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ABSTRACT
CONTEXT

Despite ongoing attempts to increase the number of women in engineering, they remain
underrepresented in the engineering workplace. In addition to the difficulty in attracting females to
STEM subjects in high school and university, and hence STEM careers, there is significant attrition
of women from the STEM workforce. While there are challenges around caring responsibilities and
difficulty with flexible work arrangements, the bigger problem is the workplace culture, with a
majority of women reporting discrimination, harassment and/or exclusionary behaviour in the
workplace. Organisational responses such as policies, procedures and training programs are
frequently not implemented well, or at all, leading many women to leave the workplace.

PURPOSE

This paper proposes that the problem is not organisational but a social. The key scientific
contributions of this work include the use of a socio-ecological model for gender-based violence to
categorise the experiences of women in engineering as documented in published literature. This
demonstrates not only that engineering has a distinct problem with gender-based violence, but also
that tools and frameworks used in the social sciences and humanities are applicable in engineering
context, and can provide a new perspective, as well as support us to create and evaluate change.

APPROACH

A socio-ecological model was sought out and used as a framework for categorising the lived
experiences of women in the engineering and STEM fields. These experiences are typical of those
reported through literature based on interviews with female engineers, and those in surveys.

OUTCOMES

The successful application of the socio-ecological model of gender-based violence shows that the
engineering profession has an entrenched problem with norms, practices and structures that foster
gender inequality, with women in the engineering workplace experiencing expressions of gender-
based violence that cause emotional and psychological harm. It also shows that tools from the
social sciences and humanities can support the investigation of factors affecting women in the
engineering workplace. Further, approaches and tools used to inform the development and
evaluation of initiatives that respond to social issues such as gender-based violence in the wider
community can be used to design and evaluate a response strategy for the engineering profession.

CONCLUSIONS

A curricular response in engineering education, based on the approaches used in the social
sciences and humanities, has the power to equip graduate engineers with the skills and attitudes
that will ensure that everyone is welcome in the engineering workplace of the future.
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Note

This paper does not aim to be inflammatory or devalue the contributions being made in the
workplace to date. Colleagues who actively promote diversity and support equity groups in the
engineering workplace are making a difference. The aim of this work is to use an existing
framework to better describe the circumstances faced by women in engineering to better define the
problem. The authors hope that this paper facilitates discussion around the topic by making it more
visible, more tangible, and providing words and lenses to use in these discussions. Furthermore,
the proposed framework lends itself to the investigation of experiences of other equity groups.

Introduction

The continuing underrepresentation of women in science, technology, engineering and
mathematics (STEM) areas, and in particular engineering, has been the subject of many reviews,
reports and recommendations. The statistics for engineering are relatively stagnant, with only 13%
of professional engineers in the Australian workforce being female (Engineers Australia, 2022).
Many recommendations focus on increasing the gender diversity of students who choose to study
engineering at university in an effort to grow the pipeline. Given that only 16 % of Australian
engineering graduates are female (Engineers Australia, 2022), there is clearly more to be done.

Much of the work focuses on what women can or are already doing to change the situation —
women should support each other, can develop the persistence to succeed, and should help drive
the change (Arthur, 2020; Engineers Australia's Women in Engineering National Committee, 2012;
Hatmaker, 2013) but do note that this is a burden to be taken on by women alone (Hatmaker,
2013) and call for a more inclusive culture (Buzzanell et al., 2023; Dabi¢ et al., 2024).
Organisations publishing in this area unsurprisingly focus on corporate and systemic actions
(Engineers Australia, 2022; Professionals Australia, 2021). Feminist researchers call for wholesale
change in the gendered profession of engineering (Bastalich et al., 2007; Riley et al., 2009).
Researchers agree that this is a complex and multifaceted problem.

In response to the many other complex, multifaceted problems facing the world, and the changing
role of engineers working with these problems, the International Engineering Alliance (2021) have
updated their graduate capabilities to increase the focus on diversity and inclusion. This is part of a
larger body of work done to incorporate the United Nations Sustainable Development Goals (UN
SDGs) into the IEA graduate attributes. Indeed, the underrepresentation of women in engineering
directly relates to UN SDG 5, Gender Equality. Before engineering graduates can solve the
problems facing the world, the engineering profession needs to address the systemic problems
that exist within its own structure and workforce.

