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Chapter

Gender Equity in STEM
Education: The Case of an
Egyptian Girls’ School

Mohamed El Nagdi and Gillian Heather Roehrig

Abstract

This chapter explored gender equity in STEM education within the context of an
Egyptian STEM school for girls. An intrinsic case study design was used to explore
the experiences of girls in STEM from a socio-cultural perspective within a critical
theory framework. The participants were STEM school graduates currently enrolled
in engineering tracks in higher education institutions in the United States. Though
STEM fields, especially engineering, are stereotyped as male dominated fields,
Egyptian girls at a Cairo single sex STEM school pursued further studies in STEM
fields. Findings show that gender gaps in STEM fields in Egypt and girls’ educa-
tion and work decisions were deeply influenced by their childhood background,
tamily education level, socioeconomic status, and idiosyncratic factors like self-
efficacy and resistance. At the school level, teachers’ support, challenging STEM
curriculum, dynamic formative assessment, student-centered pedagogies, female
friendly teaching approaches, and a positive school environment played a great role
in developing Egyptian female students’ potential to pursue STEM fields in higher
education institutions.

Keywords: gender equity, STEM education, case study

1. Introduction

Gender equity in education, especially in science, technology, engineering, and
mathematics (STEM) education, is a global priority [1]. For example, only 20% of
bachelor’s degrees in the United States were awarded to women in physics and engi-
neering, with only 35% of degrees across all STEM fields being awarded to women
[2]. Women’s under-representation in STEM has been observed in 50 countries
around the world, making it a global issue present in both post-industrial and devel-
oping countries [3, 4]. Research in this area has explored underlying reasons behind
the gender gap in STEM fields through consideration of biological, social, cognitive
aspects or career preference and initiatives designed to promote females’ pursuit of
STEM [2, 5, 6].

Most of the research in gender equity in STEM education has been conducted in
the Western world, whereas in the Arab world, gender equity is primarily reported
by international organizations such as the World Bank [7] from a developmental
perspective. Gender equity in the Arab world—a diverse grouping of 22 countries
in the Middle East and North Africa—ranks lowest in the world [8] and Arab
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countries have the lowest female employment rates in the world. The few women
in male-dominated fields experience traditional gender dynamics, are promoted
less, and have little access to decision-making positions [9]. The roots of the gender
disparity in the Arab World are arguably related to (1) the patriarchal structure

in the region, (2) dominant public sector employment and weak private sector
employment, and (3) an inhospitable business environment for women because of
the conservative nature of gender roles [10]. Within the Egyptian context, women
have not exceeded 24.2% of the overall workforce, with even lower participation
in the male-dominated field of engineering [10, 11]. Attempts to address this have
been underway since 1990s, including the establishment of STEM schools which
provide the context for this study.

Two public STEM high schools (one for boys in 2011 and one for girls in 2012)
were established to provide an alternative to the existing traditional teaching and
learning approaches in Egyptian education system [12]. This was considered a bold
move towards ensuring equitable STEM education opportunities for both male
and female students [13]. All graduates from the first STEM school cohorts have
joined STEM tracks in higher education institutions inside and outside Egypt. These
STEM schools have unleashed the STEM potential in Egyptian young people, male
and female [12, 13], and thus warrant exploration into their success in motivating
Egyptian females into STEM careers. Hence, this study was initiated and guided by
the following research questions:

1. What were the experiences of the female graduates of the Egyptian STEM high
school that motivated them to pursue STEM fields in higher education?

2. What were the underlying social, personal, and school factors that made these
STEM experiences successful?

2. Literature review
2.1 Egypt and gender inequity in education

The Egyptian general Secondary Education (EGSE) Certificate is the official
gatekeeper for higher education in Egypt. The percentage of girls passing the EGSE
exams in 2016 was 92.3% compared to 87.8% for boys and in 2017 87.7% for girls and
84.0% for boys [14]. Yet female numbers in science and engineering in higher edu-
cation do not reflect these scores. Further, a comparison between females joining
engineering schools and those who take up engineering professions reveals a further
gap between academic study and employment [11]. The share of women within
professional and scientific fields in Egypt is among the lowest in the world [7, 15].

Family background and geographic differences all contribute significantly to
these gender disparities [10] in a country where women are seen as fragile and
unable to compete with men in jobs like engineering. Culturally, this type of work is
seen as taking a woman away from family which is considered the appropriate role
for women [10], inevitably reinforcing the institution of marriage as a permanent
alternative to work [16], especially when husband has the financial ability to sustain

the household.
2.2 Research perspectives on gender gap in STEM

Different perspectives have emerged as to what constitutes barriers to women in
the STEM fields [5, 17, 18]. These perspectives are reviewed in the following section.
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Some researchers argue that girls’ and boys’ interests are inherently different [18];
girls are more interested in issues to do with human health and well-being, whereas
boys are more interested in things to do with technology and physics (1). Even
within science, it has been reiterated that women with an interest in science are
more likely to enter fields such as psychology and the biological sciences. Indeed,
interest in physical science on the part of boys and biological and social sciences on
the part of girls has been found in children as early as first grade [17].

