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Abstract
Gender inequality in engineering career fields has been a source of social and economic disturbances for
many years. In several cases, women are underrepresented, and disparities persist despite policies that
have focused on initiatives to promote gender equality in the industry, and the inadequacy of tools for
measuring and analyzing the imbalance confounds the problem. This study investigates women’s
underrepresentation in engineering careers from 2011-2017, by aggregating data from 17,889
demographic profiles of the U.S. Department of Transportation (USDOT) workforce. The objective of the
study was to perform a descriptive analysis to (1) explore women’s representation in the USDOT, and (2)
discover the factors that can reduce or eliminate the low representation of female engineers and if there is
any wage gap that exists between the genders. This includes the impact of factors such as job location,
education level, type of appointment, job position and its importance, level of experience, and supervisory
role of the employee. According to the outputs, women hold fewer high-level positions than men in the
USDOT, but no significant gender-related wage inequality exists. The findings can help public and private
organizations design legislative initiatives to achieve greater gender equality and assist employers of
engineering organizations in moving toward a more gender-diverse working environment to reduce or
eliminate gender inequality and its consequent challenges.
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Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.
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1. Introduction
Today’s worldwide economy is driven to a large degree by advancing technology and provides opportunities
for women to pursue education and careers in fields, including engineering, that have been historically
dominated by men. Women were much more limited in their choice of a career in the past, but for the last
several decades, they have assumed important roles in most socioeconomic activities [1,2]. Women are
now hired for many of the positions previously filled exclusively by men [3,4]; however,
underrepresentation of women in engineering fields still remains an issue that leads to adverse
socioeconomic consequences [5] and discourages women from pursuing engineering careers [4].
Education level, experience, efficiency, gender discrimination, etc. are also factors that contribute to
women’s underrepresentation in engineering.
Several scholars have conducted studies on gender inequalities in engineering fields. Beaton et al. [6]
indicated that there is a direct relationship between the underrepresentation of women and their
unwillingness to pursue an engineering career. Hunt [7] identified discrimination by male peers as an
important reason why women engineers exit engineering fields. Infante-Perea et al. [8] revealed that while
pursuing an engineering career, women often face gender-related barriers and discrimination that prevent
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them from actually entering the field. They also identified lack of confidence and self-esteem as obstacles
for women in occupying higher level engineering positions.
Despite research into women’s underrepresentation in engineering fields, disparities still exist between
women and men [9]. To resolve this issue, it is important to measure and analyze the factors that contribute
to the problem. The goal of this research was to (1) explore the current status of women’s representation
in transportation related engineering careers, and (2) discover the factors that can reduce or eliminate this
challenge. This research will assist employers of engineering agencies in creating more gender-diverse
working environments that will result in reducing and/or eliminating gender inequality and the consequent
challenges in their organizations.
2. Literature review
Rapid changes in technology in the past several decades have made engineering occupations more
attainable for individuals of any gender [10,11] even though traditionally, the inherent activities such as
design, field work, etc., have been perceived as masculine occupations [12]. Despite the claim by some that
gender inequalities and women’s underrepresentation in engineering fields have declined, there is still a
gap [13]. In the US, for instance, only 15% of those in the engineering sector are women [14]. Since more
women are pursuing an engineering career today than they did decades ago, an accurate analysis of the
factors that lead to women being underrepresented is needed [15,16].
Various efforts have been attempted to decrease women’s underrepresentation in the engineering fields.
Women have been encouraged to pursue an education that would equip them for the engineering
professions [9], and initiatives such as the Packard Scholars Program have been offered to motivate them
[17,18] and to improve the public’s perception of women in what has been a male-dominated field [9,16].
Research and activities have been conducted to determine the factors that have led to female
underrepresentation, and one of the earlier ones concluded that it is a result of social beliefs about genderrelated roles that are established in childhood and continue into adulthood [19]. However, Galy-Badenas
[20] showed that the recent technological advancements have led women to achieve higher education
levels and consequently have changed the general social beliefs and behaviors about women’s social roles
and abilities. Burke [21] identified several factors, including diverting high school girls from math courses
because they were perceived as being too difficult for them. Wang et al. [22] investigated the relationship
between women’s educational pathways and their success in engineering fields and revealed that selfefficiency was a significant motivating factor for better representation in engineering. In addition, race and
marital status were identified as potential barriers for women that resulted in their not pursuing
engineering professions [22]. Karimian et al. [23] developed a framework identifying the employees at risk
of wage inequality and demonstrated that women working in engineering sectors are at risk of wage
inequality.
Notwithstanding the efforts that were made to decrease the gender inequalities, women still encounter
obstacles and challenges to becoming engineers and surviving in the workforce [24,25]. Balamuralithara et
al. [26] indicated that many engineering companies/organizations and their male workforce do not consider
women capable of performing difficult engineering tasks, especially in higher level positions. Mahajan and
Golahit [27,28] also revealed that the competitive and objective qualities required for obtaining higher
wages and positions in engineering organizations are perceived as being masculine, which leads women
engineers to underestimate their capabilities in competing with men. Myers [29] says that it is this
stereotypical behavior that prevents women from climbing the proverbial career ladder. Foust-Cummings
et al. [30] showed that the lack of role models, mentors, and sponsors for women employed in engineering
fields impedes their progress.
In summary, there is an increasing demand in engineering fields that makes the involvement of women
important and the elimination of the underrepresentation necessary. The inequalities between men and
women have decreased during the past few decades, but they are still male-dominated. An accurate
analysis of the impeding factors should be performed to resolve this issue [30,31].
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3. Methodology
This study aimed to investigate the representation of women employees in USDOT, using descriptive
analysis. Demographic data of the skilled labor in the USDOT from 2011-2017 was used, which included
17,889 USDOT employees. The following variables were used:
(1) The gender variable is a categorical variable based on two values: male and female.
(2) The salary range variable is a categorical nominal variable based on six values: under $30K, $30K
to $49K, $50K to $69K, $70K to $89K, $90K to $109K, and over $109K per year.
(3) The age range variable is a categorical nominal variable based on nine values: under 25, 25-29, 3034, 35-39, 40-44, 45-49, 50-54, 55-59, and 60 or higher.
(4) The education level variable is a categorical nominal variable based on four values: high school
degree or less, college with no bachelor’s degree, bachelor’s or post-bachelor’s degree, and
graduate or professional degree.
(5) The years of service variable is a categorical nominal variable based on eight values: under 4
years, 5 to 9 years, 10 to 14 years, 15 to 19 years, 20 to 24 years, 25 to 29 years, 30 to 34 years,
and over 35 years.
(6) The job position variable is a categorical variable based on nine values: community planning,
contracting, engineering, financial management, human resources professional, information
technology, Non-MCO, transportation safety, and transportation specialist.
(7) The fiscal year variable, which represents the year that the employee is hired, is a categorical
nominal variable based on seven values: from 2011 to 2017.
Two primary indexes were used in this study to investigate women’s representation, including (i) the total
number of female employees, and (ii) the ratio of female to male employees. The impact of factors such as
salary range, education level, job position, and the level of experience on gender representation was
investigated. Six null hypotheses are shown in Table 1. A statistical analysis, called the likelihood-ratio test
(LRT), was used to test the goodness-of-fit between the ratio of female to male employees and other factors,
based on each null hypothesis. The likelihood-ratio test rejects the null hypothesis if the P-value is smaller
than 0.01 (significance level of 1%). A statistical software called JMP was used to perform LRT (JMP 2019).
JMP software is partly focused on exploratory data analysis and visualization. It was designed for users to
investigate data to learn the unexpected, as opposed to confirming a hypothesis.
Table 1. The null hypotheses tested in this study
No
1
2
3
4
5
6

