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Abstract: Despite continuous efforts for reducing gender inequality in Science, Technology, Engineer-
ing, Mathematics (STEM), engineering still steadfastly remains one of the least equitable fields in
Australian universities. There has been an increasing growth of international scholarship on women’s
underrepresentation in engineering; nevertheless, research on understanding contributing factors to
the Australian women students’ participation in engineering is relatively underdeveloped. To address
this knowledge gap, we examine the experience of women undergraduate students and explore
influential factors that contribute to the complexity of pursuing engineering. Applying a qualitative
approach, we conducted 16 interviews with women undergraduate students enrolled across five
engineering courses at Macquarie University, Australia. The results of the thematic analysis indicate
that women students often have a supporting network of relationships and view themselves as
intellectually fit to study engineering. However, they have been facing several interrelated obstacles
that negatively impact their experiences and persistence in engineering. Findings show that gen-
dered perceptions around femininity and masculinity appear to be the origin of gender stereotypes
surrounding engineering identity. These not only negatively impact women students’ experiences
within the bound of university but also create systemic barriers in the future workplace environment
and opportunities. These (mis)perceptions have actively and passively made women students feel
out of place, doubt their abilities and feel alienated. We offer suggestions to shift engineering identity
outside the dominant masculine construct towards ‘co-construct’ and ‘co-enact’. This will create
windows of opportunities to move towards gender equality in engineering.

Keywords: women in engineering; gender equality; underrepresentation of women; gendered
perceptions; engineering identity

1. Introduction

In the past decade, we have witnessed evolving policies and institutional efforts for
promoting gender equality, addressing gender bias and reducing gender gap in different
areas, including Science, Technology, Engineering and Mathematics (STEM) [1,2]. Acting
on this, the Australian government has committed to improving women’s and girls’ partic-
ipation, recruitment and engagement in STEM education and ecosystems. The National
Innovation and Science Agenda (NISA), the Women in STEM and Entrepreneurship pro-
gram (WiSE) and the Science in Australia Gender Equality program (SAGE) are examples
of programs initiated to inform national strategy to attract, retain and support women
and gender diverse individuals in STEM and develop action plans for promoting gender
equity [3]. The Australian Academy of Science and the Australian Academy of Technology
and Engineering have recently developed a “Women in STEM Decadal Plan” to attract,
retain and progress women and girls in STEM education and careers. The plan aims at
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providing an equitable education system in which girls and women are enabled and encour-
aged to study STEM courses and significantly to increase the number of their enrolments
within tertiary education by 2030 [4].

Despite these continuous efforts for promoting women in STEM education, we have
not yet reached gender equality [5,6]. In Australia, women’s participation in higher edu-
cation has increased in the past decade, however only about 30% of STEM qualifications
are held by women [7], indicating the persistence of gender imbalance in these fields. The
gap is much wider in the engineering field, which has been remarked as the least gender
equitable among the STEM fields, with women accounting for only 13% of the Australian
engineering workforce [7–9]. The engineering profession in Australia has traditionally
attracted few women [10] and it still steadfastly remains one of the most male dominated
fields within the confines of Australian universities with only 10% of women students
graduated from higher education across engineering courses [4,11]. While high demand
for qualified engineers in Australia is an economic imperative, the number of women
in vocational training (less than one in ten) and at universities (about one in six), shows
tremendous disparity [12,13]. This not only signals a narrow talent pool and lack of diverse
perspectives in tackling engineering challenges, but may lead to the exclusion of women
from designing the future.

This article is impelled by the dearth of women in engineering domain. The under-
representation of women in engineering is an important topic since it traverses equality,
diversity, social construct in the domain, roles and identities in both tertiary education and
further, into industry. Thus, we aim at understanding the experience of women under-
graduate students and identifying influential factors that contribute to the complexity of
pursuing engineering. There is a significant body of literature that refers to the historical
inequalities in STEM as the “leaky pipeline” [14] (and associating the engineering discipline
with a cluster of traits often attributed to men, such as being “agentic”, “instrumental” and
“analytical” [15]), referring to the decline in the number of women even before graduation
and job entry. Nevertheless, studies have pointed out that enabling women’s and girls’
participation in engineering leads to harnessing an untapped talent pool; and recruiting
and retaining them expands the existing intellectual capital for future innovation while
encouraging and enhancing an inclusive cultural environment [8,16]. Recent studies and
reports on practices for promoting women and girls in STEM [3,17] highlight the need for
conducting more research to understand contributing factors to women’s participation in
engineering specific to the Australian context. The current engineering enrolment statistic
clearly defines the problem space in terms of numbers; however, further analysis is required
to understand what shapes this current model. This article addresses this gap by contribut-
ing to improved understanding of how the tertiary experience of women undergraduate
students influences their pathways in engineering domain. Understanding the gap is vital
in changing the future engineering landscape and attitudes with regard to gender equity
at university.

2. Literature Review

Despite four decades’ attempts at highlighting the gender gap [14,18,19] and explain-
ing the attrition of women through the metaphor of the “leaky pipeline” [20,21] and through
the boundary model [22] women are still underrepresented in STEM fields, particularly
in engineering. Our treatment in reviewing the existing literature is driven by the need of
this study, to engage with the research on women’s under-representation in engineering
as we aim to understand the complex social underpinnings of the experiences women
undergraduate students face in this field.

Reviewing the existing literature uncovers obstacles women in engineering face in
a university setting, from lack of role models to systemic bias. In a revisiting of women
under-representation in STEM Australia, studies found that barriers women faced in these
fields still persist after two decades [23,24]. This includes the dearth of role models and a
lack of career and academic pathway advisers and inadequate support from the education
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network. Recent studies emphasise the importance of social capital, including networks
of influential relationships and cultural groups (e.g., family, peers, teachers, advisers) on
women’s experience and engagement in engineering programs [17,24,25].

Systemic barriers in the Australian higher education, particularly in engineering, have
led to the experience of gender inequality [8], impacting women’s and girls’ education
trajectories and limiting their career opportunities. Even though the effect of individual
interest and aptitude was previously perceived as the reason for the lower number of
women in STEM fields, numerous studies identify social structure and education culture as
contributing factors to the continuing underrepresentation of women [14,26–28].

Feminist scholars draw attention to the dynamic relations embedded in socio-cultural
structure and the construction of gender roles and identities [22]. Accordingly, socio-
cultural and institutional forces, consist of beliefs system that prescribe and proscribe
divergent gendered values towards masculinity and femininity. Through a gender social-
ization process, individuals learn to act and behave according to socio-cultural expectations
and develop interests congruent with their genders. This system encourages fitting in
and discourages deviation from gendered perceptions. The construct of professional engi-
neering reinforces such gendered values [14,22] and has created systemic barriers, such as
negative stereotype, bias and discrimination, and made women feel out of place [29–32].

