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Abstract: Typically, the underrepresentation of female engineers in education, employment, and
leadership is a worldwide social issue. The present study investigates the critical employment
challenges and barriers for female engineers in Yemeni’s unstable, conservative, and poor society. The
quantitative methodology was based on two constructed questionnaires targeting female engineering
graduates from 2012 to 2021 at Taiz University and executive HR managers. The results indicated
that the ongoing civil war, employability attributes, personal attitudes, low wages, the conservative
society, and marriage-family beliefs are the most apparent barriers to female engineers’ employment
in Yemen. Nearly 40% of female engineers are frustrated with not having a job, almost the same
percentage stopped seeking a job, and about two-thirds did not register with government employment
offices. This study prompts engineering colleges to frequently update their programs to cope with
rapid developments and to include employability courses in their curricula. Furthermore, this study
advises female engineers to consult experts before enrolling in engineering programs and to practice
training and employability skills immediately after graduation. We want to encourage such social
studies in Yemen that are concerned with female issues to underpin their participation in society and
to make use of unutilized resources.

Keywords: women engineers; gender discrimination; engineering profession; employability skills;
workforce

1. Introduction

The engineering education-workforce system is a lively system that tightly depends
on technological innovations, economic conditions, demographic location, market vari-
ation, political stability, and engineering discipline [1-3]. The relationship between an
engineering education and the workforce should be constantly evaluated and reviewed to
ensure sustainable development for our society. Engineering graduates are job-satisfied and
supported with career promotions whatever their occupation type is. In fact, engineering
occupations are classified according to the UNESCO classification of sustainable develop-
ment [4,5] into engineering-related, engineering-proximate, and non-engineering-related
positions; for example, in the USA these are 36%, 46%, and 18%, respectively [6].

These motivations, in addition to social value and high wages, push many matricula-
tion holders to enroll in engineering programs without realizing the difficulty of science,
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technology, engineering, and mathematics (STEM) courses [7] and the requirements of
the accelerated workforce market. Unlike other disciplines, the engineering profession
faces unprecedented challenges for male and female engineers, with more peculiar and
pronounced difficulties for female engineers [8-10]. In particular, female engineers are
at the heart of these challenges in addition to their own social and physiological restric-
tions. This is plausibly attributed to the additional complex socio-cultural barriers, gender
discrimination, severe engineering responsibilities, family constraints, and an unhealthy
work environment. The problem is not only finding employment, as it is also compli-
cated; women, to some extent, are not compatible with STEM courses [11-14]. For that,
their admission proportion in engineering disciplines is low, while the college dropout of
engineering students is ultimately high [15].

The best realistic description of female engineers is “visible as women and invisible
as engineers” [16]. Engineering professional practices entail multi-faceted demands for
qualifications, experience, and intellectual characteristics. Some engineering work requires
the execution of duties, which need overtime work, long travel, sudden maintenance, night
shifts, heavy equipment works, field visits, labor supervision, etc. Innately, women are not
happy with such duties [9,17-19]. Accordingly, their employment in engineering jobs is
lower and relatively unwelcomed by human resource managers.

Constantly, the underrepresentation of female engineers in education, employment,
and leadership is a worldwide social issue [9,10]. Globally, female participation in engi-
neering educations, workplaces, and leadership positions is at its lowest level. For further
understanding, the engineering career is believed to be a male-dominated discipline, in
which female engineers are kept as a minority and assigned only light and office duties;
therefore, professional success is challenging. Physiological scientists declare that female
engineers are more conservative, less bold, less adventurous, and more organized. Further,
it is a huge challenge for female engineers to be easily provided with related engineering
jobs. Engineering is such treated as a room full of men where female engineers must
compete with men to appear to have more expertise, more experience, better imagination,
more curiosity, more creative solutions, and better problem-solving skills.

Female engineers are enrolled in Yemeni universities without discrimination based on
their gender. In addition, gender segregation in Yemeni higher education is uncommon.
Female engineers complete their studies with men in the same classroom, they participate
together, and compete with them in the workforce market. However, the higher education
sector in Yemen has witnessed a deep decline during the last decade, plausibly due to the
ongoing civil war and the political crisis. All statistics from international organizations
related to the work and employment of female engineers in Yemen are unavailable in their
lists. This study attempts to realize the challenges and barriers to employment faced by
female engineers in Yemen who have graduated in the last ten years. It is a pioneering
study in Yemen to explore this problem from all directions and angles. Furthermore, a
distinctive recommendation will be drawn based on the outcome of this study.

This study sheds light on the occupational opportunities for female engineers in Yemen
who are enrolled in both temporary and permanent engineering-related, engineering-
proximate, and non-engineering careers. Also, the impact of economic conditions and
political instability on engineering careers is elucidated. Furthermore, the effect of the
socio-cultural norms of the local community on female engineers’ work is clarified.

1.1. Literature Review

The transition stage between graduation and obtaining a job is crucial in the lives of fe-
male engineers. It requires a series of critical career decisions and expert consultations [20-23].
These decisions certainly determine the future and well-being of individuals. It is well
known that success in education does not mean success in a career. Colleges teach stu-
dents the knowledge, not workplace cultures, employability skills, or multi-dimensional
duties [2]. In the long term, employee well-being is a strategic element of achieving
good career adaptability and sustainability. For that, vocational development models and
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theories are extensively investigated to explore the interrelationship between personal
characteristics and the workplace; in other words, the theoretical prediction models are of
fundamental importance to manipulating a series of decision-making processes that affect
the relationship between individual qualifications, skills, and career features [20,22,24-30].

In this regard, Social Cognitive Career Theory (SCCT), developed by Bandura in
1986, investigates the underrepresentation of female engineers in the workplace [30,31].
Generally, SCCT has been considered a good platform, providing guidelines to specify
the interrelationship between complicated social issues, including gender, and the work-
place [32,33]. SCCT is an appropriate tool to investigate the characteristics of graduates,
particularly female engineers, who are at the college-workforce-transition stage [31]. SCCT
theory focuses on the self-efficacy of individuals in terms of their skills, capabilities, qualifi-
cations, motivations, and expectations as sources of success in professional life.

SCCT was used to evaluate the adaptability and motivation of engineering students
toward career programs [34], to evaluate women's restrictions and gender differences
in the engineering career [31,32,35], and to corroborate information about engineering
specialization selection [36].

