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Introduction

In 2015, the (UN) General Assembly in September adopted the 2030 Agenda for Sustainable Development(UN,
2016). The Agenda calls for a new vision to address theworld environmental, social, and economic concerns.It
includes 17 SustainableDevelopment Goals (SDGs), where both SDG4 and SDG5 goals address quality
education and gender equality (UN,2016).

UNESCO recognizes that for education to achieve itspotential, critical changes are needed at both local
and global levels (UNESCO, 2016). It believes that to improve educational quality, persistent disparities in
access and achievement in education need to be eliminated. Eliminating these disparities will help provide
learners with the essential knowledge, skills, attitudes which will consequently ensure building inclusive and
sustainable societies.

There is a global consensus among several stakeholders that Science, technology, engineering, and
mathematics (STEM)education can play a vital role in transforming societies towards sustainability (UNESCO,
2017, Marginson et al., 2013). They argue that achieving the 2030 Sustainable Development Agenda
necessitates adopting such interdisciplinary approach of education (UN, 2016, UNESCO, 2017, Deloitte. 2016).
Researchers also emphasize that STEM education has already introduced several improvements in manyaspects
of our life, such as health, agriculture, infrastructure,and renewable energy (UNESCO, 2016). It also plays a
vital role in transforming future careers and enabling future generations to actively contribute to building
sustainable societies (UNESCO, 2017, Deloitte. 2016).

STEM education been considered as an important national development tool that shapes how future
citizens perceive and understand the world and enables them to take part in a progressive competitive global
economy (Arabian Business Consultants for Development, 2017). According to the US government definition,
STEM includes physical, biological, and agricultural sciences; computer and information sciences; engineering
and engineering technologies; and mathematics. But it does not include social and behavioral sciences, such as
psychology and economics (U.S. Government Accountability Office, 2015).

Ensuring girls have equal access to STEMeducation and careers is importantfrom the human rights,
scientific, and developmentperspectives (UNESCO, 2014, Girl Scouts of the USA, 2016). From a human rights
perspective, allhumans are equal and should have equal opportunities to study and work in the field that they
like (UNESCO, 2014).

From a scientific perspective, the inclusion of girls in studying and working in STEM fields ensures
scientific excellence and boosts the qualityof STEM outcomes (Marginson et al., 2013, EU, 2012).STEM
requires a wide pool of talented boys and girls to promoteexcellence in societies and leaving out girls is a loss
for all (Blickenstaff, 2005).

From a development perspective, STEM contributes to establish gender equality in societies and enable
both genders to enhance their status and income (UNESCO, 2014). STEM also ensures that boys and girls can
acquire skills and have equal opportunities to contribute to developing their societies (UNESCO, 2017).
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Although, the global status of women participation and achievement in STEM education has been
enhanced during the past years, gender disparity has not been eliminated (OECD. 2016, Mullis et al., 2016).
While more women are taking part in STEM workforce than ever before, they are still encountering several
barriers that limit their engagement, representation, and participation in many countries (NSF. 2013, Ceci et al.,
2014).

Studies show that the Arab region is the most youthful regions in the world (World Bank, 2016).
Compared to the global age average (UNESCO, 2017), the median age of Arab youth is 22 making that 60% of
the Arab population is under 25 years old. These humbers put great stress on many sectors in the region and
especially on the Education sector (World Bank, 2016, Islam, 2016).

Despite the massive instability in most of the Arab countries, many governments have shown strong
commitment to offer their youth good educational opportunities to enhance their competitiveness (ArabDev,
2016). Moreover, Arab government have worked hard to enhance the status of women and enable them to take
active part in developing the economy of their countries. That enabling was promoted by increasing women
participation in higher education (US News, 2017, ArabDev, 2016).

In Jordan, the government have invested a huge amount of money and efforts to develop the quality of
education offered to Jordanians. For example, in early 1990s, the government launched al0-year national
educational reform project (Education Reform for Knowledge Economy) (ErFKE) that focuses mainly on ICT
integration for the sake of making Jordan a regional hub for technology and enable Jordanians to play an active
role in enhancing the national as well as the global economy (Al-Jaghoub, Westrup, 2003, Qablan et al., 2009).
Such efforts were strengthened by the recent national projects and initiatives such as the Jordanian National
Employment Strategy and the Jordan Vision 2025 (JV 2025). Furthermore, several national studies have also
been undertaken by the National Centre for Human Resource Development (NCHRD) to assess and emphasize
the need to enhance university graduate skills to enable them to take part and contribute to developing the
national economy (UNESCO, 2018).