Engineering, regarded as a primarily male discipline [33], is incongruent with stereo-
types around “normal” feminine role and lifestyle [3,34]. The widely shared assumptions
and stereotypes attached to engineering imply a masculine image and norms; a cluster of
traits and values that reflect competitiveness, physical strengths, solitary practices, tech-
nical ability, all of which are socially desirable for and associated with men rather than
women [15,35,36]. A common and recurring stereotypical envisioning of an engineer is
someone who wears labourer’s clothing and a hard hat and ‘fixes things’, e.g., electronics
and roads [37–40]. These cultural stereotypes that influence and shape engineering identity
are replicated within the environment and education system; and work as gatekeepers that
deter women’s and girls’ pursuit of engineering [41–44].

Moreover, the perpetuation of such stereotype around engineering identity has cre-
ated an “unwelcoming environment” for women and marginalized groups, causing a
mismatch between women’s and girls’ self-concepts and engineering identity [24,45–48].
Weston et al. [49] found that students view lack of fit and lack of support as systemic issues
women have faced in STEM education culture. In another approach, Matusovich et al. [50]
showed that, indeed, an increasing number of women, compared to men, experienced
a “lack of connection between their engineering-related values and sense of self (low at-
tainment values)” illustrating a key differential in terms of gender-based identity, value,
role and worth in engineering. ‘Gender socialisation’ and ‘social identity’ perspectives,
contextual cues or as Oyserman et al. [51] describe “features in the environment” influence
identity by triggering people’s self-view based on their perceptions of relevance to a specific
social identity [52]. Accordingly, women and girls who are actively seeking engineering
as part of their social identity may perceive engineering-related values conflicting and
incompatible [53] and consequently find it difficult to socially fit in. Therefore, students
who did not fit or identify with engineering are more likely to leave this field [49,54].

Despite the rapid growth of international scholarship on women underrepresentation
in STEM and particularly engineering, research on understanding enablers and barriers
to the Australian women students’ participation with a focus on engineering discipline
is still relatively underdeveloped [3,17,55–57]. This article, thus, attempt to address this
gap through understanding contributing factors to the experience of women engineering
students within the context of an Australian university.

3. Materials and Methods

The main research question of this study is “what is the experience of women un-
dergraduate students enrolled in an engineering program?”. To answer this question the
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article aims at understanding contributing factors to their experience prior to and during
their tertiary study, by addressing these following sub-questions:

• What barriers have women undergraduate students been facing prior and during their
tertiary education in engineering?

• What motivating factors have women undergraduate students had to pursue engineering?

We applied a qualitative approach as it seeks a rich in-depth knowledge “through
describing and interpreting a subject/phenomenon as it occurs in a socio-cultural con-
text” [58]. This approach applies a range of methods such as interview and personal
experience to cultural interactions to better understand the subject [59] and allows themes
to be generated [60]. To answer the main question, we conducted a case study within the
Australian context at Macquarie university, where the school of Engineering is a decade
established school with a low number of women undergraduate students enrolled in engi-
neering courses (This is explained further in the following section). Qualitative researchers
suggest case study as an appropriate method when the purpose is to develop knowledge,
explore and understand a social phenomenon within a specific group [61].

3.1. Context

This article presents a case study of women engineering students at Macquarie Uni-
versity, Faculty of Science and Engineering, Australia. The engineering school offers five
majors in engineering programs: including electrical/electronics, mechanical, civil, mecha-
tronics and software engineering. The proximity to a business park (Macquarie Park),
which is colloquially known in the engineering industry as a “Technology Park” is a rare
opportunity for a university in Australia to be immersed within such an environment.
This factor is pertinent in terms of student and faculty reach-back into the engineering
community. In addition, the age and history of the engineering school, presents a unique
opportunity to examine a decade young school in the process of burgeoning discipline
development, evolution and recognition within the tertiary arena. To this end, Macquarie
University joined the Science in Australia Gender Equity (SAGE) pilot program to sup-
port the attraction, retention and promotion of women in STEM. However, the number of
women students enrolled in engineering courses indicates a significant gender imbalance
in this field. A case in point is the 2021 engineering enrolment at Macquarie University,
whereby less than 9% of total cohort of undergraduate students (34 women out of a total
cohort of 407 students) were enrolled in a first-year engineering course [62].

3.2. Participants

This research included the participation of 16 women undergraduate students enrolled
across all five engineering majors at Macquarie University Participants age ranged from
18 to 22 years old and all were enrolled in 2021 and represented various levels of degree
completion including, six students at the early stage of their study, five in the middle and
five at the end of their engineering undergraduate degree.

Research was activated by querying the Macquarie University Enrolment Database,
supplied by the School of Engineering [62], which allowed informing women under-
graduate enrolled across all five majors about the research and asking their voluntary
participation. Then, a combination of convenience and snowball sampling strategies was
used to locate participants by asking them to introduce other peers studying engineering
in the school. This was an effective sampling technique as it enabled accessing participants
who volunteered to share their experiences [63].

3.3. Methods and Procedures

We used semi-structured interviews to gather information and to gain deeper knowl-
edge of women engineering student’s lived experiences. The primary researcher (first
author) conducted face-to-face interviews, which allowed additional probes and follow ups
as needed. Participants were encouraged to share their major and education background,
family, college and university experiences. Each interview took between half-an-hour and
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an hour and took place at Macquarie University, in a research, teaching, laboratory and
office space allocated to engineering students, with only the researcher and interviewee
present. All interviews were recorded with the consent of participants, and then transcribed
and de-identified to ensure confidentiality and anonymity of participants. The experiences,
stories and opinions of women undergraduate students are the core data of this article,
which will be shared in the form of quotations. The low numbers of women enrolled at the
faculty could potentially allow for easy identification of participants. To minimize the risk,
quotes are not assigned to names, majors or year of study rather assigned only by number,
i.e., Participant Number 01 (PN01).

Participants were posed questions at three anchor points. The first anchor aimed at
understanding women students’ pre-university experience, such as influential factors on
choosing engineering. The pertinent questions were reflective and encouraged “look back”
approach. For example, when you decided to choose engineering and why? The second
anchor point enquired about the current position of students. Questions were designed
to invite the students to “look within” at their current social process and experience to
explore feelings, current discourse and remark on their own interpretation of particular
constructs, such as working with male peers and examining social systems and construct
within engineering. The last set of questions, tend to examine the women students’ pre-
paredness to enter the engineering industry, focusing on future change potential, such as
their perceptions of the existing opportunities and obstacles.