Null Hypothesis
There is no significant correlation between female to male employees ratio and the year of employment
There is no significant correlation between female to male employees ratio and the age of employees
There is no significant correlation between female to male employees ratio and the salary range
There is no significant correlation between female to male employees ratio and the job positions
There is no significant correlation between female to male employees ratio and the education level
There is no significant correlation between female to male employees ratio and the experience level

4. Results and discussion
4.1. Women’s representation
The trend of female employee numbers and their proportion to male employees was explored for different
years at USDOT. Among the 17,889 employees studied, only 4,286 were females (24%); the ratio of female
to male employees was 32%. Fig. 1.a shows the trend of employment for each year, based on the gender
of the employees, and illustrates that except in 2013, when there was a decrease, the number of employees
at USDOT (both male and female) increased every year. Fig. 1.b shows the ratio of female to male
employees each year and illustrates that although there was a decrease in the total number of
employments and accordingly a decrease in the number of female employments in 2013, the ratio of female
to male employees was at the highest (36%). A year later, however, in 2014, this ratio was at the lowest
(28%). A likelihood-ratio test was used to test whether there was a statistically significant correlation
between the female to male employee ratio and the year of employment (null hypothesis #1). It resulted in
a P-value of 0.0965, which cannot reject the null hypothesis; therefore, no statistical evidence was found
that women’s representation changed.
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a. Number of employees in different years

b. Female to male employees ratio in different years

Fig. 1. Female representation in different years at USDOT

Fig. 2.a shows the number of employees based on gender for each age range and illustrates that except for
the age group under 25, there were more jobs at USDOT for younger employees of both genders. Fig. 2.b
shows that the ratio of female to male employees was higher than average from ages 35 to 59, with the
highest (42%) for the age range of 35 to 39 years old. This ratio was smaller than average for those under
34 years old and 6o years old and higher. A likelihood-ratio test was used to test whether there was a
statistically significant correlation between the female to male employee ratio and the year of employment
(null hypothesis #2). It resulted in a P-value of <0.0001, which rejects the null hypothesis. Therefore, there
is statistical evidence to prove that women’s representation has changed regarding the age of employees.
In general, it can be concluded that there is greater representation of women in older employees.