Low employment participation for female engineers has been well described world-
wide [2,8-10]. Worldwide, female engineers” enrolment in the occupation showed men'’s
dominance; according to the UNESCO Institute of Statistics 2019, female engineer enrol-
ment is on average, between 15 and 35% [37]. Globally, female engineers make up 10-20%
of the engineering workforce, while in disciplines other than engineering, they can make
up more than 50% [38]; an exception lies in Jordan, where female engineers (31%) account
for higher percentages than other disciplines (19%) [39]. There has been a rise in female
participation in engineering higher education in many countries worldwide, including
highly conservative societies such as Saudi Arabia [38,40]. The Saudi studies indicated that
gender segregation was dominant in the Saudi education system [38,40-42]. However, this
system has been broken in the last few years since both men and women have enrolled in
engineering colleges and shared the same classes and university campus activities [38,43].
In 2013, Hoda Baytiyah [44] reported the employment opportunities of graduate engineers
in Lebanon as a model for the Middle East. The outcomes of Hoda’s study are similar to
those of Khan, 2021, in Saudi Arabia [41], which found engineers acquire full theoretical
knowledge and technical skills but are poor at creativity, innovation, and communication.

Challenges and barriers experienced by female engineers, their career adaptabil-
ity, as well as their motivation toward the engineering profession, have been investi-
gated [9-15,39,40,45-50]. These challenges are mainly the previously referred to socio-
cultural norms and accepted traditions, which vary in different societies. Few studies have
reviewed this definitive topic and are limited to stable countries where there is no economic
decline or political crisis, such as in Yemen [9,10]. In 2018, Subri reported the employ-
ment barriers facing married female engineers; this study reported fourteen challenges:
leadership factors, gender discrimination, sexual harassment, work-family interrelation,
childcare, safety, support, health, work environment, communication, salary, transportation,
leaves, and female mentors. All reported barriers were classified into three fundamental
factors: gender discrimination, childcare, and work-life balance conflict [10]. Another
study by Longe and Ouahada, in 2019 [9], investigated the behavior of female engineers in
the classroom, in professional careers, and in leadership positions; this study concluded
that the most challenging elements were gender discrimination, gender stereotypes, socio-
cultural limitations, employment discrimination, and sexual harassment. More extensively,
employed women faced more challenges than their male counterparts [9]. The involvement
of women in education in the Gulf Cooperation Council (GCC) is higher than that of men.
However, they are considered an underutilized resources since their participation in work-
force markets to enhance the nation’s economy is hindered by socio-cultural norms [51].
The Saudi Arabian community is almost like the Yemeni community except for the wealth
factor and political stability [51-54]. The socio-cultural norms, Islamic rules, and gender
segregation are relatively identical for both communities [38,40—42].
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Employers” expectations could contribute to exacerbating the challenges. A study
conducted by Khan, 2021 [41] administered a structured questionnaire that targeted female
engineering senior students from six Saudi universities; they also conducted another inde-
pendent questionnaire for more than 80 employers from different industrial backgrounds.
The findings of Khan’s study suggested there was a significant gap in priorities between
graduated engineers’ and employers’ expectations; employers were interested in good com-
munication, computing, creativity, and problem-solving skills, while engineering graduates
had technical capabilities and scientific methods.

In many developed countries, accurate information about the proportion of female
engineers and their activities at the workplace is available. On the other hand, there is
little, and imprecise, data about the employability skills and employment barriers of female
engineers in developing countries, including Yemen.

This study is in line with other research studies that aimed to investigate the role of
interpersonal characteristics and the social beliefs of female engineers in their employ-
ment choices and job sustainability. This unique study intends to bravely discuss many
society-sensitive barriers to women’s employment, which have never been discussed before
regarding the conservative society of Yemen. The present study investigates many scenar-
ios, such as socio-cultural norms, religious law, and family beliefs, and their effects on job
opportunities. The impact of GPA, employability skills, frequent searches for jobs, and
continuity in the workplace for female engineering graduates are also addressed. Finally,
this research paper investigates how the ongoing war negatively affects job opportunities
in Yemen.

1.2. Theoretical Framework

Considering the previous studies, structural equation regression modelling was used
to investigate the relationship between qualifications, social culture, interpersonal char-
acteristics, and educational performance. It tested the hypotheses corresponding to the
research topic; challenges and barriers that affect female engineers” employment chances
and sustainability. Figure 1 illustrates the model tested in this study. Women's participation
in the labor market is decreasing in Yemen due to significant disparities related to gender,
a tribal culture, and the patriarchal social norms. Women’s role in paid work has been
countered by the widespread beliefs that women'’s primary roles are domestic, primarily
childbearing, and broad family responsibilities, as well as a stigma attached to working
outside the home for women.

Female engineers face significant challenges and problems as well. According to the
conceptual theoretical framework developed in this study (Figure 1), female engineers
seeking employment face challenges in the pre-employment, during-employment, and
post-employment stages. Furthermore, personal characteristics, attitudes, behaviors, aca-
demic achievement, training, bullying, and social surroundings may increase the influence
of the problems. As a result of misperceptions regarding women'’s roles, female engineers
are facing increasing challenges. Therefore, we attempted to identify (1) the difficulties
experienced by female engineers in the Yemeni market; (2) the impact of the practical
qualifications of female engineers on their future employment prospects; and (3) behav-
ioral issues related to female engineers that limit their employment opportunities in the
engineering profession. Additionally, this study was designed to investigate the impact
of the Yemeni female engineer’s job by identifying obstacles and challenges associated
with finding employment in the same specialty. This was completed by finding cases and
diagnosing the difficulties, especially in times of crisis, as Yemen has recently experienced.

The research variables and questionnaire questions were constructed from several
similar studies. Variables about education, including specialization, English level, using a
computer, graduation year, and overall grades were adapted from [1,30,31,38]. Similarly;
variables related to employment, such as applying for a job, job opportunities, searching for
jobs, and continuing with a job were adapted from [6,9,17,30,31,40,41,44,45,53]. Lastly, vari-
ables concerning women'’s beauty, bullying, and face cover were adapted from [49,55,56].
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This diverse set of variables was chosen to facilitate a comprehensive examination of the
problem within the context of a conservative and volatile environment.

English Training Using Overall W
Leve Computer Grades ages
- A A 4
Apply Job Chance S ol it Continuing
for Job for Jobs Path in Jobs
S
Women i
Beauty

-’-

Face Cover

Bullying

Figure 1. An illustration diagram depicts the theoretical structural framework of research variables
and their interrelations. Dashed lines signify the impact of moderating variables on the relationship,
while solid lines represent the direct impact of the independent variable on the dependent variable.

The following hypotheses were also tested using this theoretical model derived from
the literature review:

H1. Searching and applying for a job increases the chance of getting a job.

H2. The moderating of “graduation year and “specialization” impact the relationship between
“bullying” and “job opportunities”.

H3. There is a positive relationship between “women’s beauty” and “job opportunities”.

H4. Employability variables (English Level, training, using a computer, and overall grade) are
significantly related to “searching for a job”.

HS5. The “overall grade” of female engineers supports “obtaining engineering-related jobs”.
Heé. There is a positive relationship between “wages” and “continuing with a job”.

H7. The moderating of “graduation year” and “specialization” impacts the relationship between
“bullying” and “continuing with a job”.