3.4. Data Analysis

The collected data were analysed using thematic analysis, which allows identifying
patterns through analysing participants’ experiences without being confined with theoreti-
cal commitments [64]. This involves several stages from ‘immersion’ and ‘structuring’ the
data to ‘categorisation’, ‘searching for themes’, and ‘sense making’ [65]. To generate themes
out of the gathered information, the interview transcripts were read repeatedly by the
primary researcher and discussed between all researchers. Following systemic procedures
and flexible thinking allowed us to be exploratory and adaptable to any possibilities that
emerge during the analysis without controlling the situation or the participants. This led
to the identification of patterns and emergence of initial items pertinent to the research
questions. In the next step, quotes and phrases relevant to the research question were
identified and highlighted. Then, these identified patterns and themes were refined and
connected for sense making, drawing discussion and conclusion.

4. Findings

This study harnessed an opportunity to include varied views. Each participant’s response
is a unique element in the body of this work and drives a better understanding of influential
factors in the experience of women engineering students. In explaining their experiences
as women undergraduate students in engineering, participants reflected on two key factors
that the literature review describes as influential and impediment [8,14,23,25,36]. This section
addresses the research question by identifying key contributing factors, motivators and barri-
ers, that positively and negatively impacted the experience of the participants in engineering.
Analysing the curated data has led to the identification of four themes and two sub-themes
named in Figure 1, which are described below with excerpts from participants.

4.1. Motivating Factors

In talking about their motivations to pursue engineering, participants elucidated those
influencing factors which actively or passively encouraged them to pursue engineering.
Motivating factors origins are distinguished as network of relationships and participants’
self-concept intellectually.
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4.1.1. Network of Relationships

Several of the participants described family member(s), e.g., a parent, partner, as well
as friend and teacher, who were interested in or worked in STEM fields, as those who
supported and encouraged them to pursue engineering. This in turn, offered respondents
an understanding of how to identify an engineer, what studying engineering entailed
and furthermore, provided a definitive understanding of a career map to aspire toward.
Decoding the complexities of what engineering looks like assists in the imagining of the
role for the student. A family legacy contributes to this concept and offers encouragement
in the form of suggestion, support and infrastructure to know what to expect as an engineer
. . . ”so I knew what to expect”.

There is also implied respect for the profession in that it is identified as a known,
acceptable career path given the legacy. This reduces fear of the unknown degree or career
path trajectory. A participant explained that initial exposure to engineering as a career
option came from experiencing the subject matter through her partner’s coursework:

“My partner was studying engineering and I really liked what he was doing so stopped
my studies and started engineering”. PN06

The shared space with her partner as a pseudo-mentor also facilitated an easier
transition into engineering for the student. Another participant nominated a teacher at
high school as a significant influencing agent to study engineering, whereby declaring that:

“I had one teacher that explained where my interest could go, as a profession and encour-
aged me to study engineering”. PN10

The student’s expressed interest, intertwined with her abilities–specifically maths and
physics–served as a primary driver for the suggestion. Participants who had similar experi-
ences described their teacher as someone who was either a past student of engineering, was
a maths or physics teacher, and/or previously attended STEM related education programs.

“There was an engineer (male) that came to my school. The way he spoke about engineer-
ing and what it looked like . . . I was like – “that’s definitely for me!”. I have always loved
problem solving”. PN14

One could surmise that with either one of the nominated teacher qualifications, en-
abled the potential to explore engineering as a career opportunity for the students. Besides
the influence of school teachers, participants highlighted the influence of building rapport
and a network of friends interested in studying engineering. It created an alliance and
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encouraged pursuit of studying engineering. Another participant, reported being buoyed
in her choice also by her social network:

“Friends around me (were) also looking into engineering (as a career option)”. PN02

4.1.2. Intellectual Capability

The majority of the participants referred to themselves as having the “right fit” to meet
the intellectual skills of an engineer. They felt intellectually prepared and well suited to fit
the archetypical engineering stereotype - maths, physics and problem-solving recognition
and excellence. One participant described not only excelling at problem solving, but also
of appreciating the idea of making positive changes on a larger scale. The participants
maintained that their engineering perceptions came from family, friends, STEM related
information presented at school and/or an advocating teacher, hence one participant
describing that:

“I felt really prepared to study engineering, I was good at maths and always helping to
solve problems”. PN16

In addition to the recognition of her maths ability at secondary school, another partici-
pant expressed her eagerness to be attached to a domain that was both identified in the
community to be intelligent and acknowledged socially as a respectable career choice:

“ . . . I liked maths and wanted to study a smart subject”. PN13

4.2. Barriers

Collating participants response on influential factors on their experiences, a set of
themes emerged indicating obstacles they have encountered. These barriers have actively
or passively made them feel out of place, doubt their abilities and be alienated. Evaluating
factors that negatively impacted the women students’ experience led to the emergence of
two interrelated sub-themes: the gendered perceptions within the broader socio-cultural
context and engineering identity, which are explained below.

4.2.1. Gendered Perceptions within Socio-Cultural Context

Findings indicate that gendered perceptions significantly influenced women students
on the cusp of deciding to study engineering and during their time at university. Further
conversation led to the responses from participants pertaining to their concerns around the
underrepresentation of women in a male-dominated field.

One participant described her experience around perceptions of how women are
identified in general. She spoke of a traditional model of how women are identified and
differentiated, with consequent expectations, from the majority cohort. Instances were
cited of the dominant cohort stepping in to lift, move, wield physical power and generally
take responsibility for the heavier workload in engineering. There was an adherence to a
stereotypical male identity which confounded the participant. She reiterated this perception
from her experience:

“I think there’s a perception that women can’t do the hands-on work at uni. We’re
supposed to be “soft and elegant” . . . it surprises me that the (younger) guys still have
that perception at uni”. PN11

Perceptions garnered from a particular respondent centred around the premise of the
acceptance of a male gaze upon engineering. She expressed her newfound and disappoint-
ing reality studying engineering at university as:

“The social standards are that men are the engineers and women are not”. PN03

Another participant responding to gendered perceptions studying engineering dis-
cussed apprehension around the concept of studying engineering as a woman:

“ . . . My dad kind of expressed concern about me being around all men or boys...” PN07
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Another participant commented on particularly discouraging, gendered comments
received from her high school career counsellor, fuelling concerns regarding the course:

“ . . . I come from an all-girls school and I remember when we talked about College she
(the school counselor) asked me if I am sure about . . . engineering because ‘it’s for men’”.
PN04 (In order to protect the anonymity of the participant, we removed the major
from the quote.)

