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To all women:
Dreams, determination, and dedication are powerful forces that bring us closer to a new self-
awareness waiting to be discovered. You are worthy of achieving, so go for it!

“People are often unreasonable, illogical, and self-centred;
Forgive them anyway.

If you are kind, people may accuse you of selfish, ulterior motives;
Be kind anyway.

If you are successful, you will win some false friends and some true enemies;
Succeed anyway.

If you are honest and frank, people may cheat you;

Be honest anyway.

What you spend years building, someone could destroy overnight;
Build anyway.

If you find serenity and happiness, they may be jealous;

Be happy anyway.

The good you do today, people will often forget tomorrow;

Do good anyway.

Give the world the best you have, and it may never be enough.”

Mother Teresa
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ABSTRACT.

The COVID-19 pandemic not only accelerated the global digital transformation
in STEAM (Science, Technology, Engineering, Arts, and Mathematics) sectors but
also exacerbated the gender gap in these areas. Women face difficulties in accessing
and advancing in STEAM industries due to factors such as the lack of female role
models, gender stereotypes, gender segregation, lack of confidence, and the impostor
syndrome. This research focuses on Europe, where gender equality is a priority, and
aims to explore how the representation of women in STEAM has been addressed in
academic discourse and the media, with Lithuania as a case study. The specific
objectives include analysing academic discourse on women in STEAM; exploring
European projects promoting women in STEAM through systematic project review;
delving into the representations of female scientists in commercial cinema using the
Bechdel test and Greimas' Actantial method; and finally, conducting a Critical
Discourse Analysis of women leaders in STEAM in Lithuania. The results reveal: 1)
An increase in research on women in STEAM, but also challenges such as gender
imbalances in research authorship. 2) Academia has contributed, but a more action-
oriented approach is needed. 3) European projects primarily focus on education and
gender equality plans in STEAM organisations. 4) Regarding the research on cinema
representation, it shows how media shapes public perceptions of women in STEAM.
5) The last publication highlights the agency and resilience of Lithuanian women in
STEAM who have overcome gender norms. In summary, progress has been made in
understanding gender inequalities in STEAM, but a multidisciplinary approach and
new epistemological perspectives are needed to achieve lasting change in gender
representation in these historically male-dominated fields, opening up participation
and leadership opportunities for women in these sectors.

Keywords: Women; STEAM; Social Representations; Discourse; Media; Lithuania,
Europe.



RESUMEN

La pandemia del COVID-19 no solo aceleré la transformacién digital mundial
en los sectores STEAM (Ciencia, Tecnologia, Ingenieria, Artes y Matematicas), sino
gue también agravo la brecha de género en estas areas. Las mujeres tienen
dificultades para acceder y progresar en las industrias STEAM debido a factores como
la falta de modelos de liderazgo femeninos, los estereotipos, la segregacion de
género, la falta de confianza y el sindrome del impostor. Esta investigacion se centra
en Europa, donde la igualdad de género es una prioridad, y pretende explorar como
se ha abordado la representacion de las mujeres en STEAM en el discurso académico
y en los medios de comunicacion, con Lituania como estudio de caso. Los objetivos
especificos incluyen analizar el discurso académico sobre las mujeres en STEAM,;
explorar los proyectos europeos que promueven a las mujeres en STEAM mediante
la revisién sistematica de proyectos; profundizar en las representaciones de las
mujeres cientificas en el cine comercial utilizando el test de Bechdel y el método
Actantial de Greimas; y, por ultimo, realizar un Analisis Critico del Discurso de las
mujeres lideres en STEAM en Lituania. Los resultados revelan 1) Un aumento de la
investigacion sobre las mujeres en STEAM, pero también retos como los
desequilibrios de género en la autoria de la investigacion. 2) El mundo académico ha
contribuido, pero se necesita un enfoque mas orientado a la accion. 3) Los proyectos
europeos se centran principalmente en la educacion y los planes de igualdad de
género en las organizaciones STEAM. 4) En cuanto a la investigacion sobre la
representacion cinematografica, muestra cémo los medios de comunicacion
configuran la percepcién publica de las mujeres en STEAM. 5) La ultima publicacion
pone de relieve la agencia y la resistencia de las mujeres Lituanas en STEAM que
han superado las normas de género. En resumen, se ha avanzado en la comprension
de las desigualdades de género en STEAM, pero se necesita un enfoque
multidisciplinar y nuevas perspectivas epistemoldgicas para lograr un cambio
duradero en la representacion de género en estos campos histéricamente dominados
por los hombres, abriendo oportunidades de participacion y liderazgo para las mujeres
en estos sectores.

Palabras clave: Mujeres; STEAM; Representaciones Sociales; Discurso; Medios de
Comunicacion; Lithuania; Europa.






