberts, 2003]. Despite the efforts of government, public, and private
groups, women continue to be underrepresented in this well-paying, in-demand,
and respected occupation in the United States. In some nations, such as Muslim-
majority countries, women have high participation percentages in computer science.
Women account for about half of all computer science students in Muslim-majority
nations such as Iran, Oman, Saudi Arabia, and many more [UNESCO, 2021].

It is critical to comprehend how a perceived gender-biased society, such
as Saudi Arabia, achieved gender parity in the field of computer technology
[Quraishi-Landes, 2016].  On the other hand, the United States, which ranks
among the top 55 countries in terms of gender equality, has yet to achieve that
level of parity [World Economic Forum, 2021]. Leveraging the guiding theory of
micro-macro level cultural influences 1 designed a study that explores the different
factors that influence a Muslim woman’s path towards pursuing computer science

as a major.

1.2 Literature Review

It is very crucial to make efforts across the computing landscape and across in-

dustries to increase participation in computing given the chronic underrepresenta-



tion of female students in computer science education and the computing work-
force. Workforce development opportunities, regulatory initiatives, and in-school
and out-of-school interventions can contribute to increasing engagement in comput-
ing [Kargarmoakhar et al., 2021, Scott et al., 2017].

Research examining the large disparities in computing disciplines has shown
convergent barriers, including structural barriers in access and opportunity, as well
as social and psychological barriers in individual attitudes and responses to so-
cial and environmental factors in the United States [Kargarmoakhar et al., 2020,
Scott et al., 2016]. These social and psychological barriers include misconceptions
about the field of computing, stereotype threat associated with being a member of
a marginalized group, and stereotypical cues in classrooms and workplace environ-
ments [Scott et al., 2016].

According to the literature, the culture of practice within computer science in
the United States excludes women [Ong et al., 2011]. The practice and norms of
the computing occupation have been referred to as masculine, which means that
there are different expectations of men and women that inequitably impact different
populations. This has frequently created barriers for those who are not aligned with
the masculine technological culture [Faulkner, 2001, Frehill, 2016].

Curricula, programming languages and environments, faculty and student
belief systems, and learning spaces are all mediated by a culture defined by the
gendering of computer programming that began in the 1970s [Ensmenger, 2010].
Today, software and computer clubs are viewed as male-oriented, and computer
games with violence, militarism, and sexualized pictures perpetuate sex-role
stereotypes [Peckham et al., 2007]. When companies arrange their labor division,
norms and practices become gendered, which has a negative impact on women

[Peckham et al., 2007]. Computer science is also seen as lacking in creativity, as



well as interpersonal or social importance, which discourages women from pursuing
careers in the industry [Rich et al., 2004]. As a result, girls start college with little
desire to pursue computer technology in the United States.

According to the available research, when people are placed in situations where
they are underrepresented, and prevailing preconceptions predict that people from
their group of identification will not do as well as those from the majority group,
their performance suffers [Peckham et al., 2007]. The stereotype thus becomes self-
fulfilling. Underrepresented groups in computer science, such as women, persons
of color, and first-generation college students, are perceived as having less interest
in and affinity with the profession [Peckham et al., 2007]. This discourages partici-
pation and performance, especially given the existing dominance of white males in
CS. As a result, even well-intended recruitment and retention initiatives might be
undermined by stereotype threat.

Studies revealed that classroom teachers pay less attention to girls than boys and
act in ways that indirectly reduce the potential of female students [Elkjer, 1992,
Sadker, 1986]. These dynamics, however more subtle, are still present in today’s
classrooms. Computer science classes are frequently “bastions of poor pedagogy,”
according to the American Association of University Women’s Technology Commis-
sion [Commission On Technology and Education, 2000, Margolis and Fisher, 2002].
A cold environment for women in computer classrooms may occur despite awareness
and education on more gender equitable teaching practices because of how teach-
ers continue to “do gender” in their interactions with students [West et al., 1987].
According to social science theory, “gender” is not a biological sex category but
rather the way that men and women behave in social situations in accordance with
recognized cultural standards [Cislaghi and Heise, 2020]. As such, gender is a con-

struct that both defines and is defined by social interaction. What is missing is a



serious effort to match positive attitudes and good intentions with actions that do
not subtly reflect traditional ideas about women, minorities, and computer science.

Gender roles are separated in Muslim majority countries [Hamdani, 2004]. How-
ever, there is a common misconception that Muslim women do not pursue STEM
degrees since science and mathematics are only for men [Islam, 2017]. In fact, it is
premature to posit the ways in which gender plays a role in how Muslims choose
to live, but there are clear differences between the choices women and men make
[Hamdani, 2004]. For example, Muslim women wearing hijabs has become a symbol
of confrontation and cultural difference between the West and the Muslim world
[Aquil, 2011].

Women’s education has been affected by Islamic customs and traditions, and
researchers agreed that primary aspects of society and cultural factors affecting
female education are religion and family [Harvil, 2015, Al Alhareth, 2013]. Family
and parenthood remain important social foundations in Muslim society[Islam, 2017].
Traditionally, women are responsible for taking care of the home, which hinders their
professional development [Islam, 2017].

Education policies in nations with a majority of Muslims argue that there should
be a gender divide in the classroom and that female education should create suitable
employment for female students [Ministry of Education, 2022]. These strict Islamic
principles lead to gender segregation from primary school [Findlow, 2008]. Depend-
ing on rules in each Muslim country, students are segregated until high school or
in some cases even at the university level [Shahrokni, 2020, Sergon, 2022|. Addi-
tionally, females have limited access to several university domains that are believed
to be masculine fields [Findlow, 2008, Herrera, 2007]. The literature claims that

female students choose computer technology because of the support of their families



and the stable computing work environment in nations with a majority of Muslims
[Alghamdi, 2017].

According to UNESCO and World Bank data, Muslim women are increasingly in-
terested in STEM disciplines provided by institutions in the region [UNESCO, 2021,
World Bank, 2022]. In 2014, for example, women made up 59 percent of total stu-
dent enrollment in computer science at Saudi government universities. By con-
trast, in the United Kingdom and the United States, female enrollment in com-
puter science was 16 percent and 14 percent, respectively; these figures include
international students, some of whom were from Muslim countries [UNESCO, 2021,
World Bank, 2022, Universities UK, 2022].

The study’s findings discussed above add to our understanding of ways to in-
crease engagement and highlight the importance of assessing and disseminating effec-
tive intervention strategies to increase minority students’ involvement and readiness
in computing. In the following section, I go into greater detail on Muslim female

computer science students.

1.2.1 Muslim Identified Women in Computer Science

Islam, the world’s second largest religion, has a large number of followers.
One study found that the Muslim population in 2020 was estimated to
be 1.9 billion people, making up around 24.7% of the world’s population
[United States Census Bureau, 2022]. Islam is prevalent across the Middle East,
North Africa, and throughout the Sahel, as well as in various East Asia and
South Asia sub-regions. According to the Pew Research Center there are 50
Muslim majority countries including Saudi Arabia, Iran, Morocco, Jordan, Tunisia,

Malaysia, and Qatar [Pew Research Center, 2009].



It is worth mentioning that individuals born into a Muslim family are ascribed
the identity of Muslim from birth, and are not allowed to change their religion. It is
considered acceptable for an individual to self-identify as any of the branches of Islam
(mainly Sunni or Shia); however, if an individual does try to change their religion
it is perceived as a shameful act which is called Apostasy in Islam; there is no one
written consensus on its consequences [Saeed, 2018, Beehner, 2007]. There are also
people who accept the identity of Muslim based on their birth certificates but do not
practice Islam [Montgomery, 2016]. For those people that elect to practice Islam,
they are governed by the rules and norms of the religion, including customs like -
wearing a hijab (for women), praying, fasting in accordance with the religious days
of obligation, abstaining from alcohol, eating halal food, paying the zakat, and many
more [Montgomery, 2016]. For example, a hijab is mandatory for Muslim females to
wear in front of all males excluding immediate family members [Montgomery, 2016].
There are also people in Muslim-majority countries who do not practice the religion
at all — not adhering to its customs or rules. For example, there are females who
do not wear a hijab when it is not mandated by the government. Thus, those
that identify as Muslim may or may not practice Islam. However, the people who
identify as Muslim can still share the same cultural values of that society, since it is
heavily influenced by religion (namely, Islam) (see 2.2 Culture and Religion). For the
purpose of this study, I look at the cultural values that lead to high participation of
female students in computing fields, while avoiding a deep exploration into students’
religious practices (whether they practice Islam or not).

Previous studies have examined the relationship between religion and
occupational pursuit in other disciplines including physics and engineering
[Moshfeghyeganeh and Hazari, 2021, Kranov et al., 2015]. Moshfeghyeganeh and

Hazari looked at the cultural experiences of Muslim female physics faculty members



in the United States [Moshfeghyeganeh and Hazari, 2021]. They focused on how
cultural experiences shaped participants’ gender and physics identity using a qual-
itative approach and precisely phenomenological interviews [Kranov et al., 2015].
In another study, researchers focused on factors which impact the educational and
occupational trajectories of women in engineering in Middle Eastern countries
and the United States. All the Middle Eastern countries that were the focus of
this study (Saudi Arabia, Jordan, Malaysia, and Tunisia) are identified as Muslim

majority countries.

1.3 Research Purpose and (zoals

This is a critical juncture in computing education, with enthusiasm soaring yet ham-
pered by disproportionate representation across societal groups. Numerous groups,
including women, African Americans, Hispanics, American Indians, Alaska Natives,
Native Hawaiians, Native Pacific Islanders, and those with disabilities, have histor-
ically been underrepresented in the field of computing [World Bank, 2022]. Women
are underrepresented in all of the cultural groupings described above. As previ-
ously stated, although women represent 60% of all college enrolled students they
make up fewer than 20% of all computer science students in the United States
[UNESCO, 2021, World Bank, 2022].

Over 410,000 computer jobs are vacant nationwide due to a skills gap that
prevents firms from finding enough skilled people to fill all of these positions
[Hutchinson, 2021]. State leaders want to make sure that graduates have the skills
they need to secure high-paying employment without leaving the state, particularly
as more remote working options emerge [Hansen, 2021, Allen Smith, 2022]. At

the same time, global competitiveness is escalating. The majority of H1B (or



“skilled worker”) visas are for computer science positions, since employers will
go outside the country if they are unable to fill their slots with local talent
[Ruiz and Krogstad, 2018]. Thus, if we can attract more women into the field there
will be more skilled people available domestically to occupy the positions.

As mentioned earlier, although women are underrepresented in computer sci-
ence in the United States, women’s participation rate in Muslim majority countries
is near or even exceeds parity. Drawing on a theoretical framework of micro-macro
level cultural influences and leveraging a sequential exploratory design, my goal in
this study was to better understand the engagement and persistence of women from
Muslim majority countries in computer science. In order to achieve parity in the
United States, we must first understand the breadth and depth of the computer sci-
ence diversity problem. Without attempting to understand the experiences of those
that have filled the gender gap in computer science, we are essentially misinformed
designers coming up with poor solutions to attract women to the computer science
field. We can not fix a problem that has not been properly defined. Exploring the
experiences of Muslim female students will provide their unique perspective in cre-
ating a more comprehensive solution to the diversity problem. Next, we can begin
to shape policies, programs, and initiatives to attract more female students to the
computer science field.

I designed a study to collect and deeply understand Muslim female students’
experiences that could shed light on their journey in pursuing computer science as
a major. The existing body of literature helped in identifying my research ques-
tions and in bolstering the analysis of my data (See CHAPTER 3). My study
is motivated by the limited research around Muslim women who initially started
studying computer science in a Muslim majority country and immigrated to West-

ern countries (e.g., the United States) for completing their education. Information



on students who compare and reflect on cultural differences and their experiences
between studying computer science in a Muslim majority country and United States

is limited.

1.3.1 Research Questions

This study aims to answer the following research questions (RQs) using a sequential
exploratory mixed methods study:

RQ1: How do micro and macro level cultural influences impact Muslim identified
women’s intention to pursue a computer science undergraduate degree? RQ2: How
do experiences differ in their impact on pursuing a computer science degree for
Muslim as compared to non-Muslim women in the United States?

This study has three phases including Pre-Phase 1 (qualitative), Phase 1 (quali-
tative), and Phase 2 (quantitative). In CHAPTER 3 there is a detailed description
of the methods, both qualitative and quantitative, utilized for conducting this study.
And in CHAPTER 4, you can find the results of the study. The conclusion, dis-
cussion, implications, and limitations of the study are discussed in CHAPTER 5.
The results of this study are important for shedding light on the ways to increase

engagement of women in computing in the United States.
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CHAPTER 2
THEORETICAL FRAMEWORK

The theoretical framework is the structure that can hold or support a re-
search study’s theory [Lederman and Lederman, 2015]. The theoretical framework
presents and describes the theory that explains why the research problem under con-
sideration exists [Imenda, 2014]. A theory serves as a tool to explain the meaning,
nature, and challenges associated with a phenomenon that is frequently experienced
but unexplained in our world, so that we can use that knowledge and understanding
to act in more informed and effective ways [W.Creswell, 2013]. In this study, I have
identified multi-level cultural theory as an appropriate tool for framing my study
examining how cultural messages through experiences impact occupational pursuit
of Muslim female computer science students [Erez and Gati, 2004]. In the next two

subsections, I will describe the framework itself and how I used it in my study.
2.1 Multilevel Therorizing

Multilevel theorizing is influenced by general systems theory principles of inter-
dependence and hierarchy [Rousseau and House, 1994]. General systems theory
emphasizes that levels are nested structures organized hierarchically. Multilevel
perspectives help to illustrate the multitude of factors that shape individuals’ com-
munication, as well as how individual behaviors socially construct organizational,
community, and cultural systems. However, multilevel frameworks do pose simul-
taneous challenges and burdens centering on research concerns and practical appli-
cations. For example, when conducting multilevel research, several factors need to
be considered: (a) the overwhelming amount of potentially relevant concepts and
variables, (b) the difficulty of determining the scope of multilevel theory that is not

overly simple or overly complex, and (c) the difficulty of multilevel data collection
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and analysis [Klein et al., 1999, Stokols, 2016]. In addition, multilevel research can
be limited due to interests, values, and purpose of the research [Klein et al., 1999].
Thus, multilevel frameworks have complexities that single level approaches do not
have. However, this complexity represents social reality and potentially provides
rich theoretical and practical insight into the layered human cognition, affect, and
behavior [Klein et al., 1999].