Participants also responded with their own internal doubts about their ’suitability’,
which contributed negatively towards the decision to study engineering. Whilst a student
had fostered an interest and was focused on studying engineering for reasons similar to
the majority of participants (intellectual capability, e.g., in maths), the under confidence
experienced was significant enough to doubt her choice. A participant remarked that
compared to her male peers, she felt:

“ . . . I felt a lot of self-doubt that I could make it in an Engineering course . . . can I work
and study in a male dominated space”. PN04

The internalised discourse of not being skilled enough to study engineering was
indicated in the reflections of other students. The participants similarly remarked on their
concern regarding not only their ability, but whether they were taught all the relevant
technical skills that may be transcribed and utilised in an engineering degree.

Additionally, whilst most participants who declared an inherent confidence and knowl-
edge that they are skilled, prepared and qualified to study engineering, a few participants
stated they felt uncertainty and a distinct lack of confidence preceding the decision to enrol
in engineering. The participants accordingly sought validation from elsewhere to verify
that their inherent concerns were legitimate “ . . . am I smart enough . . . can I manage the
study load for engineering”.

4.2.2. Engineering Identity

Gendered roles were also described as being based upon an inherited role model con-
forming to the dominant culture. The participants expressed the advantage this appeared
to have on the levels of confidence and role expectations of their male counterparts as the
dominant cohort. It reportedly shaped the way the dominant cohort viewed their role in
engineering, and hence the confidence which this legacy brought to their field of study.
One participant described this exchange as:

“I feel that a lot of the men studying have male role models, like their dads influencing
them to be here . . . ” PN13

Another participant articulated the core of the issue in this statement captured, regard-
ing female underrepresentation in engineering:

“If I were to point out the main setback currently, it would be the appeal of engineering.
I don’t think many girls are brought up with the idea that they could be engineers one
day, and later in life it’s not exactly appealing to a lot of girls to enter a field where you’re
going to be the odd one out”. PN12

Participants articulated their need to belong within a dominant engineering culture.
They expressed a need to find a place, made more complicated given the assumed roles
of the dominant (male) culture. Given that the participants are a minority cohort in the
Engineering School, this acknowledgement of a dominant, occupied space was labelled by
one participant as:

“Men have an accepted place at university (studying engineering). They belong there.
Women need to find a place to fit in”. PN02

Education Cultural Environment

The social construct of the minority group in a university environment can be difficult
to navigate for new students. Given the underrepresentation of women in engineering,
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this presents challenges for women interacting with a majority, or the dominant group
(e.g., male peers) within their study domain. Participants described the experience at
university as both not being what they had imagined engineering would look like, but also
containing multifaceted hardship in terms of open stereotyping and antiquated ideologies
being imposed upon them. In addition, their experiences were explored in situ with regard
to opportunities alongside peers. Their experiences ranged from not feeling excluded,
just acknowledged a lone woman within a majority male cohort, to receiving treatment
including active discrimination and gender ignorance.

Participants confirmed they understood the minority recognition in the eyes of the
majority cohort. The recognition was based upon a pragmatic approach and attitude
towards the minority status. A participant described the notion of being the only woman in
the group and felt quite attuned to the status, given her previous status within a minority
at school with males (studying physics):

“I know we (women) stand out in class, but I can’t say I’ve ever felt excluded” PN09

Engagement with the majority cohort proved to be complicated for one participant. At
the outset of starting her engineering degree, there had been discriminatory and devaluing
behaviour directed at her on many occasions. One interaction she experienced occurred on
the first day of class where she endured taunts. She described the interaction as hurtful
and a belittling experience:

“My first day I was approached by a group of males in the same lecture of me who told
me “nursing is down the hall”. (This university) does not offer nursing, so I know they
weren’t trying to be helpful, they were being discriminative and arrogant”. PN13

The participant described a continuing, negative experience throughout the year. This
became heightened during a group activity where her feminine role and identity were
imposed in a manner, she found offensive. Moreover, the male peers did not acknowledge
or allow her contributions to the group. Rather, they only recognised and praised the
contributions of the dominant cohort:

“In my first year in a group project, we had to build a (project). The males in my group
would not listen to my suggestions and I got pinned with being the “secretary” every
week taking notes. I noticed I would pitch a suggestion; they would shut me down then
10 minutes later one of them would repeat my suggestion and they would all exclaim how
brilliant he is, and he would take all the credit”. PN13

Gendered roles and expectations were believed not only by their peers but were
an internal acknowledgement and recognition of where their academic merit lay. There
appeared to be an acceptance of the gendered role played out, for example in group
assignments. One participant highlighted where her skills and capabilities set her apart
from the majority cohort, acknowledging:

“I knew from the outset that I wrote better and laid out my notes better than the guys, so
it was assumed that I would fulfill that role in group assessments”. PN07

The questions were posed relating to the perception of equal opportunities in engineer-
ing. One participant described that throughout her degree, group work was a continual
challenge for her to achieve equal, positive outcomes:

“ . . . not because of the university, (but) because of the small population of sexist and
arrogant men that study engineering. It is by no means everyone. I have a lot of male
friends who I love in my course, but there are a small proportion who make it their goal to
belittle women” PN13

The gender normative imaginings of a stereotypical engineer are traditionally through
a male gaze. Participants raised their concerns around a lack of role model. It is acknowl-
edged that without women role models, it is complicated, if not impossible, to create
imaginings of a how a particular domain may appear. One participant noted the absence
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of women in engineering and stated that she had not met one in her social network at
university, home or school:

“I would like to speak to other women engineers. I just don’t know any”. PN12

Several of the students remarked that they received enduring support and gendered
equivalent treatment from all the educators (irrespective of gender). One participant de-
scribed that they felt recognised and seen as intelligent within a minority cohort. However,
they did not feel identified in such a manner that they felt excluded from the majority. The
participant described this recognition of identity as:

“I have never been treated differently by any of the teaching staff. In actuality (sic) they
usually recognise that the girls are smart and if they have chosen engineering are more
than capable of doing it”. PN13

Industry Environment and Opportunities

Participants described situations where people within their social community per-
ceived engineering as a male profession, and were concerned about future work opportu-
nity and cultural environment. This was perceived as a negative influencing factor even
among those participants who were generally supported to study engineering by their
family. Responses ranged from active discouragement to expressions of undefined concern:

“My parents thought engineering didn’t pay well and that being one of few girls would
be a disadvantage to me”. PN13

Other participants articulated future job prospect concerns, from a gendered perspec-
tive. The father was an engineer, and through his own lens of experience he had perceived
engineering working environment did not welcome or include women:

“Dad said that it wasn’t a stable job for a woman in industry . . . there weren’t many jobs
for women”. PN11

Moreover, responses indicated a sense of uncertainty about engineering industry
as their future workplace and the urge for a platform of preparedness to work in an
industry with an underrepresentation of women. One participant described the “controlled”
environment she felt she was in at university and the potential unprepared risk this posed
once working:

“I’ve had so many people advocating for me here (at the university) . . . However, I am a
bit nervous to work in industry. I do have concerns with attitudes from other men . . . so
I definitely worry how I will cope in industry”. PN07