There is conflicting evidence regarding gender and academic performance in
STEM. From one perspective, research posited that women come to know things
in ways different from those of men; men tend to consider facts in isolation, while
women integrate them into a broader context and tend to start from a personal
experience. Thus, traditional mathematics teaching that targets algorithms and
emphasizes abstraction, logic, and certainty may impact females’ achievement
especially in mathematics [19]. Even those women who were extraordinarily adept
at abstract reasoning were found to have a preference for starting from personal
experience [19]. However, a meta-analysis of 100 studies found that gender differ-
ences in mathematics performance are small [20]. For instance, it was reported that
while males scored significantly higher on college entrance exams in the United
States, females obtained significantly higher grades while in college [21]. Girls are
expected to perform better in mathematics if teaching builds on the strengths of
connected learners, focusing on experience, conjecture, induction, creativity, and
context [22].

Socioeconomic and cultural elements also play a major role in determining
female students’ attraction to STEM related fields [2, 23]. The dominating social
and economic culture, as well parental influence, that can be overt or subtle, may
have a great effect on female students’ academic preferences [16]. Eight key findings
that point to environmental and social barriers to female interest and pursuit of
STEM fields were identified—chief among them are stereotypes, gender bias, and
the climate of STEM departments in colleges and universities—that continue to
block women’s progress in STEM [2].

Stereotype threats are considered a major factor contributing to gender disparity
in STEM [24]. A stereotype threat “refers to the experience of being in a situation
where one recognizes that a negative stereotype about one’s group is applicable to
oneself” ([25], p. 5). Stereotype threats include the belief held by many pre-college
women that they would be isolated in engineering tracks due to their gender and
that they do not have a strong enough mathematical background to pursue an
engineering career [24] arguing that stereotypes predict national gender differences
in science and mathematics achievement, rather than simply a consequence of
generalized national gender inequality. There is need for building a positive learn-
ing environment to enable female students to develop positive STEM identities that
persist across K-16 and into STEM careers and dispel stereotype threats [23].

2.3 Pathways to improve gender equity

Confronting gender disparities in STEM requires efforts on several fronts: socio-
cultural, personal, and school levels including fostering self-efficacy and improving
the classroom environment to create a female friendly atmosphere to overcome ste-
reotype threats [26]. At the school level, teachers need to change the way they give
critical feedback; foster intergroup conversations among students from different
backgrounds; allow students, to affirm their most valued self; help students develop
a narrative about the setting that explains their frustration while projecting posi-
tive engagement and success to improve their sense of belonging and achievement
[27]. In this sense, calls for girl-friendly instructional strategies are timely [28].
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These strategies include making content relatable to everyday applications through
societal connections and connections to prior experiences [22]. Participation in
hands-on activities and extra-curricular STEM activities has also been shown to
enhance girls’ skills [18, 29].

Fostering girls’ self-efficacy is a significant factor in improving equity in STEM
[30, 31]. Self-efficacy refers to one’s belief about their ability to succeed in a certain
task [32]. Increasing self-efficacy can overcome the stigmatized stereotypes of
women being perceived as not compatible for STEM fields [5, 24]. Integrating STEM
project-based learning into the curriculum and providing female role models can
enhance STEM self-efficacy and professional commitment to engineering [33, 34].

Research findings reported that the academic performance of friends of the
same gender significantly predicted course taking in all subjects for girls [35].
Specific to mathematics and science, “the effects of friends’ performance are
greater in the context of a predominantly female friendship group, which suggests
that such groups provide a counterpoint to the gendered stereotypes and identities
of those subjects” ([35], p. 221). The creation of same sex learning environments is
also responsive to what the American Association for University Women (AAUW)
[36] refer to as indicators for gender bias in co-educational classrooms, both at
the K-12 and higher education levels. American Association of University Women
(AAUW) maintains that females have historically received less teacher attention
than boys, feel less comfortable speaking out in class, face threats of sexual harass-
ment in school [36]. These indicators suggest single-sex schools or classrooms as a
solution to the gender gap in STEM. The National Association for Single Sex Public
Education also indicates that girls in single-sex educational settings are more likely
to take STEM classes as girls have more freedom to explore their own interests and
abilities in single-gender classrooms [37].

However, there are conflicting findings concerning single sex educational
experiences [38] that warrant further research. Both single sex and coeducational
schooling can provide successes or failures depending on how these school systems
are implemented, indeed “sex-segregated education can be used for emancipation
or oppression. As a method, it does not guarantee an outcome” ([39], p. 189). In
other words, the quality of the education provided in terms of professional well-
trained teachers; well-equipped schools, and well-designed, engaging curriculum;
and positive school atmosphere is the main factor for success in either system.

Based on the literature reviewed, it can be argued that girls are able to excel in
STEM related fields when they are placed in a learning friendly atmosphere, where
quality education is provided and social barriers such as stereotyping and gender
bias are absent. Providing female friendly school environments, using dynamic for-
mative assessments, STEM focused curriculum [40], working in a non-competitive,
and in some cases same sex environment [38, 39] can be assets towards improved
girls’ performance, excellence and understanding of STEM related fields.