Multi-level cultural theory is associated with two (macro and micro)
main perspectives [Erez and Gati, 2004]. The macro perspective assumes
people behave similarly in a set of conditional constraints and demography
[Mee Thien and Abd Razak, 2012]. Thus, the focus of macro perspective is more
on the aggregate or collective responses compared with the individual variation. In
contrast, the micro perspective assumes that there are variations in individual be-
haviors [Mee Thien and Abd Razak, 2012]. With this assumption, the focus of the
micro perspective is more on variations within individual characteristics that affect
the individual reactions. It is worth mentioning that the macro perspective neglects
the individual differences in behaviors, perceptions, emotions, and interactions that
will potentially influence the higher-level group [Mee Thien and Abd Razak, 2012].
On the other hand, the micro perspective neglects the contextual factors from the
higher-level group which can significantly influence the individual differences at the
lower level. Overall, the focus of these levels shows that neither micro nor macro
perspective can adequately account organizational behaviors as a hierarchically
nested system. In addition, as emphasized in the principle of a multi-level frame-
work, it is rather difficult in practice to find single-level relations that are unaffected
by other levels [Klein and Kozlowski, 2016]. Equivalently, it seems unlikely for the
macro level to be completely uninfluenced by the lower level. Considering this,

organizational theorists developed this theory in order to bridge the micro and
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macro perspectives [Klein and Kozlowski, 2016, Rousseau and House, 1994].  As
such, the main focus of this theory is strongly related to relationships between
phenomena at the higher and lower levels of analysis such as the individual and
group level. Extending the point of view above this theory specifies the relationships
between the higher and lower levels of analysis by highlighting the bottom-up and
top-down processes [Erez and Gati, 2004]. The dynamic dimension pertains to the
interrelationships among the levels of culture and the way they impact each other.
Though the top-down approach, individuals internalize the shared meaning system
of the culture and society to which they belong, and its values are represented
in the individual self. On the other hand, through the bottom-up approach of
aggregation and shared values, higher level entities of culture are formed, at the
group, organizational, and national levels.

Below you can see how the layers of culture are nested within each other and
the dynamics between micro and macro levels. At the micro level, the individual
reflects the cultural values as they are represented in the self. Furthermore, the group
level reflects shared values by family members and friends. At the macro level, the
organizational culture defines a set of beliefs and values shared by members of the
same organization. In our case, organizational culture reflects the school setting,
and according to the literature the strength of this level depends on the homogeneity
of its members’ participation and beliefs. National culture defines a society, which is
defined by shared agreement on desired values or the existing values in the society.
Finally, the global culture is the most macro level of culture; all levels of culture are

nested inside this level.
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Figure 2.1: Multi-Level Cultural Theory

2.2 Culture and Religion

Culture and religion are very complex concepts, and these terms are open to vari-
ous interpretations. However, as the goal of this study is to better understand the
impact of these factors on students’ educational outcomes, we will look at the in-
tersection between these two terms. Culture can be interpreted both as a stable or
a dynamic entity. Culture as a dynamic entity, can be shaped by those who occupy
it. As denoted in the literature, culture can impact people and be impacted by
people directly and indirectly to varying degrees [Ulloa et al., 2016]. On the other
hand, as a stable entity there are core values and norms that shape a particular
culture. According to the literature, a dominant culture can embrace and influ-
ence the community. By this definition and according to Saroglou Cohen, religious
groups share the same values, norms, and beliefs that can be considered culture
[Saroglou and Cohen, 2011].

The relationship between culture and religion can be interpreted in six different
ways: “Religion may be part of culture, constitute culture, include and transcend

culture, be influenced by culture, shape culture, or interact with culture in influ-
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encing cognitions, emotions, and actions” [Saroglou and Cohen, 2011]. Religion has
embedded meaning from the individual (micro) to the macro level [Park, 2014], and
it can function as a macro social force affecting society [Van Buren lii et al., 2020].
According to Cohen, as religious groups share the same values, norms, and beliefs
they can be considered a culture [Cohen, 2011]. We can conclude from the accu-
mulation of aforementioned relationships between culture and religion, individuals
from similar culture and religion have comparable values, beliefs, and actions. Those
that identify as Muslim may or may not practice Islam. However, the people who
identify as Muslim can still share the same cultural values of that society, since it
is heavily influenced by religion (namely, Islam).

Religion as a dominant cultural rule can impact behaviors, norms, and values
shared by a community. Each religion has their own core values and beliefs that sep-
arate them from other religious groups. For example, in Muslim majority countries,
some of the core values that are shared by its members (and are sometimes recog-
nized by other people who do not identify as Muslim) include but are not limited to
wearing hijab, eating Halal food, praying to God (Salah), fasting, and not drinking
alcoholic beverages. Thus, these kinds of core values, beliefs, and practices establish
each religious group as a unique community and cultural group that distinguishes

them from other groups.

2.3 Approach

In this study, I am using the term culture to refer to the complex and broad set
of relationships, values, attitudes, and behaviors that bind a specific community.
For the purpose of this study I look at the cultural values that lead to high par-

ticipation of female students in computing fields, while avoiding a deep exploration
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into students’ religious practices (if they practice Islam or not). This theoretical
lens is helping me develop an understanding of how these layers influence women’s
educational paths and occupational pursuits. Although my positionality as a re-
searcher impacted the understanding of the problem under investigation (see 3.2),
this framework guided me through the path. It aided me in setting up a clear road
for researching, analyzing, and interpreting the results. This framework helped me
build my study’s structure and determine a feasible path for the questions I had
in mind. First, it helped me to shape and organize the research questions for the
problem under investigation. Second, it assisted me in improving the interview pro-
tocol and capture the most critical evidence related to the problem from a clear
point of view. Third, this framework allowed me to focus on the specific variables
related to my research questions and analyze the interviews by limiting the scope
of the relevant data. Furthermore, with clear boundaries during the analysis, this

framework served me in interpreting the results.
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CHAPTER 3
METHODS

For this research, I used a sequential exploratory mixed methods inquiry.
The purpose of using sequential exploratory mixed methods is that the
weakness of each (qualitative/quantitative) will be offset by the strength
of the other (quantitative/qualitative) [Steckler et al., 1992].  Mixed meth-
ods design is a well documented approach with a history of effectiveness
for conducting research compared to quantitative and qualitative approaches
[Curry et al., 2009, Tashakkori and Teddlie, 1998, Good and Brophy, 1995]. Em-
ploying mixed methods gives the opportunity to integrate qualitative and
quantitative methods together [McCusker and Gunaydin, 2015, Creswell, 2012].
Qualitative research provides a means of understanding students’ experiences
and gives much greater detail and depth than simply studying them with the
numbers alone [Creswell, 2012]. Likewise, collecting statistics from a large group
will provide a broader understanding of the results beyond interviews conducted
with fewer people [Creswell, 2012, McCusker and Gunaydin, 2015].  One way
that qualitative and quantitative methods can be integrated in research is to
use qualitative methods to help develop quantitative measures and instruments
[Steckler et al., 1992].  Sequential exploratory design uses both qualitative and
quantitative data, consecutively (Figure 3.1, Phase 1 and Phase 2) [Creswell, 2012].
Sequential exploratory design involves gathering qualitative data to investigate
a phenomenon, followed by gathering quantitative data to explain relationships
discovered in the qualitative data [Creswell, 2012]. Through this work, I aim
to triangulate the methods by directly comparing the qualitative findings and
quantitative statistical results. The results of Pre-phase 1, Phase 1, and Phase

2 are compared during Phase 3 [Creswell, 2012]. Lastly, in Phase 4 there is the
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interpretation of the comparison of the results from Phase 3 to understand if the
results support or contradict each other [Creswell, 2012].

In preparation for the sequential exploratory design, a pilot qualitative study was
executed to better evaluate the interview protocol. The results of that pilot study
provided an opportunity to improve the questions flow for Phase 1 of the study,
guiding a hypothesis for the quantitative study, and providing better understanding
of the factors that influence Muslim women’s educational paths. In Phase 2, I ex-
plored the population through a bounded data set from secondary quantitative data.
In order to analyze the quantitative data, I used the findings from the qualitative
data to enhance the meaningfulness of the quantitative data by identifying relevant
variables and themes for investigation. The process of this design is shown below
(Figure 3.1).

To answer the research questions for this study, a sequential exploratory mixed
methods approach was necessary as the this design allows identifying measures which
are actually grounded in the data obtained from the study participants during the
interviews. [Sadan, 2014, Creswell, 2012]. In addition, it gives the researcher the
opportunity to analyze the two parts independently before interpreting the results
together [Sadan, 2014, Creswell, 2012]. The first research question -(RQ1:How do
micro and macro level cultural influences impact Muslim identified women’s inten-
tion to pursue a computer science undergraduate degree?) can be best answered
by collecting and analyzing qualitative data. The second research question -(RQ2:
How do experiences differ in their impact on pursuing a computer science degree
for Muslim as compared to non-Muslim women in the United States?) is best an-
swered by collecting and analyzing quantitative data (variables for analysis identified
from the results of RQ1). The results from the analysis of the two types of data,

qualitative and quantitative, can be compared against each other to gain a deeper
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Figure 3.1: The Adapted Sequential Exploratory Mixed Methods Design

understanding about Muslim female students’ paths towards pursuing a computer
science degree. Figure 3.1 shows adapted sequential exploratory mixed methods

design used for this study.

3.1 Positionality

Positionality refers to both a person’s worldview and the stance they take on a
research project, as well as its social and political setting [Secules et al., 2021].
The person’s worldview, or where the researcher is coming from, includes beliefs
about human nature and action, as well as ontological and epistemological as-
sumptions [Gary and Holmes, 2020, Ritchie et al., 2013, Marsh and Furlong, 2002].
They are influenced by a person’s values and views, which are impacted by their
political stance, religious beliefs, gender, sexual orientation, historical and ge-
ographical location, ethnicity, race, and other factors [Wellington et al., 2005,

Marsh and Furlong, 2002].
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Positionality “reflects the position that the researcher has chosen to adopt
within a given research study” [Savin-Baden and Essential, 2013]. It affects the
initial research questions that a researcher selects to pursue [Secules et al., 2021].
It also affects the methods used in research, as well as the conclusions drawn
[Secules et al., 2021]. Positionality is typically determined by situating the re-
searcher in relation to the topic of interest, the research participants, and the
setting and methodology of the study [Secules et al., 2021]. Some characteristics of
positionality, such as gender, ethnicity, skin color, and nationality, are culturally
assigned or usually perceived as being fixed. Others are more flexible, objective,
and contextual, such as political opinions, personal life histories, and experiences.
The fixed elements may drive someone to a specific point or perspective, but that
does not indicate that those points or perspectives will necessarily result from the
fixed characteristics [Damaskinidis, 2017, Chiseri-Strater, 1996].

I need to acknowledge that my actions will have an impact not only on the
research process, but also on myself. Due to the fact that researcher bias has an
effect on validity at every stage of the research process, it is impossible to ignore or
postpone the discussion of this issue [Garcia and Quek, 1997]. Therefore, providing
the audience with an honest reflection of my views and preferences adds both context
and quality to the research that I have conducted [Altheide and Johnson, 2011]. It is
appropriate that I discuss my position in this study, given that I am the instrument

of interpretation of the experiences of Muslim women in the computer science field.

3.1.1 Researcher Role

In reflecting on my positionality, I acknowledge that my race, gender, and expe-

riences in the computer science field, as well as living in both a Muslim majority
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country and the United States are elements that influence my interpretation of the
research findings. I am a woman who was born and raised in, and studied my un-
dergraduate degree in, a Muslim majority developing country. I had to take English
language (IELTS and GRE) exams and obtain a good GPA to be eligible to apply
to pursue my master’s in universities in the United States. Then I had to fill out ap-
plications, prepare a CV, and financial documents for each university in the United
States in order to get admission. After getting an admission letter from a school, I
had to apply for a U.S. visa. As there was no U.S. embassy in my country (due to
political reasons), I had to go to another country. I was granted a visa after a few
months and I came to the United States. In my first day I attended an orientation
and met people from different fields, and countries. I learned that the institution
I attended was one of the largest schools with a diverse population. However, in
the first class of my master’s program I was the only female student in the whole
room, and I felt shocked. I had three courses in the first semester, and the other
two classes had only a few female international students. Soon, I realized computer
science is considered a masculine field and it was not typical for a female student to
major in this field. It was a totally different picture from what I had in my mind
about one of the most developed countries in the world. In the country I came
from, the gender distribution in each computing class was 50 percent; sometimes
there were even more women than men in the classroom. With a little research, I
realized the gender imbalance in the computer science field in the United States is
a known problem. However, from my experience and literature review, in Muslim
majority countries the participation rate of women in the computer science field is
equal and/or in some cases higher than men. Thus, I started my Ph.D. program with
the intention to learn more about this phenomenon. I began to wonder if my experi-

ences towards pursuing computer science were unique or the norm; I also wondered
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what the cultural norms were and how they were impacting students towards pursu-
ing this field. Additionally, I wanted to understand how the experiences of Muslim
and non-Muslim students were different. Engaging in this study, I am aware of my
preconceived knowledge of being a woman, coming from a Muslim majority coun-
try, and my previous experiences in the field. Constant reflection during the study
process can reveal the impact on research interpretation, as well as influences on
myself as the researcher. When conducting interviews, I needed to ask questions
that were focused on the interviewees’ experiences rather than being built around
my own. [ had to be mindful of reciprocity since I understood that the similarity of
our situations may lend itself to conversational banter that could result in leading
inquiries or statements. The same attentiveness was required when evaluating and
interpreting data. My experience can give me perspective, but it can also make it
difficult for me to recognize that each participant is on a different journey. Feed-
back from my research team and peers aided in acknowledging bias inherent to my
participation in the study as a researcher. As previously mentioned, while perform-
ing interpretative research, recognizing bias does not get rid of prejudice; rather, it
makes the study process more transparent [Secules et al., 2021]. Having described
the appropriateness of mixed methods inquiry for this research study, I will now
outline the research study including the three phases of pilot study, qualitative data

collection and analysis, and quantitative data collection and analysis.

3.2 Data Collection and Analysis

Data collection is a process that can be described as a series of interrelated activities
with the aim of gathering good information to answer emergent research questions

[Rogelberg, 2004]. Data collection means gaining permission, conducting a good
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qualitative/quantitative sampling strategy, developing means for recording informa-
tion (both digitally and on paper), storing the data, and anticipating ethical issues
that may arise [Creswell and Poth, 2016]. In this section I describe how I conducted
my research and ensured the quality addressed in each section (data collection and

analysis).