a. Number of employees in different ages

b. Female to male employees ratio in different ages

Fig. 2. Female representation in different age range at USDOT

4.2. Women’s salary
The salaries of the female employees at USDOT were explored. Fig. 3.a shows the number of employees
based on their salary range, and illustrates that the number of female employees with higher salaries was
smaller than the number of female employees with lower salaries. It was almost the same for male
employees, except for the $30K to $49K salary range. Fig. 3.b shows the ratio of female to male employees
in each salary range and illustrates that except for the salary range of $30K to $49K, which unexpectedly
had a lower number of male employees and so a higher ratio of female to male employees, this ratio usually
increased with an increase in the salary range.

a. Number of employees with different salary

b. Female to male employees ratio in different salary

Fig. 3. Female representation in different salary range at USDOT
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For the salary range of over $109K, this ratio was as high as 50%. A likelihood-ratio test was used to test
whether there is a statistically significant correlation between the female to male employee ratio and the
salary range (null hypothesis #3). It resulted in a P-value of <0.0001, which rejects the null hypothesis.
Therefore, there is statistical evidence to prove that women’s representation has changed regarding the
employee’s salary range. In general, it can be concluded that there are more women in jobs with higher
salaries. In addition, the trend of female employee numbers and their proportion to male employees was
explored for different years and different salary ranges at USDOT.

a. # of female employees in different years and in different
salary range

b. Female to male ratio in different years and different
salary range

Fig. 4. Female representation in different years with different salary ranges at USDOT

Fig. 4.a shows the trend of female employees for each year and in each salary range. The figure illustrates
that in recent years, more female employees with salaries under $30K or over $90K were hired at USDOT
than with average salary ranges. Fig. 4.b shows the ratio of female to male employees for each year and
each salary range, and illustrates that more women earned salaries of $30K to $49K almost every year. The
trend of the USDOT number of female employees and their proportion to male employees was explored
for the different age groups and years. Fig. 5.a shows the trend of female employees for each year and in
each salary range, and illustrates that younger female employees usually have the lower-salaried positions.
Fig. 5.b shows the ratio of female to male employees for each year and with different age ranges, and
illustrates that the ratio of younger females to younger male employees was higher in jobs with higher
salary ranges. As an example, although the salary range of $30k to $49K had the highest ratio of female to
male employees, for the employees aged of 25 to 34 years old, this ratio approached 100% for employees
with a salary over $109K.

a. # of female employees in different years and with different
ages

b. Female to male ratio in in different years and with
different ages

Fig. 5. Female representation in different years with different ages at USDOT

4.3. Women’s job positions
In this section, the job position of female employees at USDOT is explored. Fig. 6.a shows the number of
employees based on their job positions and illustrates that 94% of the employees had one of three jobs:
transportation safety, non-MCO (not related to mission-critical occupation engineering family), and
engineering. The job position of non-MCO had the highest number of female employees (48%), while
transportation safety had the highest number of male employees (60%). Fig. 6.b shows the ratio of female
to male employees for each job position.
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a. Number of employees in job positions

b. Female to male employees ratio in job positions

Fig. 6. Female representation in different job positions at USDOT

Although there were a large number of female employees in transportation safety, non-MCO, and
engineering positions, the ratio of female to male employees was extremely low in these positions (0.20,
0.62, and 0.15, respectively) because of the high number of male employees. On the other hand, the very
high ratio in financial management (2.43) and human resource professional (1.90) illustrates the large
number of women in those job positions. A likelihood-ratio test was used to test whether there is a
statistically significant correlation between female to male employee ratio and job positions (null
hypothesis #4). It resulted in a P-value of <0.0001, which, as was expected, rejects the null hypothesis.
Therefore, there is statistical evidence to prove that women’s representation has changed in different job
positions. In general, it can be concluded that more women hold positions in financial management, human
resources, and contracting. Fig. 7.a shows the trend of female employees for each year and in each job
position, and illustrates that in recent years, more female employees have been hired in transportation
safety, non-MCO, and engineering positions. Fig. 7.b shows the ratio of female to male employees for each
year and each job position, and illustrates that in recent years, the ratio of female to male employees was
higher in human resource professional and contracting positions.

a. # of female employees in different years and in different
job positions

b. Female to male ratio in different years and in different
job positions

Fig. 7. Female representation in different job positions in different years at USDOT