3. Conceptual framework

The nature of gender inequity in STEM can be conceptualized as an outcome of
intersectional power dynamics between social, cultural and personal frameworks
[41, 42] reflecting a recursive relationship between social structures and cultural
representations [42]. Within this social critical theory framework, the commitment
to justice liberates individuals from conscious and unconscious constraints that
interfere with balanced participation in social interaction [42, 43] in an effort to
analyze the constituents of the cultured context and replace them with emancipa-
tory ideologies. Accordingly, knowledge generation and identity formation can be
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based on a critical reflection of the power relationships which are embedded in the
structures and functions of society where society is structured by meanings, rules,
convictions or habits adhered to by social beings [41, 43].

In spite of all the written documents, laws and codes of ethics that guarantee
equity in all fields, the low representation of females in different male dominated
fields might underlie, in addition the social intersectional power dynamics, the less-
than democratic character of STEM occupations [44]. There is compelling evidence
that gender roles are largely created and maintained in structured social order, with
specific roles assigned to each group that reflect a myriad of cultural, social, reli-
gious, and political beliefs and boundaries [45, 46]. Davies [45] alluded to the subtle
perception disseminated among family members and society at large that girls are
looked upon as “fragile, weak, and powerless” ([45] p. 68), making a decision to
pursue engineering as a career is a challenge to this social image reflecting different
contextual barriers to such career choice [47]. “Resisting this prevailing pattern
gender inequity, occurs on three levels: personal level; the group or community level
of the cultural context created by race, class, and gender; and the systemic level of
social institutions” ([43], p. 227).

4. Methodology
4.1 Context of the study and research design

The STEM high school for girls in Cairo, Egypt, along with another school for
boys, were the first two model STEM schools in the country. The girls’ STEM school
was established during the turmoil and rising aspirations of January 25th, 2011
revolution. The STEM initiative in Egypt was supported by a grant from the United
States Agency for International Development (USAID), with Education Consortium
for the Advancement of STEM in Egypt (ECASE) leading the process of curriculum
development, teacher professional development and technical support [13, 48].

As part of the project, the ECASE released quarterly reports on the development
of all aspects of the STEM schools’ projects including teachers and students’
achievements [49]. The number of STEM schools has now expanded to 11, located
in different Egyptian Governorates with hopes of having a school in each of the 27
Governorates [50].

The first two STEM high schools were boarding schools, with students being
selected from across the country using a merit-based criterion. Teachers were
selected mainly from the existing teachers in the Ministry of Education through a
competitive process that included an online language exam, subject matter test, and
interview with Ministry of Education officials [12, 13]. The language of instruction
is English, while most of the students come from schools where Arabic was the
language of instruction.

Students in the girls’ STEM school experienced the same curriculum as the boys’
school, including project based learning. The female graduates have been successful
in terms of enrollment and achievement in the STEM fields. All the graduates of
the first two cohorts—except for two who joined business administration—joined
STEM tracks in higher education institutions. Around 70% joined science and
engineering programs at universities inside and outside of Egypt. The other 30%
joined medical-related fields, like medicine, pharmacy, and physiotherapy. Students
participated and won prizes in science and engineering fairs at the local and inter-
national levels, encouraging more girls to follow on their footsteps, as evidenced by
the large numbers of girls competing to join these schools and the number of girls
applying for STEM schools outnumbering boys in 2017 [51].
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The first author started working at the STEM school for girls in the second
semester of its first year as a teacher of English as a foreign language. Subsequently,
he took over the role of a coordinator of professional development for the teachers
and supervising the students’ capstone STEM projects completed each semester.
This experience lasted for three consecutive years where he had built very good
relations with students and teachers alike. This provided a rich understanding of the
school context and familiarity for the participants in sharing their experiences.

An exploratory, descriptive intrinsic single case study design [52] was used as
the purpose of the research was to look at the experiences of the STEM girls in its
entirety including social, school, and personal aspects corresponding to the nature
of an intrinsic case study wherein the participant, in this case the female STEM
graduates, itself is the primary interest [52]. In this case study, the individual female
participants represent the units of analysis. The study was reflective and retro-
spective in nature as the participants graduated from the school 3 years ago. This
provided a robust design as the participants had a chance to reflect on the impact of
their experiences at the STEM school on their learning at the university level.

4.2 Participants

Participants (see Table 1) were purposefully selected [53]. The criteria used
for selection were (1) female graduates of the STEM school who joined engineer-
ing schools in higher education, (2) lived in the United States at the time of the
study as the first author was there doing his doctorate, (3) came from different
geographical locations in Egypt to reflect the different socio-cultural background
of different locations in the country, and (4) from the first cohort of girls at the
STEM high school to reflect both the challenges and success of the introduction of
STEM schools. Selecting students living in the United States was a delimitation as
aresponse to logistics reasons. Five graduates who pursued engineering at higher
education in the United States were selected.

4.3 Data collection

Semi-structured interviews were conducted with the five participants. One
of the interviews was done face to face, while the other four interviews were

Name Where Parents’ background HE major
from
Aida Cairo Father is an engineering professor and mother is in Computer
management position Engineering
Alia Cairo Father is an engineer Biomedical
Engineering
Fareeda Delta Father passed away while at elementary student and Chemical
mother is a teacher and brother is an engineer Engineering
Latifa Delta Father is a civil servant and mother is a language teacher Computer
Engineering
Muneera Upper Both father and mother are high school education level Biomedical
Egypt and all her siblings are medical school graduates or Engineering
students

Names are pseudonyms.