3.2.1 Qualitative Data Collection and Analysis: Pre-Phase

1 and Phase 1

The goal of qualitative research is to answer questions about the meaning and expe-
rience components of people’s lives and social situations [Strauss and Corbin, 1990].
Qualitative research helps advance knowledge on people’s difficult and poorly un-
derstood subjective experiences [Fossey et al., 2002]. Why Muslim women pursue
computer science at higher rates in comparison to women in the United States is one
of the subjects that is difficult to interpret and understand as discussed in CHAP-
TER 1 (see 1.1 and 1.2). Thus it is a necessity that I dig into Muslim women’s
experiences to better understand their path towards pursuing computer science.
Qualitative data describes qualities or characteristics and it is often collected
using questionnaires, interviews, reviewing documents, observations, and other
techniques depending on the method of inquiry established for the study. Recent
works have begun to address components of the actual qualitative analysis in a way
that is practical and useful for different kinds of research [Kegler et al., 2018,
Smith and Firth, 2011] including having frameworks, themes, categories, and
codes which can assist with better analysis and interpretation of the results

[Lacey and Luff, 2009, Rogelberg, 2004]. The qualitative data collection and anal-

ysis is represented in the figure below (Figure 3.2).
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Figure 3.2: Qualitative Data Collection and Analysis Process

There are a few pitfalls that can occur in qualitative research: 1- equipment
failure (e.g., failure of a tape recorder), 2- environmental hazards (e.g., noise in the
place that interview is conducted), 3- transcription errors (e.g., mistyped words that
change the entire meaning of a sentence) [Easton et al., 2016], and 4- the amount of
information (e.g., rich interview data) [Dickson-Swift et al., 2016]. However, there
are strategies to avoid these problems. Thus, analyzing and interpreting qualitative
data is a very difficult process [Easton et al., 2016]. In this section, I present how
I gathered the data, prepared it for analysis, and analyzed it considering the above

mentioned pitfalls (See 3.2.2 Data Collection: Interview Protocol/ Pre-Phase 1).
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Recruiting Participants

A critical stage in the data collection process is finding people or places to study
and gain ample amount of information for the question(s) under examination
[Rogelberg, 2004]. Purposive sampling is one approach that enables researchers to
intentionally sample a group of people that can best inform the researcher about
the phenomena under investigation. Although purposive sampling is subject to re-
searcher and sampling biases, it allows the researcher to target niche demographics
to obtain specific data for the research study. Thus, purposive sampling allows
the researcher to collect qualitative information from the best fit participants and
lowers the margin of error in the data because the participants are a close fit with
the research context. Researchers can recruit participants via fliers, newspaper ad-
vertisements, emails, and letters [Alkassim et al., 2016]. For this work, I recruited
Muslim female students who: 1) had an undergraduate degree from a Muslim ma-
jority country and 2) were in a computer science graduate school program in the
United States for at least one semester. These specifications served three purposes:

1) Reflection on experiences: Reflection is the “process of creating and clarifying
the meaning of experience in terms of self (self in relation to self and self in relation to
the world)” [Bourner, 2003]. I explicitly wanted students to have an undergraduate
degree in computer science so students could better reflect on their experience of
being a female student in a computer science field in a Muslim majority country.

2) Retention in the field: Pursuing a graduate degree is a sign of retention in
the field [Peters and Daly, 2013]. I wanted students to be in a graduate program
to ensure that students who I interviewed were retained in the computer science
program and had an ample amount of understanding about the field.

3) Being aware of the intent of the research: Interviews are purposeful interac-

tions in which an investigator attempts to learn what another person knows about
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the topic, to discover and record what that person has experienced, what she/he
thinks about it, and what significance or meaning it might have [Arthur et al., 2012].
Thus, I wanted students to be aware of the drastic gender gap in computer science
programs in the United States and have a better understanding of the underlying

intent of this research to provide clearer answers to the interview questions.

Participants

In this study I recruited students from two Muslim majority countries includ-
ing Iran and Saudi Arabia. Iran and Saudi Arabia are the two largest coun-
tries by area in the Middle East, and they are both major powers in the region
[University of Cambridge, 2020]. Additionally, both Iran and Saudi Arabia are
presumed as not being gender equal countries [Seifi, 2021]. However, Iran and
Saudi Arabia are not alliances and there is no diplomatic relations between the
two countries [World Politics Review, 2019]. The Islamic religion has five major
branches and there are more than two billion people who practice Islam world wide
[Pariona, 2017]. It is worth mentioning that more than 95 percent of Muslim people
identify as Sunni or Shia [Pariona, 2017]. In Iran the majority of people are Shia,
while in Saudi Arabia the majority of people are Sunni [Marcus, 2019]. Thus, for
the purpose of this study I selected students from these two countries which have a
diverse representation from among Muslim culture to better understand the impact

of Islam on women students towards pursuing a computer science field (see Table

3.1).

Pre-Phase 1

For the purpose of this study, I used different approaches to recruit participants.

In the Pre-Phase 1 stage, I sent out an invitation for participation to seven Muslim
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female students I knew (had previously met while at university and at conferences)
through email. The email had the participant recruitment document, amount of
incentive for participating in the study ($25 Amazon gift card), and possible benefits
or harms (See APPENDIX B). However, only four of the students met the criteria
and were willing to participate in the study. I invited the four that met the criteria
to participate in the study. All the participants were from Iran, graduated with
undergraduate degrees in computing from their home country, and were pursuing

graduate degrees at one U.S. computer science program.

Phase 1

In Phase 1, I prepared a flyer and stated the criteria of the candidates for the
study (See APPENDIX C). I first sent the flyers to two other researchers for review.
After receiving feedback from two researchers, I made minor grammatical and visual
changes for a smoother flow to the flyer. Then, I posted the flyer online using
Twitter. Only a dozen people emailed and wanted to participate in the study.
However, from those people only two met all the criteria in the flyer. Next, I
reached out to an organization called Iran Women in Computing (IranWiC) and
requested they share the flyer. They shared the flyer with their members through
email. I was able to identify three students who met the criteria. Thus, in total five
Muslim female students participated in Phase 1 of this study. Combined between
the Pre-Phase 1 and Phase 1, in total I interviewed 9 Muslim female students who
were pursuing a graduate degree in a computer science field in the United States and
had an undergraduate degree in the computer science field from a Muslim majority

country.
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Data Collection: Interview Protocol

In order to collect the most appropriate information from the participants it is
important for the researcher to develop an interview protocol [Turner, 2010]. An
interview protocol is an instrument of inquiry - asking questions about particu-
lar information related to the aims of the study [Turner, 2010]. There are three
types of interview protocols including structured, unstructured, and semi-structured
[Turner, 2010]. Each of these interview types has their own advantages and disad-
vantages. Selecting one of these approaches depends on the research design and
the data the researcher intends to collect from the interviews [Turner, 2010]. For
the purpose of this study, and in order to answer the mentioned research ques-
tion, I developed a semi-structured interview protocol. This approach gave me
the benefits of both protocols as having questions written (structured) and asking
follow-up questions that emerged during the conversations (unstructured interviews)
[Cohen and Crabtree, 2006]. I started preparing my interview protocol by conduct-
ing a thorough review of the literature about Muslim female students in computer
science, female students in computer science, cultural factors in education, and
Western female students in computer science. Next, I started adding open-ended
questions (questions that cannot be answered with a simple ‘yes’ or ‘no’) to my
interview protocol (see APPENDIX A). To help build a comfortable space for the
participant, I started out the interview protocol with basic background questions
(e.g., name, year in the graduate program, their likes and interests, etc.). My in-
terview protocol consisted of 27 open ended questions and I organized them from
easy to answer to more difficult and abstract questions [Castillo-Montoya, 2016]. I
additionally prepared an informed consent document. I submitted the informed con-

sent and interview protocol to the Institutional Review Board (IRB) and received

approval (See APPENDIX A and APPENDIX B).
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Student Country of | Year in | Important Things in Life | Other Interested | First Generation
Pseudonym| Origin Ph.D. Discipline in Computer
Program Science
Sania Iran 5 Family/ Education Electrical Engi- | No
neering
Sara Iran 4 Family/Husband /Parents| Architecture Yes
Lily Tran 2 Freedom Information Yes
Technology
Management
Mona Iran 3 Health/Education/ Inde- | Industrial Engi- | No
pendent Job and Life neering
Maya Iran 2 Family/health Physics Yes
Ava Saudi Arabia |5 Education/Family Medicine school | No
Ruby Saudi Arabia | 2 Education Math Yes
Mahi Saudi Arabia | 2 Family/ My children/ | Math or Chem- | Yes
Education istry
Kate Saudi Arabia | 3 Education, Self care, | Medicine school | No
Family, Religion
Table 3.1: Participant Information
Pre-Phase 1

The data for this phase were collected through one 60-minute in-depth interview.
Each student signed a consent form for the interview (see APPENDIX). I sched-
uled a meeting time with each student and reserved study rooms on campus. In-
terviewing in a quiet place gave us the opportunity to focus on the conversation
with no background noise (overcoming pitfall #2) (see page 13). I recorded the
interviews using a tape recorder. It is worth mentioning that I had an extra tape
recorder during each interview in case of an equipment failure (overcoming pit-
fall #1) (see page 13). Additionally, I took detailed field notes during the inter-
view [Phillippi and Lauderdale, 2018]. In order to analyze the data I submitted the
recorded interviews to a transcription service company. The transcription company
transcribed the audio files to text files. In order to have high data accuracy I lis-
tened to each interview separately and compared it with the transcript I received

from the third party (overcoming pitfall #3) (see page 13). Next, I re-reviewed the
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transcripts to make sure there were no misalignments between the audio and text
files. Then to establish anonymity of the participants in the study I redacted the
written documents. I removed all identifiable information including name, school
name, names of colleagues, and any other identifiable data from the documents.

Having my final version of data in text file I moved to the data analysis phase.

Phase 1

The data for this phase were collected at the height of the Covid-19 pandemic
and shutdown. Due to the challenges related to Covid-19 (e.g., restrictions on in-
person gatherings, travel restrictions), I had to conduct the interviews over the
phone instead of having face-to-face interviews. Each participant was interviewed
for one hour and the interviews were audio recorded with a special ear-bud and audio
recorder that allowed for the capture of the phone conversation. All the audio files
gathered were saved in a secure folder. Same as the Pre-Phase 1 stage, the audio
folder was sent to a third party transcription company. I verified the transcripts for

accuracy, anonymized the documents, and made a final document for analysis.

Analysis

Qualitative data analysis is the process of bringing order, structure, and meaning
to the mass of collected data [Hilal and Alabri, 2013]. As the content of quali-
tative data is rich and disordered in text, it is not an easy task to analyze it
[Hilal and Alabri, 2013, Lacey and Luff, 2009]. Analyzing qualitative data is the
process of establishing relationships between categories and themes of data seek-
ing to increase the understanding of the phenomenon [Lacey and Luff, 2009]. To
analyze the qualitative data, I used thematic analysis (overcoming pitfall #4) (see

page 13) [Guest et al., 2012]. It is a highly beneficial technique because it allows the
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researcher to divide and categorize large amounts of data [Guest et al., 2012]. The
volume, complexity, and varied formats of qualitative data (e.g., audio recordings,
transcriptions, documents, and field notes) often lack consistent structure; however,
all are useful and imperative for conducting a comprehensive analysis [Dey, 2003].
To become immersed in the data involves the repeated reading of the data in an
active way, searching for meanings and patterns. Braun and Clarke (2011) recom-
mend that researchers read through the entire data set at least once before beginning
coding, as ideas and identification of possible patterns may be shaped as researchers
become familiar with all aspects of their data [Braun and Clarke, 2011]. Thematic
analysis is particularly useful for analyzing subjective information such as partici-
pants’ experiences, views, and opinions. That is why thematic analysis is usually
conducted on data derived from, for example, open-ended surveys, social media
posts, and interviews.

It is worth mentioning that thematic analysis is an iterative and reflective six-step
process that evolves over time and entails constant back and forth between phases.
This six-step process includes: 1- Getting familiarized with the data, 2- Generating
initial codes, 3- Searching for themes, 4- Reviewing themes, 5- Defining and nam-
ing themes, and 6- Producing the report [Nowell et al., 2017]. In the table below
(Table 3.1) you can find a brief description of each step [Braun and Clarke, 2011,
Nowell et al., 2017].

In this technique, the first step consists of identification of themes through care-
ful reading and re-reading of the data [Braun and Clarke, 2011]. It is a form of
pattern recognition within the data to answer the research questions. Emerging
themes through the data (e.g., interview data) become the categories for analysis.

Researchers code qualitative data either by hand, using highlighters, colored pens,

31



Steps of Thematic Analysis Brief Description of Each Step

Step 1 Identification of themes through careful reading and re-reading the data
Step 2 Initial production of codes from the data

Step 3 Sorting and collating all the potentially relevant coded data extracts into themes
Step 4 Review of the coded data, check for the validity of the codes and themes
Step 5 Check how each theme fits to the overall story about the entire dataset
Step 6 Provide a concise, coherent, logical, and non-repetitive report

Table 3.2: Six-Step in Thematic Analysis.

and colored paper or by using technology and utilizing help from software like NVivo,
Dedoose, etc. [Lacey and Luff, 2009, Hilal and Alabri, 2013, Salmona et al., 2019].

There are several approaches to thematic analysis such as inductive, deductive,
semantic, or latent approaches. Selecting a particular approach (or approaches) de-
pends on the research design, as the importance of this part is in identifying codes
that accurately describe the content. For the purpose of this study I used a hybrid
approach. A hybrid approach means incorporating both a data-driven inductive
approach and a deductive priory template of codes approach. Inductive coding
involves deriving meaning and creating themes from the data without any precon-
ceptions [Fereday et al., 2016]. In addition to the inductive approach of Boyatzis
(1998), T also used a template approach in this study [Boyatzis, 1998, King, 2004].
Templates force the researcher to justify the inclusion of each code and clearly de-
fine how it should be used [King, 2004]. This approach involved a template in the
form of codes from a codebook to be applied as a means of organizing text for sub-
sequent interpretation. When using a template, a researcher defines the template
(or codebook) before commencing an in-depth analysis of the data. The codebook
is sometimes based on a preliminary scanning of the text, but for this study, the

template was developed based on the research questions and the theoretical frame-

32



work. The deductive approach involves jumping to the analysis with a set of codes
already expected to be found, i.e., the codes already in mind from previous litera-
ture or prior knowledge [Fereday et al., 2016]. This hybrid approach addressed the
research questions by incorporating social phenomenology tenets into the process of
deductive thematic analysis while allowing themes to emerge directly from the data
using inductive coding.

Prior to the interpretation step, the coding process required recognizing (seeing)
a crucial moment and encoding (viewing it as something) it. A “good code” is
one that captures the qualitative richness of the phenomenon [Boyatzis, 1998, (p1).
The data is organized by encoding it, which allows you to recognize and generate
themes from it. A theme, according to Boyatzis, is “a pattern in the information
that at minimum describes and organises the possible observations and at maximum
interprets aspects of the phenomenon” [Boyatzis, 1998](p161).

