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Exploring the Multifaceted Challenges of Women in
Engineering: A Comprehensive Literature Review

Marina Dabié
Giacomo Marzi

Abstract—The present research delves into the complex dynam-
ics of gender equality, highlighting women’s experiences within
the engineering sector. Drawing from a literature spanning from
2005 to 2023, we gathered insights from 108 pertinent articles on
the topic. Our results show that a substantial portion of research
underscore the persistent biases and barriers women encounter
in engineering. Through our analysis, we unveiled four dominant
themes: ‘“The Impact of Sex Differences on Productivity,” ‘“Gen-
der Digital Divide,” “Discriminatory Behaviour,” and ‘“Women
and Performance.” Applying the glass ceiling theory as analytical
framework, we discern a prevailing neglect toward women’s chal-
lenges in the engineering field. Our findings accentuate the necessity
for innovative policy interventions. To this end, we introduce a
comprehensive policy model tailored to champion robust gender
equity initiatives within the engineering field.

Index Terms—Discriminatory behaviour, gender equity, gender
digital divide, literature review, women in engineering.

1. INTRODUCTION

T THE dawn of the previous century, the United Nations
(UN) proposed eight developmental goals to reach spe-
cific milestones by 2015. These objectives included promoting
gender equality and empowering women. In 2015, the UN
bolstered these goals with 17 sustainable development goals
(SDGs) intended to be achieved by 2030 [73]. In an exceptional
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display of global accord, 193 UN member nations assented to
the SDGs in 2015 [40]. These SDGs encompassed targets aimed
at education, health, and, most pertinently to this study—gender
equality. Ban Ki-moon, the UN Secretary-General at the time,
defined this as a “shared vision of humanity and a social contract
between the world’s leaders and the people” [90]. Consequently,
UN member states have implemented the 2030 Agenda by cre-
ating a transformational action plan based on these SDGs [26].
In addition, in October 2023, the discussion on gender equity
in the workplace was reinvigorated when the Nobel Prize for
Economics was awarded to Harvard Professor Claudia Goldin.
Her influential work underscores that despite incremental gains
achieved by women over the decades, genuine equality remains
an elusive goal [29].

This contemporary narrative is intrinsically linked to the focus
of our study: gender equality and women’s empowerment, a
cornerstone of the SDGs. Within the domain of gender discrim-
ination, two predominant manifestations arise, as categorized by
Baroudi and Truman [10]: “access” and “treatment.” The former,
“access,” captures the instances where attributes unrelated to
qualifications, such as gender, inadvertently dictate managerial
recruitment and promotion decisions. The latter, “treatment,”
delves into the nuanced inequalities women face in remunera-
tion, career advancement, and symbolic recognition, epitomized
by notions like “nice girls do not get the corner office.” Given
this dual framework, our research delves into the issues of both
access and treatment of women within the engineering sector by
exploring the current available literature on the phenomenon.

The continuing challenges surrounding the access to and treat-
ment of women in engineering pose a significant conundrum.
Realizing the SDGs appears untenable without redressing these
gender imbalances within the engineering domain. Indeed, gen-
der equality is not merely a pressing concern but an imperative.
It is foundational for fostering a thriving and sustainable planet
and stands as an intrinsic human right [90].

There has been some progress in equal opportunity (EEO)
in most Western countries where EEO laws have advanced
gender equality. For instance, EEO laws in many countries state
that discrimination is illegal based on specific characteristics,
including gender. Australia is a case in point, where the EEO
law (1999) exists at the national and state levels across public
and private organizations. Australian law makers advocate that
employment for women should be managed based on merit and
aim to eliminate discrimination against women in employment
matters. The act requires private organizations employing over
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100 workers to report annually to a government authority on
their progress in implementing EEO programs [82]. While many
Western countries have similar EEO laws to Australia, many
challenges still exist in most countries. Indeed, women remain
underrepresented at all levels of leadership, politics, academia,
and STEM industries (i.e., computer, mathematical, engineer-
ing, and life, physical, and social scientist occupations). Accord-
ing to Roy et al. [73], gender equality should not be a zero-sum
game, meaning zero-sum conditions generate winners and losers
whose goals are incompatible. This perspective insinuates a
binary world consisting only of winners and losers; for example,
where women gain, men lose. This mindset is diametrically
opposed to gender equality, leading to unnecessary division and
tension. Most certainly, gender equality is not a zero-sum game;
it requires strategic human resource (HR) policies [73].

Consequently, this study examines gender equality within a
professional environment. In particular, we have elected to inves-
tigate this disparity in a domain where women have historically
faced underrepresentation and frequently exist as a marginalized
cohort—the field of engineering [65]. Engineering is pivotal
as it provides solutions for industries as varied as medicine,
space, entertainment, and transportation. New inventions, im-
plementation, and success factors depend on engineering to
some extent. Thus, engineering is a research domain at the
forefront of many perspectives. Engineering plays a substantial
role in enabling Industry 4.0 and is instrumental in the “Green
Industrial Revolution” and Industry 5.0. This domain offers the
opportunity to tackle critical global issues and requires expert
human capital equipped with comprehensive knowledge, skills,
values, and attitudes that empower individuals [91]. Moreover,
it necessitates the inclusion of the entire workforce—promoting
gender equality by providing equal opportunities for both
genders [55].