Surprisingly, all those studies and reports did not mention STEM education and ignored the importance
of encouraging girls to study STEM fields at bothschool and university levels. Furthermore, they highlighted
gaps that exist in the national labour market without defining the specific details of skills and competencies
needed to support the national economic growth and policies that are needed to encourage both girls and boys to
study STEM education and particularly keeping girls in the national STEM pipeline.

The ambiguity of a comprehensive understanding of the rationale and significance of STEM education
among Jordanian education stakeholders (i.e., Ministry of Education and Ministry of Higher Education and
Scientific Research) has led to offer Jordanian school students the subcomponents of STEM (physics, chemistry,
biology, and mathematics) without addressing the blended and active learning which is required for effective
STEM education.

The case in the higher education sector is not as hopeful as STEM is not well known among academia
and universities offer degrees in different subcomponents of STEM (i.e., science, mathematics...) without
addressing the interdisciplinary nature of STEM to students. This lack of understanding of the rationale of
STEM leads to the misalignment between university graduates’ skills and competencies and those required by
the current and future careers and occupations (Arabian Business Consultants for Development, 2017).

In the 2019 report published bythe Organization for Economic Cooperation and Development, Jordan
wasone of three countries wherewomen felt more comfortable with mathematics thanmen (OECD, 2018).
Studies showed that almost half (47%) of undergraduates in STEM fields were women. However, it is not
known the enrollment, preferences, and percentage of those who graduated with a degree in any of the STEM
fields. Answering these questions is crucial to understand the barriers that prevent women from finishing their
university degrees in STEM education and limit their representation and contribution to the national economy.

Therefore, this study came to address thatgap by identifying the enrollment, percentages, and
preferences of women who pursue their university degree in any of the STEM fields. The importance of
conducting this study is to provide Jordan’s educators and policy makers with authentic research data about the
status of STEM educationat the university level and help them put the needed policies to encourage both
genders to continue their STEM university education. It is hopeful that the results of this study will highlight the
importance of strengthening STEM education in Jordan’s universities as well as the importance of keeping
women in various STEM fields to help strengthen the national economy and enhance the competitiveness of
Jordan’s workforce at the national, regional, and global levels.

This study came to answer the following questions:
1. What is the current enrollment rate of men and women in STEM fields in Jordan?
2. What is the percentage of female and male graduates earning a degree in any of the STEM fields?
3. What STEM field that is mostly favored by male and/or female university graduates?

Methodology
Population and sample
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The population of this study consisted of all university graduates from all STEM fields in all Jordanian
universities during the period of 2008-2018. The Hashemite University (HU) was chosen to be the place of this
study. The rationale of choosing (HU) is it is one of the largest universities in the country. It also offers all
STEM subjects to undergraduate students. The sample of this study were all STEM fields graduates during the
period from 2008-2018. The sample consisted of 16134 male and female students graduated with a STEM
degree from 2008-2018 (Table 1). Such huge sample makes the study more representative and enables the
researchers to generalize their results to other universities in the country.

Table. 1.Research sample characteristics

. Gender
Field of Study Male Fomale
Basic Sciences 714 2543
Medical Sciences 474 2317
Engineering 4277 3025
Mathematics and Computer Sciences 1028 1756
Subtotal 6493 9641

Data was collected from the university’s registration department and then analyzed using the MS-Office Excel
software tocalculate the percentages and frequenciesof graduates of every STEM field.
Context of the study

This study was conducted in one of the national public universities in Jordan, the Hashemite
University. The Hashemite University is the second largest public university in Jordan with 29800 students in
2017 (Wikipedia, 2017). The university was established in 1995 and located in the vicinity of the city of Zarga.
It comprises 19 colleges (faculties) and institutes and offers (52) specialties at undergraduate level and (35)
specialties at postgraduate level (doctorate, master, higher diploma, inaddition to a few professional diploma
programs).

Results

Data showed a clear gendered pattern of graduates at the university level. Male students are the majority of
those enrolled in engineering, Math, and computer sciences, and to a lesser extent in other disciplines Fig. 1, a &
b). Female students represent the majority in Health sciences and basic sciences fields. The highest disparity
appeared to be in Engineering fields where 58% of the graduates are males comparing to only 28% of female
graduates. Data also showed that health sciences continue to be a favorite field of study for female students
(29%) comparing to male graduates (11%). Similarly, basic sciences appeared to be significantly favored by
female students (27%) comparing to only 13% of males graduating with a degree in basic sciences. Data also
showed that Mathematics and Computer sciences are also favored by males (18%) comparing to only 16% of
graduates are female.