It should be noted that the ‘themes’ must be reviewed as part of the thematic
analysis process to ensure that they represent the entirety of the text. Validat-
ing themes in the early and late stages of data analysis, according to Miles &
Huberman (1994), is critical [Miles and Huberman, 1994]. It is advised that the
researcher should seek the advice of an outside reviewer to examine and identify
themes at this early stage. To put it another way, the goal is to see if the themes
discovered by the researcher are coherent with the rest of the text. After that,
the researcher should take the assistance of an independent reviewer for criticism.
The researcher will be able to compare the two sets of feedback as a result of this
[Miles and Huberman, 1994]. The major goal of this approach is to improve the
consistency of themes analysis coding. Any contradicting results (if any) about
any topics that were added or removed by outside and independent reviewers are

now better known to the researcher [Miles and Huberman, 1994, Ibrahim, 2012].
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Following that, the researcher should look to the list of topics agreed upon with
the outside reviewer and find participant excerpts that support each theme. The
impartial reviewer is tasked with evaluating the general themes, demonstrating
and confirming the details of textual passages equivalent to validity in positivis-
tic terms [Ibrahim, 2012]. According to Miles and Huberman (1994), involving
outside/independent reviewers at two different stages would result in a strong pro-
cedure for analytical credibility equivalent to reliability [Miles and Huberman, 1994,
Ibrahim, 2012|. Validation must be done early in the research process. During the
first phase, the first level of themes must be validated, and the second level of themes
must be validated during the second phase.

Furthermore, validation is good for the data, especially at the first level of
themes, according to the researcher’s experience, because it gives correct and de-
pendable data for the second level. Furthermore, it reduces the likelihood of inac-
curacies and mistakes in data at the second level of themes. This can be seen in the
‘codes’ of the second level of the themes.

In order to implement the afore mentioned best practices, I coded the interview
data and generated themes from the codes for two randomly selected interviews.
Next, I shared the anonymous data, research questions, and theory of the study
with one researcher (Researcher 1) and assigned her an interview to analyze. I asked
Researcher 1 to identify codes and themes. Then, I compared her codes and themes
with my first level code. Furthermore, I identified similar codes and tried to make
more generalized codes. Next, I shared another anonymous interview (a different
interview from the previously shared with Researcher 1) with Researcher 2 and asked
her to code and assign themes for the interview data. After that I compared my

second level codes and themes with Researcher 2’s findings and finalized my codes.
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Following data collection from 9 Muslim female students (merging data from
interviewing 4 students from Pre-Phase 1 and 5 students from Phase 1), the inter-
view transcripts were entered into the NVivo 12 data management program, and a
comprehensive process of data coding and identification of themes was undertaken.
This process is described as a systematic, step-by-step process in the sections below.
Although presented as a linear, step-by-step procedure, the research analysis was an
iterative and reflexive process. This interactivity, applied throughout the process
of qualitative inquiry, is described by Tobin and Begley (2004) as the overarching
principle of “goodness” [Tobin et al., 2004]. The data collection and analysis stages
in this study were undertaken concurrently, and I reread the previous stages of the
process before undertaking further analysis to ensure that the developing themes

were grounded in the original data.

3.2.2 Quantitative Data Collection and Analysis: Phase 2

In quantitative research, researchers frequently test theories as explanations for their
findings [Creswell and Creswell, 2017]. As such in this section, with the help of
quantitative methods, I describe the relationship between students’ religion and
pursuing computer science as a degree. I use logistic regression and the Wilcoxon
rank sum test to answer my second research question. Logistic regression was de-
veloped by David Cox in 1958 and has been used in varied areas of research since
then [Cox, 1958, Edgar and Manz, 2017] and aims to predict the probability of an
event that occurs depending on the values of the independent variable(s). Wilcoxon
rank-sum tests were used to compare values from two populations and determine
whether there were significant differences [Mangiafico, 2016]. To answer RQ2, I em-

ployed logistic regression from generalized linear models. The Logistic Regression
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Qualitative Themes ‘ Questions ‘ Responses

Playing Computing Games Play Video/Computing | (0=No, 1=Yes)
Games

Family Role Father Career in the computer | (0=No, 1=Yes)
science field

Family Role Mother Career in the com- | (0=No, 1=Yes)
puter science field

Expectations and Unspoken | Want to live near home (0=No, 1=Yes)

Rules

Expectations and Unspoken | Please my parents (0=No, 1=Yes)

Rules

Educational Foundation Mathematical ability (1=Below 10%, 5=Highest 10%)

Table 3.3: Relevant items for work from questionnaire
Note: The qualitative theme “early exposure to programming” was not found in the
quantitative survey from HERI

is a regression model in which the response variable (dependent variable) is binary
(True/False, 0/1, Yes/No) [IBM, 2021]. It measures the probability of a binary
response as the value of response variable based on the mathematical equation re-
lating it with the predictor variables [IBM, 2021]. I used logistic regression models
to examine the relationship between women pursuing a computer science major (bi-
nary dependent variable) and 6 (independent variables) different factors (see Table
3.3). The independent variables consist of 5 categorical variables and 1 continuous
variable (see Table 3.3). In other words, logistic regression modeling was used to
examine how different factors (see Table 3.3) predicted pursuing a computer science
major for Muslim women and non-Muslim women students focusing on religion.
Additionally, to analyze the results, I applied Wilcoxon rank-sum tests to compare
Muslim and non-Muslim students on specific variables. A more detailed description

about the analysis of the data and findings are discussed in CHAPTER 4.

36



Quantitative data collection

For the quantitative part of this study, I used data from the Higher Education
Research Institute (HERI). HERI is a “research institute [that] serve[s] as an inter-
disciplinary center for research, evaluation, information, policy studies, and research
training in post-secondary education” [HERI, 2022]. Every year, HERI collects data
from faculty, college seniors, and freshman students. The freshman survey exam-
ines academic preparedness, interactions with peers and faculty, student’s values and
goals, and student’s demographic characteristics. HERI does not share unique iden-
tifying information in the data files at either the individual or the institutional level.
Thus, the names of the universities’ students who participated from are unknown;
however, all the students are studying in schools in the United States. The survey
contained questions about student’s gender, religion, student’s probable major, par-
ents’ career, and background and experiences in school. From 2000 to 2010, more
than 2 million female students participated in the survey. The questions and the
distribution of female students by religion and major used for the purpose of this

inquiry are shown in the tables 3.3, and 3.4.

Quantitative data analysis

After I received the HERI data through SPSS, I loaded the data into R version
4.0.5 in R Studio version 1.2.5042 for cleaning and analysis. The HERI data con-
tained information on more than 2 million (n= 2,128,590) women with more than
95% being identified as citizens of the United States. From the sample received
from the HERI institution, the number of Muslim versus non-Muslim students was
unequal and there was a large difference between the religion groups (non-Muslim
> 99%, Muslim < 1%) and the students majors (non-CS > 98%, CS < 2%), re-

sulting in imbalanced data (see Table 3.4 and Table 3.5). The imbalanced data is
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a common feature of data, such as fraudulent credit cards, where the number of
fraudulent cards is usually very small compared to the number of non-fraudulent
cards [Brownlee, 2020]. The problem with imbalanced data is that the majority
class dominates the research [Cao and Shen, 2022]. In statistical surveys, when sub-
populations within an overall population vary, it could be advantageous to sample
each sub-population independently [Daniel, 2014, Parsons, 2017]. One way to en-
sure each subgroup within the population receives the proper representation within
the sample is to use disproportional stratified sampling [lliyasu and Etikan, 2021]. In
disproportional stratified sampling subjects are selected from strata or groups of the
population. Stratified random sampling is illustrated in Figure 3.3 [Daniel, 2014].
There are four major steps in conducting a disproportional stratified sampling from
a survey [Daniel, 2014]:

1- Define the population: The population was female students pursuing a degree in
the United States.

2- Separate the population into strata: The population was divided into two differ-
ent religion groups, then by major.

3- Decide the sample size from each stratum: 1 used disproportionate sampling
to ensure Muslim students and students in the computer science field were repre-
sented in the data for analysis. Additionally, the sample size for logistic regression
has been discussed in the literature [Austin et al., 2017, van Smeden et al., 2019,
Bujang et al., 2018]. According to the literature a large sample size (preferably
500) will increase the accuracy of the estimates [Bujang et al., 2018|. As there were
4 groups I divided the 500 by the 4 groups evenly and got n=125 sample from each
group.

4- Randomly sample from each stratum: Once the groups were stratified 1 used

simple random sampling to choose subjects from each of the 4 groups, selecting an
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’ Female students ‘ Non-CS ‘ CS ‘
| Non-Muslim | n= 2,107,351 (>99%) | n= 21,239 (<1%) |

Table 3.4: Number and percentage of non-Muslim female students by major

’ Female students ‘ Non-CS ‘ CS ‘
| Muslim [ n= 2,086,126 (>98%) [ n= 42,464 (<2%) |

Table 3.5: Number and percentage of Muslim female students by major

equal sample size from each one. As mentioned above, the total sample needed was
500, thus I randomly selected 125 students from each group. Having missing values
can impact the model’s quality. It is worth mentioning that there were no missing
variables in the randomly selected 500 students. Thus, handling missing values was

not needed for logistic regression.

3.2.3 Compare and Relate: Phase 3

The design of this study is a convergent mixed methods approach. In a con-
vergent mixed methods approach, qualitative and quantitative data are collected
concurrently, separately analyzed, and merged for analysis [Creswell et al., 2013].
A sequential exploratory method is useful, as it allows for the comparison and
summary of data from two qualitative and quantitative sources, which enhances
the ability to identify points of convergence and divergence, as well as problems
of inconsistency or contention [Hunt and O’Leary, 2017].  When a single data
source might not provide enough details for the research, the sequential exploratory
method allows the two sources of information to converge to improve comprehen-
sion [Creswell and Plano Clark, 2017]. This mixed methods approach combines the

benefits from collected qualitative data with the capacity of generalized information
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Population Stratify by Stratify by Select Sample

Religion Maj
Computer Science —* n=125
Muslim < Non-Computer
. —» n=125
All Female Students Science Sample
Pursuing 2 Major in [ (Total n=500)
US. Computer Science —» n=125
Non-Muslim
Non-Computer _
Science > n=125

Figure 3.3: Stratified Sampling of Data

from a larger sample of quantitative data [Creswell and Plano Clark, 2017]. In
other words, sequential exploratory design is intuitive, effective, and makes use of
the distinctive traditions of quantitative and qualitative research. It also permits for
the use of open-ended questioning (open ended interview) along with closed-ended
questioning (survey) to enable more vivid storytelling and aid in the explanation of
statistical measures.

As illustrated in Phase 3 of Figure 3.1, where the merged findings are interpreted,
it becomes possible to identify where the data converges, diverges, is inconsistent, or
where controversies may emerge. A mixed method sequential exploratory design is
appropriate as it compares quantitative information about the influence of specific
predictors on a woman’s decision to pursue a computer science major. This is
done using the qualitative findings from 9 separate interviews where participants
offered their perspective in the form of storytelling that can be compared side-by-
side to the quantitative data collected. The research questions identified for both
the quantitative survey, as well as the qualitative interviews, aligned well with the
use of a side-by-side, comparison as it related to experiential questions regarding

the predictors. The goal of this research was to clarify the following two research
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questions: RQ1:How do micro and macro level cultural influences impact Muslim
identified women’s intention to pursue a computer science undergraduate degree?
and RQ2: How do experiences differ in their impact on pursuing a computer science
degree for Muslim as compared to non-Muslim women in the United States?

I implemented a sequential mixed methods approach to enrich the quantitative
survey data with qualitative interviews of Muslim women students. One qualitative
(RQ1) and one quantitative (RQ2) question were answered by simultaneously col-
lecting both qualitative and quantitative data. The results of the (RQ1) aided with
selection of variables from HERI data for (RQ2). In other words, themes emerged
(see subsection 4.1) from the qualitative analysis used for selecting variables (see
Table 3.2) from the survey.

Once both qualitative and quantitative data were analyzed, they were merged
through a process of comparison and integration. It is worth mentioning the va-
lidity criteria for qualitative and quantitative data, as well as mixed methods and
pilot study research, which are addressed earlier in this chapter (see CHAPTER 3
Methods, subsections 3.1 and 3.2). The selection and data collection procedures
described earlier were implemented to ensure consistency with the sequential ex-
ploratory mixed methods design approach. Employing both qualitative and quan-
titative evidence of students’ experiences is valuable, as employing both methods
provide a fuller picture of women students’ experiences towards pursuing a com-
puter science major. After the independent analysis of qualitative and quantitative
data, the last step was to analyze the data jointly through the examination of the
relationship between the predictor and dependent variables. For this part of the
study, Phase 3 I used a side-by-side comparison of the qualitative and quantitative
data, searching for similarities and differences. In the next chapter (CHAPTER 4),

findings from Phase 1, Phase 2, and Phase 3 are discussed.
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3.2.4 Interpretation: Phase 4

For Phase 4 of the process (see Figure 3.1), I used combined data analysis to de-
termine how these findings addressed the research questions of the study. I looked
for areas of convergence, divergence, inconsistency, and dispute in the data during
this process of examining the combined data in relation to the research questions
put forth to help inform the study’s conclusions [Creswell and Plano Clark, 2017].
I used figures and tables throughout this research study to offer visuals for areas of
similarity and difference in order to provide further information to help answer the
research questions.

Overall, the aim of this study is to identify which factors impact a woman’s
choice to pursue a computer science degree. Through a mixed method sequential
exploratory design, I analyzed the results of the data collected to establish validity
[Trochim et al., 2016]. I aimed to understand how cultural factors impact Mus-
lim women and non-Muslim women students towards pursuing a computer science

major. The details of the findings are discussed in the next chapter (CHAPTER 4).
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CHAPTER 4
RESULTS

The goal of this study was to answer the following research questions:

RQ1: How do micro and macro level cultural influences impact Muslim identified
women’s intention to pursue a computer science undergraduate degree? RQ2: How
do experiences differ in their impact on pursuing a computer science degree for
Muslim women as compared to non-Muslim women in the United States?

Study findings were obtained from two primary sources; these include interviews
of 9 Muslim female students, and 500 students from survey. The findings for the
first research question will be shared by theme which emerged from the coding
process. There were four important themes which emerged from the data which
appear to influence female students towards pursuing computer science as a major.
They related to family role, playing computing games, educational foundation and
early exposure to programming, and the expectations and unspoken rules. Students
opened up about how they chose to pursue a degree in the computer science field. 9
participants provided information about their families, education, and things that
are important to them in life. Each theme will begin with a brief description followed
by the exact captured quote from student interview data; exact captured quotes can
bring a topic to life and it prevents the (mis)use of catchy phrases [Silverman, 2015].
It is critical that quotations are used in a way that respects participants and that are
presented in a trustworthy manner, including maintaining participants’ confidential-
ity [Beck and Denise F. Polit, 2017]. It is worth mentioning all students interviewed
are foreign language speakers and their first language is not English. Thus, there
is the appearance of grammatical inconsistencies and perceived flow disruptions in
the exact captured quotes selected from the interviews from the point of view of a

native English speaker.
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4.1 Qualitative Findings

4.1.1 Micro Cultural Influences: Family Role

The students described their interest in the computer science field as beginning
during middle school or high school from other immediate and extended family
members in the field. In the interviews, students mentioned either their father,
brother, uncle, and/or cousin were important people who impacted their decision

towards pursuing computer science.