Many programs focus on growing the pipeline of girls into STEM studies and careers. This results
in quantifiable goals and is easily measured, such as by the STEM Equity Monitor Data Report
2024 (Australian Government Department of Industry Science and Resources). The interest and
participation in all areas of STEM in schools, higher education and workforce are evaluated, which
supports the evaluation of measures towards gender parity in STEM. These are positive actions,
though they can’t be the only solution. The 2022 report on Women in Engineering (Engineers
Australia, 2022) notes that women do not typically leave engineering because of the work but
because of the workplace. Bullying, harassment and exclusion characterise a non-inclusive
workplace culture which is exhausting for the female engineers who are working in it. The
materially different experience of women in STEM compared with male colleagues is due to the
widely established prevalence of gender-based discrimination, sexual assault and sexual
harassment (SASH) in these fields (Barnacle et al., 2023).

For every report about the problems facing women in engineering (and this paper quotes only a
few of the many in existence) there are recommendations. Some are highly practical and
procedural, others are more qualitative. Typically these include “Gender Bias Training” and Flexible
Work Arrangements (Engineers Australia, 2022), and calls for a more diverse and inclusive
environment (Buzzanell et al., 2023; Dabi¢ et al., 2024). As university educators we are in a
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position where we can foster a more inclusive attitude in our students. The authors suggest that
the best way to create the necessary change is by equipping graduate engineers with the skills and
attitudes that will ensure that everyone is welcome in the engineering workplace of the future.

The updated IEA graduate attributes also include a reference to the “relevant social sciences” in
terms of the knowledge of graduate engineers. This paper poses the research questions, “Does
the social sciences and humanities (SSH) field offer tools or frameworks that can help us to identify
factors that contribute to the lived experience of women in engineering? If so, do they have the
potential to support us to create and evaluate positive change?”

Gender Stereotypes

Bias and stereotyping are noted as a persistent problem in STEM workplaces (Commonwealth of
Australia, 2019). Much work has been done investigating gendered stereotypes and norms, with
Stewart et al. (2021) completing a systematic review of interventions aimed to shift attitudes or
behaviours towards gender stereotypes. All 71 studies included in the review aimed to change
attitudes and beliefs surrounding gender norms and/or stereotypes in varying contexts. The implicit
theory of change was that a greater knowledge of the situation would lead to more equitable
attitudes and beliefs and therefore shifts in behavioural intentions. The most successful of these
interventions predominantly used education as the key driver, with some also using community
mobilization or research alongside education. To strengthen impact, additional strategies were
used, with 17 studies also using an ecological framework to support the change at multiple levels.

A socio-ecological framework is a way of systemising the wider environment around an individual
and capturing the relationships between the individual and the environmental factors. A systematic
representation such as this can help support a systematic response. For example, programs can
target change at an individual (per-person) level, as well as a community-level response.

Examples of structures, norms
and practices found to increase
the probability of violence against
women, at different levels of the
social ecology.

Societal
Dominant social norms supporting
rigid roles and stereotyping, or
condoning, excusing and downplaying
System and violence against women.
institutional

Failure of systems, institutions

and policies to promote women's
economic, legal and societal
autonomy, or to adequately address

Organisational violence against women.

and community

Organisation and community norms,
structures and practices supporting
or failing to address gender inequality,
stereotyping, discrimination and

Individual and violence.
relationship

Individual adherence to rigid gender
0%‘9 roles and identities, weak support

s
);?0 ° c’.‘\ for gender equality, social learning
rUR P“p‘ of violence against women, male
Es, NORMS & dominance and controlling behaviours
in relationships.

Figure 1: Socio-ecological model of structures, norms and practices that increase the probability of
violence against women. (Our Watch, 2021a)

Gender stereotyping appears in the socio-ecological model of factors that increase the probability
of violence against women (Our Watch, 2021a) which is shown in Figure 1. This is no coincidence,
with two significant drivers of violence against women being “the unequal distribution of power and
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resources between men and women [and] an adherence to rigidly defined gender roles and
identities, i.e. what it means to be masculine or feminine” (VicHealth, 2014).

What is Gender-based Violence?

Gender-based violence refers to men’s violence against women comprising any
act that results in, or is likely to result in, physical, sexual or psychological harm
or suffering to women, including threats of such acts, coercion or arbitrary
deprivation of liberty, whether occurring in public or in private life.