Table 1.
The participants’ names, geographical locations, family background and HE majors.



Gender Equity in STEM Education: The Case of an Egyptian Girls’ School
DOI: http://dx.doi.org/10.5772/intechopen.87170

RQ Sample interview questions

What experiences did the How would you describe your experience at the STEM school?
graduates of the Egyptian How was working with girls from different backgrounds for you? What
STEM high school have that was it like?

motivated them pursue STEM What was special about the school’s curriculum?

fields in higher education? Describe how were teachers’ teaching approaches different?

How was assessment different from those in your previous school, if atall?

What were the underlying Tell me alittle about your family? What is your father’s occupation? Your
personal, social, and school mother’s?
components that made these What were your major interests before joining STEM school, literature,
STEM experiences successful? mathematics, science?
If the MoE decided to build more STEM schools, what would they
consider?

Tell me a little bit about how you thought about mathematics and science
in middle school?

Table 2.
Sample interview questions aligned with research questions.

conducted using Skype. Interview questions were designed to inform the research
questions and address the different aspects of the conceptual framework of the
study (see Table 2).

5. Data analysis

The interviews were recorded, transcribed, and coded. Content and relational
inductive open coding was conducted vertically (for each participant) and horizon-
tally (across the different participants) [54]. Next, axial coding was used to identify
emerging themes. The data was revisited multiple times to make sure that the
emerging themes and subsequent assertions were backed by the participants’ words
and perspectives.

An in-depth data analysis was used to synthesize the findings between the
separate cases to understand similarities and differences among them [54]. These
final themes were then connected to the theoretical and conceptual framework of
the pertinent research on gender equity in STEM [2, 6, 23, 26, 43]. Ultimately, a
contextualized intersectional argument depicting a layered pattern of supports and
barriers for equity in STEM education in this case emerged.

5.1 Findings

In this section, cross-case narrative and analysis of the participants’ unique
experiences is provided. The themes that emerged from this cross-case analysis are
discussed in depth providing an intersectional pattern of supports and barriers to
gender (in) equity in STEM education in this study’s context. Table 3 portrays these
emerging themes. The themes are categorized into three levels: family and social;
personal; and school.

5.2 Emerging themes for the cross-case analysis
5.2.1 Family supports and barriers versus personal choices

The interaction between the social and personal power dynamics among
the participants revealed a direct relationship between family bias and the girls’
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Themes

Subthemes (codes)

Family and social barriers and supports

Parents’ support
Stereotype threats and (gender) biases

Personal aspects

Self-efficacy

Persistence
Resistance

School level supports and barriers Challenging curriculum

Dynamic formative assessment
Teachers’ support

Student centered teaching strategies
Positive school environment
Extracurricular activities

Single sex school setting

Table 3.
Supports and barviers for gender equity in STEM education that emerged from the qualitative interviews.

resistance. Three of the five participants in this study faced family biases against
their dreams to be engineers. Fareeda’s family members and teachers in primary and
middle school adopted the perspective that “engineering is not for a girl.” Fareeda’s
brother, who was an engineer himself, told her that “engineering is hard for me as

a boy; what about you as a girl?” Likewise, Latifa, whose father was a civil servant
and mother a teacher of Arabic, used to dream of being a doctor deeply affected by
her mother’s thoughts that “engineering is more like for guys, but medicine is very
good for girls.” Muneera’s parents saw “engineering as having a lower status than
medicine.” With a middle-class family background with a high school education,
Muneera’s siblings, were either in or had graduated from medical school; “they [par-
ents] wanted me to be a doctor and I wanted to be a doctor, too. Being an engineer
didn’t come to their or my mind at all.”

Fareeda’s teachers at primary and preparatory schools, all of whom were
female, had the same perspective telling her that being “a doctor is good for a girl.”
Additionally, Fareeda’s late father was hoping that she would be a doctor 1 day, so
in addition other family and teacher preferences, she also wanted to honor her late
father’s wishes. Before joining the STEM school, Latifa was interested in mathemat-
ics which “has always been my favorite subject at school, even before STEM school,
because for me it was very easy to do, like it’s just simple, but I didn’t like social
studies because it needed a lot of memorization.” While at the STEM school, she
realized that as she was “better at math [ematics], it only makes sense if I become an
engineer.” When she decided to major in mathematics in high school as the pathway
to engineering, her mother was initially upset. However, she did not press Latifa
since she trusted her choices; “my mother believed in me.”