Similarly, one participant suggested providing and/or having access to further educa-
tion and engagement from the industry, to enhance knowledge and preparedness for the
next industry steps:

“I wish there were more people from engineering to talk to us. I don’t really know much
about engineering in the workplace”. PN02

5. Discussion

The purpose of this article is to understand the experience of women engineering
students within the Australian context. Thematic analysis of collated data suggests a
set of interrelated themes, consists of underlying factors, that shape and influence the
experiences of women undergraduate students. In the core of this themes are women
student’s self-view and the way they image themselves within the engineering context. A
notable result of our study is that women students view themselves to be intellectually
fit and competent for engineering, a trait that is often attributed to boys and men as
being ‘analytical and logical’ [15,38]. This highlights that these women undergraduate
students no longer see this trait as gendered characteristics. The women students also
indicated the importance of support they received from their close relationships, e.g., family,
friends, education community and pointed out how interacting with network of affinity
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groups positively influenced their experiences and persuasion of engineering. This is
consistent with Campbell-Montalvo et al. [14] and Smith et al. [66] findings emphasising
the importance of network and social capital on women students’ ‘feelings of fit’. However,
women students still view the image of engineering incongruence with their social identity,
signalling the societal gender stereotypes associated with femininity and masculinity. Such
a gendered construct that follows the logic of fitting in and appropriateness has led to
personal challenges, such as microaggressions, imposter syndrome and a lack of confidence
which all appear to be, inevitably, part of women experience studying engineering.

Our findings indicate that gendered perceptions within the broader socio-cultural
context appear to be the origin of gender stereotypes surrounding engineering identity.
Drawing on the dynamic relations embedded in social structure and construct of gender,
our findings reveal that the broader cultural context re-produce divergent perceptions,
norms and values around normative femininity and masculinity, and encourage gender
congruity. While the existing construct of engineering, including its identity, education and
industry environments, conform to the dominant culture and reinforce the recurring stereo-
typical envisioning of engineering as normative masculine profession. Such envisioning is
incongruent with normative perceptions and expectations of feminine values, roles and
identity, which in turn impact how women students and their networks of relationships
view the appropriateness of engineering with their self-image (Figure 2).
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Drawing on feminist perspectives on gender equality and inclusion in institutions [29,67]
this research demonstrates that the existing gendered perceptions around the nature and
image of engineering not only negatively impact women students’ experiences within the
bound of university but also create systemic barriers in the future workplace environment
and opportunities. Despite the continuous attempt for attracting and retaining girls and
women in engineering, women undergraduate students still feel that they do “not belong”.
They have few women peers, academic mentors and industry modelers compared to their
male peers, thereby creating a wider gap for women.

Defining what it means to be an engineer and how this is identified at university and
within industry are both contained within a well-defined male construct. A consistent
theme of discussion within the bounds of identity was the unknown role women were to
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play both at university and industry. This is in consistent with the findings of previous
studies [22,52,54,68,69] pointing out that issues arise when the definition of an engineer
does not include how women identify themselves. The use of feminists’ lens reveals the
dynamic relations between cultural perceptions and social actions. The accepted practices
within social structure are embedded and indeed tied to the construction of ‘appropriate’
gendered roles and identities. Therefore, engineering education and industry, reproduce
and reinforce such a gendered identity through a common tendency to encapsulate what
constitutes a ‘real’ engineer, tied to the norms of masculinity, specific traits, technical skills
and subsequent values.

It is apparent that women are faced with unique problems within the distinct phases
of their engineering education journey. While gender inequality in STEM higher education
is evident, the underlying gender norms, assumptions and values have yet to significantly
change. The findings of our article indicate that promotion of what engineering could
look like outside the dominant male gaze and construct is needed. This is crucial since
girls and women need to be able to visualize themselves as engineers [3] to consider
this as their future career choice. However, it would not be possible without a shift in
the existing social construct and cultural definition of the gendered (mis)perceptions of
masculinity and femininity as well as engineering identity. Such a shift towards ‘co-
construct’ and ‘co-enact’ [67] will create windows of opportunities to move towards gender
equity in engineering.

6. Implications and Recommendations

This study contributes to the existing literature on gender inequality in higher educa-
tion, particularly building up an improved understanding of the experiences of women
engineering students within the context of Australian universities. Additionally, the value
of multi-disciplinary collaboration for exploring such a complex problem is noteworthy.

According to the findings of this study, we develop two implications for practice. We
strongly believe that the onus for making change and improvement should be placed on
socio-cultural structure and institutional systems, e.g., universities to design and implement
programs to transform and address the existing barriers. First, given the positive impact
of network of relationships on students’ persistence in engineering [14,23,66], we suggest
universities to design pathways and offer supporting programs early on during schooling
(pre-university) to build a framework of engineering knowledge. The aim is to ensure
students and their network of relationships, including, parents and teachers, are aware
of the opportunity and possibility to study engineering for all genders and to foster the
engineering interest. Some of these programs and activities include designing promotional
campaign for students and parents, e.g., during holiday, school programs, teacher training
and mentoring school students.

Second, considering the importance of role model and fitting in within the engineering
domain [3,24], we recommend universities build upon the supportive framework under-
pinning change initiatives. The aim is to promoting an inclusive, and less male-oriented,
image of engineering. This enables women and underrepresented minorities imaging
themselves as engineers. Some of these programs can be mentoring of staff to ensure
equitable treatment of women students, promoting and advocating inclusion policies, e.g.,
diverse representation, mentoring engineering students through women in engineering
interest groups, industry engagement programs, e.g., alumni engagement, mentorships
by women engineers and social networking. Implementing these programs, along with
other meta programs, e.g., in media, not only creates an inclusive environment but also
reaffirms the student’s engineering qualifications and industry readiness. Excelling in these
programs may break down some of the existing barriers to entry and increase persistence
in the engineering discipline.



Sustainability 2023, 15, 467 13 of 15

Author Contributions: M.H. collected data, conducted analysis and prepared the original draft. L.K.
critically revised the manuscript, conceptualized, prepared final manuscript. C.L., N.N. and L.K.
conceived and supervised the project. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Human Research Ethics Committee of Macquarie University
(protocol code 52021960827847 and date of approval 12 May 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Acknowledgments: Authors wish to express their sincere gratitude to the participants in the research,
the women students of engineering at Macquarie University. M.H. acknowledges the financial support
received from Macquarie University’s Research Training Program (RTP) scholarship, supported by
the Australian Government.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. United Nations, Department of Economic and Social Affairs (2021). Goal 5: Achieve Gender Equality and Empower all Women

and Girls. Available online: https://sdgs.un.org/goals/goal5 (accessed on 12 March 2021).
2. Gap, Global Gender. Report 2020; World Economic Forum: Geneva, Switzerland, 2020.
3. Petray, T.; Doyle, T.; Howard, E.; Morgan, R.; Harrison, R. Re-Engineering the “Leaky Pipeline” Metaphor: Diversifying the Pool

by Teaching STEM “by Stealth”. Int. J. Gend. Sci. Technol. 2019, 11, 10–29.
4. Women in STEM Decadal Plan; Australian Academy of Science: Canberra, Australia, 2019.
5. Dangar, K. Women, Policy and the STEM Pipeline: Bridging the Gap between Tertiary Education and the Workforce for Female

STEM Students. 2021. Available online: https://www.unimelb.edu.au/__data/assets/pdf_file/0006/4117191/Kate-D_FoWL-
Report.pdf (accessed on 1 August 2022).