HS8. The moderating of “bullying” impacts the relationship between “face cover” and “continuing
with a job”.

2. Methodology
2.1. Study Location

This study was conducted in the Republic of Yemen, a country located south of the
Arabic peninsula with a population of ~31 million [52]. The country has witnessed a civil
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war, political crisis, and economic decline for almost 10 years. Furthermore, the sample
of the study was selected from Taiz University; a public university located in Taiz City,
250 km south of the capital, Sana’a, southwest of the country. Over the last 10 years, the
average number of students in the university was 22,540 students; ~50% were female. In
contrast to the whole university percentage, the female-male rate in the engineering college
is 1:6, with a total of ~470 female engineers having graduated in the last ten years, whom
we considered a population sample. The socio-cultural diversity of people in Taiz state
indicates that the selected sample can, to some extent, represent the whole country. Also,
the main causes of the underrepresentation of women in employment are the common
causes for all Yemeni society.

2.2. Data Collection, Design, and Tools

The present work is a quantitative study that used data of two types: elementary
data, which depends on two constructed electronic questionnaires, and secondary data
collected from the engineering college, Taiz University. Particularly, 5-point Likert scale
questionnaires were designed and administered by Google online forms and used to evalu-
ate the challenges and obstacles to female engineers’ employment during the job-hunting
process. During the survey, participants were asked to provide their socio-demographic
characteristics (overall grade, specialization, profession, and graduation year) and employ-
ers’ spheres (commercial, government, educational, and industrial). The online survey
links were distributed through email and appropriate social media between November and
December 2022 to the respondents, with high-accuracy data.

The first survey targeted female engineers who graduated from the engineering faculty
at Taiz University from 2012 to 2021 (see Figure 2a,b). Various questions were arranged in
four subtitles, with a response rate of 124 among 470 female engineers of the total popula-
tion sample. However, data were statistically analyzed from only 114 participants who had
completed the questionnaire in its entirety. About 14 meaningful questions from the ques-
tionnaire were selected as the main variables corresponding to the problem statement. As
depicted in Figure 3a,b, the survey included six engineering disciplines: software engineer-
ing (SE), information technology (IT), communication engineering (Com), mechatronics
and robotics engineering (MRE), industrial and manufacturing system engineering (IMSE),
and computer networking (CND). Most female engineer respondents scored high GPAs
grades, as shown in Figure 3c.

(a) 10% (b) 7%
26% = before 2016 25%
14% “ 2016 20%
2017
» V 2018 s
= 2019 >
U 1% w2020 A%
12% ’ = 2021
- 10% 21%

Figure 2. Diagrams of female engineers’ statistics based on the graduation year. (a) Graduates
(population sample) and (b) respondents of questionnaire samples.

The second constructed questionnaire targeted the executive managers and human
resource (HR) managers in different government, commercial, educational, and industrial
companies in Yemen. The questionnaire was handed out to the executive and HR man-
agers of industrial (45%), governmental (25%), commercial (15%), and educational (15%)
companies and institutions. Many questions were introduced to them to investigate the
problem from another viewpoint. The questionnaire link was distributed via social media
platforms and through the mail. Thirty-five respondents answered the questions, and the
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data were analyzed. A comparison between the data of both questionnaires was correlated
for better data analysis.

(a) 9% (b) 1% (c) 1% 7%

2% 31% Ll
13% 3%

8%

32%
37%

55%

aSW =T =CNDs = MRE =IMSE = COM 3 = Excellent = Very Good = Good

Figure 3. Diagrams of female engineers’ statistics based on engineering specialization. (a) Graduates
(population sample) and (b) respondents of questionnaire samples. (c) The overall grade (GPA) of
female engineers at their colleges: excellent (90-100%), very good (80-90%), and good (65-80%).

Secondary data were officially collected from the engineering faculty at Taiz University
throughout the study period. Statistics of total female engineers enrolled and graduated
from 2012 to 2021 and the female/male ratios for each year/specialization were precisely
recorded and represented in Figures 2 and 3.

The survey questions were non-conventional, in which ~44 questions investigated
many raised questions and anticipated real reasons for low female-engineer-participation
in jobs in Yemen and their relation to many social issues. The questions were written
in the Arabic language, and the responses were officially translated into English. The
participants were 23 to 35 years old and had extensive experience in job investigation. All
participants had already graduated at least one year before their participation. Statistically,
the number of graduated female engineers was high in software engineering (SE) and IT de-
partments, medium in communication and networking departments, and low in industrial
and mechatronics engineering departments, as shown in the diagrams of Figure 3a,b.

The research team was careful to send the questionnaire only to the targeted sample to
ensure high-accuracy data, while the questionnaire structure did not allow for filling it in
twice. Yemeni society is conservative, and women are not used to filling out such question-
naires. Females in conservative and religious communities believe that making statements
about their personal, demographic, and social status is shameful behavior. Girls mostly
dislike answering questions about marital status, sexual harassment, bullying, incivilities,
habits, jobs, etc. Furthermore, the war’s consequences created a demographic change for
the Yemeni population, making communication with female engineering graduates, in
some cases, impossible. Accordingly, many of the females targeted by the questionnaire
team were deliberately reluctant to fill it out unless they received repeated reassuring
messages. As a social norm, some females needed a spouse or parent’s prior permission
before they responded to the questionnaire. Accordingly, the response rate was about 25%
of the population sample.

The information collected using the online survey was analyzed based on responses
from Yemeni female engineers expressed as a percentage and subsequently analyzed using
different statistical methods. An analysis of multiple linear regressions was conducted
to determine the predictors of employment and employability variables (applying for a
job, searching for a job, and continuing with a job). All statistical significance criteria were
based on a 0.05 p-value. Moreover, an analysis of multiple linear regressions was used
to examine linear causal relationships among variables and the effects of the moderation
variables (year of graduation, major job path, and bullying). Some 5-point Likert scales
were used to construct the body of the questions. The results are presented as a percentage
of female engineers’ responses, with organization and statistical analysis performed using
the Excel spreadsheet and statistical Jamovi 2.2.5 [57].
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3. Results

This section divides the results of female engineers’ occupations into three main cate-
gories: pre-employment, during-employment, and post-employment analysis. Variables
related to each step were analyzed and interpreted.

The Jarque-Bera normality test was implemented to examine the adherence of the
dataset to a normal distribution, and the results suggest that the data likely conforms to
a normal distribution. Also, the Breusch-Pagan/Cook-Weisberg test was conducted to
assess heteroskedasticity with the null hypothesis set at constant variance. The outcome
of this test implies the absence of significant deviation from the assumption of constant
variance (homoskedasticity) within the regression model. Additionally, collinearity testing
indicated negligible multicollinearity (VIF 1.01-1.06, mean VIF 1.04), affirming minimal
impact on interpretation.