Fareeda was able to confront the family and social bias with high degrees of self-
efficacy, resistance, and persistence. Fareeda insisted, now “I see myself as an engi-
neer and I will be an engineer.” However, while at the STEM school, she decided to
join the science major as this was the path to medical school in the Egyptian system,
whereas entry into engineering would have required her to major in mathematics
in high school. Her scores qualified her to join the school of medicine, however,
she told her mother and brother while she realized their dreams, but she wanted to
pursue her own dreams and instead applied for an engineering school in the United
States, where she was accepted with a scholarship. She recalled, “They did not
object this time. And my brother started to support me in my new adventure.” Latifa
followed Fareeda’ suit, her parents became “so proud of ” her and started to look at
her as “an idol [model]” for other students to follow after she followed her passion
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for engineering. Interestingly, this did not prevent Latifa’s mother from occasionally
reiterating her wish that her daughter had chosen “the biology major and then she
can become a doctor.” Muneera also decided to break the family norm and become
an engineering major. Yet she faced huge opposition; she had to join school of medi-
cine for one semester before the call for engineering became irresistible. She joined
a school of engineering in the United States after being accepted for a scholarship to
fund her studies. Muneera’s parents could not accept the idea that she would be an
engineer and as Muneera reported “They still don't like it.”

On the other hand, Aida’s parents were supportive of her choices. Aida’ father,
who received his PhD from the United States and is currently an engineering profes-
sor, and her mother, who holds a managing position in a big company, “encouraged
[her] and said let [her] try and discover things on [her] own.” Prior to attending the
STEM School, Aida attended a school where mathematics and science were taught
in English, unlike other public schools in which this was done in Arabic. This was
an asset for her in the STEM school where instruction was all in English. However,
earlier in her primary and middle schools, she was more interested in “sports.”
Later, she discovered that she was good at mathematics; “I do calculations fast,
and understood mathematical problems, but I did not imagine spending my life
doing that [dying mathematics].” She became interested in “the value of education
and especially engineering’ only after witnessing the January 25th revolution and
understanding how Egypt needs more educated people, scientists, and engineers to
change its status quo. Aida believed that her study and career choice was not only
affecting herself, rather “education especially engineering will help improve our
country in the future” and that as an engineer she would “have a bigger impact than
just like being a politician, architect, or doctor.”

Likewise, Alia’s father, being an engineer himself, “pushed her forward.” She
stated, “my parents were really encouraging and whenever I was in doubt. They
were pretty supportive. I don’t think they had any negative feelings towards STEM
school at all.” Her favorite subjects were mathematics and science which “were not
challenging for me at all, what was challenging was the memorization-based subject
like Arabic and social studies.”

5.3 School level supports and barriers
5.3.1 STEM school experience and extra-curricular work

The different atmosphere, school culture, curriculum, relationships and assess-
ment systems at STEM school provided a new opportunity for the participants to
unleash their STEM potential beyond expectation. Aida argued that the STEM
school changed her view about education as not just “buildings where students go
to learn subjects like math and science” to the view that education is “about chang-
ing our way of thinking.” Alia considered her STEM experience as “a very good one
that [she is] grateful for being part of it.” She maintained how the STEM school
experience made them “independent [learners] in terms of that we had to self-
learn, think, collaborate, and create ... and come to class prepared to present.” In her
opinion, this was “interesting as it was student centered and taught us teamwork.”
Along the same lines, Latifa considered her STEM experience as “the greatest thing
that happened and will ever happen in my life and I'm not exaggerating.” It helped
her to become “a good learner and a researcher.” She stressed the perspective that
the things she learned in STEM school would not have been possible in any other
place: “I learned teamwork...how to talk with different people who have different
perspectives and everything literally everything ...all that I learned in STEM school
way practice and [with] teachers’ guidance.” The school as a boarding national
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school was a mini cosmos. Through their experience with girls coming from “differ-
ent parts of Egypt with different cultural backgrounds” in Aida’s words, they gained
alot of experience dealing with people from different backgrounds which was “very
helpful for her life in college in the United States.”

Fareeda greatly valued her experiences at the STEM school. The teachers, in
her view, were “like our parents” and “they were caring for us and tried to help
us the most.” She cited the example of the physics teacher when she talked to him
about “her dream to be an engineer while [her] family wanted [her] to be a doctor,,
he advised her to ‘follow [her] dream as [she] won’t excel in a thing [she] doesn’t
like” Aida described the teachers as “very friendly even at the moments we made
sit-ins and called for reforms to make our school better, they backed us.” She went
on to say, “they escorted us in our journeys outside the school looking for materials
for our projects, and meeting with other experts in different places.” She added,
“they helped us to find new ways to get information, they used different teaching
approaches like discussion.” Latifa remembered how teachers were careful to warn
students that “being different [as STEM students] does not mean being better than
anyone else we’re all good in our own unique ways.” She maintained how the teach-
ers used different teaching approaches: “some let us prepare materials and present
them and they gave us comments and guided our discussions.” Muneera also praised
her teachers as supportive using “different strategies, but the majority helped us
to be independent learners. I can depend on myself now at college if I don’t under-
stand something.” In some classes, learning “was completely student centered
where we did the entire presentation and the teacher was supervising us and only
corrected us when there was something wrong.”

However, all participants were concerned that “the teachers needed more
training and professional support in STEM,” especially with regard to assessment as
“we were, not trained enough to answer the kind of questions we faced in the final
exams.” Latifa alluded to the need for teachers’ readiness stating that “if teachers do
not know or do not understand the [STEM] system, that would be a big problem for
students because if students don’t understand what the system is, teachers should
know because they’re supposed to teach students how to do things.”