As a result, our study revolves around the following research
questions: To what extent and through which systemic mecha-
nisms are women subject to discrimination in the engineering
domain? How do these factors align with or diverge from the
objectives outlined in SDG 5 concerning the empowerment of
women?

Tackling these questions is particularly prominent within the
broader agenda of the UN SDG 5, which is committed to achiev-
ing gender equality and the empowerment of all women. Within
this context, the research will shed light on how disparities in the
engineering field contribute to or counteract the global objective
of promoting gender equity. Next, our study’s primary theoreti-
cal contribution lies in the nuanced interpretation of four central
themes: “The Impact of Sex Differences on Productivity,” “Gen-
der Digital Divide,” “Discriminatory Behaviour,” and “Women
and Performance.” Unlike the extant literature which treats these
themes in isolation, we provide a holistic synthesis, underscoring
their interrelation and collective contribution to the persistence
of the glass ceiling phenomenon. By doing so, we extend the
existing body of knowledge on the glass ceiling and provide
a fresh lens to understand its complexities. Moreover, from a
practical standpoint, we introduce an integrated equality model.
This model serves as a roadmap for organizations, enabling
them to holistically address gender disparities. In doing so, not
only do these entities enhance their internal diversity, but they
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also solidify their competitive positioning in the global market.
Lastly, from macro and policy perspective, our findings and the
proposed model possess implications for societal progress. By
cultivating a more equitable engineering workforce, we edge
closer to actualizing the UN’s 2030 SDGs centered on global
gender equality.

The subsequent sections of this manuscript provide a foun-
dational overview of discrimination theories, followed by our
research methodology, findings, discussion, and conclusion. Our
findings emphasize the urgent need for greater gender balance
in engineering leadership and call for a collective push from
scholars, practitioners, and policymakers to bridge this divide.

II. NATURE OF GENDER INEQUALITY

Gender discrimination refers to treating people differently in
their daily lives or at work because they are women or men.
Such treatment is unacceptable when it violates the rights and
freedoms to which every person is entitled under the “principles
of equality” [89]. Discrimination can take many forms—overt,
clearly discernible, subtler, and more covert [83]. While overt
discrimination is illegal in most modern democracies, covert dis-
crimination, with its less apparent manifestations, can perpetuate
male domination over women [1].

A. Ingrained Gender Stereotypes and Hostile Environments

Centuries of patriarchal influences have deeply embedded
gender stereotypes within the societal spirit, shaping perceptions
and expectations related to roles, interests, and capabilities.
This gendered framework significantly permeates professional
environments [99]. From their formative years, children are
gently but distinctly influenced by these biases. For example,
boys frequently receive toys like trucks and tools, which subtly
endorse technical and leadership trajectories [ 100], whereas girls
are often oriented toward nurturing roles, exemplified by the
dolls and kitchen sets they are commonly gifted [101]. As these
girls’ transition to womanhood and contemplate career avenues,
the conspicuous scarcity of female figures in sectors such as
engineering becomes evident.

The engineering sector, historically characterized by male
predominance, manifests a self-sustaining loop: the scarcity of
women results in an absence of relatable role models, rendering it
increasingly arduous for aspiring females to envision themselves
occupying such spaces [102]. Deep-seated societal norms, fur-
ther propagated by media portrayals, educational systems, and
familial influences, incline women’s preferences toward profes-
sions that are perceived as more “people-oriented” [103]. This,
in turn, implies a potential misfit for them in “thing-oriented”
vocations like engineering [103].

The juxtaposition of societal expectations—encapsulating the
role of nurturing caregivers and their professional identities—
creates complex dilemmas for many women [32]. Consequently,
a number of women might abstain from engineering careers
due to anticipated demands such as prolonged working hours or
the perception of minimal work—life balance (WLB) flexibility.
Even within these fields, they may confront an incessant need
to validate their worth, encountering scepticism, discrimination,
or subtle microaggressions, which can make these workspaces
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feel inhospitable [103]. Particularly in the realm of engineering,
women’s competencies might be doubted, their contributions
might be trivialized, or their presence might be erroneously
attributed to affirmative action policies. Such misperceptions
often deter them from either entering or aspiring to leadership
positions within the industry [103].

To surmount the challenges posed by ingrained gender stereo-
types, early societal conditioning, and a scarcity of represen-
tation, a multipronged approach is imperative. Comprehensive
solutions must span educational reforms, proactive mentorship
programs, fostering inclusive work environments, and challeng-
ing long-standing societal prejudices, all converging toward
industries that truly champion diversity and inclusion.

B. Gender Theories

Various theories in the extant literature identify distinct mech-
anisms that help explain gender discrimination. The stereotyping
theory postulates that women’s progress into leadership roles is
restricted by the perceived differences between the characteris-
tics of men and women [10]. This theory suggests that women
are often deemed empathetic, emotional, dependent, less ag-
gressive, unambitious, and lacking leadership traits. Attribution
theory, rooted in psychology, examines how individuals identify
the origins of everyday experiences. According to this theory,
success or failure in the workplace is attributed to either stable
factors (like intelligence, professionalism, and capabilities) or
variable factors, such as luck being in the right place at the
right time and offering an understanding of leadership dynamics.
[10], [58]. Typically, workplace supervisors associate superior
male performance that exceeds expectations with stable factors.
Conversely, when females produce outstanding results, these
outcomes are often attributed to variable factors. This assump-
tion that high performance in females occurs by chance or good
luck is inherently discriminatory [56].