3.1. Pre-Employment Analysis

The behavior and educational attainment analysis of female engineers at the en-
gineering institution and their effects on job opportunities were investigated. Gender
discrimination and segregation are not famous phenomena in the education system of Taiz
University and other Yemeni universities. Male students conduct all their activities with
female students in the same class without gender discrimination.

Figure 4 shows the percentage share of female students at Taiz University in general
and the faculty of engineering, in particular, from 2012 to 2022 as 49.18% and 16.77%,
respectively. As shown in the plots, the female shares slightly decreased with time, with a
steep decline in the last two years (2020 and 2021). This reduction could be attributed to the
siege on Taiz City due to the ongoing war and the high poverty level. The high percentage
of female participation in Taiz City as students, employees, and academic researchers
indicates that the local community provides more respect and appreciation to women,
while gender discrimination is at its lowest level. This positive case cannot be generalized
for all other Yemeni communities, since many universities are located in tribal communities,
where women’s participation is at its lowest level.

60
— 30
X
S—

Q
o0 40
©
=
o 30
Q
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Q2
K
©

10
£
Q
(1

0

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Taiz University Engineering College === Avg Taiz Avg Engineering

Figure 4. The proportion of female students at Taiz University and at the engineering college.

The scientific attainment of female engineers in university education is more attractive
compared to male engineers. They always take their studies seriously and always compete
with male engineers. The average default for female engineers who did not complete their
studies within the specified five-year period is 12.6%, while for male engineers, it is at
41.34%. Thus, it can be indicated that female engineers are more serious about their studies
than male engineers, which is generally the case in many countries [47]. That is plausibly
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due to the inability of male engineers to afford the study costs due to financial strain and
many other reasons.

Three-quarters of female engineers believe that the non-updated engineering programs
are a major factor in their inability to obtain jobs after their graduation. The researchers’
investigation discovered the fact that the engineering programs in the targeted college have
not been updated for almost two decades, despite the rapid technological development
and the significant change in the employment requirements. Because of the war, many
academic staff left the establishment and traveled outside the country. Consequently,
the lack of specialized academic staff for engineering courses reduced the educational
attainment of students, and this forced female engineering graduates to seek an additional
qualification after their graduation to obtain a job. This is a reasonable interpretation of the
underrepresentation of female engineers in the workforce market. To conclude, there is
a divergence in priorities between graduated engineers and the employers’ expectations.
However, the graduates from engineering colleges are proficient in computer skills and
English, which are the most attractive characteristics of female engineering graduates.

3.2. During-Employment and Post-Employment Analysis

Variables related to employability, such as qualification, English level, training, search-
ing for jobs, and applying to jobs were analyzed. The effect of GPA attainment for female
engineers on the chance of obtaining jobs was also investigated. Furthermore, a description
of the statistics related to the variable and the interrelation between variables were also
depicted. Many other variables corresponding to the sustainability of jobs, such as high
wages and the bullying phenomenon were also interpreted. Finally, secondary variables
that study the influence of external appearance (face cover and beauty) on job opportunities
and continuity in jobs for female engineers were also elucidated.

3.2.1. Descriptive Statistics

Table 1 records the calculation of basic statistical analysis of mean, standard deviation,
and errors for the variables mentioned briefly in the data structure of Figure 1. The values
of means close to the maximum values indicate a high impact of the studied variable. As
recorded in Table 1, the means for the variables of employability are statistically determined
to be “job opportunities”, 2.37; “searching for a job”, 2.94; “applying for a job”, 1.83; and
“major job path”, 2.27, which are very low. Accordingly, it can be predicted that the career
opportunities for female engineers show a substantial decline, while the employability
parameters’ mean values indicate little preparation for those jobs from female engineers,
affecting their academic, financial, and social life.

Again, the results of mean values indicate that the situation of female engineers after
employment is at risk (Table 1). In other words, the mean value of female engineers
who enrolled in engineering-related jobs (major job path) is at 2.27, while the mean for
continuing in job and wage rates are 1.93 and 1.44, respectively. Female engineers surveyed
demonstrated that 78% receive a stipend below USD 100, while only 7% had salaries
above USD 300. Fortunately, the results show that female engineers are interested in
improving their English level (3.66) and computer use (3.42). Moreover, the participants
were concerned that bullying and attention to women’s beauty and appearance would
negatively affect their future employment (1.97).

3.2.2. Correlation Analysis

Table 2 summarizes the significant positive correlation of variables related to female en-
gineers’ employment according to the Pearson correlation coefficient. A total of 14 variables
are correlated in the analysis. The outcomes from Table 2 indicate a significant positive
correlation between searching for a job (0.417 ***, p-value < 0.001), applying for a job (0.541
***, p-value < 0.001), major job path (0.498 ***, p-value < 0.001), continuing with a job (0.607
*** p-value < 0.001), woman'’s beauty (0.222 *, p-value < 0.05), and English level (0.277 *,
p-value < 0.05) and the job opportunities.
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Table 1. Descriptive statistics of the research variables related to female engineering employment in

Yemen.
Statistics
Variable N Missing  Mean SD Minimum Maximum
Job Opportunity 80 34 2.37 0.523 1 3.25
Searching for a Job 114 0 2.94 1.099 1 4
Applying for a Job 113 1 1.83 0.925 1 3
Major Job Path 114 0 2.27 1.17 1 4
Continuing with the Job 80 34 % 1.93 0.965 1 4
Overall Grade 114 0 2.68 0.617 1 4
Academic Outcomes 112 2 1.63 0.783 1 4
English Level 114 0 3.66 0.727 2 5
Using a Computer 114 0 3.42 0.797 1 4
Training 114 0 2.03 1.14 1 4
Wages 82 32 1.44 0.739 1 4
Bullying 114 0 13 0.46 1 2
Face Cover 113 1 1.26 0.459 1 3
Woman’s Beauty 112 2 1.97 1 1 3

* Accounted for unemployed females who had no salary and job.

The correlation factor measurements (Table 2) show that job opportunities positively
increased with variables such as searching for jobs, applying for jobs, and the job’s major
path. Furthermore, it enhances the continuity of the job, as well. Again, the response results
suggest that job opportunity increases with female beauty, English level, and high wage
rates. The findings show that job-searching skills should be accompanied by a good English
level, good computer skills, good training, and suitable specialization but are independent
of college GPA. However, female graduates who had high GPAs and good computer skills
get jobs in their exact specialization more often than low-GPA graduates. Furthermore, high
GPAs are associated with a high English level, good computer skills, good training, and
good salaries. It can be concluded that high GPA holders get high-quality and sustainable
jobs when they are skilled with high employability attributes.