Figure 1-a. Percentages of Males university graduates.

Figure 1-b. Percentages of Females university graduates.
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Data analysis indicated that the most favored fields of engineering by females were Architectural engineering
(77%), Medical engineering (65%), Software engineering (60%), and Industrical engineering (59%). However,
males favored mostly Mechanical engineering (96%), Civil engineering(71%), and mechatronics engineering
(73%). See Fig. 2 below:

Figure 2. Percentages of male and female earnign a degree in Enigneering (2008-2018).
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Data also revealed that the most favored fields ofhealth sciences by females were Clinical nutrition and dietetics
(97%), Medical laboratory sciences (86%), Physical and occupational therapy (81%), and Medical imaging
(65%). However only 35% of male graduates were in favor of studying Medical imaging, (19%) favored
Physical and occupational therapy, (14%) favored Medical laboratory sciences, and only 3% studied clinical
nutrition and dietetics (Fig. 3).

Figure 3. Percentages of male and female earning a degree in Medical sciences (2008-2018).



57

350

300

250

200

150

100

50

Male Female

W Medical Laboratory Sciences M Clinical Nutrition and Dietetics

M Physical and Occupational Therapy = Medical Imaging

With respect to basic sciences, results showed that those fields are dominantly favored by females. As shown in
Fig. 4, 83% and 85% of females studied Biotechnology and biologyfollowed by 74% and 73% studied
chemistry and physics. On the contrary, Chemistry was the highest favored science by males (26%) followed by
only 17% of males studied biotechnologyand only 15% of male graduates studied Biology.

Figure 4. Percentages of male and female earning a degree in basic sciences (2008-2018).
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Similarly, computer sciences and mathematics were mostly studied by female graduates. As shown in Fig.5
below, (80%) of females studied Mathematics comparing to only 20% of male graduates. Likewise, computer
information system (CIS) was also favored by female students (56%) comparing to (45%) males studied that
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subject. However, computer science and application seemed to be favored by both male and female students
with a percentage of (52% and 48%) respectively.
Figure5. Percentages of male and female earning a degree in Mathematics and Computer sciences (2008-2018).
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Discussion

The aforementioned resultsgenerally demonstrated the real status of STEM Education in Jordan and
particularly among university graduates. Data showed that university male students are in favor of pursing a
degree in almost every field of engineering except Architectural and Medical engineering. However, most
female students study all fields related to Medical sciences, Basic sciences, and Mathematics. The only field of
study that equally attracts both males and females is Computer sciences and applications.

These results reflect a striking disparity between the numbers of men and women in STEM education
in Jordan. This gap disparity seems to be shaped by the classical social image of the job market preferencesthat
favors to hire men to do certain jobs (i.e., Civil Engineering (96%)),while favors to hire women to do jobs
related to medical fields such as (Clinical nutrition and dietetics, (97%), Medical laboratory sciences (86%),
Physical and occupational therapy (81%), and Medical imaging (65%) as well asteaching related careers such as
Biology (85%), Chemistry (74%), Physics (73%), and Mathematics (80%).

Research documents several explanations about gender disparities in STEM such as women’s lack of
ability due to their biological, innate, and/or immutable differences (Keller, 1985). However, recent studies give
a role to the sociocultural factors that shape women’s choice of study and career (Ceci et al.,2014). Some
researchers argue that these sociocultural barriers that limit women’s entrance and advancement in STEM
education, mainly come from the prejudices held by men about women (UNESCO, 2017). However, other
researchers (Moss-Racusin et al., 2012) argue that both men and women evaluators can be involved in gender
discrimination and gender disparity. While the attention was previously put on the biases of other people
evaluating the work of women, a more complex hypothesis also looks at biases within both women and men
themselves, including their own preferences, biology, and social experiences that may encourage or discourage
them from doing certain careers (e.g., Diekman et al., 2010).

Literature documentsthree majorcauses of gender disparity inSTEM (Greenwald et al., 1995, Keller,
1985, Ceci et al., 2014). One of these causes is attributed to the differences in abilities of both genders (Hyde,
2014), the second cause deals with differences in both gender preferences, values and lifestyle choices (Ceci et
al., 2009, 2014; Ceciet al., 2011, Diekman et al., 2010), the third cause attributes the differences to the explicit
and implicit bias among both genders themselves (Greenwald et al., 1995, General Social Survey, 2019). The
following paragraphs provide more explanation of how these causes interplay and shape both genders’ choice of
study as well as their career choice.