These forms of violence include physical, sexual, emotional, psychological,
social, cultural, spiritual, financial and technology-facilitated violence or abuse
(including image-based abuse), and stalking. This definition encompasses
violence that occurs in many contexts, including in the home, in residential care
and institutional settings, in workplaces, public places, and online or virtual
spaces.(Our Watch, 2021b)

Gender-based violence (GBV) is much more than the domestic violence or sexual assault that
might initially come to mind. Still, the idea that this has some relevance to the engineering
workforce might not be obvious to many. Indeed, we might like to think that as a profession, the
occurrence of overt sexually discriminatory behaviour and sexual harassment behaviours has
reduced. The experience of female engineers and other STEM professionals suggests that there is
still a pervasive problem, with many challenges persisting with workplace culture, exclusionary
behaviours, biases in decision-making and recruitment, discrimination, sexual harassment and
gender stereotyping (Professionals Australia, 2021). It is important to note that in this context
violence includes emotional and psychological harm, which is less obvious than overt physical
manifestations of violence though still with the potential for significant long term effects (Beaton et
al., 2015). Many small problems, easily minimised or ignored, combine to create an insidious
problem for the women working in these environments. In the following section, the experiences of
women in engineering and in STEM workplaces will be unpacked through the lens of the socio-
ecological model from Our Watch (2021a, 2021b).

Gender inequality describes the unequal access to opportunities, resources and power due to
ongoing structural and societal causes. Gender is not the only driver of inequality, and it is
acknowledged that other groups, and intersections thereof, face inequalities as well. For simplicity
this paper will concentrate on the circumstances and experiences of female engineers. It is widely
acknowledged that steps taken to assist the inclusion of one minority group will assist others — by
reducing inequalities experienced by female engineers, we can do the same for others.

Approach

Key terms from the socio-ecological model in Figure 1 were selected where they are transferrable
to the professional engineering workplace. For example, “rigid roles and stereotyping”. The
literature around women in engineering and STEM workplaces was then reviewed through the lens
of the key terms, with examples found to support the link between the enablers of gender-based
violence and the experience of women in the engineering workplace. The literature review was not
exhaustive, requiring only an example of the key term being documented in the literature. The
results of the survey undertaken by Professionals Australia (2021) was particularly useful, with
39.2% of the 957 responses being from engineers.

Table 1 draws out key phrases from Figure 1 and provides references to literature where this has
been identified as a problem with respect to gender in the engineering workplace. Factors can be
linked at every level — from consistent anecdotal experiences of individual women up to the
societal view of the profession of engineering. Explicit physical violence has been omitted from the
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chart, as it is the most recognised and acknowledged form of GBV. This is not to understate its
impact or the importance of addressing this serious problem. In this paper, we have chosen to
focus on the more insidious contributors to GBV that may not be as well recognised.
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Table 1: Linkage between contributors to GBV and women’s experiences in the STEM workplace.

Level Key Phrase Examples from literature

Requests to organise catering and perform nurturing roles, and being
Riaid aender roles compartmentalised as wives and mothers. (Hatmaker, 2013)
9dg Being left out of technical tasks and allocated the ‘softer’, “documentation”
tasks. (Professionals Australia, 2021)
Women feeling it is easier to dress and act “as one of the boys” (Hatmaker,
. 2013)
Individual and | Weak support for , . - .
relationship equality Men'’s feelings of elitism and exclusivity (Buzzanell et al., 2023)

Women being held to a higher standard for recognition, flexible work,
credibility. (Professionals Australia, 2021)

Male Dominance

Pressure for women to behave in a feminine manner in a masculine
environment, while men self-promote and seek to take charge. (Williams,
2016)

Prevalence of the “Boy’s Club” culture. (Professionals Australia, 2021)

Organisational
and
community

Norms supporting
gender inequality

Introducing a woman as the “diversity hire”. (Hatmaker, 2013)

Most people imagine a brilliant engineer to be a man. (Williams, 2016)
Repeatedly being ignored in meetings. (Professionals Australia, 2021)
Lack of equal pay. (Australian Government Department of Industry Science
and Resources, 2024; Professionals Australia, 2021)

Norms supporting
stereotyping

Doubting of women'’s technical abilities, with them needing to repeatedly
prove themselves. (Williams, 2016)

Challenges for women to upskill, with PD opportunities being offered to
“more committed staff’ and hiring and promotion activities favouring “white
men” [like the selection panel]. (Professionals Australia, 2021)

Norms supporting
discrimination

Some male engineers openly express that they don’t like to work with women
engineers. (Hatmaker, 2013)