The results elucidated that female graduates who struggle to apply for jobs every-
where continue in their jobs for long periods and are characterized by high English levels;
interesting results from the correlation factors indicated that sustainable jobs are negatively
affected by bullying practices, low training, and low salaries. Accordingly, correlation
findings showed that intelligent females with high GPAs were subjected to lower bullying
and sexual harassment. As expected, the woman’s beauty and face covering have negligible
impacts on educational attainment, employability skills, and job environment.

Table 3 depicts the interrelation between variables. The variables of employability,
searching for jobs (3 = 0.207 ***) and applying for a job (3 = 0.112 ***) strongly increased job
opportunities for female engineers. In other words, the employability patterns ultimately
underpin job opportunities, which confirms the correlation in Table 2. Therefore, hypothesis
H1 is supported by the findings of this module regression. Nevertheless, in Table 3, module
2 was used between “bullying” and “getting a job”, moderated by “graduation year”, and
the coefficient was reported as bullying x graduation year (3 = —0.758 ***). In terms of
getting a job, this was a significant contributor to the decline.

According to the regression model, “specialization” did not moderate the relationship
between “bullying” and “getting a job”, as indicated by the low coefficient (bullying X
specialization, 3 = 0.199). Accordingly, H2 is partially supported by the questionnaire
results. Consequently, affected by their “graduation years”, female engineers are less likely
to get jobs, while their chances are relatively unaffected by “specialization”. Furthermore, a
woman'’s beauty positively impacts job opportunities (3 = 0.116 *). According to module 3,
this relationship is explained using regression and supports hypothesis H3.
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Table 2. Correlation matrix of the research variables related to female engineering employment in Yemen.

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 Job Opportunity 1.000
2 Searching for a Job 0.417 *** 1.000
3 Applying for a Job 0.541 *** 0.079 1.000
4 Major Job Path 0.498 *** 0.158 —0.055 1.000
5 Continuing with a Job 0.607 *** —0.13 0.373 *** 0.08 1.000
6 Bullying -0.177 0.002 —0.179 —0.103 —0.185 1.000
7 Face Cover 0.068 0.085 —0.049 0.113 0.072 0.065 1.000
8 Woman’s Beauty 0.222* 0.08 0.095 0.13 0.13 —0.022 0.348 *** 1.000
9 Overall Grade 0.064 0.023 —0.095 0.246 ** 0.134 —0.186 * 0.11 0.044 1.000
10 Academic Outcome 0.135 0.095 —0.007 0.164 0.045 —0.089 0.085 0.046 0.064 1.000
11 English Level 0.277 * 0.35 *** 0.231* 0.142 0.042 0.017 0 —0.013 0.145 0.055 1.000
12 Using a Computer 0.182 0.363 *** 0.137 0.208 * 0.064 —0.08 —0.002 —0.054 0.334 *** —0.006  0.266 ** 1.000
13 Training 0.08 0.397 *** 0.04 0.101 —0.143 0.069 0.068 0.032 —0.038 —0.082 0.096 0.241 ** 1.000
14 Wage Rate 0.21 0.146 0.073 —0.068 0.276 * —0.137 0.012 0.066 0.124 —0.092 0.002 0.14 —0.102  1.000

Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 3. The impact of employment variables on job (pre-employment analysis).

Module (1) (2) (3) “4)
Variable Job Opportunities Job Opportunities Job Opportunities Job Opportunities
Searching for a Job 0.207 ***
(0.0422)
Applying for a Job 0.302 ***
(0.047)
Bullying x Graduation Year —0.758 ***
(0.135)
Bullying x Specialization 0.199
(0.171)
Woman’s Beauty 0.116 *
(0.057)
English Level 0.405 **
(0.126)
Training 0.297 ***
(0.080)
Using a Computer 0.340 **
(0.124)
Overall Grade —0.155
(0.153)
Intercept 1.141 *** 2.738 *** 2.134 *** 0.107
(0.1647) (0.104) (0.1283) (0.297)
Observations 80 114 80 114
R? 0.462 0.294 0.050 0.303

Module 1 tests H1: job opportunity = B¢ + 31 x searching for a job + 3, x applying for a job + ¢, module 2 tests
H2: job = B¢ + B1 X x bullying x graduation year + 3, x bullying x specialization + ¢, module 3 tests H3: job =
o + B1 x woman’s beauty + ¢. module 4 tests H4: searching for ajob = 3¢ + 31 x English level + 3, X training +
B3 x using a computer+ 4 x overall grade + ¢, standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 3 also describes the interrelation between variables related to female engineering
occupations. The employability variables: English level (3 = 0.405 **), training {3 = 0.297
**%), and using a computer (3 = 0.340 **) show strong relation to the “searching for a job”
variable. On the other hand, the “overall grade” does not affect “searching for a job”
(B = —0.155). To conclude, except for the “overall grade”, our findings support H4.

Table 4 records the variables related to the post-employment challenges of female
engineering graduates. Surprisingly, module 5 explains how “overall grade” substantially
affects the “major job path” (3 = 0.467 **), which supports H5. This means that a higher
GPA underpins the high opportunity for a female engineer to get an engineering-related
job in their exact specialization. As expected in hypothesis H6, high wages have a positive
and significant effect (3 = 0.358 *) on continuing with a job and sustainability of jobs.

Furthermore, module 7 was used to test hypothesis H7, which investigates the effect of
“graduation year” and external appearance on the “bullying” phenomenon. Our findings
indicated statistical significance of the mediation of “graduation year” and its impact
on the relationship between bullying and continuing in a job in the future (xbullying x
graduation year, 3 = —1.533 ***). According to the regression model value, specialization
did not moderate the relationship between bullying and continuing with a job in the future,
as indicated by the coefficient xfor bullying x specialization (3 = —0.0230). This means
that for newly graduated female engineers, even if they get a job, bullying behavior against
them increases, limiting their continuity in the job in the future.

Finally, module 8 (Table 4) was established to test H8. The results specified that
the “face covering” allows female engineers to still continue in their work in the future
(face cover, 3 = 5.00 *). Even so, moderating the continued bullying phenomenon had a
tremendous negative effect on “face cover” and “continuing with a job” (xface cover x
bullying, 3 = —16.81 *), which supports our hypothesis, HS.
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Table 4. The impact of employability variable on job opportunities and continuing with a job
(during-employment and post-employment analysis).

Module (5 (6) () 8
Variable Major Job Path Continuing with a Continuing with a Continuing with a
Job Job Job
Overall Grade 0.467 **
(0.174)
Wages 0.358 *
(0.141)
Bullying xGraduation Year —1.533 ***
(0.232)
Bullying x Specialization —0.0230
(0.294)
Face Cover 5.00 *
(2.42)
Face Cover x Bullying —16.81*
(8.36)
Intercept 1.023 * 1.411 **+* 2.819 *** —7.96
(0.477) (0.228) (0.179) (4.96)
Observations 114 114 80 80
R? 0.0606 0.0760 0.375 0.089

Module 5 tests H5: major job path = g + 31 X overall grade + ¢, module 6 tests H6: continuing with a job =
Bo + B1 x wages + ¢, module 7 tests H7: continuing with a job = 39 + 31 X Xxbullying x graduation year + 3,
x xbullying x specialization + ¢, module 8 tests H8: continuing with a job = 3¢ + $1fc + $» x xface cover x
bullying + ¢. Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1.