6. Nash, M.; Grant, R.; Lee, L.-M.; Martinez-Marrades, A.; Winzenberg, T. An exploration of perceptions of gender equity among
SAGE Athena SWAN self-assessment team members in a regional Australian university. High. Educ. Res. Dev. 2021, 40, 356–369.
[CrossRef]

7. Australian Bureau of Statistics (May 2021), Education and Work, Australia. Available online: https://www.abs.gov.au/statistics/
people/education/education-and-work-australia/may-2021 (accessed on 9 October 2022).

8. Prinsley, R.; Beavis, A.S.; Clifford-Hordacre, N. Busting myths about women in STEM. Off. Chief Sci. Occas. Pap. Ser. 2016, 13, 1–4.
9. Sharma, J.; Yarlagadda, T.; Sharma, S.; Yarlagadda, P.K. Vertical segregation: Issues and challenges of women engineers in

Australia. Procedia Manuf. 2019, 30, 671–676. [CrossRef]
10. Brieseno, L. Science Technology Engineering and Maths (STEM) Education Must Begin in Early Childhood Education: A

Systematic Analysis of Washington State Guidelines Use Dot Gauge the Development and Learning of Young Learners. Master’s
Thesis, University of Washington, Seattle, WC, USA, 2015. (Unpublished MEd thesis).

11. Science and Gender Equity (SAGE). Available online: https://sciencegenderequity.org.au/about/gender-equity-in-higher-
education/#tab-150512 (accessed on 12 March 2021).

12. Lisa Harvey-Smith, Australia Needs More Engineers. And More of Them Need to be Women. Available online:
https://theconversation.com/australia-needs-more-engineers-and-more-of-them-need-to-be-women-130282 (accessed on
10 September 2022).

13. Professionals Australia (2021). Women Staying in the STEM Workforce—An Economic Imperative for Australia: Professionals
Australia’s Women in the STEM Professions Survey Report. Available online: https://members.professionalsaustralia.org.au/
documents/Gender/Women_in_STEM_survey_report_2021.pdf (accessed on 15 September 2022).

14. Campbell-Montalvo, R.; Kersaint, G.; Smith, C.A.; Puccia, E.; Skvoretz, J.; Wao, H.; Martin, J.P.; MacDonald, G.; Lee, R. How
stereotypes and relationships influence women and underrepresented minority students’ fit in engineering. J. Res. Sci. Teach.
2022, 59, 656–692. [CrossRef]

15. Kessels, U. Bridging the gap by enhancing the fit: How stereotypes about STEM clash with stereotypes about girls. Int. J. Gend.
Sci. Technol. 2015, 7, 280–296.

16. Bell, S.; Yates, L.; May, R.; Nguyen, H. Women in the Science Research Workforce: Identifying and Sustaining the Diversity Advantage;
University of Melbourne, LH Martin Institute: Parkville, Australia, 2015.

17. Chapman, S.; Vivian, R. Engaging the Future of STEM: A Study of International Best Practice for Promoting the Participation of
Young People, Particularly Girls, in Science, Technology, Engineering and Maths (STEM); Chief Executive Women: Sydney, NSW,
Australia, 2017.

18. Bruning, M.J.; Bystydzienski, J.; Eisenhart, M. Intersectionality as a framework for understanding diverse young women‘s
commitment to engineering. J. Women Minor. Sci. Eng. 2015, 21, 1–26. [CrossRef]

https://sdgs.un.org/goals/goal5
https://www.unimelb.edu.au/__data/assets/pdf_file/0006/4117191/Kate-D_FoWL-Report.pdf
https://www.unimelb.edu.au/__data/assets/pdf_file/0006/4117191/Kate-D_FoWL-Report.pdf
http://doi.org/10.1080/07294360.2020.1737657
https://www.abs.gov.au/statistics/people/education/education-and-work-australia/may-2021
https://www.abs.gov.au/statistics/people/education/education-and-work-australia/may-2021
http://doi.org/10.1016/j.promfg.2019.02.074
https://sciencegenderequity.org.au/about/gender-equity-in-higher-education/#tab-150512
https://sciencegenderequity.org.au/about/gender-equity-in-higher-education/#tab-150512
https://theconversation.com/australia-needs-more-engineers-and-more-of-them-need-to-be-women-130282
https://members.professionalsaustralia.org.au/documents/Gender/Women_in_STEM_survey_report_2021.pdf
https://members.professionalsaustralia.org.au/documents/Gender/Women_in_STEM_survey_report_2021.pdf
http://doi.org/10.1002/tea.21740
http://doi.org/10.1615/JWomenMinorScienEng.2014007345


Sustainability 2023, 15, 467 14 of 15

19. Little, A.J.; León de la Barra, B.A. Attracting girls to science, engineering and technology: An Australian perspective. Eur. J. Eng.
Educ. 2009, 34, 439–445. [CrossRef]

20. Christianson, C.E.; McBride, R.B.; Vari, R.C.; Olson, L.; Wilson, H.D. From traditional to patient-centered learning: Curriculum
change as an intervention for changing institutional culture and promoting professionalism in undergraduate medical education.
Acad. Med. 2007, 82, 1079–1088. [CrossRef]

21. Faulkner, W. Doing gender in engineering workplace cultures. II. Gender in/authenticity and the in/visibility paradox. Eng.
Stud. 2009, 1, 169–189. [CrossRef]

22. Foor, C.E.; Walden, S.E. “Imaginary engineering“ or “re-imagined engineering“: Negotiating gendered identities in the borderland
of a college of engineering. NWSA J. 2009, 21, 41–64.

23. Christie, M.; O’Neill, M.; Rutter, K.; Young, G.; Medland, A. Understanding why women are under-represented in Science,
Technology, Engineering and Mathematics (STEM) within Higher Education: A regional case study. Production 2017, 27, 516.
[CrossRef]

24. Reid, J.; Smith, E.; Iamsuk, N.; Miller, J. Balancing the equation: Mentoring first-year female STEM students at a regional
university. Int. J. Innov. Sci. Math. Educ. 2016, 24, 18–30. Available online: https://openjournals.library.sydney.edu.au/index.
php/CAL/article/view/10707 (accessed on 12 March 2021).