HR climate strength theory [105], closely related to attribution
theory, helps explain how past experiences of women engineers
shape their expectations about future events. Regarding gender
discrimination, this theory demonstrates how an HR system’s
strength, distinctiveness, consistency, and consensus in manag-
ing diversity influence employees’ perceptions of the organiza-
tion’s diversity management efforts. HR must establish a robust,
clear, consistent, and fair pathway to leadership that upholds
gender equality. HR climate strength is built on perceptions, so
according to this theory, an organization’s success with gender
equity programs can only be achieved when women believe that
leadership positions are accessible and achievable.

The ongoing discourse around gender equality in professional
sectors necessitates a detailed investigation of the pervasive
barriers women encounter, especially in traditionally male-
dominated domains. This narrative is exemplified within the
engineering sector, where women’s representation is may not
be commensurate with their capabilities and qualifications [65].
The “Queen bee syndrome” and the “glass ceiling effect” are
two seminal paradigms within the literature of gender studies
that could shed light on the complexities of this discrepancy.
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The “Queen bee syndrome” postulates a somewhat para-
doxical behavior among women who have succeeded over the
adversities of male-dominated professional landscapes. Once
they have ascended to managerial or leadership positions, these
women, rather than supporting the prospects of their female
peers, may exhibit tendencies to guard their achieved status [37].
Drawing insights from the social identity theory, such behaviors
are surmised to be coping mechanisms adopted by these “queen
bees” to counteract identity threats inherent in male-biased envi-
ronments. Significantly, individual accomplishments, including
educational milestones and rapid career trajectories, serve as
salient predictors of such tendencies [97]. Drexler [30] pos-
tulates that the emergence of the queen bee syndrome can be
attributed to the overarching patriarchal structures that offer lim-
ited avenues for women’s upward mobility. Once a few ascend
these rarified echelons, they might inadvertently perpetuate the
gender status quo to safeguard their niche.

Complementing the queen bee narrative is the pervasive phe-
nomenon of the “glass ceiling.” This metaphorical barrier acts
as a challenging impediment for professional women (and other
marginalized groups) aspiring for upper echelon roles, even
when they possess the requisite qualifications and accolades
[45]. Cotter et al. [21] seminal exploration posits this ceiling as
a gender-centric impediment, distinct from racial or other dis-
criminative barriers. This ceiling, while elusive and intangible,
stems from entrenched institutional biases, deep-seated societal
norms, and often tacit stereotypes favoring male hegemony
[18],[74]. Organizations, despite their ostensible commitment to
gender parity, may inadvertently sustain these barriers, thwarting
women’s progression.

In light of these theories, our research aims to harness the
prism of the “glass ceiling.” We posit that leveraging this theo-
retical framework will facilitate a more nuanced understanding
of the different barriers, be they explicit or not, that women face
in the field of engineering by looking at the available literature.
Consequently, we present our central premise that women in
engineering suffer from inequality in the engineering field.

III. METHODOLOGY
A. Sample of Articles and Data Collection

Our study aims to clarify the status of women in engineering,
outline the issue of (in)equality in the field, delve into the
underlying reasons for it, and provide recommendations for
future research on the topic. To that end, we employ Callahan’s
[14] definition and guidelines of Cronin and George [22] of an
integrative literature review. This systematic review concentrates
on a “specific topic and employs a replicable methodology to
unveil the intellectual structure of the research” [14, p. 301].
Consequently, we sought out articles published in top-tier jour-
nals that incorporated keywords related to “women,” “female,”
and “(in)equality,” as detailed in Fig. 1.

While searching the top journals in the field of engineering,
our research adhered to the guidelines set forth by Bradford [12]
and Garfield [36]. These authors asserted that papers published
in top-tier journals were more likely to advance the research
field. To identify these leading journals, we referenced the
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Fig. 1. Data collection process.

2021 journal ratings by the British Chartered Association of
Business Schools’ (CABS), considering only those rated three
or above [25].

This search was conducted on June 15, 2023 and returned
108 articles. In line with Graneheim and Lundman [42], the
selected articles were reviewed by six experienced researchers.
For a thorough account of the process, refer to Supplementary
Material, Table III.

B. Bibliometric Analysis

The bibliometric analysis was conducted using VOS viewer
version 1.6.18. To gain a deeper understanding of the subject of
women in engineering, we examined the frequency of authors’
keywords. Co-occurrence analysis summarizes the core content
by utilizing the most prevalent words within the articles [72]. In
this analysis, a keyword had to appear at least three times to be
considered. The bibliometric analysis reveals the relationships
between authors’ keywords—the more frequently a keyword
occurs in conjunction with other keywords, the stronger their
association [104]. This methodology aids in visualizing similar-
ities more effectively and understanding the research field.

IV. FINDINGS

A. Women in Engineering Domain Development

The period of publication (2005 to 2023) showed the follow-
ing distribution: 9.26% from 2005 to 2011, 19.44% from 2012
to 2017, and 71.30% from 2018 to 2023 (see Fig. 2).