1. INTRODUCTION

The COVID-19 pandemic and the fast digital transformation forced world
economies to convert almost every task or work position into one that could be done
virtually, by a robot, an Al model, and sometimes remotely. At the same time, this
brought to light that women around the globe are not prepared for such rapid
transformations, as they do not have the necessary skills, technical knowledge, and
access to resources or technologies to ensure them a spot in today’s economy. This
thesis focuses on European countries where women’s struggles during these critical
times have deepened, and it requires further solutions to achieve gender equality in
STEAM, boosting women’s life plans.

Science, Technology, Engineering, Arts, and Mathematics (STEAM)! are
currently the most critical careers shaping the world’s interactions at all levels: political,
economic, social, cultural, and more; for instance, now people use machines to pay
by themselves in supermarkets; online cards to avoid cash; there are new digital
currencies as bitcoins, NFTs, as well as apps to meet people. The market is changing,
and women are far from matching its needs; in fact, “women make up 52% of the
European population, and the majority of tertiary graduates in the EU; yet only 2 out
of 5 scientists and engineers are women and only 18% of the specialist in ICT” (EC,
2022, p. 2), this referring only to one of the multiple careers that cover STEAM,
therefore the relevance of analysing this issue with a gender perspective.

Gender equality is a central and critical objective for the EU; “the basic
recognition of human rights for women and girls is essential for them to achieve
empowerment and their full potential in a sustainable and inclusive society” (European
Parliament, 2021, p. 3). Additionally, the Sustainable Development Goals (SDGSs),
aiming to leave no one behind, reinforce that commitment through goals to make all
nations accountable for that change. Nevertheless, gender inequality in STEAM issues
is complex and rooted in society in many ways, such as lack of role models, gender
stereotypes, socialised belief systems, and more (Kuschel et al., 2020).

Some authors claim the main reasons for female under-representation and
leadership in STEAM sectors is due to “gender segregation that becomes an issue for
labour market policies” (Schlenker, 2015, p. 1); lack of role models; confidence gap or
impostor syndrome (Ellis et al., 2016; Mayo et al., 2012); Mathilda effect; glass ceiling;
glass cliff; gender stereotypes and bias (Botella et al., 2019; Carr et al., 2019; Denend
et al., 2020; Makarem & Wang, 2020); imbalances in personal work-life plans (Botella
et al., 2019; Carr et al., 2019; Makarem & Wang, 2020; Ricci et al., 2021); unequal
opportunities (Botella et al., 2019); “sexual harassment reported issues in STEAM
facilities, including schools, universities, and workplaces further excluding women
from these sectors” (EP, 2021, p. 4)

The roots of these problems are at the centre of the STEAM field as a
profession. Considering this, the stereotype threat explains a phenomenon that
endangers women’s confidence as a confirmation of one’s fear of negative
stereotyping provided by a group to which they belong (Cheryan, 2017), which
consequently leads to the leaky pipeline (Berryman, 1983), where women already

1 More information is provided about the origin of STEAM in the first and second publications.



doubt on their abilities and competencies to perform at an optimal level and decide not
to continue a career path in those fields.

Even though the gender gap in STEAM cannot be fully explained based on
gender differences in abilities (OECD, 2012), young girls and boys pursue a career in
these fields due to personal expectations over the labour market (OECD, 2012).
Evidence suggests sociocultural accumulated aspects that impact personal
motivations and cognitive ability for women to choose or not math-intensive career
choices (Wang et al., 2017). As a result, the issue is multi-dimensional, considering
many scenarios of young girls and women'’s lives, public and private, where gender
differences are present, acting as a sort of filter on career choices consciously or
unconsciously.

As part of the social contract in which public institutions intervene to contribute
to solving social issues, the European Parliament recognised that “closing the gender
gap in STEAM careers can contribute to an increase in EU GDP per capita by 2,2%
to 3,0% by 2050 [...]; this constitutes a step towards gender equality and the fulfilment
of women’s and girls’ human rights, having an impact in reducing the gender pay and
gender pension gaps” (EP, 2021, p. 4). As a result, several initiatives, budgets,
programs, and projects are developed yearly to improve gender equality in European
countries; some of the outstanding priorities in this area are the European Research
Area (ERA) and Horizon 2020 (H2020), to mention a few.

European institutions started to place a wide range of issues that impact EU
policymaking towards achieving women’s representation in many areas, but especially
the STEAM sector, thanks to social movements that brought the gender mainstream
approach to the European Commission to encourage supranational actors with a
specific and strategic agenda. However, the implementation of the gender mainstream
approach presents three main issues: the supranational level of the Commission
Bureaucracy, the intergovernmental level of the Council, and lastly, the member-state
level. According to the framing process, the dominant frames on the gender gap issues
placed on the policy proposals can achieve the full or partial interest for
implementation across EU countries depending on political moves, knowledge on the
topic, and binding or not binding strategies, which becomes a downturn to gender gap
efforts.