One of my cousins she was studying computer science at the college
when I was at high school and we were so close together. So she was

kind of my motivation to choose the computer science (Sania).

Actually, I had an uncle studying computer science in United

States many years ago, that was a motivation for me |...]. (Mona)

My brother is basically the very reason why I started ma-
joring in computer science. My brother moved to the United States
almost 10 years ago, when I was in high school. [...] My brother was also
doing programming so he told me that this is a major that if you choose,
you always would learn new things, there is no ending to this major so
its a good choice for you. That’s when I decided to do computer back

in my country for my Bachelor’s degree. (Maya)

I wanted to be a computer scientist like my father, so I was
looking up to be like my father. My father is a computer scientist and I

wanted to be like him. (Kate)
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Face-to-face interaction is the cornerstone of all social groups and organizations
to which we belong, making micro level study crucial [Ballantine and Roberts, 2009].
Micro level analysis focuses on how individuals or families interact under certain
circumstances [Ballantine and Roberts, 2009]. Research has demonstrated the im-
portance of family impact on students’ exposure and interest towards pursuing com-
puter science major [Hamdan, 2005, Islam, 2019]. At the micro level orientations,
and interpretations of family members can impact women’s actions, and orientations
[Ballantine and Roberts, 2009, Islam, 2019]. Fisher et al. demonstrated females’
stories in the computer science discipline were filled with descriptions of watching
their dad work at the computer, or having their older brother showed them how he
programmed the machine [Fisher et al., 1997].

According to the results of this study, many students revealed that once they
become interested in their immediate and extended relatives career, they will dig
into the career and do more research about it. The more they know about the ca-
reer, the more they are interested and want to choose computer science as a major.
Additionally, the involvement, encouragement, and role modeling provided by im-
mediate and extended family of computer science majors indicate the importance
such support has for the choice of a major for many of these students. From the re-
sults of this study, it can be concluded that students at the micro level are impacted

by their families towards pursuing a computer science major.

4.1.2 Micro Cultural Influences: Playing Computing Games

Most participants mentioned they started playing computer games during their
childhood or teenage years. Some mentioned they still play computer games as

adults. They interpreted it as a fun activity that gave them enjoyment. Students
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mentioned that playing video games had an impact on them pursuing computer

science as a major.

I was used to playing a lot of games with the computer 1

had at home and because I feel I liked it. (Sania)

[...] in my high school I always was a fan of computer. I played a

lot of games on my computer. (Sara)

I remember when I was nine or 10 years old my father bought a
computer for our family, and I was really excited about it. And I
usually used to play games with it. [...] it was rallies, race, car races
and stuff like that and I wanted to make new games. So, it was my
first experience, and I think that it was the moment that I thought that

[ really love computer science. (Lily)

[...] when I was younger, like eight or nine years old, I used to play
games with my brother and it was fun. It was the time when PCs where
everywhere so everyone would buy a computer at their home and play

games. [...] I do play games, like I play football on PS4. (Maya)

I enjoy playing games with my computer or on my phone like play
cards, play baseball. 1 was attracted by the design of the game like the

graphics and how it look. (Ruby)

I love computer games, I played Play Station growing up as a
child, I played video games, I play games on my phone these days, play-

ing games is fun, I really enjoy. (Kate)
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According to the literature, there is a positive relationship between play-
ing video/computing games and interest in pursuing a computer science major
[Sevin and DeCamp, 2016, Fromme, 2003]. According to researchers, the logic uti-
lized in video games and the scientific method are similar [Gee, 2003, Johnson, 2006].
They claim that playing video games teaches players how to recognize patterns,
formulate hypotheses, test these hypotheses, and assess the outcomes [Gee, 2003].
According to research, science lessons frequently provide students with information
about the universe in the form of facts; however, video games provide students a
new world in which they can discover things on their own [Johnson, 2006]. In other
words, students are taught the scientific method in the classroom, but they may
apply it while playing video games. As such when a player recognizes particular
patterns in one game, they can use that information in the following game because
gameplay of the same genre is usually similar [Ball et al., 2018]. This contributes to
the fact that experienced gamers can learn and master a new game far more quickly
than beginners. Finding new patterns and developing new hypotheses is a constant
requirement of playing a diverse range of games in a variety of genres. Thus, playing
video/computing games has a positive relationship with problem-solving abilities.

Additionally, playing video/computing games can increase students’ technologi-
cal abilities. One example of this is setting up video games and handling any issues
that may occur with the physical gaming hardware [Johnson, 2006]. For experienced
gamers, it is more likely they have knowledge of the various game engines or the
technical hardware differences between various consoles [Ball et al., 2018]. Video
games are essentially a form of leisure technology, as opposed to many other types
that are primarily used for practical purposes. The vast majority of players are un-
likely to play video games to become technologically literate; however, in the search

for entertainment they end up becoming literate [Sevin and DeCamp, 2016]. This
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is true regardless of how casually people play, but it is especially true for those who
are more involved with playing video/computing games.

As mentioned, players interact with a number of interfaces, patterns, logic, and
potential technical problem-solving scenarios through video/computing games. Due
to this experience, even if players do not utilize computers as their primary gam-
ing device, the more they play video games, the more likely it is that they will
develop an interest in other practical parts of digital technology, specifically com-
puters [Sevin and DeCamp, 2016]. The results of this study also suggest that stu-
dents who played video/computing games became more curious about how things
work in computing, had a higher desire to make games, and developed enthusi-
asm towards graphics. Additionally, it can be interpreted that students who played
games became more comfortable with technology. Thus, playing video/computing
games had a positive role in attracting Muslim women into the computer science
major. The important factor that needs to be considered is that students started
playing video/computing games at early ages. Although “families are more or
less external observers” it is the family role at the micro level (see Figure 2.1)
that provides adequate gaming hardware and allocates play time for their children

[Fromme, 2003, Radich, 2013, Ibtasam et al., 2019].

4.1.3 Macro Cultural Influences: Educational Foundation

and Early Exposure to Programming

All the students interviewed described a strong background in math and English
courses during their education. Additionally, some students indicated that early
exposure to programming had a positive impact on them towards pursuing computer

science as a major.
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I was at the top of the class for the math and English during
high school. I ranked first in math during my first grade in high
school in the whole city that I was living back in my country.|...] I also
remember that we have some programming course in high school
and I feel like I liked the programming, and I was doing some DOS
programming back in the middle school so I had some experience

and that was my motivation. (Sania)

I usually got fullest score for my math and English, 1 was

almost the top of the class. (Sara)

I was the top student in English courses and I had little bit
lower grades in comparison with my English grades in Math

courses. So I wasn’t top student in math courses but good, not bad.
(Lily)

My math was always the best score in the class and my English
was good. I think both of them were really good. [...| I was starting
programming when I was in the first year of high school and
then I was really enthusiastic about this topic so, I followed it in

the university as my first selection. My first choice in the university.

(Mona)

All the years before the very last year of my high school, I
had the grade A in mathematics, but at the very last year of my
high school, which I was preparing for college entrance, I think I would

get a B. I got a B grade. My English was always grade A. (Maya)

I was a nerd a little bit, I was A plus student my whole life.

[...] I took summer classes in high school, like training classes, and
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I start to learn about programming and then I was fascinated

about this field. I want to learn more, that’s why I join it. (Ava)

My math and English were excellent, I got good grades. I liked
solving problems, I like that feeling. [...] We had programming in
high school. We had Visual Basic, and like basic stuff, it was very
basic, and I liked it. (Ruby)

In math, I usually get A plus. But English, we study English
when we are 14 years old and it’s very simple English. So, this is why
I got A plus, but it is very simple English. [...]| We had some pro-
gramming in high school, but they are very simple like programs for

calculating to do the simple mathematical operation. (Mahi)

I generally had good grades in school. It was from the 100 scale
version, you would be graded for each subject out of 100 at the end of
the semester and I always had above 90 in all subjects, but in math it

was above 95 all the years. (Kate)

External factors, such as school, can influence a person’s learning and perfor-
mance orientation levels [Gully and Phillips, 2005]. It is clear all these experi-
ences mentioned above are happening in the organizational culture (school level)
setting at the macro level (see section 2.1, and Figure 2.1). It is common to
think about learning and performance orientations as traits or personality qual-
ities [Dweck, 1986]. However, as discussed in the literature review (see section
1.2) it must be kept in mind that one’s orientation might be impacted by situa-
tional factors [Farr et al., 2003]. Influence of personal and cultural values, as well

as the social environment like classroom atmosphere, can contribute to an increase
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in women'’s self-confidence in mathematics and subsequently in pursuing computer
science [Mittelberg and Lev-Ari, 2010]. According to research, learning and perfor-
mance orientations can be influenced by the environment [Martocchio, 1994]. Put
differently, even if an individual’s personality is predisposed to be low in learning ori-
entation and moderate in performance orientation, contextual factors, such as learn-
ing environments, and motivations can be introduced to raise or lower one’s learning
orientation or performance orientation for a specific task [Kozlowski et al., 2001].
Thus, it is important to understand which tasks or situations can aid women stu-
dents towards pursuing a computer science major.

In this study, I observed similar factors in that many students interviewed identi-
fied themselves in a good (average and above mathematics grades) academic stand-
point during their education. It came to my attention how Muslim women expressed
their mathematical abilities in school confidently by using terms such as “I was at
the top of the class,” “My math was always the best score in class,” and more (see
interview quotes in subsection 4.1.3). Additionally, interviewees expressed enthusi-
asm for mathematics logic and felt that computing fit their skills. Furthermore, they
spoke about the pleasure they got from solving problems. Additionally, students de-
scribed how early exposure to programming and positive experiences impacted them
towards pursuing computer science. Students revealed that love of basic program-
ming attracted them to majoring in the computer science field.

Individual actions, motives, and perceptions manifest organizational learning
and performance orientations [Bowen and Ostroff, 2004]. Organizational learning
and performance orientations are impacted by the workgroups and leadership of in-
dividuals, as well as organizational policies, procedures, and human resource man-
agement systems [Bowen and Ostroff, 2004]. Individual orientations within a school

vary, and there are systemic contextual differences between schools. Culture is one
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of the factors that have been identified as significant contributors to organizational
effectiveness and performance [Ostroff et al., 2012]. Culture is an important con-
textual factor that has a greater impact on people’s attitudes and behavior than
dispositional traits do [Davis-Blake et al., 1989]. Thus, the results indicates how
organizational culture (school) in Muslim majority countries is impacting Muslim

women towards pursuing a computer science major.

4.1.4 Micro and Macro Cultural Influences: Expectations

and Unspoken Rules

Students spoke about the cultural unspoken rules and the difficulties they had in
communicating with their male colleagues during the time they were undergraduates
at university in their home countries. Considering family role as a micro level
influence, and unspoken rules in the society as the macro influences, I concluded
that the interviewees experienced both levels of cultural influences while deciding
on their majors. Cultural beliefs and values of families had a significant influence on
students’ decisions in choosing CS. All of the interviewees mentioned they chose CS
over other engineering topics by describing limitations of other engineering topics
over CS; they described either doubts of their families (micro) or they mentioned

future job environment concerns (macro).

In my country we have a national exam, which is the entrance exam
for the university. After taking the exam, we need to choose the major
and the city. My family asked me to choose some engineering major
because I was in a math major to which, after the graduation, I also can

find a good environment to work on. Because I also was interested
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in electrical engineering but my family thought that electrical engi-
neering, the workplace for electrical engineers are mostly male
dominated and it’s not good place for a female to work with

them. This one affect my decision. (Sania)

At that time I really cared to go to a school in my city to be
with my family, and that’s why I selected that university and that

university was the best in my city in computer science. (Sara)

When I wanted to choose the major I thought that this is the major
that I really love, so I didn’t choose electrical engineering and mechan-
ical engineering. But maybe I was affected by the environment
because in our country they also say that women can’t do engi-
neering majors like electronics or mechanical engineering. So,
I loved computer science but maybe 1 was affected by the envi-
ronment that you’re a girl and you cannot do those majors.
[...] As our major was computer science the number of girls and boys
were almost equal, or maybe we had more girls than boys. But for
other majors such as electrical or mechanical engineering most
of them were boys. [...| in my country you rarely can speak
with your classmates who are male because it’s not really good
to speak with boys [...| my classmates that I've told you they have a
good programming skills were all boys. And when I used to ask my ques-
tions then on campus, for example, it wasn’t really good. So, anybody
thought, Okay. They started backbiting you. He’s her boyfriend.

Or it’s not good, Why this girl is speaking with a boy? [...| And
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these traditional and religious things that made anybody think not

good talking to boys. (Lily)

[...] female students are limited, but I don’t think it is because of
the country, it’s because of their families, culture, and standards. They
can’t select any major. The families are not very open to mixed

environments. (Ava)

[...] my father, my mother they told me you have a high grade
and you can apply for computer science. I booked the computer science
as number one in my application [...] and I'll get the acceptance in the

computer science. (Mahi)

There were majors that were not offered then. Like electrical en-
gineering was not offered to females then. And we don’t have
females working these jobs. [...] I knew by going into computer
science, there are jobs for females out there, computer science

majors are hired by private and government companies. (Kate)

Muslim women explained different ways they attached to computer science and
detached from other fields. Their stories were counter to the suggestion that women
students wanted to please their families, and meet the expectations of society. Mus-
lim women students’ success in the computer science field was not without costs,
though; they went through a arduous situations as societal constraints, and cultural
restraints. Culture (see Figure 2.1), at the macro level, impacts behaviours in the
society. As mentioned earlier, culture and religion (see section 2.2) that people learn
as they grow up determines who does what and certainly plays a part in students’

decisions towards pursuing a major [Ballantine and Roberts, 2009].
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In the interviews, Muslim students indicated different factors that impacted them
towards pursuing computer science. Factors included culture and religion, future job
plans, playing video/computer games, parental expectations, and wanting to live
near home. Findings also revealed Muslim women students do not have prejudice
against the computer science field, however, they have stereotypical perceptions
about other fields (ex. mechanical engineering, electronics).

The results demonstrated that Muslim women are guided by different motives
and expectations regarding the subject of computer science, and in some cases eval-
uate their strengths and abilities in different ways. Findings stressed the importance
of perceived abilities in pursuing a computer science major. Abilities for success-
fully studying computer science were named, including interest in computer science,
motivation, and previous experience, for example with programming, or playing
video/computing games. In the next chapter (CHAPTER 5) I will discuss the find-

ings in greater detail.