The distribution reveals an escalating interest in the field of
women in engineering within top journals, providing additional
substantiation for our review [87]. Interest in the topic became
noticeable around 2012, with consistent attention from scholars

QUERY 2

1
1
v

* Selected Keywords related to
women, female and (in)equality

over the subsequent 11 years. A steep rise was observed in 2018,
which then dropped in 2020—Ilikely due to COVID-19. Journals
that notably contributed to the surge in the number of articles in
2021,2022, and 2023 include Technological Forecasting and So-
cial Change, Research Policy, and Management Science among
others. The growing interest in this subject is both encouraging
and crucial for attracting women to science. However, it is still
insufficient, especially in the field of engineering. In our view,
academic articles must push the boundaries of this research field
as many aspects remain unexplored, making this topic ripe for
further investigation.

Essential notion lies around the period between 1980s and
early 1990s, when even though employment trends for women
in information systems were promising, a gender discrimination
persisted. For instance, women received lower salaries than men
even when factors such as job level, age, education, and work
experience were controlled. According to Goldin [39], even
when factors such as childcare and education are factored in-
women are at a disadvantage.

[107] analyzed the status quo of women in IT in the U.K..
Despite significant skill shortages in the industry, the authors
reported a declining trend in the representation of women. They
also found that while the IT industry does not actively exclude
women, its gender programs lack strength, and companies do
little to promote or retain them. The authors suggest that a
possible explanation for the low representation of women in
IT occupations is the declining number of female students
graduating with a computer science degree.

One area that has consistently garnered scholarly attention
over the past thirty years is gender pay inequality. A recent
survey revealed that women engineers earn 20% less than their
male counterparts in the U.K. [34]. Furthermore, the gender
pay gap increases with age and experience, widening to 35%
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Fig. 2. Number of articles published per year.

TABLE I
JOURNAL FREQUENCIES, CITATIONS, AND (CABS) RATINGS

Journal Frequency | Citations CABS
Rating |

Management Science 37 921 4%
Research Policy 16 474 4%
Technological Forecasting and Social Change 14 172 3
Journal of Technology Transfer 6 182 3
Information Society 4 94 3
Information Technology & People 4 46 3
Journal of the Association for Information Systems 4 19 4%
Information Systems Frontiers 3 24 3
Journal of Computer-Mediated Communication 3 75 3
Annals of Operations Research 2 6 3
European Journal of Information Systems 2 4 4
Government Information Quarterly 2 109 3
Technovation 2 21 3
IEEE Transactions on Engineering Management 1 11 3
Industry and Innovation 1 6 3
Journal of Purchasing and Supply Management 1 7 3
Journal of Strategic Information Systems 1 11 4
Journal of the Association for Information Science and Technology 1 21 3
Manufacturing & Service Operations Management 1 62 3
Production and Operations Management 1 23 4
R&D Management 1 10 3
Supply Chain Management 1 3 3
TOTAL 108 2301

for women aged 55 and above, exposing twofold discrimination
based on gender and age [34]. While women are attracted to
the engineering profession for similar reasons as their male
counterparts—for instance, excelling at maths and science in
school and desiring attractive, well-paid professional opportu-
nities in the future—their ambitions for remuneration may be
misplaced. In many countries, women are unlikely to receive the

same pay as their male counterparts [77]. Not surprisingly, recent
publications address the impact of the COVID-19 pandemic on
women’s research productivity [24], [93].

Table I shows the journals, frequency, citations and their
ABS ratings. Only the top three journals have more than seven
articles dealing with women in engineering in a 19-year research
period (Management Science, Research Policy, Technological
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Forecasting and Social Change). These three journals comprise
62.04% of all publications on this topic in the top journals (see
Table I). Management Science has the most articles (37) in this
field and the most cited articles (921 citations).

Special issues in scientific journals, also referred to as the-
matic and monographic issues, assist in inquiring more intensely
into a specific topic [64]. One or more editors usually pilot a
special issue with expertise in the topic. These guest editors
typically replace the regular editor-in-chief. Thus, special issues
on Women in Science and Women in Engineering in top journals
could stimulate more scholarship and help make a substantial
contribution to the further development of this research field.

B. Intellectual Structure of Women in Engineering

Table II and Fig. 3 illustrate the intellectual structure of
women in engineering. An in-depth analysis of the selected
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articles revealed four themes worthy of attention: “The impact
of sex differences on productivity,” “Gender digital divide,”
“Discriminatory behavior” and “Women and performance.”
The most frequent keywords, and significance of each topic will
now be discussed.