During the early time of the past century, researchers thought that differences in both genders’ ability
in Mathematics is the most important factor that creates such disparity (Hyde, 2014). However, later during the
20th century, researchers figured out that the gender differences in Math abilities were rapidly closing
(Feingold, 1988). Such new understanding was derived from the accumulation of the data about standardized
tests (i.e., TIMSS, and PISA). This result was further supported by recent meta-analysis studies that showed that
the gap between both gender in overall math abilities have significantly dropped. For example, researchers noted
that the difference between US students in math abilities dropped to only d_0.0065, meaning that the differences
between men and women on mathassessments are negligible (Hyde et al., 2008).
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In Jordan, the OECD 2018 report showed that girls scored similar to boys in mathematics and girls
outperformed boys in science by 29 score points. Additionally, some researchers argue that the culture could
influence the performance of both genders in math (Else-Quest et al., 2010; Gray et al.,2019). However, the
majority of researchers document that there is no convincing evidence that gender differences in math ability are
immutable or biologically innate (Spelke, 2005; Ceciet al., 2010; Ceci et al., 2014; Hyde, 2016).

A second cause of variation in both genders’ performance in STEM is their preferences, values and
lifestyle choices (Ceci et al., 2009, 2014; Ceciet al., 2011). Or as Diekman et al., (2010) named it the “goal
congruity hypothesis”. The idea of Diekman et al., (2010) hypothesis is that women make the choice, to stay
away from pursing a degree in STEM relying on both sociocultural pressures and innate psychological
orientations. In other words, women see a mismatch between their goals and the nature of STEM education and
environment which leads them to quit studying or working in STEM environments. Such conclusion was also
proved in the OECD (2018) report about Jordan students’ performance on PISA test, where amongst high-
performing students in mathematics or science, about one in four boys in Jordan expect to work as an engineer
or science professional at the age of 30, while one in nine girls expects to do so. Furthermore, the report
indicates that about two in three high-performing girls expect to work in health-related professions, while about
three in seven high-performing boys expect to do so. However, only 2% of boys and a negligible percentage of
girls in Jordan expect to work in ICT-related professions (OECD, 2018).

Studies show that both genders’ values and preferences arise during their early ages, when they both
experience social pressures to play certain social roles, boys are expected to prefer competitive and active
activities, while girls are expected to prefer communal and helping activities (Eagly, 1987). These socially
influenced values impact both genders’ future choices regarding their education as well as their social or
academic preferences. Such influences encourage women to play communal, caring, and family roles while
encourage men to perform self-serving, money, and status values (Ferriman et al., 2009; Su et al., 2009;
Diekman et al., 2010; Weisgram et al., 2011).

Consequently, women tend to stay out of academic fields that are perceived to approve the status and
competition (i.e, Engineering) and take more service, social, family, and helping roles (i.e, Medical sciences,
teaching), while men tend to take competitive and high paying fields and jobs that align with their values (i.e,
civil engineering) and stay away from other social and family roles that mismatch with their values (Meyer et
al., 2015; Leslie et al., Freeland, 2015).

The third cause of gender disparity is attributed to both genders’ explicit and implicit bias(Nosek and
Smyth, 2007). While both explicit and implicit biases can be traced and identified throughout human responses,
beliefs and actions, explicit bias is easy to identify where implicit bias is more automatic and requires certain
instruments to trace and identify. Studies have shown that these biasescritically shape both genders’ beliefs and
behaviours and significantly contribute to link science to men and women to arts (Kurdi et al., 2019). Therefore,
both explicit and implicit bias are important to understand to identify their impact on both genders’ academic
and career choices. For instance, research over the past two decades shows that gender bias in STEM is crucial
and visible across genders, nations, and time. Such persistence of these biases matches the frequency of gender
disparities in STEM career choice, gender representation, pay, and recognition (Nosek et al., 2009; Miller et al.,
2015).

OvercomingGender Disparity

Overcoming barriers that hinder females from pursing their STEM education requirescomprehensive
efforts that target the causes of gender disparity.The following paragraphs present some important programs and
interventions that contribute to strengthen female capacities, enhance their social roles andvalues, and motivate
them to pursue their universitySTEM education.