4.2 Quantitative Findings

In order to answer RQ2: How do experiences differ in their impact on pursuing a
computer science degree for Muslim women as compared to non-Muslim women in
the United States? I used data from HERI. In total, I selected 9 questions from the
survey. Six of the questions were selected based on the themes that emerged from
the qualitative data analysis including family role, playing computing games, educa-
tional foundation and early exposure to programming, expectations and unspoken
rules (see Table 3.2). The remaining three were students’ gender, major, and reli-
gion. It is worth noting that for educational foundation, I did not study students’

English ability as I did not have information on whether students’ first language
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was English or not. And as a researcher I did not want to make assumptions about
students’ language proficiency in this study.

As an initial step, I examined the relationship between factors and pursuing
computer science using logistic regression for all the students selected (n=500). I
considered six different factors from the survey described in Table 3.2. The results
of the logistic regression revealed there is a significant (p<0.001) positive relation-
ship between “Play Video/Computing Games” (Estimate= 1.12), (p<0.05) “Want
to live near home” (Estimate= 0.59), (p<0.05) “Please my parents” (Estimate=
0.54), (p<0.05) “Average mathematics” (Estimate= 1.68), (p<0.01) “Above av-
erage mathematics” (Estimate= 2.11), and (p<0.05) “Highest 10% mathematics”
(Estimate= 1.87) with pursuing computer science as a major. Conversely, there
was a significant (p<0.05) negative relationship between pursuing a computer sci-
ence field and “Father career” in CS (Estimate= -0.58). Another important fac-
tor to consider is the odds ratio of the model demonstrated in Table 4.1. “Play
video/computing games”, “Want to live near home”, “Please my parents”, “Aver-
age mathematics”, “Above average mathematics”, and “Highest 10% mathematics”
were positive predictors with odds ratios of (3.06), (1.80), (1.71), (5.36), (8.24), and
(6.48) respectively. This means that having “Play video/computing games”, “Want
to live near home”, “Please my parents” variables will correspond to 3.06, 1.80, and
1.71, times higher odds of pursuing computer science as a major consecutively as
compared to not having it. Furthermore, in comparison to baseline the odds ratios
for the “Average mathematics”, “Above average mathematics”, and “Highest 10%
mathematics” were reported as following 5.36, 8.24, and 6.48. The R? (McFadden)
for the model is 0.11. Note that this small amount of variance explained was ex-
pected since there are many other factors that contribute to student’s computer

science major choice beyond the factors examined in this study.
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Estimate ‘ SE ‘ z-Value ‘ Sig. ‘ Odds Ratio

Intercept -2.03 0.88 | -2.30 * 0.13

Play video/computing games 1.12 0.23 | 4.79 | *** 3.06
Father career -0.58 0.26 | -2.24 * 0.55
Mother career 0.23 0.35 0.67 ns 1.25

Want to live near home 0.59 0.23 | 2.51 * 1.80
Please my parents 0.54 0.21 | 2.57 * 1.71
Below average mathematics 0.65 0.86 | 0.76 ns 1.91
Average mathematics 1.68 0.82 | 2.04 * 5.36
Above average mathematics 2.11 0.81 | 2.58 oK 8.24
Highest 10% mathematics 1.87 0.84 | 223 * 6.48

Table 4.1: Logistic regression analysis on five different factors and pursuing com-
puter science
ns: not significant; ***p<0.001; **p<0.01; *p<0.05

I used two methods (logistic regression and Wilcoxon rank sum tests) to answer
RQ2, and to examine how a student’s religion impacted their interest in pursuing
computer science as a major. First, I used Wilcoxon rank sum tests to compare if
the impact of factors differed by religion. In particular, Wilcoxon rank-sum tests
was utilized to compare variables from two groups (Muslim, and non-Muslim) in the
population, and to determine if there were significant differences (see Table 4.2).

There was no significant difference by the “Father career”. However, there were
significant differences between the rest of the factors from table 4.1 impacting stu-
dents towards pursuing computer science by religion. According to the analysis, on
average non-Muslim students reported playing video/computing games 0.32% of the
time, as compared to 0.24% Muslim students. However, Muslim students, on aver-
age, reported wanting to live near home 0.32%, pleasing their parents 2.42%, and
mathematical ability 3.66% as compared to 0.23%, 2.25%, and 3.41% non-Muslim
students respectively.

Additionally, in order to compare the different factors impacting Muslim and

non-Muslim students I used two different logistic regressions. I divided my dataset
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Factor p-value | Non-Muslim | Muslim.

Play video/computing games * 0.32 0.24
Want to live near home * 0.23 0.32
Please my parents oK 2.25 2.42
Mathematical ability ook 3.41 3.66

Table 4.2: Wilcoxon rank sum test on factors for Muslim and non-Muslim students
p<0.05

Estimate ‘ SE ‘ z-Value ‘ Sig. ‘ Odds Ratio ‘

Intercept -1.81 1.37 | -1.32 ns 0.16

Play video/computing games 0.85 0.34 | 2.45 * 2.33
Father career -0.11 0.36 | -0.31 ns 0.89
Mother career 0.44 0.49 | 0.90 ns 1.55

Want to live near home 0.43 0.31 1.36 ns 1.53
Please my parents 0.79 029 | 2.74 oK 2.20
Below average mathematics -0.47 1.40 | -0.33 ns 0.62
Average mathematics 0.95 1.30 | 0.73 ns 2.58
Above average mathematics 1.28 1.29 | 0.99 ns 3.59
Highest 10% mathematics 0.79 1.31 ] 0.59 ns 2.20

Table 4.3: Logistic regression analysis on five different factors and pursuing com-
puter science for Muslim women students

**p<0.001; *p<0.05

to Muslim and non-Muslim students. Next, I used the same factors from 3.2 and con-
ducted two different analysis. The logistic regression for Muslim students revealed
there is a positive significant (p<0.05) relationship between “Play video/computer
games” (Estimate=0.85) and (p<0.01) “Please parents” (Estimate=0.79) with the
odds ratio of (2.33) and (2.20) respectively. It is worth mentioning that “Father ca-
reer” had a negative impact on Muslim students towards pursuing computer science
as a major. The R? (McFadden) for the model is 0.10. As mentioned before, this
small amount of variance explained was expected since there are many other fac-
tors that contribute to students’ computer science major choice beyond the factors

examined in this study.

o8



Estimate ‘ SE ‘ z-Value ‘ Sig. ‘ Odds Ratio

Intercept -1.96 1.25 | -1.56 ns 0.14

Play video/computing games 1.29 0.32 | 3.97 | *** 3.63
Father career -1.02 0.38 | -2.64 oK 0.36
Mother career -0.02 0.54 | -0.04 ns 0.98

Want to live near home 0.84 037 224 * 2.31
Please my parents 0.26 0.32 | 0.82 ns 1.29
Below average mathematics 1.32 1.19 1.11 ns 3.74
Average mathematics 2.14 1.15 1.86 ns 8.49
Above average mathematics 2.68 1.15 2.33 * 14.58
Highest 10% mathematics 2.71 1.19 | 2.27 * 15.02

Table 4.4: Logistic regression analysis on five different factors and pursuing com-
puter science for non-Muslim women students
**p<0.001; *p<0.05

Furthermore, the logistic regression for non-Muslim students revealed that there
is a significant negative relationship between (p<0.01) ”Father career” (Estimate=-
1.02) and pursuing computer science for non-Muslim students with the odds ratio of
(0.36) indicating that if a student had a father who had a career in computer science
they were 64% less likely to pursue a computer science major. The results also indi-
cated a positive significant relationship (p<0.001) between “Play video/computing
games” (Estimate=1.29), (p<0.05) “want to live near home” (Estimate=0.84),
(p<0.05) “Above average mathematics” (Estimate=2.68), and (p<0.05) “High-
est 10% mathematics” (Estimate=2.71) with odds ratio of (3.63), (2.31), (14.58),
(15.02). This means that 1-point increase in the “Play video/computing games”,
“want to live near home”, “Above average mathematics”, and “Highest 10% mathe-
matics” will correspond to 3.63, 2.31, 14.58, and 15.02 times higher odds of pursuing
computer science as a major respectively. The high odds of ratio indicates a strong
association between mathematical ability and pursuing a computer science major
for non-Muslim students. The R? (McFadden) for the model is 0.15, which is better

than for the model for Muslim students.
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In this chapter I discussed the results of qualitative (Phase 1) and quantitative
(Phase 2) findings. The Phase 3 (Compare and Relate) and Phase 4 (Interpretation)

will be discussed in the next chapter.
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CHAPTER 5
DISCUSSION AND CONCLUSION

In this final chapter, I restate the research problem and review the findings of this
study. The sections of this chapter include discussion of the findings and their
relationship to prior research and the study’s framework, limitations and my future

research, as well as the implications for practice.

5.1 Summary of Study

This research study was designed to examine the underrepresentation of women in
the computer science field by presenting the pathways of those achieving or exceed-
ing parity outside of the United States. This research was guided by two research
questions to better understand why and how different cultures, religions, and expe-
riences impact female students’ educational outcomes and interest towards pursuing
a computer science degree.

Research Questions:
RQ1: How do micro and macro level cultural influences impact Muslim identified
women’s intention to pursue a computer science undergraduate degree? RQ2: How
do experiences differ in their impact on pursuing a computer science degree for
Muslim women as compared to non-Muslim women in the United States?

This study was established and executed as a sequential exploratory mixed meth-
ods inquiry that was guided by multi-level cultural theory. This approach allowed
me to combine both the strength of qualitative and quantitative approaches, and

gain insight into cultural factors, which have an impact on students’ education.
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This study was developed with clear research questions and with a strong theoreti-
cal foundation. The capacity to connect the themes that arose from the interviews to
the research questions in the study’s conclusion demonstrates the study’s strength.

The sequential exploratory mixed methods study included 9 one-on-one inter-
views with graduate Muslim women in the computer science field; it is worth men-
tioning that for the qualitative part of this study and in the interview protocol, I
regard the students as expert witnesses in their own world, and tried to ask the
questions that enabled them to best elucidate their thoughts about computer sci-
ence. For the quantitative part of this study, I used data from the HERI freshman
online survey, which was completed by students between 2000 and 2010. The results
of this study identified areas of convergence and divergence from past studies as it
relates to factors that impact students towards pursuing a computer science major.

Based on the interview data, three themes emerged: micro cultural influences,
macro cultural influences, as well as micro and macro cultural influences. Mus-
lim female students interpreted and negotiated their experiences in various ways.
Participants considered their existence in the computer science field in reference to
different factors, including their family, playing computer/video games, early expo-
sure to programming, cultural influences and unspoken rules. As discussed earlier
quantitative factors for analysis were selected with regards to the theoretical framing

of the study as well as the results of these qualitative findings.

5.2 Results and Answers

In this section I compare and relate (Phase 3) the results from each qualitative theme
and quantitative factor, along with the literature, accordingly (See table 5.1). It is

worth mentioning that there is at least one quantitative factor for each qualitative
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Convergence and Divergence ‘ Qualitative Themes ‘ Quantitative Factors

Family Micro cultural influences: | Father career in the computer
Family role science field

Family Micro cultural influences: | Mother Career in the com-
Family role puter science field

Gaming Micro cultural influences: | Play video/computing games
Playing computing games

Exposure Macro cultural influences: | Mathematical ability

Educational foundation and
early exposure to program-
ming

Expectations Micro and Macro cultural in- | Want to live near home
fluences: Expectations and
unspoken rules

Expectations Micro and Macro cultural in- | Please my parents
fluences: Expectations and
unspoken rules

Table 5.1: Qualitative Theme and Quantitative Factor

theme in this study. However, as I am comparing both qualitative themes and quan-
titative factors next to each other, there are instances when themes that emerged
from the qualitative findings do not have the exact same variable in the quantitative
data (see table 5.1). Thus, for example, in Family, although I wanted to explore
more about the relationship between siblings and extended family members with
students pursuing computer science field, I did not have quantitative data to ex-
plore it. As in the HERI data, there was not enough information around siblings’
majors or extended families’ majors and their relation with students to compare and
draw convergent conclusions related to this theme. Similarly, when students were
introduced to programming in Exposure, I did not have data regarding when stu-
dents were introduced to programming. This can be a topic for further exploration
in a future study, as it needs deep exploration with a larger amount of quantitative

data and it was out of the scope of this study both financially and time-wise.
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5.2.1 Family:

Qualitative Theme: Micro cultural influences - Family role
Quantitative Factor: Father’s career in the computer science field, and Mother’s
career in the computer science field

Students’ lack of information about majors prevents students from making
wise decisions [Bogenschneider and Johnson, 2004]. One way that students be-
come aware about fields of study is through their family [Bresnihan et al., 2021,
Bogenschneider and Johnson, 2004]. Thus, students who have more knowledge
about their relatives’ careers tend to be affected by them [Calderon and Marken, 2020,
Bresnihan et al., 2021]. The findings of the qualitative part of this study sug-
gests students who became familiar with computer science contexts at an early
age became more informed about the field. Qualitative results revealed Mus-
lim women become interested in the computer science field from their immediate
and extended family members including father, brother, uncle, and cousin. It is
worth mentioning, as opposed to Western culture, the traditional Muslim family
is extended to three or more generations in one household [Anwar, 1994]. The
importance of extended family from different points, including students academic
success, has been discussed in the literature [Ferguson, 2006, Coleman, 1981]. Stud-
ies found that the risk that children will drop out of school was decreased by
high levels of social support from their extended family [Ferguson, 2006]. Ac-
cording to research, factors such as number of extended family members who
reside in the home, the amount of interactions the child has with these family
members, and the frequency with which the youngster travels to see extended
family members, are among the important factors predicting the amount of sup-
port students can get from their extended family members [Ferguson, 2006]. Al-

though the importance of immediate family members, and more specifically par-
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ents, in a student’s major choice, has been discussed widely by prior researchers
[Calderon and Marken, 2020, Muenks et al., 2020, Kargarmoakhar et al., 2019], to
date there is limited literature around the importance of extended family members
and pursuing a computer science major.

Studies demonstrated that parents place a high importance on education in
the computer science field, globally [Bresnihan et al., 2021, Simunovié¢ et al., 2018].
According to the available research, students who are supported by their parents
perform better academically, perform better on standardized tests, maintain better
attendance records, drop out less frequently, have higher expectations, and have
more favorable attitudes toward learning [Bogenschneider and Johnson, 2004]. Tt
is worth mentioning that extended families continue to exist in countries where
children settle near their parents, but in modern urban societies, both the sense
of community and the connection to the extended family are greatly diminished.
This suggest that Muslim women have higher chances of getting impacted by their
extended family members, than students in more modern countries such as United
States, as discussed in the literature review.