Motherhood has a strong negative correlation with perceptions of
competence and commitment (Williams, 2016)

System and
institutional

Failure of systems

56.7% of female STEM professionals in Australia were discriminated against
based on their gender. 22% left the workplace as a result. (Professionals
Australia, 2021)

Women are reluctant to report sexual assault or harassment due to
implications for career. (Professionals Australia, 2021)

Failure of policies

A gap often exists between an organisation’s policies and the actual
workplace culture. This is due in part to lack of strategy to implement.
(Professionals Australia, 2021)

Unconscious bias in promotion, recruitment and decision making.
(Professionals Australia, 2021)

Societal

Dominant social
norms supporting
rigid roles

Engineering’s occupational culture has been labelled masculine, manly, and
male-centred. (Hatmaker, 2013)

Australian culture doesn’t currently support the participation of all in STEM —
not just “white haired men in lab coats”. (Commonwealth of Australia, 2019)

Dominant social
norms supporting
rigid stereotyping

Engineering has been depicted as valuing masculine interaction styles such
as aggressive displays of technical ability, self-promotion and self-
confidence. (Hatmaker, 2013)

Lack of female role models in STEM in the classroom, at work or on the
screen. (Commonwealth of Australia, 2019)
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As noted in the introduction, the 2022 report on Women in Engineering (Engineers Australia, 2022)
notes that women do not typically leave engineering because of the work but because of the
workplace. The contents of Table 1 show that the engineering profession has an entrenched
problem with norms, practices and structures that foster gender inequality at all levels of the model.
This results in psychological harm and suffering even when physical or sexual harm is not
immediately apparent. It is important that we recognise these as expressions of gender-based
violence and respond accordingly.

Based on Table 1, the socio-ecological model for factors predicting gender-based violence seems
highly applicable and relevant to the context of women in STEM workplaces.

Given that a tool from the SSH fields has been found useful to describe the challenges facing
women in the engineering and wider STEM fields, can interventions that have been used by SSH
practitioners to address challenges such as GBV, and which use a socio-ecological model, also be
applicable to the engineering field?

Responses to Gender-based Violence

With an improved understanding of the linkage between GBV and the experiences of women in the
engineering workplace, the Action Plan Addressing Gender-based Violence in Higher Education
(Education Ministers Meeting, 2023) is directly relevant to engineering educators. The action plan
requires universities to adopt a whole-of-organisation approach to preventing and responding to
gender-based violence. This is an outcome that has likely received little attention in the
engineering departments across the country. However, the action plan presents an opportunity to
make real change to the engineering profession by upskilling engineering students with a curricular
response.

As noted earlier, many interventions use the ecological model to facilitate responses at more than
one level of the system. As university educators, while we might strive to change the world, the
biggest impact we can make is at the inner two layers — the individual level and the community and
organisational level, equipping our students to be changemakers in their workplaces.

A Curricular Response

Respect is a consistent theme in the literature around establishing inclusive workplace cultures
(Robotham & Cortina, 2021), higher education contexts (Barnacle et al., 2023) and reducing
gender-based violence (Orr et al., 2022). The need to develop empathy and understanding (Our
Watch, 2021b), as well as the importance of a longitudinal approach in place of one off sessions
(Barnacle et al., 2023; Our Watch, 2021b; Universities Australia, 2023) are well documented.

Therefore, any curricular response should be longitudinal, and focus on the wider view of building
connectedness, respect and empathy as well as knowledge of gender inequalities.

Teaching Empathy

It is perhaps unhelpful to focus too strongly on educating our students about the drivers of gender-
based violence without first assisting them to develop their interpersonal and socio-emotional skills,
in particular, empathy. After all, understanding the theory behind what causes gender-based
violence is hardly a call to action to someone who doesn’t empathise with the experience of
another person.

There is a growing body of work in the area of empathy in engineering, such as the work of
Walther et al. (2017) who propose a model for teaching empathy as a core skill for engineers,
though it is not explicitly linked to workplace challenges such as GBV and SASH. More recent work
(De Zoysa et al., 2024) adds to the argument for teaching empathy to engineering students,
focusing on prosocial forms of empathetic action, and the potential impact on professional
performance, including leadership and teamwork, though again not directly on the reduction of
GBYV and the enabling factors prevalent in the engineering workplace.
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Skills such as empathy can be measured, and improved, with higher levels of emaotional
intelligence being linked to academic and career success. Jardim et al. (2022) developed a Soft
Skill Inventory which they assert enables higher education students to self-assess skills they
identified as being associated with academic and professional success: self-determination,
resilience, empathy, assertiveness, social support, and teamwork. Facilitating students to identify
an empathy deficit may assist them to prioritise increasing their empathy as part of their higher
education if the personal benefits of increasing empathy are explained.