Lastly, aiming to improve women’s representation and leadership in STEAM is
a tough call, yet not impossible. For this reason, it is essential to break down the issue
and try to understand how academics and media representations have shaped the
views on the field through epistemological surveillance in connection with professional
ideologies and gender theories, along with a corpus of concepts that are further
discussed in state of the art, which helps to reflect deeply in the power relations and
their mechanisms that finally, perpetuate the gender disparities in STEAM.

1.1. Thesis Justification

While numerous studies try to describe the origin of the underrepresentation of
women in STEAM careers, there is a fact present in all industries. Despite humans



being free of will and choice, the tensions created by the system push individuals away
from a dignified life instead of a proper redistribution of resources for everyone, limiting
their access to fundamental human rights. Accordingly, due to the fast digital
transformation and market labour changes, such tensions are more significant now,
especially for women.

Considering the previous, my motivation with this thesis is to understand better
the power dynamics that move within STEAM fields, how bias and stereotypes are
ingrained in these industries, and how we, as academics, are framing this problem to
make some future recommendations that impact positively in the research focused on
women in STEAM.

The gender gap is not present in all STEAM careers (Bian et al., 2018; Cheryan
et al., 2009). For instance, the gap is persistent in careers like computer science,
physics, math, and surgery regarding senior teachers and researchers (Holman et al.,
2018), as well as in leadership positions in research organisations due to challenges
at work (Nicholson, 2015; Schetlzer et al., 2014). In any given context, Universities
play a crucial role in driving new behaviours and understandings within sectors of
society. To be able to propose measures and policies to governments, Universities
first need to identify the situations that impact students’ lives in different ways
concerning gender equality (Garcia-Holgado et al., 2020, p. 1825).

“The lack of role models, the stereotype threat and lack of interest is part of the
underrepresentation of women in STEAM” (Kaplan-Sayi et al., 2023, p. 1430); in fact,
on a recent interview written by Gjersoe in “The Guardian” UK talks about: “Why do so
few girls study STEM subjects?”, in brief, she describes that the gender gap is a social
construct and that results suggest there are gendered notions of intelligence that
women picked very early in life and start having effect in the interests they pursue later
(Gjersoe, 2018), this informs about the relevance of role models, as it provides
inspiration and can help women to prove that all people can achieve their goals and
be successful (Hill et al., 2010).

Schools and universities are gearing up to validate young girls’ knowledge,
improving their confidence, self-efficacy, and self-esteem. In addition, the STEAM
industry, with its companies (SIEMENS, BP, YARA, and more), contributes to
challenging STEAM stereotypes that threaten gender balance with its programs (Silim
et al., 2014). Accordingly, there is sufficient evidence in the second publication of this
thesis on the funds, programs, and projects executed in European countries in schools
and universities fostered by the European Commission trying to tackle women’s
representation, participation, and leadership in STEAM.

Linked to role models, women’s social representation and leadership in STEAM
are fundamental to encouraging the active participation of women in the sector. For
this reason, mediations in the cinema on how women are portrayed are relevant as
they inspire people and make them feel reflected through the big screen. For example,
female scientists are depicted in the movies studied in publication 3 as single, strong,
intelligent, but not necessarily feminine, consumed by work, and often neglecting
personal relationships, reinforcing gender bias and stereotypes.



Moreover, a crucial aspect analysed in publications 3 and 4 is the influence of
family background, as having a parent who works in the STEAM field increases the
probability of choosing such a field of study as a career path (Leslie et al., 1998;
Jackson et al., 1993), which is an aspect deeply overviewed through the Lithuanian
interviews in this thesis.

The social representation displayed in movies demonstrates that STEAM as a
career path is more suitable for a specific gender. As men traditionally occupy
positions in STEAM areas, people associate these sectors with masculine figures [...]
As a result, women are regarded as unfitting and are less likely to thrive, get endorsed,
or even occupy a management position in sectors with male authority (Meyer et al.,
2015). Surprisingly, women who reach leadership positions have less power and fewer
rewards than men (Lips, 2020). Consistently with this evidence, occupational
segregation and wage gap? (Schlenker et al, 2015; Wahrenburg et al, 2007) are tied
to the field, making this a problem not only for gender equality but for labour market
policies.

The European Commission has been implementing measures from the
supranational level that reduce gender incongruences in STEAM. Nevertheless,
nothing will change without reforms in education and work that involve mentoring,
academic publishing, better parental leave conditions, guaranteeing more resources
in the workplace, and more (Holman et al., 2018; Duch et al., 2013; Shaw et al., 2012).
It is worth noting that despite the frictions and constant discouragement these
incongruencies represent for women, some have succeeded despite facing inaccurate
and derogatory assumptions about their skills, knowledge, or education, as exposed
in the second publication.