C. Impact of Sex Differences on Productivity

Gender equity in academia is a long-standing issue. While
prevalent in all professions, the effects of discrimination are
particularly evident in STEM fields. O’Connell and McKinnon
[70] recently confirmed that fundamental barriers to career
progression exist across nations and career stages in STEM
fields. The authors found that ingrained biases, stereotypes,
double standards, bullying, and harassment are prevailing issues
in STEM fields, eroding women’s self-efficacy. Furthermore,
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TABLE II
TopIC, NOTABLE REFERENCES, AND MAIN CONCLUSIONS

. . Notable . .
Topic Descriptor References Main Conclusions
e  Women are 20% less likely to become
principal investigators compared to men.
Around 60% of this gap can be attributed
Frietsch et al. to dlfferepces 1n.product1\./1ty. - .
[35], Meng e Gender inequality remains persistent in
. ? later professional outcomes despite equal
Gender, impact, [62], . .
. . enrolment of both sexes in life science
. innovation, Lerchenmueller and
The impact of ductivi S 54 graduate programs.
sex differences POV orenson, [54], During the COVID-19 pandemic, while
.. education, Graddy-Reed et al. g pandemic,
on productivity faculty, research  [41], Cui et al. (f)vereill reilealrch produf:thltﬁ 1ncr61:§152€3,
productivity [24], Walters et cmale - scholars - experienced  a =70
al. [93] decline in productivity compared to their
male counterparts. Women's academic
productivity decreased due to increased
administrative tasks, teaching
responsibilities, and traditional household
roles.
e Women are optimistic and willing to
Mbarika et al. embrace ICT as a practical tool to enter
[60], Ashrafetal. the labor market, but public policies often
[5], Lengsfeld fail to deter gender discrimination in the
Gender [53], Choi and workplace.
Gender digital . . Park [19], e As husbands migrate for work, women left
.. inequality, . . . . . -
divide L g Vicente, and Novo behind experience an increase in decision-
digital divide, . . . .
technology. ICT [92], Zheng and making authority, leading to improved
&Y > Lu [98], McBride gender equality within households.
and Liyala [61], e Social media can play a crucial role in
Wang et al. [94] facilitating financial support, particularly
for women entrepreneurs and individuals
with limited connections.
Stephan and El-
Ganainy [78],
Female Baldiga and e Women have a slight advantage over men
Coffman [9], because they are less likely to be replaced
managers, :
L L Guzman and by automation.
Discriminatory motivation, L
. R Kacperczyk [43], e The research uncovered discriminatory
behavior socialization, ; .
. Coffman et al. behavior, revealing that employers prefer
entrepreneurship,

returns, attitudes

[20], Avnimelech
and Rechter [7],
Filippi et al. [33]

equally qualified male candidates over
female candidates when hiring.

Gender
differences,
discrimination,
labor market,
decision-making,
competitiveness

Women and
performance

Niederle et al.

[67], Baldiga

[8], Brandts et

al., [13],
Leibbrandt and List
[52], Sutter and
Glatzle-Rutzler
[81], Shen et al.,
[76], Samek

[75]

The stereotype of women being less
successful in digital games may lead to
unequal participation, despite the lack of
real performance differences between men
and women in massively multiplayer
online games.

Research on gender and competitiveness
suggests that women are less likely to
apply for jobs that include competitive
compensation schemes, such as pay for
performance.
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TABLE III
GENDER DIFFERENCES OF EDITORS-IN-CHIEF IN TOP JOURNALS

Journal

Man Woman

Management Science

Research Policy

Technological Forecasting and Social Change

Journal of Technology Transfer

Information Society

Information Technology & People

Wi N = O | —

Journal of the Association for Information Systems

Information Systems Frontiers

Journal of Computer-Mediated Communication

Annals of Operations Research

European Journal of Information Systems

Government Information Quarterly

Technovation

IEEE Transactions on Engineering Management

—_ = N i

Industry and Innovation

Journal of Purchasing and Supply Management

Journal of Strategic Information Systems

Journal of the Association for Information Science and Technology 1

Manufacturing & Service Operations Management

Production and Operations Management

1

R&D Management

2

Supply Chain Management

1 2

TOTAL

34 16

they identified STEM fields as being unfriendly toward family-
life, compelling women to choose between starting a family or
advancing a career. Participants in this study perceived their aca-
demic journey in STEM as different from their male colleagues,
in that many of the typical obstacles faced by women were not
present for men. In agreement, Stoeger et al. [80] argue that while
some of these impediments are surmountable through mentoring
and networking, overcoming the barriers will generally require
a cultural shift in the values and norms currently hindering
progress towards equity and inclusion in STEM academia.

Walters et al. [93] studied the drop-in women’s academic
productivity, in terms of time spent on research and publications,
at the beginning of the COVID-19 pandemic in South Africa.
Their findings showed that the decline in research activity was
primarily due to an increase in administrative tasks, teaching,
and traditional household roles, which inhibited women from
further academic work. Cui et al. [24] also studied the impact of
lockdown on research productivity in the United States. The
authors highlighted that although total research productivity
increased during the COVID-19 pandemic, the productivity
of female scholars dropped by 13.2% compared to their male
colleagues.

Graddy-Reed et al. [41] explored publication productivity
differences between male and female science graduate students,
discovering that men are awarded publications three times more
often than their female colleagues. Meng’s [62] research also fo-
cused on collaboration to understand the gender gap in academic
patenting, finding that collaboration with industry was the most
significant activity for female academic scientists.

The lack of women in leadership roles and on editorial
boards has been recognized as an issue. It has been found that

women make up only 32% of editors-in-chief in top engineering
journals (see Table III). A significant portion of the gender
gap in academia appears to occur during the transition from
post-doctoral student to principal investigator. Women become
principal investigators at a rate 20% lower than men and receive
less credit for their citations [54], [70].