All of the girls valued the challenging and rigorous curriculum. For example,
Aida stated, “the curriculum was so challenging with college level material” citing
the different modes of assessment used at school as very conducive to learning.

As a result of the challenging curriculum and assessment, Aida “had [knowledge]
about nearly all the topics in my freshman year in classes like physics and calculus.”
Because of the college level content at the STEM school, Latifa was “tested out of
calculus 1, 2, and 3 [because] most of these topics I covered in high school and also
like physics one and two and chemistry one. I had all these topics [covered] in high
school. Now I'm in physics 3 and I study some topics about waves and resonance and
I remember how I used to watch videos explaining these topics in high school.” She
added that other things like “presentation skills and collaborative work [she learned
at STEM school] were very helpful at college level.” Alia noted that “the curriculum
was very different from regular schools in Egypt and challenging.” She found the
college level material very helpful and shared that when she went to college, she
“found many things especially physics and math I had covered in STEM school...
and the way was taught it was special”

What was unique about the curriculum in Latifa’s thought was the idea of not
being restricted to text books; “you can understand the learning outcome from
different references: the internet, teachers, colleagues.” The curriculum at the STEM
school was “more open” in Muneera’s terms. She argued that “in subjects like biol-
ogy and chemistry at the school I had the opportunity to dig deeper into the things I
was interested in and I really appreciate that.” That helped her a lot at university but
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“this openness was not good all the time. In some cases, it was not very straightfor-
ward [clear]. The goals of the curriculum or what do we have to learn after studying
this subject were not clear.”

For the capstone, for instance, Muneera mentioned that “each group was
required to submit the following: a prototype or model of their solution, a scientific
poster of the whole project, the project portfolio, and do biweekly journal reflec-
tions.” Alia also mentioned the capstone project as “pretty challenging but also very
useful in terms of helping us to acquire more knowledge, research skills, such as
problem solving and technical skills like for creating the prototype, not to mention
enhancing presentation skills.” Latifa thought that the capstone projects were “the
biggest point of the learning in STEM I guess... how we were supposed to deal with
real-world problems and like find practical solutions for them. That was big.” This
was initially challenging for her as she was not used to this approach to learning and
also that the teachers were learning this new system alongside the students.

In Aida’s words, assessment was “different and difficult” with a “final exam each
semester which accounted for 30% of the final grade where we worked collabora-
tively to solve one of the grand challenges of Egypt following the engineering design
process.” This was completely different from the mainstream secondary schools
where grades were based solely on traditional final exams. Assessment, however, was
challenging as it was completely different to traditional schools and “there were no
direct questions because you have to think. You don’t have to memorize ...they were
super challenging the first 2 years.” Muneera described assessments as “checking
understanding not checking memorization.” Challenging as it was, assessment was
more manageable and conducive to learning than “memorizing a book from cover to
cover and then forget everything after the exam is over.” Alia noted that the “assess-
ments were different from the ones they had been used to, but we could eventually
answer most of the questions.” She found the college level material very helpful and
shared that when she went to college, and “the way it was taught was special.”

As learning dose not only happen inside the school premises, out of school
extra-curricular work was seen as an integral part of the STEM school experience.
The school provided different civic engagement opportunities with several orga-
nizations that gave students opportunities to visit universities and research centers
to discuss scientific and engineering ideas. Muneera, for instance, was interested
in chemistry outside of school and she used to “interact with those responsible for
the chemistry Olympiad. They were faculty from universities.” In addition to her
work in the capstone and extra effort needed to finalize projects she “visited a lot
of universities and interacted with professors there.” Fareeda viewed engaging in
different out-of-school activities and field trips as one of the greatest assets of the
STEM school. She described the International Science and Engineering Fair (ISEF)
experience as the “best thing that happened” to her in the STEM school. She learned
a lot from that experience, in addition to winning the first award and participating
in the United States international competition and winning the third place in their
category, she learned “group work, presentation skills,” and how to defend her
ideas “in front of Nobel laureates.” Latifa described her participation in a program-
ming camp as a great learning experience: and “in the second year of high school I
participated in Intel ISEF competitions and science fairs with EEE science fairs with
the capstone project.”

The research work required of students at the STEM school also pushed them
to seek support outside the school walls. Aida recounted, “when I was in school, I
worked on a project with the physics department at the American University [in
Cairo]. I also went to Cairo University, and different [other] universities for school
[projects] that helped me understand how research is done in university.” Aida
thought that these activities were of great value in her college level studies. Alia
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mentioned visits to “different universities and research centers and talking to pro-
fessors about their projects” as reinforcing their STEM identity as they were “able to
ask questions and discuss our work in a free way.” Alia described the physical work
they used to do build their projects prototypes; “in addition to engineers and profes-
sors who helped us in designing our [capstone projects] prototypes, we also sought
the help of technicians like plumbers, carpenters, electricians to build certain parts
of these prototypes.”