3.3. Executive Managers” Responses

Parallel to the results predicted from the female engineers” questionnaire, meaningful
results are also obtained from the responses of the executive managers’ questionnaire.
Table 5 depicts the main outcomes of the executive managers’ questionnaire. The evaluation
grades are 5.00 as a maximum, 3.00 as an idle, and 1.00 as a minimum.

Table 5. Response outcomes of executive and HR managers were manipulated based on the question-
naire respondents.

Statement Executive Managers Response Rating

1 An engineering specialization affects my chance of getting a job 3.9 ++ve
2 Engineering programs’ contents match well with employment requirements  3.14 +ve

3 My overall university grade is important in getting a job 3.4 +ve

4 English proficiency is an important parameter for getting a job 413 ++ve
5 Wearing a nigab (face cover) affects my chance of getting a job 2.68 —ve

6 A woman’s beauty affects her chance of getting a job 2.17 ——ve
7 Female engineers are proficient with computer applications 4.77 +++ve
8 Employed female engineers often do not receive job promotions 3.04 +ve

9 A job is essential for a woman, and she should not stay at home 415 +++ve
10 Engineering is a suitable profession for females 3.93 ++ve
11 The overall evaluation for female engineers in the workplace is high 3.55 +ve

There is a complete consensus from all managers that mastering computers and having
problem-solving skills are the essential characteristics that distinguish engineers from other
disciplines. Managers agree that job opportunities are generally at their lowest levels due
to the economic and political conditions that Yemen is experiencing now. Unexpectedly,
managers indicated that the university’s “overall grade” has a minor effect on their se-
lection for the engineering profession, which matches the results of the female engineers’
questionnaire. This finding is in line with the results of higher unemployment proportions
for female engineers who scored a high “overall grade”.
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Managers also suggested that employability requirements and post-university qual-
ifications such as English language proficiency, training, and developing self-skills are
essential parameters to underpin job opportunities for female engineers. They believed
that following job advertisements continuously is fundamental to obtaining a job.

Like female engineers’ beliefs, employers emphasize that external appearance does
not affect job opportunities. Wearing a “niqab” (face cover) and a beautiful appearance are
insignificant factors in selecting female employees, which is a healthy parameter for female
engineers to get a job, whatever their external appearance is. Similarly, managers believe
that the engineering programs’ syllabus match relatively well with the requirement of the
workforce and confirm that there is no gender discrimination when selecting an employee
for an engineering position.

Female engineers in Yemen live below the poverty level. The survey results revealed
that 42% of Yemeni female engineers from different engineering disciplines and graduation
years did not have any chance of employment, whether related, proximate, or unrelated to
their exact specialization, temporary or permanent work. Of the remaining 58% who had
permanent and temporary occupation opportunities, about 78% received less than USD
100, and only 7% of those had jobs with a salary of more than USD 300. As a result, most
female engineers stated that “low salaries” tops the list of challenges in their profession.

Because of the civil war, siege, and political crisis in Yemen, most graduated engineers
did not have job opportunities related to their specialization; thus, they seek temporary jobs
in relief organizations operating in the country. Almost 23% of female engineers worked
temporary jobs at relief agencies, both part-time and full-time, and among them, 10.2%
are still working there now. Furthermore, 35% of female engineers in Yemen have tried
to obtain permanent or temporary online work. Unfortunately, most female engineers
working online receive low salaries of an average of less than USD 100 per month. Our
survey investigated the barriers for female engineers who operate online into these points:
(1) lack of internet access, (2) slow and intermittent internet, and (3) lack of secure access to
electricity.

For a deeper understanding of the behavior of female engineers after graduation, the
questionnaire results announced that only 12.9% of them live outside the country, either
accompanying their husbands or in postgraduate studies. Furthermore, ~18% of female
engineers have access to postgraduate studies inside and outside the country, while 9.3% of
female engineers live in rural places. Shocking results confirmed that only 4.5% of female
engineers are government employees, while less than 4.6% receive salaries above USD 500
per month.

The analysis of female engineers’ occupancy in Yemen has come with the following
statistical outcomes: 42% are without jobs and 26% are in temporary and part-time jobs (the
payment is per hour of work without insurance). The percentage of unemployed female
engineers is 58%, which is much greater than that in Saudi Arabia (35%), for example [36,54].
In particular, 26% of female engineers have temporary and part-time occupations in the
academic field as teachers, at both schools and colleges.

The percentage of those who have employment opportunities in Yemen is 32%; it is
classified as 6% engineering-related, 8% engineering-proximate, and 18% non-engineering-
related jobs. The percentages for engineering-related, engineering-proximate, and non-
engineering-related occupations in the USA are 36%, 46%, and 18%, respectively [6]. The
results show that the job opportunities are independent of graduation year and univer-
sity GPA but dependent on the engineering discipline. Female engineering graduates
in communications and mechatronics are the lowest-level female engineers with few job
opportunities. On the contrary, female engineers who graduated from industrial and soft-
ware engineering programs had higher chances. Finally, female engineers who graduated
from information technology had higher proportions for engineering-proximate and non-
engineering careers. The employment proportions of Yemeni female engineers are much
less than the reported ratios in the USA, for example. To conclude, Yemeni female engineers
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are not practicing employability skills which is considered among the most critical barriers
to employment [58].

4. Discussion

The discussion considers occupational challenges to Yemeni female engineers in
terms of education performance, economic growth, wealth, religious practices, social
structures, and cultural norms. It demonstrates the reasons behind female engineers’
underrepresentation in jobs. In particular, the lack of involvement of women engineers in
the public and private workforce represents an underutilized resource that deprives society
of benefiting from them in the economic, industrial, and social spheres. The following
points represent the biggest barriers for female engineers after graduation in Yemen:

4.1. Education Performance

Female engineers in Yemen strive to enroll in the education system and overcome
tough STEM topics in the classroom. In general, students successful in STEM courses
facilitate their enrollment to engineering programs [7]. Our investigation indicates that
the performance of female engineers in education is much better than that of their male
counterparts. Yemeni women have shown increased educational realization and employee
involvement during the last few decades. Of course, the Yemeni society has become aware
of the importance of involving women in education. Paradoxically, female employment
participation remains modest and requires enhancement and support, especially in the
engineering sector. Of course, the education system plays a prominent role in limiting
women'’s career advancements.