Probably one of the main causes that discourage Jordanian female students from continuing their
STEM education is their preferences, values, and lifestyle choices. As mentioned above, females construct their
self identity and values during their early ages, therefore, they need support to help them develop their STEM
identity to be confident about themselves and pursue their STEM degrees. Such goals can be achieved by
involving girls during their school ages in STEM camps, offering them focused workshops about STEM, and
establishing STEM clubs at schools. The purpose of offering such activities is to expose female students to
STEM from their early ages to advance their belonging (Archer et al., 2000) to science and math and mitigate
the negative stereotypes about sex-based ability in math and science (Hill et al., 2010, Liu et al., 2014).

Additionally, exposing girls to female role models about STEM can significantly help them enhance
their self perceptions and confidence towards STEM (Stout et al., 2011). For example, Nigerian girls were given
opportunities to work with Nigerian women who were specialized in STEM. Such experience was found to
encourage and retain Nigerian girls in STEM at all levels of their education (Duyilemi, 2008).

Furthermore, engaging female school students in real STEM experiences and activities can
significantly motivate them and raise their self confidence. For example, results from a motivation study that
was conducted on schoolgirls showed that girls performed better in math and science tests when they were told
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that they have the cognitive abilities that enable them to perform well in their exams (Hill, et al., 2010, Skolnik,
2015). Studies also suggested that girls who are more affected by gender stereotypes can significantly benefit
from such STEM focused interventions (Wang, Degol, 2013).

Similarly, family-based, and peer-level interventions can greatly contribute to overcome the
misconceptions that girls do better in arts but not in science or math (Gadzirayi et al., 2016). Carefully designed
experiences (i.e., STEM awareness campaigns) that are designed for both parents and girls can have a huge
impact on raising both parents and girls’ awareness about STEM education and careers. When parents
participate in such campaigns, they can play an active role in motivating their girls to engage in STEM activities
and pursue their education in STEM fields (Burgard, 2003).

To further support the individual and family level interventions, educational institutions need to
introduce system wide improvements. Such improvements should include revising the educational policies and
regulations (i.e., admission policy) to encourage females to engage in studying STEM and develop their interest,
confidence, and career goals. A study conducted by the IEA found that improvements that were introduced
throughout twenty-year period to a number of education system across the world resulted into improvements in
students’ achievements in TIMSS results (Mullis et al., 2016).

Additionally, educational institutions need to recruit male and female teachers and faculty members
who have the needed knowledge and skills about STEM education to help stimulate their students’ interests and
boost their motivation to learn about STEM. Consider hiring female teachers/faculty member can significantly
influence female students’ pursuit of STEM studies and careers. For example, countries like Austria, Belgium,
Switzerland, Sweden and UK have prioritized hiring female STEM teachers to help motivate female students to
pursue their education in STEM (Kearney, 2015).

Furthermore, both teachers and university faculty members need to have access to continuous
professional development opportunities to advance their STEM knowledge and skills. Participating in such
opportunities will strengthen their capacities to be more gender responsive and impact their students’ interest
and motivation in STEM (Mullis et al., 2016, Hill et al., 2010, OECD, 2015, &Savelsbergh et al., 2016).
Relevant studies identified several teaching strategies that can improve female students’ engagement,
motivation, and attitudes towards STEM. These strategiesinclude inquiry-based learning, ICT based learning,
and collaborative learning (Hill, et al., 2010, Baker, 2013, Rosenzweig, Wigfield, 2016, Leman et al., 2016.,
Wiest, 2014,EU, 2012, Savelsbergh, et al., 2016).

Moreover, revising school science curricula to make it more STEM oriented canhelp enhance female
students’ interest and engagement in STEM learning (Lyons, 2006). Curriculum revision should also remove
any gender bias from the learning content, illustrations, images, and activities to make the curriculum more
gender friendly.

In addition to that, reserving STEM scholarship for female students at the university level can enhance
their engagement and learning in STEM. These scholarships could be offered by private sectors, companies, and
factories to help encourage females to pursue their education in STEM.

One last thing to consider at the societal level, is to utilize media channels to promote positive images
about women in STEM. Such utilization can significantly promote gender diverse representation in STEM
(Steinke, 2017). The use of media can also contribute to eliminate stereotypes towards STEM (UNESCO,
2011).

Conclusion

In conclusion, gender disparity in STEM in Jordan appears to be mainly originated from differences in
both gender preferences, values and lifestyle choices, and differences in the explicit and implicit bias among
both genders themselves. Several interventions at the individual, family, school, and society level can be
implemented to remove the impediments that discourage female students from pursing their education in STEM
and ultimately from working in STEM careers. Urgent multisectoral efforts are needed to address gender
disparity and spark women’ interests and cultivate their ambitions to pursue STEM studies.
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