Women engineers facing discrimination in academia is not a
unique circumstance; the corporate world does not fare much
better. For instance, women represent only 5% of global CEOs
[59]. A recent Australian study revealed that despite the mount-
ing evidence about the economic benefits of gender equality,
Australian corporations are not making sufficient progress to-
ward achieving gender balance in senior leadership. This study
is based on the perspectives of women in key senior posi-
tions, emphasizing that despite the existing Australian Work-
place Gender Equality legislation, unconscious bias remains
a significant barrier to women attaining top leadership roles.
Moreover, the findings of this study contribute to understanding
the routines that reinforce the enduring gender order in business,
solidifying men’s continued dominance in organizational hier-
archies. Indeed, the World Economic Forum [96] underlines the
importance of gender equality as a catalyst for new opportunities
in the Fourth Industrial Revolution. The key to success lies
in enhancing the diversity of the talent pool by promoting the
inclusion of women and girls in STEM disciplines.

D. Gender Digital Divide

Women and girls often face limited opportunities to acquire
digital skills. Novo-Corti et al. [69] concluded that rural women
in Spain are aware of the importance of ICT in decision-making
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processes and everyday life. However, barriers such as income,
Wi-Fi connectivity, and education lead to inadequate ICT skills,
affecting their ability to find a job. Moreover, the study high-
lighted the importance of technology access for rural women in
promoting gender equality [69].

Subsequently, the research shifted focus to information tech-
nology in the context of the gender gap in ICT engineering. Com-
puters have created a symbolic association between masculinity,
gender norms, values, technology, and ICT [17]. According to
Lagesen [50], computers and ICT form a cycle that reinforces
the inclusion of men in ICT. There is a pressing need to disrupt
this cycle and inspire women to engage with ICT.

Mbarika et al. [60] demonstrated that women in regions as
remote as Sub-Saharan Africa are optimistic and willing to
embrace ICT with proper support. These women perceive ICT
as a practical tool to enter the labor market. Overall, the evidence
supports the notion that the most significant obstacles for these
women in ICT are public policies that have failed to combat
gender discrimination in the workplace, thus severely restricting
the development of the ICT sector.

Gender disparities in information technology can exacerbate
power imbalances within families and contribute to the digital
divide, especially in rural areas of China where male migration
to urban centers for work is prevalent. Zheng and Lu’s [98]
research suggests that when husbands migrate, the decision-
making authority of the women left behind increases, thereby
promoting gender equality within households. However, Ashraf
et al. [5] highlighted the Bangladeshi community’s interest in
ICT interventions, but the results revealed challenges due to gen-
der discrimination and cultural barriers. In contrast, Lengsfeld
[53] examined the digital divide in an extensive cross-national
analysis in 25 countries and found only minor gender inequality.

Choi and Park [19] studied gender disparities in the utilization
of the central government website in Korea. Their findings sug-
gest that while there’s no enduring gender inequality in accessing
e-government services, there’s a digital divide concerning the
availability and utilization of these services based on education
and occupation. In contrast, Vicente and Novo [92] studied the
extent of social and political participation on the internet in
Spain, revealing a significant gender disparity.

Recently, Lagesen et al. [49] reviewed inclusion strate-
gies aimed at reducing the gender gap in ICT engineering in
academia. They found that substantial efforts are often needed
for these initiatives to yield successful and sustainable outcomes.
They concluded that gender-balanced programs are more likely
to retain both men and women. In their study, Wang et al. [94]
explored the potential impact of social media utilization on
funding outcomes for women-led firms. Their research findings
suggest that platforms like Twitter can play a vital role in facil-
itating financial support, particularly for women entrepreneurs
and individuals with limited connections. This is attributed to
the ability of social media to reduce information asymmetry
between founders and potential investors.

E. Discriminatory Behavior

While this study aims to determine why women are excluded
from engineering, one explanation could be the implicit barriers,
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or glass ceiling [21]. Human capital theory suggests that women
may not be promoted because they have fewer career investments
than males, although this was recently challenged by Goldin
[39]. However, Neokosmidis et al. [66], through the lens of the
Artificial Bee Colony (i.e., drawing on gender evolution), con-
troversially argue that the gender gap is consistently decreasing,
with women performing better in STEM. Furthermore, Guzman
and Kacperczyk’s [43] analysis reveals a significant difference
between female-led and male-led ventures in securing external
financing, particularly venture capital. Businesses led by women
are 63% points less likely to receive such financing.

Studies have also explored behavioral decision-making. Re-
sults showed that sponsorship programs only encouraged men’s
willingness to compete—not women’s [9]. Coffman et al. [20]
found evidence of discriminatory behavior in their research, as
employers show a discernible bias, favoring equally competent
male candidates over their female counterparts when making
hiring decisions. In contrast, Filippi et al. [33] studied the
potential risk of automation technologies replacing human work-
ers in Europe. Their findings show that the gender gap in the risk
of substitution favors women, meaning that women are slightly
less likely to be replaced by automation compared to men.

According to researchers in this field, the perception of com-
puting as technical and male-dominated persists. Thus, “access”
[10] appears to be a challenge where filters prevent females
from pursuing computing as a career [106]. Counteracting this
hypothesis, Imhof et al. [46] argue that the gender gap is closing
as far as female access and self-efficacy in computer science are
concerned. This study found that female and male students report
comparable computer usage for their studies. However, “User
Behavior” emerged as gender-specific, with males spending
more personal time at the computer. Male students also out-
performed female students in a specific computer task. Conse-
quently, although access issues persist, improvements are being
made. Yet, “treatment” [10] remains a substantial issue in IT.