Among the challenges faced by two of the participants (Muneera and Fareeda)
was studying engineering while not being a mathematics major in high school.
Muneera said it was a challenge at the very beginning but she added “I am doing very
well in math now” and that the skills from the STEM school rather than content were
the reason as, “now [at college] when I am stuck in anything, I can teach myself... I
do not need someone to teach me...I can go find books or the internet, or any way to
understand so I really think this was great from the school. I learned how to work in
a group, though I speak different [foreign] language [with accent] I had the strong
personality to face challenges... I had learned a lot how to deal with people.” Alia
argued that the experience at STEM school was invaluable in terms of helping them
address any academic challenges because it helped her to be “an independent learner
and know how to collaborate.” On a personal level, she felt “it [STEM school experi-
ence] made me more confident and made my first years at college easier.”

5.3.2 Single sex school setting

Being in a single sex school was not a new thing for almost all participants who
come from Egyptian public schools. The general rule is that starting from grade seven
most schools are segregated except for a certain track called “distinguished public lan-
guage schools” in which mathematics and science are taught in English. Fareeda was a
staunch supporter for single sex STEM schools as long as “they provide quality educa-
tion and have similar teachers [to our school] and [similar school] environment.”

She argued that the female students “felt more comfortable” and had “the chance to
work together freely without pressures, to compete in the female way to excel.” She
concluded, “it was a great experience all over. We worked together in a friendly way.”
Aida thought that single sex schools are “good, but they need more planning.” If she
were to choose between a co-ed or a single sex school, she would “choose a single sex
school because the friendly atmosphere developed at the school made the students
closer to each other in a way you can’t find in another school.” Along the same lines,
although Alia initially stated that she “did not have a preference” for single sex versus
co-ed schools, she “would choose the single sex school just because we created a com-
munity in which we lived together as sisters, it was kind of empowering.” Therefore,
if she were given the choice, she “would definitely go for single sex schools.”

On the other hand, when asked about the single sex learning experience, Latifa
was vocal in resisting that type of schooling. She said, “I think it would be better if
both sexes were in the same school because I believe that this system and the way
of thinking will be more inclusive of the two ways of thinking [male and female]
Latifa posited the reason behind the fact that girls’ school “was relatively better
at getting like high grades, while they [boys] win more robotics competitions and
programming and like the technology stuff” is due to “a natural difference between
the two [genders] in terms of foci and interests.”

Muneera said, “if I went back I would prefer mixed schools.” She had a hard time
adjusting to the coed nature of higher education. All of her pre-university education
life, including the STEM school, was single sex. Therefore, her ability to commu-
nicate with people from both sexes was affected by this long education experience.
She explained “it was kind of the challenge when I came here. At the beginning I

»
.
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could not deal with guys. It was hard because I didn’t have experience. I did not go
somewhere else. I was all my life in that single sex school system.” However, her
experience in the STEM school pushed them “to build the environment where we’re
supporting each other and learning from each other as different people coming
from different backgrounds.”

6. Discussion

From a cross-case perspective, a multilayered pattern of the supports and chal-
lenges [47] that impact gender equity in STEM education in the Egyptian context
were delineated (see Table 3). The intersectional nature of the educational and
sociological phenomena [41-43] is clearly reflected in the journey of the partici-
pants in this study. The participants endeavor towards STEM fulfillment reflects the
power dynamics and relationships which are embedded in the structures and func-
tions of society where society is structured by meanings, rules, convictions or habits
adhered to by social beings [42, 45, 46]. As a result of the data analysis, the under-
lying mechanism of factors that support or impede girls’ pursuit of STEM tracks
show complexities of the phenomenon of creating gender equity, both broadly and
especially in the Egyptian context. This is clearly manifested in the emerging themes
from the data analysis (see Table 3). The intersectional pattern includes the impact
of the power relationship of the socio-cultural, educational, and personal aspects.

For instance, the existence of stereotype threats and biases [27] was salient
in most of the participants’ experiences. However, this was diminished by both
factors at the personal and school levels epitomized in the girls’ resilience and the
supports they received through their experiences at the STEM school. The girls
did not concede to family and social pressures; they pursued their own dreams. In
their emancipation journey, they showed high degrees of persistence, self-efficacy,
and resistance to the social norms and stereotype threats at the family level and the
immediate social network [42, 45, 46]. In spite of the challenges they faced, the girls
were able to navigate through this experience and benefit from it in their higher
education engineering institutions.

In addition to the intersectional nature of the socio-cultural phenomenon
of gender equity in STEM, these cases present a clear example of how gendered
roles are created at both the social and family level [42, 45] and how they can be
disrupted. One way to challenge such fossilized gender roles either explicitly or
implicitly, especially in the absence of social collective effort, is through consolidat-
ing personal traits like self-efficacy and persistence [30, 31, 33]. This is apparent
in girls’ defiance to the commonly accepted stereotype that it is hard for girls to
be engineers. There seemed to be a strong relationship between the degree of bias
and the level of resistance on the part of the girls; in the cases where gender bias
was explicitly reiterated, there was markedly higher degrees of resistance to such
stereotype threats [27, 42]. However, to address gender inequity in STEM, more
work at the social level and at school level is required [6, 29, 34, 44].