The other important factor to mention is the effect of parents on their chil-
dren’s choice of major [Bogenschneider and Johnson, 2004]. There are students
who follow in the steps of their parents because they feel more comfortable, se-
cure, or had no other option [Tillman and Engel, 2015]. According to the avail-
able research, intentional and unintentional parental influence on children’s pro-
fessional choices can have both positive and negative effects [Contributor, 2020].
When students are treated as if their opinions are valued, they are more receptive
to their parents’ ideas, which may lead to them pursuing careers in the same fields
as their parents [Tillman and Engel, 2015]. However, it is important to note that

parents who put pressure on their children to pursue specific high-profile jobs, be-
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lieving they are pushing their children to aim high, can negatively impact students
[Contributor, 2020, Tillman and Engel, 2015]. In other words, parental pressure
tactics might backfire and raise opposition to parental counsel. Students who are
influenced by their parents negatively are less likely to choose the same career field
of their parents. According to Dietrich and Kracke (2009) “if adolescents perceive
their parents as putting through their own wishes for the child’s future career rather
than collaborating with the child in preparing for a career this may be interpreted
as disinterest in the child’s plans...” (p. 116) [Dietrich and Kracke, 2009]. Thus,
too much pressure from families can cause disengagement from a field. The quanti-
tative results of this study highlighted that students experienced a negative impact
towards pursuing the computer science field if they have parents in the computer
science field. The effect of having a father in the computer science field for non-
Muslim students was significant. This may mean that non-Muslim women students
experienced pressure from their fathers in the field towards pursuing a computer
science major; and this pressure backfired in the students selecting their major.

In the qualitative data, students had the opportunity to explain their path to-
wards computer science and the impact they received from their family members.
One Muslim female student specifically spoke about her relation to her father and
him being her role model for pursuing a career in the computer science field. Thus
I selected this theme to explore more in the quantitative data. Results showed that
non-Muslim students were negatively (p<0.01) impacted by their fathers towards
pursuing a computer science major. When I explored the literature, I found that the
students who experience pressure from their parents towards pursuing a major they
have less interest in pursuing that particular (in this case computer science) major.
As discussed in the literature review, non-Muslim women have biases that computer

science is a masculine field. Adding a father (masculine) role in the computer science
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field can have an additional negative impact on students towards pursuing computer
science. Thus, it suggest that both Muslim women and non-Muslim women experi-
ence pressure towards pursuing a computer science degree from their parents, which

can cause less interest towards pursuing a computer science major.

5.2.2 Gaming:

Qualitative Theme: Micro cultural influences - Playing computing games
Quantitative Factor: Play video/computing games

For a long time, researchers have examined the relationship between playing
video/computing games and pursuing a computer science major [Denner et al., 2015,
DiSalvo and Bruckman, 2009, Sweedyk et al., 2005]. Researchers cited a positive
relationship between playing video/computing games and majoring in the computer
science field [DiSalvo and Bruckman, 2009, Tillberg et al., 2005, Kersteen et al., 1988].
Students’ motives in gaming reported as competition, challenge, design, graphics,
passing time, skill construction, peer pressure, and emotional support for marginal-
ized groups [Gabriela T. Richard and Kishonna L. Gray, 2018]. It is reported that
women benefit from playing video/computing games via improving their cognitive,
social, and physical skills [Lopez-Fernandez et al., 2019]. As discussed in the lit-
erature review, many Muslim women face systematic marginalization in society
(Muslim majority couturiers) [Gabriela T. Richard and Kishonna L. Gray, 2018,
Schell et al., 2016]. Previous research shows that the religious paradigm and many
cultural factors have an impact on Muslim women’s recreational and leisure activ-
ities. Some families believe playing video/computing games can impact students
faith and result in students disobedience [Aziz, 2019]. As Islam condemns worthless

and pointless entertainment that has no worldly or religious value, many families
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restrict students in the kind of games they can play [Umair, 2022]. Scholars re-
ported gaming activity as one way Muslim women feel freedom in their society
[Hussain et al., 2021]. According to the literature, Muslim women reported play-
ing video games as a “vehicle for an oppositional agency and personal freedom
from the patriarchal system” in the Muslim country [Hussain et al., 2021]. In the
qualitative part of this research, students opened up about their experiences with
playing video/computing games. The findings illustrated (see 4.1.2) that almost all
of the students had experience playing video/computing games. The majority of
those students revealed that playing video/computing games positively impacted
them towards pursuing a computer science major. The students mentioned they
enjoyed playing video/computing games, found them fun, enjoyed the graphics,
and aspired each student towards making new games themselves. Thus one way it
can be interpreted is that students who play video/computing games can escape
their life problems via gaming which Muslim students found it a fun activity. This
fun activity results in positive outcomes such as students becoming interested in
pursuing a computer science major [Stenseng et al., 2012] .

In the context of the United States, previous research focused on playing
video/computing games was reported as a masculine activity. In other words,
video/computing games are typically connected with stereotypical male char-
acteristics, such as being extremely aggressive and feature sexualized elements
[Lopez-Fernandez et al., 2019]. This masculine imagery within gaming prevents the
majority of women students from playing it [Lopez-Fernandez et al., 2019]. There-
fore, women in the United States are less encouraged to play video/computing
games.

In the quantitative part of this study, I further analyzed the relationship between

playing video/computing games for both Muslim women and non-Muslim women,
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and pursuing a computer science major. The results revealed that there is a signifi-
cant relationship between playing video/computing games and pursuing a computer
science major for both Muslim women and non-Muslim women (see table 4.1, 4.3,
and 4.4). Additionally, it is worth mentioning that on average non-Muslim women
reported playing video/computing games more than Muslim women students (see
table 4.2).

As discussed, although there is a significant relationship between playing
video/computing games and pursuing computer science for both Muslim and non-
Muslim students, the intentions behind it are very different for Muslim women as
compared to non-Muslim women. Muslim women play video/computing games
as a fun activity which allow them to feel freedom [Hussain et al., 2021 and that
feeling elevates their interest towards pursuing a computer science major. On
the other hand, it may be sufficient to interpret non-Muslim women who play
video/computing games as being the ones who overcome the idea that playing
video/computing games is a masculine activity. Additionally, results revealed that
non-Muslim women play more video and computer games compared to Muslim
women students. From the literature, it may be the case that Muslim women face
more limitations towards playing video/computing games than their non-Muslim

counterparts.

5.2.3 Exposure:

Qualitative Theme: Macro cultural influences - Educational foundation and early
exposure to programming

Quantitative Factor: Mathematical ability

69



Mathematics, English, and previous computer programming experiences are re-
ported among the possible contributing factors for women students pursuing a com-
puter science major [Cantwell Wilson, 2002, Fabros-Tyler, 2014]. For non-English
native students, English language proficiency has a positive relationship with stu-
dents’ overall academic achievement [Fakeye et al., 2009]. Thus, in the qualitative
part of this study I asked Muslim students whose native language was not English
about their English grades during their school years (see APPENDIX A). Almost all
of the participants responded they got the top grades of their class during their edu-
cation (see 4.1.3). From the interviews, it can be understood that although students
reported they had good grades in English, they were not at a native level. Thus,
for the quantitative part, as the majority of the students were native in English, I
did not use English proficiency as one factor to measure its relation to pursuing a
computer science major.

According to the literature, mathematics is a very important topic that serves
as a tool for many disciplines, including computer science [Fabros-Tyler, 2014,
Cantwell Wilson, 2002]. As computer science is identified as a math-related ma-
jor, performance accomplishment in mathematics may have an impact on how
people perceive their own self-efficacy [Cantwell Wilson, 2002]. Thus, students
perceived self-efficacy increases if their mathematical experiences provide positive
information about the computer science major [Cantwell Wilson, 2002]. A large
body of literature demonstrates that self-efficacy and confidence in mathemat-
ics are key factors in choosing computer science as a major for women students
[Hawke et al., 2009, Dijkstra et al., 2016, Rittmayer and Beier, 2008]. Thus, stu-
dents who have better mathematics experiences are more interested in pursuing
a computer science major. It is important to note that according to the previous

research, countries with gender based disparities do not necessarily have parity in
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males’ and females’ interest related to mathematics [Reilly, 2012]. Muslim majority
counties including Oman, Iran, Bahrain, Kuwait, Morocco and Saudi Arabia are
some examples of women’s increased self-confidence and interest in mathematics
over men’s [Ghasemi and Burley, 2019]. In the interviews, almost all of the students
mentioned they got good grades in mathematics, and identified themselves among
the top ten percent of their classes. This factor demonstrated how Muslim women
were confident in their mathematical abilities.

In general, women in the United States are not very confident in their mathemat-
ical abilities [Miura, 1987, Ghasemi and Burley, 2019]. Research revealed that, de-
spite having the same math grades and test results as their women counterparts, men
rate their own mathematical proficiency higher than women do in the United States
[Voyer and Voyer Susan D., 2014, Correll, 2001]. Thus, women in the United States
believe math related topics are more appropriate for males. On the other hand, an
important factor that I noticed in the interviews was that none of the Muslim women
identified mathematics as a masculine topic. According to the literature, in Muslim
majority countries, the number of women students who pursue math related topics
is equal or sometimes exceed the number of males [UIS, , Hyde et al., 1990]. To
conclude we can interpret that mathematics and math-related topics are not con-
sidered masculine in Muslim majority countries as opposed to the United States
[Hyde et al., 1990, Hyde and Mertz, 2009, Kargarmoakhar and Ross, 2019].

Quantitative results demonstrated that there was a significant positive relation-
ship between rating mathematical ability above average and pursuing a computer
science major for non-Muslim students (see Table 4.4). However, there was not a sig-
nificant relationship between mathematical ability and pursuing a computer science
major for Muslim students (see Table 4.3). According to previous literature, we can

understand that non-Muslim women who rate their mathematical abilities higher
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than average experience a higher self-efficacy in comparison to students who rate
themselves lower than average [Miura, 1987]. Thus, self-efficacy in mathematical
ability is impacting non-Muslim women’s choice of major in the computer science
field more than Muslim students.

Researchers have discovered one factor that has a major influence on women
towards pursuing computer science is having programming experience [Beyer, 2014,
He and Freeman, 2010]. In the United States, women are exposed to computers
at older ages and have less programming experience in comparison to their male
colleagues [Beyer et al., 2003, Varma, 2009]. Less experience is often tied to less
interest and less self-efficacy for women [He and Freeman, 2010]. Researchers found
programming experience during school years is one of the top predictors of success,
in addition to being a statistically significant predictor for performance in a col-
lege computer science major [Chen et al., 2018]. Many students in the interviews
revealed they were exposed to programming at around the high school and middle
school years. Although students mentioned the programming courses had simple
content such as a basic arithmetic calculator (see 4.1.3), they were fascinated with
their programming classes and felt enthusiastic about the topic. Although, I did
not have quantitative data with regards to students’ first programming experience,
with the help of previous literature it can be interpreted that both Muslim and non-
Muslim women became interested in computing programming when they were intro-
duced to it at early ages and before their college years [Kargarmoakhar et al., 2020,
Beyer, 2014, He and Freeman, 2010, Varma, 2009, Beyer et al., 2003|. This finding
demonstrates how school at the macro level can impact Muslim women and non-

Muslim women students towards pursuing a computer science major.
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5.2.4 Expectations:

Qualitative Theme: Expectations and unspoken rules
Quantitative Factor: Want to live near home - and please my parents

When students reach adolescence, they begin to actively explore their fu-
tures, frequently looking to their parents as role models or for professional advice
[Paulu, 2005]. A parent’s approach to this can either stimulate youngsters to ex-
plore a wide range of potential jobs, or lead them onto a route that they believe
their parents will approve or accept [Williams, 2016]. In these cases, students might
feel obligated to select a major to please their parents. In addition to parental ex-
pectations, cultural factors contribute to women’s choice of major [Sax et al., 2017,
Reilly, 2012]. Religion is the primary foundation of the Muslim country’s politi-
cal, social, and legal structures [Khalaf, 2021]. Cultural barriers and gender based
discrimination, in many Muslim majority countries, inhibits women’s access and
participation in some fields [Hassan, 2000]. In Muslim majority countries, math-
ematics and mathematic-related fields, like computer science, are not considered
among specific gender categories [Mellstrom, 2009, Kargarmoakhar and Ross, 2019].
In fact, computer science is among one of the fields that Muslim women can pursue
without worrying about familial or cultural restrictions and consequences.

It is worth mentioning that there are different groups, races, religions, and cul-
tures that are living in the United States. Although each group can practice their
own cultural values, everyone living in the United States is governed by the rules
of the country. At the macro level, the United States prohibits discrimination on the
basis of race, gender, color, or religion [U.S. Department of Justice Civil Rights, 1964].
Thus, for students who live in the United States, there are no written gender-based
restrictions on the major(s) they can pursue [U.S. Department of Education, 2021,

U.S. Department of Justice Civil Rights, 1964]. However, there is an unconscious
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bias that men are better than women in math-related topics, including computer
science, both at the micro level (parents), and macro level (school, society) (see
Figure 2.1) which impacts a student’s choice of major [Dee and Gershenson, 2017].
Additionally, parental income, parental financial ability, tuition costs, students’
financial motives, financial aid availability at school, as well as the distance of the
school from home are among important factors that impact students towards pur-
suing a major [Denner et al., 2015, Chapman and Jackson, 1987, Bowers et al., ,
Stage et al., , Blaney, 2020, Sewell and Shah, 1968]. Thus, this suggest that stu-
dents’ socioeconomic status and financial motives impact students towards pursuing
a computer science major in the United States.

In the interviews, a majority of the Muslim women students mentioned they
chose computer science over other topics to please their parents (see 4.1.4). In
fact, some students mentioned their parents asked them to choose majors such
as math, computer science, and engineering. Some students also mentioned
they attended schools in their city as requested by their parents. Few students
mentioned they had to participate in a national exam in their country for uni-
versity entrance, and they chose the most prestigious university possible with
their achieved points in the exam, regardless of which city the school was lo-
cated. Omne important factor was none of the Muslim students in the interviews
mentioned educational cost as a limitation. In fact, in many Muslim majority
countries, including Iran and Saudi Arabia, public schools offer students free edu-
cation [WES, 2017, The Embassy of The Kingdom of Saudi Arabia, 2022]. How-
ever, free Universities are for high-achieving students. For example, in Iran,
high school graduates take a national exam called Konkour for university en-
trance [Wikipedia, 2022]. Konkour is a standardized multiple-choice test that lasts

about 4 hours and 30 minutes which covers all subjects taught during high school
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[Broadbent, 2021, Khodi et al., 2021]. Konkour was implemented as a mechanism
of getting access to higher education in Iran [Kamyab, 2008]. Majors with higher
demand required higher points [Khodi et al., 2021]. Thus, for high achieving stu-
dents, educational costs are not considered as a limitation in many Muslim majority
countries.

For the quantitative part of this study, I selected two variables to study including
wanting to live near home and pleasing their parents (see Table 5.1). The results
revealed that there was a positive significant (p<0.01) relationship between pleasing
parents and pursuing computer a science major for Muslim students (see Table
4.3). However, for non-Muslim students there was a positive significant (p<0.05)
relationship between living near home and pursuing a computer science major (see
table 4.4). On average, Muslim women reported higher levels of pleasing their
parents and wanting to live near home as compared to non-Muslim women students
(see Table 4.2).