Early scholarly interest in women in engineering during the
early 90s focused on internet studies. From the inception of com-
puterization, there has been attention given to gender differences
in computer behavior concerning computer access, computer
use, motivation, and computer self-efficacy. Imhof et al. [46]
found that by the beginning of the new millennium, the gender
gap concerning access and self-efficacy was closing. However,
the focus has shifted from computer access and self-efficacy
issues to smartphone use and adoption [2]. This literature agrees
that a general gender gap exists in smartphone adoption [3].

F. Women and Performance

Within this topic, authors have studied gender performance
differences in digital games with a specific focus on progression
speed. The stereotype of female players as less successful can
lead to unequal participation, particularly when studies show no
significant differences in participation or performance between
men and women in massive multiplayer online games [76].
Moreover, studies reveal a gender difference in competitiveness
[13], [75].

Research concerning gender and competitiveness indicates
that women may feel discouraged from applying for jobs
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when competitive compensation schemes, such as pay-for-
performance, are involved [75]. This difference in competi-
tiveness could contribute to the gender gap in labor market
outcomes. Samek [75] explored the impact of compensation
schemes on job application willingness and discovered that
pay-for-performance schemes tend to discourage women from
applying for positions that employ these schemes. Additionally,
incentive schemes have been found to affect women’s and men’s
performance differently [11], [39]. One commonly offered ex-
planation for the persistent gender wage gap in labor markets
is that women often avoid wage negotiations. Leibbrandt and
List’s [52] findings show that in situations where it is not
explicitly indicated that wages are negotiable, men tend to
negotiate for higher wages more than women do. Conversely,
women are more likely to signal their acceptance of a lower
salary.

However, Goldin’s work on gender pay disparities provides
a comprehensive history of gender labor-market inequality over
the past 200 years. Goldin has overturned assumptions about
both historical gender relations and what is required to achieve
greater equality in the present day [85]. Goldin’s work reveals
that enormous gains made by women in the workplace over time;
however, concludes true equity remains out of reach [29].

Consequently, women’s attitudes toward pay-for-
performance should be a central consideration for HR managers
when setting up remuneration programs and recruitment plans.
A more recent body of gender research has delved into gender
differences in competitiveness (c.f. [109]). Indeed, growing
evidence shows a gender gap in entry into competition [13].
Furthermore, mentors are more likely to discourage women
from entering early into competition, promotions, and the
like. According to Brandts et al. [13, p. 1018], “this gender
gap is mainly driven by high-performing women entering too
little and low-performing men entering too often.” Croson and
Gneezy [23] suggest that a crucial factor is men’s relatively
higher overconfidence compared to women. Another possible
explanation, particularly if the mentor is female, could be
attributed to the queen bee syndrome (mentioned above),
where women are more likely to dissuade other women from
advancing in their careers [13]. Intriguingly, North and Noyes
[68] investigated children’s competitive mindsets towards
computers and concluded that there was no gender gap between
girls and boys aged 11 and 12.

V. DISCUSSION AND CONCLUSION

This study aimed to delve into the complex topic of gender
inequality in engineering. In doing so, we utilized a series of
bibliometric indicators to visualize similarities, providing an
overview of this field of study. Thus, our study found evidence
that women in engineering were discriminated against and suf-
fered varying degrees of inequality.

In particular, this study highlighted the differences between
the number of women in other STEM disciplines compared to
engineering. The attractiveness of engineering as a career for
women appears to be attributed to several factors, most notably
pay differentiation, limited career potential, and a hostile male
environment that is not family-friendly ([93]. We detected that
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discrimination against women in engineering leadership roles is
typically covert (c.f. [83]), where less apparent signs can mainly
mask male domination over women [1]. The glass ceiling hinders
women’s access to organizational promotions and leadership
roles [21], [71]. This phenomenon is not just an isolated issue
within the sector; it is emblematic of the deeply entrenched bi-
ases that often subconsciously favor men in leadership positions
in engineering [15]. These biases deny deserving women the
opportunity to ascend the ranks and deprive organizations of the
diverse perspectives and approaches women bring to the table.
The failure to shatter glass ceiling could result in significant
losses for the industry, from missed innovations to decreased
profitability.

Similarly, our findings are supported by stereotyping theory
[10], which also curtails and rationalizes women’s progression
to the prestigious C-suite. While stereotyping was apparent in
several studies we analyzed, we did not find convincing support
for attribution theory [10], where women’s success is perceived
to be due to luck rather than talent or capabilities. Likewise,
we did not see strong evidence for the queen bee theory [37].
The lack of evidence for attribution theory and queen bee theory
could be due to insufficient women having reached the C-suite in
engineering to test these theories. We needed more information
to identify evidence in the literature on HR climate strength
theory [105]. Ultimately, the study yields toward considering
HR gender policies based on overcoming the glass ceiling as
a vital approach in managing gender inequity— -particularly in
the domain of engineering. As such, addressing and dismantling
the glass ceiling is not just a matter of gender equitys; it calls for
a crucial new HR policy strategy for the continued growth and
innovation of the engineering sector as a whole.