The trend of the number of female employees and their proportion to male employees was explored for
different job positions with different salary ranges at USDOT. Fig 8.a shows the trend of female employees
in each job position and each salary range, and illustrates that most of the female employees working in
transportation safety had a salary under $30K, most of the female employees working in financial
management had a salary range of $30K to $49K, and the female employees with a salary range of over
$109K usually worked in information technology, contracting, or human resource professional positions.
Fig. 8.b shows the ratio of female to male employees for each year and each job position, and illustrates
that human resource professionals in higher salary ranges have higher ratios, as do those in financial
management positions in lower salary ranges.
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a. # of female employees with different salaries in different
job positions

b. Female to male ratio with different salaries in different
job positions

Fig. 8. Female representation with different salary ranges in different job positions at USDOT

4.4. Women’s education levels
Fig. 9.a shows the number of employees based on their education level and shows that more employees,
of both genders, had education levels of high school degree or less and bachelor’s or post-bachelor’s
degree. Fig. 9.b shows the ratio of female to male employees in each education range and illustrates that
the highest ratio was in the education level of graduate or professional degree (59%), while the lowest ratio
was in the education level of a high school degree or less (22%). A likelihood-ratio test was used to test
whether there is a statistically significant correlation between the female to male employee ratio and the
education level (null hypothesis #5). It resulted in a P-value of <0.0001, which rejects the null hypothesis.
Therefore, there is statistical evidence to prove that women’s representation has changed regarding the
employee’s education level. In general, it can be concluded that there is more women representation with
higher levels of education. In other words, higher education can reduce women's underrepresentation.

a. # of employees with education level

b. Female to male employees ratio with education

Fig. 9. Female representation in different education levels at USDOT

4.5. Women’s experience levels
In this section, the experience level of female employees was explored at USDOT. Fig. 10.a shows the
number of employees based on their experience range. The figure illustrates that, as was expected, there
were more employees (both female and male) with a lower experience level. Fig. 10.b shows the ratio of
female to male employees in each experience range. The highest ratio was in experience range of 20 to 24
years (61%), while the lowest ratio was in the experience range of 5 to 9 years (24%). A likelihood-ratio test
was used to test whether there is a statistically significant correlation between the female to male employee
ratio and the experience level (null hypothesis #6). It resulted in a P-value of <0.0001, which rejects the null
hypothesis. Therefore, women’s representation has changed regarding the employee’s experience range,
and it can be concluded that there is higher representation of women in employees with higher levels of
experience.
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a. # of employees with experience ranges

b. Female to male employees ratio with experience

Fig. 10. Female representation in different experience ranges at USDOT

The trend of the number of female employees and their proportion to male employees was explored for
different job positions with different experience ranges at USDOT. Fig. 11.a shows the trend of female
employees in each job position and each salary range, and illustrates that for most of the job positions
(except human resource professional and contracting), the major level of experience for female employees
was under 4 years.

a. # of females with different experiences in different job
positions

b. Female to male ratio with different experiences in different
job positions

Fig. 11. Female representation with different experience levels in different job positions at USDOT

Fig. 11.b shows the ratio of female to male employees for each experience level and each job position. The
trend of the number of female employees and their proportion to male employees was explored for
different experience levels and salary ranges at USDOT. Fig. 12.a shows the trend of female employees for
each experience level and in each salary range, and illustrates that more-experienced female employees
usually had the higher-salaried jobs.

a. # of females with different experience levels and salary
ranges

b. Female to male ratio with different experience levels and
salary ranges

Fig. 12. Female representation with different experience levels and salary ranges at USDOT
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Fig. 12.b shows the ratio of female to male employees with different experience ranges and with different
salaries, and illustrates that in all of the salary ranges, the positions that require a lower level of experience
(under 4 years or 5 to 9 years) had the highest ratio of female to male employees.
5. Conclusion
Women are less represented than men in engineering fields. Within the last decades, there has been an
increase in the number of females going into engineering, but there is still a gap between the representation
of men and women. This has led to several socioeconomic issues that make it necessary to analyze the
corresponding causal factors. In this study, the current underrepresentation of women in engineering was
explored, and the factors that can decrease and/or eliminate this issue were discovered. Demographic data
of the USDOT workforce from 2011 – 2017 was used to perform a descriptive analysis. The factors that
impact gender representation and a wage gap were investigated, including job location, education level,
type of appointment, job position and its importance, level of experience, and the supervisory role of the
employees. The outputs showed that even though the females were underrepresented among the USDOT
employees, there was no considerable wage inequality. It was found that women were mostly
underrepresented in the higher level positions, and the most significant factor in reducing the inequity was
a higher level of education. The results of this study can help public and private organizations and agencies
design legislative initiatives to reduce the gender gap and achieve more gender equality. Furthermore, the
study will help the workforce of any engineering organization to move toward a more gender diverse
working environment, which will result in the reduction and/or elimination of gender inequality and its
consequent challenges in their agencies.
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