Different approaches to teaching empathy to medical students have been analysed, with didactic
approaches (with or without other instructional approaches) being identified as the most effective
approach (Ngo et al., 2022). The explanation for this is the explicit theoretical framework used for
empathy training and the structure it provides the learner for assimilating the new concepts.

Barriers to Implementation

There are barriers to implementing changes in the engineering curriculum. The authors suggest
that one such barrier is the similarity of the engineering education workplace with the wider
engineering profession, and the lack of understanding and recognition of the problem in
engineering faculties.

Other identified barriers to incorporating social science and humanities (SSH) content in the STEM
curriculum include resistance to change, external influences on curricula, lack of guidelines, and
misconceptions on what SSH in STEM involves (Josa & Aguado, 2021).

It is understandable that engineering academics, used to dealing with the highly practical, often
tangible field of engineering, might find the idea of teaching seemingly abstract concepts such as
empathy challenging, with the outcomes being difficult to quantify. However, as the educators of
the engineers of the future, the onus is on engineering academics to identify any gaps in their
personal and professional skill sets and undertake development accordingly.

A Path Forward

How then can engineering academics create a safe learning environment when SSH and the
intentional development of skills such as empathy were unlikely included in their own learning
journey?

Our Watch (2021b) provide numerous recommendations for academics to contribute to the
prevention of gender-based violence through curriculum, including; educating themselves on
gendered-violence first, then honing their own intersectional lens for more self-awareness and self-
reflection that can place student’s learning needs at the centre of their work, applying a gender
lens to teaching content and considering what bias is being brought and whose experience is not
represented, modelling equity and using the power and authority that comes with their role to
facilitate inclusion and empowerment of others, develop and tailor teaching resources to integrate
new learning into curriculum, and create safe, respectful and open learning environments.

Engineering educators can also look to disciplines that include a trauma-informed approach to
teaching and learning. Goddard et al. (2022) provide a definition of trauma-informed education in
nursing that could well be applied to STEM fields. It is described as “collaborative, relation-based
approach in which trauma awareness and resilience building create a learning environment safe
for self-exploration, understanding, and problem solving.”

Evaluation

The social sciences also offer tools for evaluating initiatives. Evaluation of change in complex
systems can be undertaken using tools such as program logic models. Schiavo et al. (2020) used
a socio-ecological model, along with a program logic model, to undertake evaluation of an
immunisation initiative in Kyrgyzstan. A similar approach could be utilised in this context.
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Conclusion

The questions posed at the beginning of this paper were, “Does the social sciences and
humanities (SSH) field offer tools or frameworks that can help us to identify factors that contribute
to the lived experience of women in engineering? If so, do they have the potential to support us to
create and evaluate positive change?” The answer to both questions has been shown to be yes.
The novel contribution of this paper is to identify the applicability of the GBV socio-ecological
model to the documented experiences of women in the engineering profession. This has been
shown through the provision of typical examples of the drivers for gender-based violence which are
prevalent in the profession.

The Action Plan Addressing Gender-based Violence in Higher Education (Education Ministers
Meeting, 2023) provides an opportunity for engineering educators to propose a curricular response
as part of the institutional responses of their universities. Characteristics of a curricular response,
along with examples in other disciplines have been presented at a high level. The frameworks and
tools used within the SSH disciplines, along with resources and approaches used to target gender-
based violence, can support engineering academics to build empathy and break down the enablers
of SASH. In this way we can all contribute to increasing gender equity and decreasing gendered
violence in the engineering education and workplace contexts.

Further Work

This work has only touched the tip of the iceberg. An extensive review of SSH frameworks and
tools is warranted, with relevant frameworks having potential to support the evaluation of the
current curricular resources for teaching empathy, respect and building community in the
engineering education context. Best practice for teaching the content linked to reducing gender-
based violence can then be contextualised to the engineering education environment and an
implementation framework established. SSH tools for evaluating change, such as program logic
models, deserve further investigation for potential application to the context. oCollaboration with
those in the SSH fields will be critical to the success of this project.
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