The qualitative and quantitative results, along with the literature, demonstrates
that Muslim and non-Muslim women’s intentions and interests towards pursuing a
computer science major are different. It is demonstrated that Muslim women are
highly influenced by their parents, as well as cultural values and limitations. Muslim
women tend to find the computer science field as a feminine field they can major
in without being worried about cultural restrictions and parental rules and regula-
tions. However, non-Muslim women tend to get influenced by the cultural stigma
identifying computer science as a masculine field [Papastergiou, 2008]. Additionally,
it was suggested from the study that non-Muslim students’ financial status had an
impact towards pursuing a computer science major.

In investigating women’s underrepresentation and limited participation in the

computer science field in the United States, I compared their experiences to well
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represented women from Muslim majority countries. Ultimately, and as discussed
in my research study, this thesis is not about finding the solution to the problem.
Instead, my intent was to connect different aspects of the historical and current
cultural experiences of students who participated in the interviews detailing how
their lived experiences shaped their path towards pursuing a computer science major,
as well as the quantitative responses on the survey.

Taking together the four themes emerged (see 4.1), this suggest that although fac-
tors such as family, playing video/computing games, and mathematical abilities may
seem to have similar impacts on Muslim and non-Muslim women towards pursuing a
computer science major, there were inherently different factors as well (as discussed
earlier see 5.2.1, 5.2.2; and 5.2.3). The most interesting factor identified that influ-
enced students was cultural expectations and unspoken rules at the macro level (see
5.2.4). It demonstrated how Muslim women, with limited options and the necessity
to respect cultural values, are finding their independence and freedom through pur-
suing a computer science major. Although both Muslim and non-Muslim students
wanted to live near their (parents’) home, their intentions were very different. As
Muslim women wanted to meet cultural expectations, non-Muslim women wanted
less expenses during their education [Pew Research Center, 2011]. In other words,
financial motives (such as being able to live near home and have less expenses dur-
ing their education) was very important for non-Muslim students [Remington, 2012].
Another important factor to mention is that the borders of femininity and masculin-
ity are different in Muslim majority countries and the United States. In the United
States, women believe math related topics including computer science are masculine.
However, Muslim women believe computer science is a feminine field since it requires
less interaction with men in addition to be an indoor job that doesn’t necessitate

field work or distant commuting. As discussed earlier, women in the United States
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perform as well as men in mathematics [Hargreaves et al., 2008]. However, it may
be safe to say that opposed to women in Muslim majority countries, these long held
masculinity beliefs are among the most important factors distancing women in the

United States from pursuing the computer science field.

5.3 Limitations and Future Work

While my research addresses an evident gap in literature on women’s pursuit in the
computer science field, there are limitations to this study. When I was designing
this study, I had concerns about being representative of the many experiences of
women in Muslim majority countries towards pursuing a computer science field, as
there are more than 50 Muslim majority countries in the world. The qualitative
size of this study (9 Muslim women) did not allow for such expansion, nor did
the methodology I use require it. The nature of the study was not expansive or
representative of the population rather the main idea was to get rich and detailed
data by paying attention to each individual participant. The themes that emerged
provided glimpses into Muslim women’s experiences in the computer science field.
This study was designed to better understand how Muslim majority countries, which
are presumed to be gender unequal (in rights and liberties), reached parity in the
computer science fields, while the United States, as a presumed more gender equal
country, did not reach that equality.

More than half of the interviews were conducted over the phone due to the
restrictions caused by the COVID-19 virus. Even though none of the participants
said that they did not want to be interviewed by phone, some of them were not very
comfortable at the start of the interview. In face-to-face interviews, students felt

more comfortable and opened up about their experiences more quickly. However, it
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is worth noting not having face-to-face interviews did not impact the quality of the
results.

There were some limitations with the quantitative part of this study as well.
It should be noted that the students who completed the survey are in the United
States. Thus, the Muslim women we are referring to have different experiences
and backgrounds from students who completed their undergraduate degrees in the
Muslim majority countries. Additionally, the online survey was completed solely by
students, and some questions were open for interpretation; for example, questions
asking students to rate their abilities in mathematics. As there is no one rule or one
grade, the question is open to students self-perception.

As mentioned earlier (see Table 5.1), although I had at least one representative
quantitative variable for each qualitative theme, there were instances when each
qualitative theme did not have a direct quantitative variables. These variables in-
clude information around students’ immediate and extended families; for example,
if students had an immediate or extended family member who pursued a computer
science degree and/or other related field and how their gender and occupation im-
pacted students towards pursuing said major. Another variable was how the stu-
dents were first introduced to the computer science field; for example information
about their first programming experience, first class, first topic, and first teacher.
This information can aid which type of experiences are helping to attract students
towards pursuing a computer science major. Furthermore, as discussed earlier, I did
not study students’ English ability in the quantitative part of this study. However,
further analysis on students’ English ability and their interest towards pursuing
computer science could be beneficial. Thus, further analysis with a new validated
survey would be of assistance, yet was beyond the scope of time and budget of this

project.
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In the future, I would like to conduct a qualitative study with a more diverse
population of Muslim women. As mentioned, there are about 50 Muslim majority
countries, and in this study I only had Muslim women from two Muslim majority
countries including Iran and Saudi Arabia [Pew Research Center, 2009]. My plan is
to interview Muslim women from all these other Muslim majority countries (both de-
veloped and emerging) to better understand women’s experiences and expectations.
I would like to conduct the quantitative study in both Muslim majority countries
and in the United States to better compare Muslim students experiences and find
out more about which aspect of the cultural level, micro or macro, has the most
impact on students pursuing a computer science major. In the future, I am plan-
ning to develop a new survey which contains the variables mentioned. Then, I will
be able to better situate the study and have a more in depth comparison between
Muslim and non-Muslim women experiences. With understanding which cultural
layer has the most important impact we can take measures to implement new rules
or regulations on that level and attract more women to the computer science field
in the United States.

It is worth mentioning, with the help of guiding research questions, theoretical
frame work, both qualitative and quantitative methods, as well as the previous
literature, 1 ensured this study had strong and detailed information for which the

limitations mentioned above do not diminish the quality of the findings.

5.4 Implications

The results of this study add to other scholarly research and will inform policy and

decision making activities for families, schools, universities, institutions, and gov-
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ernments interested in increasing the participation rates of females in the computer
science field.

From a practical standpoint, offering early computing exposure will improve
students’ interest and awareness around the computer science field. As mentioned
earlier, some of this exposure comes from immediate or extended family members
who have had experiences in the field. Additionally, students can become aware
about the computer science field by simply playing video/computing games or gain-
ing some basic programming experience at home or in classes offered in middle
school and high school. The study demonstrated that each of these experiences had
a positive impact on students; in fact, many students became interested in knowing
more about the computer science field with this small but important exposure at a
young age. Thus, parents can provide opportunities for gaming, while schools can
prepare courses to teach very basic programming concepts and its implementation
for students.

One important factor here is to address that both men and women have the
same capabilities in math related topics including programming and computer sci-
ence taught by their teachers [Hyde et al., 1990, Hargreaves et al., 2008]. Unfor-
tunately, teachers’ unconscious biases around men being better in math related
topics have negative impacts on women in the United States. The adoption of
an asset-based approached to programming should be adopted by educators before
they start teaching programming classes for their students. Additionally, families
in the United States have to be educated by the schools on the fact that their chil-
dren (both men and women) have the same capacities in math related topics, so
they should not expect lower grades or performance from their daughters in com-
parison to their sons. Although, we need leaders who can fundamentally alter the

learning cultures of schools and the teaching profession itself in order to achieve
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long-lasting reform, cultural shifts can happen through communication strategies
as well [Fullan, 2002, Tonso, 1996]. For example, forums are a space where partic-
ipants (parents, teachers, principals, institutional leaders) can communicate about
the ways cultural norms impact women students [Tonso, 1996]. Additionally, princi-
pals can invite experts to schools to share their knowledge with teachers and parents
[Leithwood and Jantzi, 1990].

Another finding was the importance of finances in students’ educational paths in
the United States. Many students in the United States want to live near their parents
because of economic challenges. For example, students who live with their parents
can save money on rent for a new place, food, travel and commute expenses, as well
as tuition fees, and much more [Turley, 2006]. Additionally, students who have less
economic opportunities have less computer ownership, which ties back to having
less exposure and ultimately less experience with computers [Norris et al., 2003].
Thus, these disadvantaged students have less information about computer science
education, as well as future employment and income levels related to the field in
comparison to more affluent students. Measures that can be taken include the
U.S. government providing technology and computer access for students, as well as
promoting and demonstrating available career opportunities and income levels of
people in the computer science field to students. These initiatives may result in
more interest towards pursuing computer science by students in the United States.

This study adds to other scholarly research and prior work regarding examining
motives for women to pursue a computer science major. When considering tactics
to encourage students to consider a computer science major, I proposed that educa-
tional institutions should investigate ways to actively involve parents and teachers in
order to oppose stereotyped gendered conceptions of computer science in the schools.

Additionally, institutions and schools, with the help of policy makers in the gov-
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ernment, should propose plans to make initiatives in eliminating the boundaries of
masculinity and femininity in education, precisely math related topics and computer
science. According to the literature, one way to achieve gender equality and gender
parity in education is gender equity. Gender equity is defined as a policy concept that
emphasizes “redistribution of resources between women and men in a way that ad-
dresses gender based asymmetries in investment and capacities of women and men”
[Subrahmanian, 2005]. Furthermore, with the new Biden-Harris administration the
coalition for feminist foreign policy is under review [Graham and Corrado, 2021].
The United States is developing a vision to promote values and good practices to
achieve the highest standards for gender equality and inclusion around the globe
[Thompson, 2020].

The most important finding was that many Muslim women selected the computer
science field between the limited number of fields that were accepted by families,
governments, as well as cultural values and expectations. Thus, when comparing
Muslim women to non-Muslim women, it should be considered that Muslim women
face some restrictions deciding on their major as opposed to non-Muslim women.
It should be noted that Muslim women select computer science as one major to
pursue between a limited number of options available; as opposed to non-Muslim
women who pursue computer science as one of many options for their education.
Thus, there can always be a drastic percentage difference between the participation

of Muslim versus non-Muslim students in the computer science field.
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APPENDICES

APPENDICES

Interview Questions

1- What is your name and your major?

2- Where were you born and raise?

3- How do you identify yourself? (Gender, Race, Ethnicity)

4- Do you come from a small or large family? How do you define small or large
family?

5- What types of things are important to you (in general not just education)?

6- What do you think Computer Science is?

7- What was your major in undergrad?

8- How were your grades in Math and English during high school?

9- Who encouraged you to choose CS?

10- Describe how living in a Muslim majority country affected your decision to do
major in CS?

11- Have you had any one in your family or friends that doing CS? If so, who?

12- Describe how you came to know about CS?

13- Tell me about your first programming class, the professor, students

14- Did you have any friends in that class? Describe these friends.

15- Did you participate in any after school clubs or anything that had any computing
during your undergraduate school? If yes, please describe it for me.

16- Tell me about your undergrad experience university wise (why did you select
that university)

17- Tell me about your journey to grad school (why did you choose to come to USA)
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18- Did you have any research experience in undergrad? How was it?

19- Do you think it (research experience in undergraduate school) triggered you to
start graduate school?

20- Did you have any work experience between your undergrad school and your
graduate school? Tell me about your experience.

21- Tell me what year are you now

22- Do you participate in any campus organizations (WICS, UPE...)?

23- Did you have any internships from the time you entered graduate school?

24- How was your experience (how many female interns were with you)

25- Have you attended conferences? Tell me about your experiences

26- How do you see yourself in CS? Do you see yourself as a CS person?

27- Do you think others see you as a CS person (like will people come to you to ask

questions about a course or project...)? How?
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IRB Protocol

The consent form that was used in the study is shown below. It was approved by the
FIU IRB prior to dissemination. All the interviewees signed and dated the consent

form.
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FLORIDA
INTERNATIONAL
UNIVERSITY

ADULT CONSENT TO PARTICIPATE IN A RESEARCH STUDY
Exploration of women in computing

PURPOSE OF THE STUDY
You are being asked to be in a research study. The purpose of this study is to explore the
experiences of women in computing

NUMBER OF STUDY PARTICIPANTS
If you decide to be in this study, you will be one of ten people in this research study.

DURATION OF THE STUDY
Your participation will require your enrollment in a computing discipline.

PROCEDURES

If you agree to be in the study, we will ask you to do the following things:

1. Particpate in no more than 3 sixty-minute interviews. All interviews will be audio-
recorded for accuracy.

RISKS AND/OR DISCOMFORTS

The risks of participating in this research are minimal, and comparable to the risks in a
normal classroom. If you are uncomfortable with any questions, you do not have to
answer them.

BENEFITS
It is unlikely that you will benefit from this research, but your participation will help
improve the computer science program and contribute to research in education.

ALTERNATIVES

There are no known alternatives available to you other than not taking part in this study.
However, any significant new findings developed during the course of the research,
which may relate to your willingness to continue participation will be provided to you.

CONFIDENTIALITY

The records of this study will be kept private and will be protected to the fullest extent
provided by law. In any sort of report we might publish, we will not include any
information that will make it possible to identify you. Research records will be stored
securely and only the researcher team will have access to the records. However, your
records may be reviewed for audit purposes by authorized University or other agents who
will be bound by the same provisions of confidentiality.

All identifiable data will be removed and a number or pseudoym will be used.
Page 1 of 2
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COMPENSATION & COSTS
You will not be responsible for any costs to participate in this study. You will also be
compensated $25 for every interview.

RIGHT TO DECLINE OR WITHDRAW

Your participation in this study is voluntary. You are free to participate in the study or
withdraw your consent at any time during the study. Your withdrawal or lack of
participation will not affect any benefits to which you are otherwise entitled. The
investigator reserves the right to remove you without your consent at such time that they
feel it is in the best interest.

RESEARCHER CONTACT INFORMATION

If you have any questions about the purpose, procedures, or any other issues relating to
this research study you may contact Monique Ross at ECS-342B, 305-348-8036,
moross@fiu.edu.

IRB CONTACT INFORMATION

If you would like to talk with someone about your rights of being a subject in this
research study or about ethical issues with this research study, you may contact the FIU
Office of Research Integrity by phone at 305-348-2494 or by email at ori@fiu.edu.

PARTICIPANT AGREEMENT

I have read the information in this consent form and agree to participate in this study. I
have had a chance to ask any questions I have about this study, and they have been
answered for me. I understand that I will be given a copy of this form for my records.

Signature of Participant Date

Printed Name of Participant

Signature of Person Obtaining Consent Date

Page 2 of 2
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