A. Introducing a New HR Policy for Gender Management

An effective policy is needed to address the glass ceiling effect
in engineering. This policy must address the current limitations
in engineering that make the profession unattractive for women
and unsustainable. An effective policy should overcome these
barriers and lift the glass ceiling for incumbents. Our policy
model has the following five key recommendations (see Fig. 4).

1) Creating a new policy starts with fairness in recruitment.
A diverse panel can offer a broader perspective and reduce
potential biases [95]. While affirmative action policies can
be controversial, they can increase the number of women
until a natural balance is achieved [74].

2) Promoting WLB is pivotal in attracting and retaining
women in engineering. Flexible hours allow female
engineers to manage their time effectively, addressing pro-
fessional and personal commitments. As part of WLB, re-
mote working options cater to the diverse needs of women,
especially those who have responsibilities at home or live
in areas with commuting challenges. Generous parental
leave, on the other hand, ensures that women do not have
to choose between their career and family.

3) The individual employee performance management sys-
tem should be overhauled as part of the policy. Per-
formance management refers to the various activities,
policies, procedures, and interventions designed to help
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employees improve their performance. These programs
begin with performance appraisals but also include feed-
back, goal setting, training, and reward systems [28, p.
42]. The performance management process is pivotal to
overcoming many of the current issues for women in
engineering. Regular training sessions on recognizing and
combating unconscious biases can be instrumental in per-
formance management, addressing not only gender biases
but also other forms of discrimination. More specifically,
leadership training and professional development tailored
to women can give them the requisite skills and confidence
to target and attain higher positions [44], [83]. In order to
ensure fair decisions are made about pay in performance
reviews, regular audits should be conducted, addressing
any disparities promptly [64]. Finally, the most critical
part of the performance process is feedback. It is crucial
to clearly define and communicate the criteria for pro-
motions, ensuring transparency and reducing unconscious
biases in decision-making. Regular feedback mechanisms
allow employees to voice their concerns, ensuring that
potential glass-ceiling issues are promptly addressed
(Maley, 2019).

It is paramount to cultivate an environment of inclusivity
in the workplace culture that values and respects diversity.
This can be fostered through training and by creating
safe channels for reporting discrimination or harassment
[83]. Furthermore, the policy model will benefit from

collaboration between universities and colleges to support
and encourage female students in engineering, ensuring a
consistent flow of female talent into the industry.

5) Role models should be identified, highlighting and cel-
ebrating the achievements of female engineers as role
models, showcasing that leadership roles are attainable
for women in the field. Similarly, mentorship programs
can be designed to pair up-and-coming female engineers
with experienced professionals who can offer guidance
and advocacy [32].

Such practices support women in their professional journey
and acknowledge their multifaceted societal roles. By incor-
porating these measures, engineering companies can create an
inclusive environment where women feel valued and empowered
to thrive.

B. Future Studies

Future empirical studies exploring gender inequity in male-
dominated professions such as engineering are pivotal to driving
transformative change in academia and the corporate world.
There is a pressing need for research encompassing qualitative
and quantitative methodologies. Qualitative studies could be
employed to unearth the nuanced experiences of women in
engineering. Personal narratives, in-depth interviews, and ethno-
graphic studies could shed light on women’s implicit difficulties,
offering a more comprehensive understanding of the systemic



3336

issues. Quantitative research could help in mapping the extent
of the disparities. Surveys and large-scale data analyses can
offer statistical evidence of the gaps in pay, opportunities, and
representation, enabling stakeholders to set clear targets for
improvement.

Furthermore, longitudinal studies that track women’s progress
over time could offer insights into the long-term effects of
interventions and policies. These studies can evaluate the sus-
tainability of implemented changes and their long-term impact
on gender equity in engineering. In conclusion, to authenti-
cally address the issue of gender inequity in engineering, a
holistic research approach is essential. It should encompass
diverse methodologies, focus on micro- and macro-level is-
sues, and adopt a global perspective. Only then can we create
a more inclusive, equitable, and just engineering profession
for all.

In conclusion, gender equity is a crucial driver of innovation
and vital for the progression of science. However, despite ex-
tensive research and governmental policies, gender inequality
remains a critical issue across the global workplace [39], par-
ticularly in engineering, where the industry suffers from a stark
gender imbalance. This issue presents a significant challenge for
governments, organizations, and society at large, as the gender
imbalance hinders the progression of this critical profession.
Greater inclusion of women in engineering will enhance di-
versity and bring social and economic value to the profession
and society [50]. It will also boost innovative outcomes and the
talent pool [108]. Reducing the gender gap in engineering will
also legitimize and help reinforce hierarchical relations between
men and women.

Moreover, addressing the gender imbalance in engineering
could be one of the most critical undertakings in achieving the
UN’s 2030 Sustainable Development Goal’s fifth objective—
gender equality. This goal ensures women’s equal opportunities
for progression to leadership and promotes the use of enabling
technology to empower women. Achieving gender equality in
engineering leadership is a pressing and urgent matter. Thus, we
aim to realize Ban Ki-moon’s judicious aspiration of a shared
vision of humanity and a social contract between the world’s
leaders and the people.
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