Curricula reform and development to include employability attributes is essential
to an engineering education’s ability to follow the growing demands of employers [2].
Engineering graduates need the skills of continuous learning, time management, and lead-
ership skills after obtaining their graduation certificates to enhance their job opportunities.
Engineering curricula must be dynamic enough to efficiently link to modern engineering’s
professional requirements to create successful graduates [2].

The nature of the work-related specialization of some engineering disciplines influ-
ences the chances of getting a job. These specializations are, for example, mechatronics,
communications, and industrial engineering. These specializations, provide job opportu-
nities with extensive duties and long hours outside the home, forcing female engineers
to leave their comfort zones and struggle in their careers in a male-dominated environ-
ment [8,9,16,44,59]. The length of time female engineers are unemployed following the
graduation year makes them frustrated and stop searching and following job advertise-
ments. Female engineers believe that high graduation grades increase their chances of
obtaining a wide variety of jobs opportunities. However, this belief, to some extent, is
incorrect. The results of this study inferred that a high GPA has a negligible effect on job
opportunities, and female engineering graduates should focus on employability skills to
bridge the gap between education outcomes and employers’ expectations, which correlates
with other studies [2,41,44]. To conclude, high GPAs, good employability skills, and good
training are essential for female graduates to get sustainable jobs.

4.2. Interpersonal Characteristics

The outcomes of this survey study and, particularly, the interface between variables
infers that a high chance of getting a job in this workforce’s market is relatively independent
of specialization and the long period after graduation. Surprisingly, university GPA has a
minor effect in increasing the probability of getting a job, which matches well with other
studies in the literature that came up with the same findings [41,44]. That is plausibly
due to the large gap between the university’s outcomes and the employer’s expectations.
The prime factor, which we consider the number-one critical outcome hindering female
engineers from enrolling in public and private jobs, is the interpersonal characteristics of
the female engineer herself. In other words, self-confidence, improving their own skills
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and experiences, contentious training, self-rehabilitation, and personality development are
critical points for rapid and sustainable careers [60]. These valued predictions are consistent
with the theoretical context of Social Cognitive Career Theory (SCCT), which emphasizes
the interpersonal characteristics of individuals that influence their career choice and career
adaptability [20-30].

A graduated female engineer who does not register her graduation documents at
government employment offices and renews them every year has zero chances of obtaining
a government job. In this regard, the outcomes conclude that 52% of female engineers
have never enrolled for government jobs and 14% have registered without renewal. In
other words, only one-third of female engineers have enrolled in governmental employ-
ment offices and renewed their registration annually. As a result, only 4.5% of the whole
population of this study had a government job, which is almost the lowest percentage
worldwide.

Female engineers did not prepare themselves for good jobs in their specializations;
more than 50% of female engineers did not study any training course during the last twelve
months, including English language and other training courses. Additionally, above one-
third of female engineering graduates did not track jobs or follow employment websites.
Of course, scoring a high university GPA is not enough to get a job, but it is the first
step to success. The submission of female engineers to their surrounding circumstances
is unhealthy behavior, and they should not surrender. Unfortunately, about one-third of
female engineers have stated that they hate the engineering field and provided advice to
young females to leave engineering programs. In fact, graduates’ satisfaction is a measure
of educational quality [61]. High-satisfaction rates motivate graduates to search and apply
for employment in their engineering-related fields.

Indeed, frustrated female engineers waste years of study, causing the loss of great,
qualified human resources to the national and familial economy. The frustration, surrender,
and despair of female engineers are bad characteristics that kill their motivation and
creativity. Accordingly, female engineers should always be motivated and optimistic.

4.3. Socio-Cultural Norms

This subsection discusses the effect of customs, traditions, social norms, and Islamic
laws of a multicultural Yemeni community on the underrepresentation of female engineers
in the workforce. The consequence of war precipitated many family customs to the stagna-
tion stage and made the family more dynamic. Customs suggest that females are prepared
to be housewives and they enroll in education only to study courses that enable them to
teach children in elementary education. Many tribal communities in Yemen believe that
female work is shameful. Under the pressure of current circumstances, many families in
urban areas allow their women to work secretly to avoid social shame [37].

The employment of female engineers in a conservative society suggests that female
work is shameful and that a woman was created to be a mother, homemaker, or wife.
This social culture should be fought and curtailed. It is a huge challenge for women to
practice an engineering career in a conservative and gender-segregated society. Those
who challenge cultural traditions are often distinguished as socially perverse and are then
deprived of marriage and respect. Also, engineering cultures implement masculine norms.
Therefore, female engineering employment is a complicated issue in a Yemeni society that
supports men’s preferences and dominance. To conclude, marriage and family responsi-
bilities heavily and negatively impact female engineers’ work engagement, adaptability,
and sustainability. These outcomes are in line with other studies conducted in various
environments [55,62].

Further, Islamic law does not prohibit women from working in general. However, it
sets many controls that regulate female participation in work, such as modesty, morals,
and good behavior [53]. Furthermore, many Islamic schools require the approval of the
female guardian (father or husband) for women to travel and work outside the home. The
social norms imposed on the husband to take care of all his family requirements has made
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the woman dependent on others and reduced her efforts in seeking job vacancies. Many
families allow women to leave their homes or travel only if they are accompanied by a
male guardian, which reduces their chances of getting jobs, especially those associated with
night shifts, sudden maintenance, and frequent workplace visits. This behavior is limited
to the conservative society of Yemen and is uncommon in other nations [53].

The external appearance of Yemeni female engineers impacts their occupation chances
and workplace activities. In this regard, almost half of the targeted female engineers in the
survey believe that a female appearance affects their chances of getting a job. In this regard,
about one-fourth of female participants believe that wearing the “niqab” (a dress that
covers a female face) negatively affects their job opportunities, activities, and participation
in the job. Furthermore, almost a quarter of the participants believe that female beauty
slightly increases their chances of getting a job. These findings are statistically proven in
Tables 2 and 4 and are compatible with other studies that suggest that women'’s beauty
slightly increases their job opportunities and increases bullying and harassment practices
at work [56,63].

All in all, socio-cultural norms and accepted traditions provide structural barriers
to female participation in community work [53]. What is special about Yemeni female
engineers is the high poverty level, the ongoing civil war, the economic collapse, and the
political crisis, which all together seriously contribute to the reduction in job opportunities
and low workforce share. The barriers made by families to the mobility of female engineers
substantially reduces their chances of getting a job. Furthermore, physical constraints and
sieges were constructed due to the ongoing war, which restricted families movements
between large cities and industrial districts.