The school and teachers provided additional support to the girls’ personal
resilience. All participants referred to factors at the school level that were effective
in deepening their interest in STEM, especially engineering. At the curriculum
level, one of the common features was rigor and challenge. Moreover, at the assess-
ment level, participants agreed that assessments were not checking memorization;
they were checking understanding which has helped them in their higher education
institutions. Not only did the participants refer to the challenging curriculum but
the way that curriculum was delivered. The primary support came from the girl-
friendly pedagogies they encountered at school. They referred to quality teachers
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utilizing student-centered approaches to teaching and learning, linking learning
to real-world situations, group work, peer teaching, providing opportunities for
students to increase their interest in STEM, linking content to prior experiences,
providing first-hand experiences, encouraging discussion and reflections of the
social importance of STEM fields, engaging students in collaborative learning,
and a safe learning environment which all concur with research concerned with
bridging the gender gap in STEM fields [6, 23, 26, 28]. This was documented in
the ECASE reports as early as 2013 [47] in which it was noted that teachers have
improved considerably in maintaining collaboration and adopting student centered
pedagogies in their teaching [47]. Teachers were also viewed by all participants as
supportive, encouraging and caring being viewed by most of them as “parents”,
though in almost all cases, students referred to the fact that teachers were still in
need of more professional development. Research shows that quality caring teach-
ers’ support is crucial for a female equitable STEM experience [18, 22, 23, 29, 36].

Although there was variation of perspectives around the idea of single sex
schooling, there was consensus that it provided a safe, comfortable environment for
learning where collaboration and minimized competition was present. However,
from the input provided by the participants, single sex school experience in itself
and by itself was not a guarantee for gender equity learning experience in STEM
[36, 38, 39]. In two cases, the outcome of the experience was not positive in the long
term. It was hard for some of the girls to adapt to an environment where they had
to deal with male and female students together in an academic environment. As a
result, they felt frustrated at certain points for not being able to socially adjust to
a coed institution environment though they were academically well prepared and
maybe over prepared to these institutions.

The tension between providing a female-friendly, safe, and comfortable environ-
ment for female STEM students to work in; and at the same time nurturing the skills
of being a part of a wider society was problematic. There is a need, therefore, for a
balanced educational situation where girls are provided with the safe environment to
learn and at the same time get involved in a socialization process that prepares them
to the college level where a coeducational setting prevails both inside and outside
Egypt [1, 3, 13]. Indeed, in the new STEM schools in Egypt, girls and boys attend
the same school with classes inside the schools segregated by gender. Though this
decision was made for economic reasons because it is hard to build a separate STEM
school for each gender in each city, it can be one way to alleviate the tension between
providing the female friendly safe environment while helping consolidate the social-
ization process that they will need later on in their academic and professional life.

7. Conclusion

Gender inequity in STEM in Egypt is a complex issue. While research denotes
different reasons that would influence a girl’s preference of an education pathway,
the education and career choices of the participants in this study were deeply
influenced by their family and community [47]. With the socio-cultural aspects
in the background personal aspects like self-efficacy, resistance, and persistence
play a great role in students’ decisions to pursue STEM fields [24, 25]. As indicated
in the literature, girls experience stereotype threat throughout their schooling
related to the pursuit of a STEM career. In Western countries, these biases are often
implicit and experienced as micro-aggressions [3, 4], however, in the Arab world,
girls experience explicit and direct bias from family and society [10, 11]. Thus, the
government stance of providing STEM schools for girls is an important statement to
the community that girls can be successful in STEM.
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Without effective and equitable school settings factors at the personal and the
social level cannot have such deep effects on the girls’ free career and educational
choices. School level factors like curriculum, positive environment, female friendly
instructional approaches, teachers support are key factors as shown by the girls’
experiences in the STEM school [29]. Moreover, success in post-secondary STEM
degrees is strongly influence by students’ high school preparation, particularly in
mathematics [33, 55]. Thus, it is important that girls receive the same level of high
school STEM preparation so they are prepared for success in college. All of the girls
indicated how well prepared they were for academic success. Equally important, is
that the school experience fosters girls’ interest and STEM identity through using a
female friendly approach to teaching [23, 55].

With the different model of teaching and learning at the girls’ STEM school in
Cairo, the girls had the opportunity to unleash their STEM potential. This eman-
cipatory effect of the STEM school experience has not only increased the girls’
persistence and resistance to the gender bias and stereotype threats concerning
STEM fields as male dominated but unleashed the girls’ social and transformative
potential towards building a more equitable society.

It is, therefore, recommended that much effort at both the academic and
social levels is needed in order to create an environment where girls have an equal
opportunity to study and excel in STEM fields. These recommendations include
embracing a female friendly instructional paradigm while adopting a school system
where girls are provided safe space for practice, competition, collaboration and ease
of communication with others. Higher education institutions should be providing
a more flexible admission system similar to that found in the United States and
Europe giving access to students from different tracks at high schools to be admitted
to their colleges of preference based on their interest and aptitude as some of the
participants in this study applied to colleges abroad because the admission system
in Egypt public universities would not allow a student graduating from high school
with a science major to enroll in the school of engineering. Finally, at the social
level, combating negative stereotyping is a necessity for building a sound educa-
tion system for all. This is a long journey where a lot of work is needed in schools,
homes, and media level. Therefore, there is a need for moving forward from the
dictum concerning equity to real actions.
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