25. Skvoretz, J.; Kersaint, G.; Campbell-Montalvo, R.; Ware, J.D.; Smith, C.A.; Puccia, E.; Martin, J.P.; Lee, R.; MacDonald, G.; Wao, H.
Pursuing an engineering major: Social capital of women and underrepresented minorities. Stud. High. Educ. 2020, 45, 592–607.
[CrossRef]

26. McGee, E.O. Black, Brown, Bruised: How Racialized STEM Education Stifles Innovation; Harvard Education Press: Cambridge, MA,
USA, 2021.

27. Summers, M.F.; Hrabowski, F.A., III. Preparing minority scientists and engineers. Science 2006, 311, 1870–1871. [CrossRef]
28. Shapiro, C.A.; Sax, L.J. Major selection and persistence for women in STEM. New Dir. Inst. Res. 2011, 2011, 5–18. [CrossRef]
29. Acker, J. Inequality regimes: Gender, class, and race in organizations. Gend. Soc. 2006, 20, 441–464. [CrossRef]
30. Dancy, M.; Rainey, K.; Stearns, E.; Mickelson, R.; Moller, S. Undergraduates’ awareness of White and male privilege in STEM. Int.

J. STEM Educ. 2020, 7, 1–17. [CrossRef]
31. Rainey, K.; Dancy, M.; Mickelson, R.; Stearns, E.; Moller, S. Race and gender differences in how sense of belonging influences

decisions to major in STEM. Int. J. STEM Educ. 2018, 5, 1–14. [CrossRef]
32. Rohde, J.; Musselman, L.; Benedict, B.; Verdín, D.; Godwin, A.; Kirn, A.; Benson, L.; Potvin, G. Design experiences, engineering

identity, and belongingness in early career electrical and computer engineering students. IEEE Trans. Educ. 2019, 62, 165–172.
[CrossRef]

33. Madara, D.S.; Cherotich, S. Analysis of Masculinities Across Engineering Disciplines. Res. Humanit. Soc. Sci. 2016, 6. Available
online: https://core.ac.uk/download/pdf/234675369.pdf (accessed on 12 March 2021).

34. van Aalderen-Smeets, S.I.; Walma van der Molen, J.H. Modeling the relation between students’ implicit beliefs about their abilities
and their educational STEM choices. Int. J. Technol. Des. Educ. 2018, 28, 1–27. [CrossRef]

35. Morton, T.R.; Parsons, E.C. # BlackGirlMagic: The identity conceptualization of Black women in undergraduate STEM education.
Sci. Educ. 2018, 102, 1363–1393.

36. Secules, S.; Gupta, A.; Elby, A.; Tanu, E. Supporting the narrative agency of a marginalized engineering student. J. Eng. Educ.
2018, 107, 186–218. [CrossRef]

37. Capobianco, B.M.; Diefes-dux, H.A.; Mena, I.; Weller, J. What is an engineer? Implications of elementary school student
conceptions for engineering education. J. Eng. Educ. 2011, 100, 304–328. [CrossRef]

38. Carli, L.L.; Alawa, L.; Lee, Y.; Zhao, B.; Kim, E. Stereotypes about gender and science: Women 6=scientists. Psychol. Women Q. 2016,
40, 244–260. [CrossRef]

39. Fralick, B.; Kearn, J.; Thompson, S.; Lyons, J. How middle schoolers draw engineers and scientists. J. Sci. Educ. Technol. 2009, 18,
60–73. [CrossRef]

40. Smeding, A. Women in science, technology, engineering, and mathematics (STEM): An investigation of their implicit gender
stereotypes and stereotypes’ connectedness to math performance. Sex Roles 2012, 67, 617–629. [CrossRef]

41. Cheryan, S.; Master, A.; Meltzoff, A.N. Cultural stereotypes as gatekeepers: Increasing girls’ interest in computer science and
engineering by diversifying stereotypes. Front. Psychol. 2015, 49. [CrossRef]

42. Hughes, R.M.; Nzekwe, B.; Molyneaux, K.J. The single sex debate for girls in science: A comparison between two informal science
programs on middle school students’ STEM identity formation. Res. Sci. Educ. 2013, 43, 1979–2007. [CrossRef]

43. Leibnitz, G.M.; Gillian-Daniel, D.L.; Greenler, R.M.C.C.; Campbell-Montalvo, R.; Metcalf, H.; Segarra, V.A.; Peters, J.W.; Patton, S.;
Lucy-Putwen, A.; Sims, E.L. The inclusive professional framework for societies: Changing mental models to promote diverse,
equitable, and inclusive STEM systems change. Front. Sociol. 2022, 6, 784399. [CrossRef] [PubMed]

44. Van Tuijl, C.; van der Molen, J.H.W. Study choice and career development in STEM fields: An overview and integration of the
research. Int. J. Technol. Des. Educ. 2016, 26, 159–183. [CrossRef]

45. Eastman, M.G.; Christman, J.; Zion, G.H.; Yerrick, R. To educate engineers or to engineer educators?: Exploring access to
engineering careers. J. Res. Sci. Teach. 2017, 54, 884–913. [CrossRef]

46. Metcalf, H.; Russell, D.; Hill, C. Broadening the science of broadening participation in STEM through critical mixed methodologies
and intersectionality frameworks. Am. Behav. Sci. 2018, 62, 580–599. [CrossRef]

http://doi.org/10.1080/03043790903137585
http://doi.org/10.1097/ACM.0b013e3181574a62
http://doi.org/10.1080/19378620903225059
http://doi.org/10.1590/0103-6513.220516
https://openjournals.library.sydney.edu.au/index.php/CAL/article/view/10707
https://openjournals.library.sydney.edu.au/index.php/CAL/article/view/10707
http://doi.org/10.1080/03075079.2019.1609923
http://doi.org/10.1126/science.1125257
http://doi.org/10.1002/ir.404
http://doi.org/10.1177/0891243206289499
http://doi.org/10.1186/s40594-020-00250-3
http://doi.org/10.1186/s40594-018-0115-6
http://doi.org/10.1109/TE.2019.2913356
https://core.ac.uk/download/pdf/234675369.pdf
http://doi.org/10.1007/s10798-016-9387-7
http://doi.org/10.1002/jee.20201
http://doi.org/10.1002/j.2168-9830.2011.tb00015.x
http://doi.org/10.1177/0361684315622645
http://doi.org/10.1007/s10956-008-9133-3
http://doi.org/10.1007/s11199-012-0209-4
http://doi.org/10.3389/fpsyg.2015.00049
http://doi.org/10.1007/s11165-012-9345-7
http://doi.org/10.3389/fsoc.2021.784399
http://www.ncbi.nlm.nih.gov/pubmed/35265700
http://doi.org/10.1007/s10798-015-9308-1
http://doi.org/10.1002/tea.21389
http://doi.org/10.1177/0002764218768872


Sustainability 2023, 15, 467 15 of 15

47. Tyson, W.; Smith, C.A.; Ndong, A.N. To stay or to switch? Why students leave engineering programs. In Becoming An Engineer in
Public Universities; Springer: Berlin/Heidelberg, Germany, 2010; pp. 53–80.