4.4. Political and Economic Stability

Historically, Yemen’s economy has collapsed twice during the last few decades. The
first collapse was a consequence of the Gulf Crisis in 1990, which left the majority of Yemeni
people at the poverty level, reaching famine-like conditions [64]. The other collapse was in
2014 when Houthi rebellions took control over the capital city and other large cities in the
country [37,42,64]. Indeed, Yemen has been classified by World Bank in the low—middle-
income category, and there are no real indicators of reaching the Sustainable Development
Goals (SDGs) by 2030, even in the absence of conflict [64]. Furthermore, Yemen ranked
153rd on the Human Development Index (HDI), 138th in extreme poverty, and 172nd in
educational attainment [64]. The ongoing war in Yemen has been considered the most
disastrous war for decades. The GDP per capita has decreased from USD 3800 in 2014 to
USD 1700 in 2022. The extreme poverty index has increased from 18.8% in 2014 to 64.7% in
2022 and expected to reach 78% in 2030 [65].

Economic collapse, salary suspension, rapid inflation, and depletion of foreign cur-
rency are prominent indications of Yemen'’s condition due to the ongoing war, these factors
have caused diverted effects on the employment market and private-sector businesses have
cut off 50% of working hours and laid off about 55% of the workforce [37]. Furthermore,
more than two-thirds of Yemeni businessmen have left the country, trade exchange to and
from Yemen has drastically decreased, and many companies have gone bankrupt. Accord-
ingly, job advertisements have dramatically decreased, and a large portion of Yemeni male
engineering graduates have immigrated outside the country to get jobs. However, female
engineers cannot afford such a move without male accompaniment. In exact reporting
values, two-thirds of female engineering participants claimed that the ongoing civil war
represents the most critical reason restricting their occupational opportunities.

To shed light on the worst ongoing conflict in Yemen, it is to be noted that more than
40% of Yemeni people have insecure food, while 50% are at the poverty level. According to
the International Labor Organization report in 2013, only 7% of Yemeni females had jobs,
and the report considered Yemen to have one of the lowest female-labor-force participations
worldwide. Indeed, the low percentage was counted excluding the females working
in agricultural activities. Furthermore, this ratio decreased by more than one-quarter,
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plausibly due to the ongoing civil war [37]. Salary suspension for many years destroyed
the remaining aspirations of Yemeni employees. Of course, the consequences of war on the
security and family economy have magnified the problems of female education and their
professional careers. In particular, Yemeni families have been forced to choose between
obtaining food or tertiary education requirements for their family members, and many
chose the former.

On the contrary, frequent reports have revealed that the long-ongoing war had in-
creased the proportion of women participating in the workforce market at the expense
of men, enhancing their decision-making power in the family and their contribution to
the household budget. However, their domestic chores, such as childcare, cooking, and
cleaning, are still female responsibilities. Because of the war, female engineers have new
roles in the workforce, starting their own businesses, seeking online work, and operating
in nontraditional sectors such as relief organizations and temporary academic teaching.

4.5. Female Engineers’ Viewpoint

Figure 5 is a cause—effect diagram (fishbone diagram) that summarizes all the chal-
lenges and barriers to female engineers’ employment in Yemen. It divides the challenges
into four categories: education performance, socio-cultural norms, employability skills,
and community stability. In particular, education performance, socio-cultural norms, and
employability attributes are common barriers for female engineering graduates in many
societies. However, community instability is a unique barrier in the Yemeni society that
drastically affects job opportunities.
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Figure 5. Cause and effect (fishbone) diagram encapsulates the underrepresentation causes of female
engineers in the workforce in Yemen.

The main reasons for the low representation of women in the workforce are arranged
in the Pareto chart in Figure 6, as per the respondents’ opinions. The diagram portrays that
the ongoing civil war in Yemen, political instability, and marriage and family requirements
represent about 50% of the barriers to the female engineering workforce. Furthermore, the
socio-cultural practices and religious law come into the next step as barriers for female
engineers’ job occupancy.

Interpersonal characteristics are among the most pressing reasons for the underrep-
resentation of female engineers in employment. In detail, self-confidence, determination,
and perseverance are critical elements in the character of an engineer to obtain a career
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opportunity. Furthermore, not surrendering to the frustrating circumstances represents
a core point in this issue. Many female engineers do not study supporting courses after
graduation that would help prompt their qualifications and increase their chances of getting
jobs. Many other graduated engineers do not track and follow vacancy announcements
and are frustrated with rejection after the first attempt. This depressing behavior reduces
their opportunities in the workforce market.
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Figure 6. Pareto chart explaining the main factors of low participation of female engineers in
employment based on the female respondents in the survey.

Female engineers believe that the “high GPA grade” variable was less important
in their selection, owing to the high overall grades they scored in their colleges without
enhancing job opportunities. In addition, female engineers who preferred to go for post-
graduate studies immediately after graduation represent a proportion of unemployed
female engineers. Finally, a few proportions of female engineers live in rural areas, where
there is no internet and electricity, and therefore, they cannot apply for job vacancies. These
are the main reasons for the low participation of female engineers in employment.

5. Conclusions and Recommendations

This study provides a new investigation into female engineering graduates and their
integration into the labor market in a populated country, Yemen, that has never been
studied. It is the first study to investigate the effects of socio-cultural norms and economic
conditions as substantial barriers to female engineers’ underrepresentation in their careers.

The outcome of this study matches well with other studies conducted of female
engineering graduates in which graduates have good qualifications and knowledge but lack
employability skills and self-motivation. Female engineering graduates have surrendered
to the current situation and the lack of employment opportunities while frustration has
got to them. As a special feature of Yemen, the overall condition of the country has steeply
decreased job opportunities and increased the frustration rates among female graduates,
switching them to unutilized resources for family development. State government and
the private sector should seriously and positively provide realistic steps towards the
employment of female engineers.

Unlike other nations, female engineering careers in Yemen are associated with ex-
tremely low wages, low work opportunities, unfair socio-cultural norms, and unhealthy
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work environments. Female engineers need more mobility and freedom, which are re-
stricted by families and society, to increase their occupancy chances. It is preferred for
Yemeni female engineers to look for an engineering-related job outside the country, where
the job opportunities are ultimately high, and for their family to accept their traveling
with/without accompanying family members. The barriers made by families to the mo-
bility of female engineers substantially reduce their chances of getting a job. Furthermore,
physical constraints and sieges have restricted family movements between large cities and
industrial districts.

This study recommends engineering colleges frequently update their programs’ cur-
ricula to cope with the rapid development and employers’ expectations. Furthermore, the
curricula should include courses for improving employability agenda and communication
skills. The results of statistically analyzed data indicated that gender bias in the Yemeni
education system is uncommon. However, gender discrimination in obtaining a job and at
the workplace is frequently prevalent, especially in engineering professions.

The present study strongly recommends female engineers improve their employability
attributes along with their high levels of knowledge to compete for engineering-related jobs.
Before entering undergraduate studies, females should consult well-experienced seniors
to guide them in selecting suitable specializations with high-future-employment chances.
Female engineers need self-assessments of the likelihood of obtaining future satisfying
employment before college enrolment. More studies are required to explore this problem
in other states of Yemen and for disciplines other than engineering where females are
minorities.
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