48. Wao, H.O.; Lee, R.S.; Borman, K.M. Climate for retention to graduation: A mixed methods investigation of student perceptions of
engineering departments and programs. J. Women Minor. Sci. Eng. 2010, 16, 293–317. [CrossRef]

49. Weston, T.J. Patterns of switching and relocation. In Talking about Leaving Revisited; Springer: Berlin/Heidelberg, Germany, 2019;
pp. 55–85.

50. Matusovich, H.M.; Streveler, R.A.; Miller, R.L. Why do students choose engineering? A qualitative, longitudinal investigation of
students’ motivational values. J. Eng. Educ. 2010, 99, 289–303. [CrossRef]

51. Oyserman, D. Identity-based motivation. Emerg. Trends Soc. Behav. Sci. 2015, 1–11. [CrossRef]
52. Piatek-Jimenez, K.; Cribbs, J.; Gill, N. College students’ perceptions of gender stereotypes: Making connections to the underrepre-

sentation of women in STEM fields. Int. J. Sci. Educ. 2018, 40, 1432–1454. [CrossRef]
53. Steinke, J. Adolescent girls’ STEM identity formation and media images of STEM professionals: Considering the influence of

contextual cues. Front. Psychol. 2017, 716. [CrossRef]
54. Rodriguez, S.L.; Lu, C.; Bartlett, M. Engineering identity development: A review of the higher education literature. Int. J. Educ.

Math. Sci. Technol. 2018, 6, 254–265. [CrossRef]
55. Ro, H.K.; Fernandez, F.; Ramon, E.J. Gender Equity in STEM in Higher Education: International Perspectives on Policy, Institutional

Culture, and Individual Choice, 1st ed.; Taylor & Francis: Germantown, NY, USA, 2021.
56. Strachan, R.; Peixoto, A.; Emembolu, I.; Restivo, M.T. Women in engineering: Addressing the gender gap, exploring trust and our

unconscious bias. In Proceedings of the 2018 IEEE Global Engineering Education Conference (EDUCON), Santa Cruz de Tenerife,
Spain, 17–20 April 2018; pp. 2088–2093.

57. Fisher, C.R.; Thompson, C.D.; Brookes, R.H. Gender differences in the Australian undergraduate STEM student experience: A
systematic review. High. Educ. Res. Dev. 2020, 39, 1155–1168. [CrossRef]

58. Sousa, D. Validation in qualitative research: General aspects and specificities of the descriptive phenomenological method. Qual.
Res. Psychol. 2014, 11, 211–227. [CrossRef]

59. Denzin, N.K.; Lincoln, Y.S. The Sage Handbook of Qualitative Research; Sage: Thousand Oaks, CA, USA, 2011.
60. Becker, S.; Bryman, A.; Ferguson, H. Understanding Research for Social Policy and Social Work: Themes, Methods and Approaches; Policy

Press: Bristol, UK, 2012.
61. Yin, R.K. Introduction: How to know whether and when to use case studies as a research method. Case Study Res. Des. Methods

2009, 3–24.
62. Faculty of Science and Engineering, School of Engineering, Macquarie University. Quantitative Enrolment Data for the School of

Engineering; Macquarie University: Sydney, Australia, 2021.
63. Mack, N. Qualitative research methods: A data collector’s field guide. Fam. Health Int. 2005. Available online: http://

elibrary.mukuba.edu.zm:8080/jspui/bitstream/123456789/484/1/Copy%20of%20Qualitative%20Research.pdf (accessed on
9 October 2022).

64. Victoria, C.; Virginia, B.; Nikki, H. Thematic analysis. J. Posit. Psychol. 2017, 12, 297–298.
65. Guest, G.; MacQueen, K.M.; Namey, E.E. Applied Thematic Analysis; Sage Publications: Thousand Oaks, CA, USA, 2011.
66. Smith, C.A.; Wao, H.; Kersaint, G.; Campbell-Montalvo, R.; Gray-Ray, P.; Puccia, E.; Martin, J.P.; Lee, R.; Skvoretz, J.; MacDonald, G.

Social capital from professional engineering organizations and the persistence of women and underrepresented minority
undergraduates. Front. Sociol. 2021, 6, 671856. [CrossRef] [PubMed]

67. Ahmed, S. On being included. In On Being Included; Duke University Press: Durham, NC, USA, 2012.
68. Cardador, M.T.; Caza, B. The subtle stressors making women want to leave engineering. Harv. Bus. Rev. 2018, 23. Available

online: https://hbr.org/2018/11/the-subtle-stressors-making-women-want-to-leave-engineering (accessed on 9 October 2022).
69. Kaspura, A. The Engineering Profession, A Statistical Overview; Engineers Australia: Barton, Australia, 2019; pp. 22–23.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1615/JWomenMinorScienEng.v16.i4.20
http://doi.org/10.1002/j.2168-9830.2010.tb01064.x
http://doi.org/10.1002/9781118900772.etrds0171
http://doi.org/10.1080/09500693.2018.1482027
http://doi.org/10.3389/fpsyg.2017.00716
http://doi.org/10.18404/ijemst.428182
http://doi.org/10.1080/07294360.2020.1721441
http://doi.org/10.1080/14780887.2013.853855
http://elibrary.mukuba.edu.zm:8080/jspui/bitstream/123456789/484/1/Copy%20of%20Qualitative%20Research.pdf
http://elibrary.mukuba.edu.zm:8080/jspui/bitstream/123456789/484/1/Copy%20of%20Qualitative%20Research.pdf
http://doi.org/10.3389/fsoc.2021.671856
http://www.ncbi.nlm.nih.gov/pubmed/34136561
https://hbr.org/2018/11/the-subtle-stressors-making-women-want-to-leave-engineering

	Introduction 
	Literature Review 
	Materials and Methods 
	Context 
	Participants 
	Methods and Procedures 
	Data Analysis 

	Findings 
	Motivating Factors 
	Network of Relationships 
	Intellectual Capability 

	Barriers 
	Gendered Perceptions within Socio-Cultural Context 
	Engineering Identity 


	Discussion 
	Implications and Recommendations 
	References