Thus, the fourth publication illustrates the lives of real women who succeeded
within such stereotypes in these fields in Lithuania. The case study is chosen for
Lithuania’s involvement in building up the gender equality ecosystem, “legislations,
laws and public institutions in Europe since 1999, in fact, one of the first European
countries to do it” (Zaleniene et al., 2013, p. 284). As an early adopter of gender
equality legislation in Central and Eastern countries and one of the first European
member states with a female prime minister (EIGE, 2022, p. 47)., Lithuania has
implemented proactive changes toward equal opportunities between men and women.
Therefore creating a commitment to address gender disparities at all levels of society.

In 2007, the European Institute of Gender Equality (EIGE) was established in
Lithuania, emphasising this country’s dedication to advancing women’s rights.
Accordingly, EIGE is a relevant institution providing research, policy
recommendations, sensibilisation, and more concerning to Lithuanians and all
European countries on women'’s rights. More information is provided in the first and
fourth publications. Lithuania seemed a best practice example to overview this
combination of efforts that create some urgency in society, government, public,
private, and academic sectors.

2 Wage gap refers to the difference in the income made when pursuing a career in one or another sector. E.g.,
the Humanities are not paid in the market like engineering or computer science.



Regarding the periods analysed throughout this compendium of publications
thesis, it is considered from 2000 until now as there has been a notable increase in
sensitivity and attention towards the subject in question, driven by international
organisations and global high-level meetings, marking a pivotal period of change at
the turn of the century. At the core of these conversations, the European Commission,
UNESCO, and other organisations created several high-level meetings to discuss the
future of such careers and industries and the role of women in them. Further
information is available in the first publication.

Nevertheless, research and meetings were conducted to diagnose the situation
of women in the member states and their employment in the STEAM sector. Interest
rises in these occupations as economies are increasingly knowledge-driven, and
companies are currently experiencing fierce competition over the workers available in
the market (Schlenker, 2015, p.2). Among the relevant studies first carried out is
“Women and Scientific Employment: Mapping the European Data,” also known as a
Glover Directory (Glover, 2020), which analyses the subject’s situation in European
countries.

Evidence suggests that from “1976-1985 United Nations declared “Decade for
Women: Equality, Development and Peace” the attention was placed on women’s role
in science and technology” (UNESCO, 2007, p. 11). This attentiveness increased in
2000, when gender equality became one of the eight Millennium Development Goals
(MDGs), with a particular focus on pushing women in science and technology.
Considering the unique mandate over science in UNESCO, this institution also
prepared reports on this subject seeking to advocate and reaffirm the importance of
women in science and technology.

In 2003, the Report Women in Industrial Research: A Wake-up Call for
European Industry (Ribsamen-Waigmann et al., 2003) was published by the High-
Level Expert Group on Women in Industrial Research for Strategic Analysis of Specific
Science and Technology Policy Issues (STRATA) which found the main barriers for
women’s representation in STEAM in EU are biased hiring practices, women’s lack of
confidence, lack of career opportunities for women; role models; gender stereotypes
among other reasons. Reports and high-level meetings have continued since (EC,
2005; UNESCO, 2016).

These meetings and conferences set the agenda and have evolved since then,
focusing on advocating for gender equality and including women in STEAM fields.
Thanks to the integration of the gender mainstream approach (Pollack et al., 2000),
the policies and programs created from this agenda turn into gender budgets,
programs, and projects that are now implemented to boost women in these sectors.
Therefore, understanding how these projects and programs have been executed is
relevant—a topic covered in the second publication.

Within the STEM careers, Arts is often disregarded. However, this thesis has
been included them throughout the four publications as these fields of study create
intersections within knowledge where creativity, problem-solving, and innovation can
be expressed.

10



Even though Science, Technology, Engineering, Mathematics, and more
careers are considered rigid in the hierarchy of knowledge. Art is proven to be a
relevant component, for instance, in “software engineering involving developments of
Graphical User Interfaces (GIU), web designs [...]. Aspects necessary for software
engineering where women can become excellent” (Halvorsen et al., 2019, p. 4).
Creativity encourages unique ideas, taking appropriate risks, learning from mistakes,
and envisioning in students (Craft et al., 2001; Runco, 2014), which in a hybrid
knowledge approach can enhance innovative thinking in the STEAM curricula.

1.2. Objectives and Research Questions

Although there has been more than a decade of international research on
women in STEAM, academics describe many reasons that intervene in women’s
underrepresentation and leadership in STEAM. For instance, career path choices,
validation and confidence in their knowledge, family encouragement, role models, the
glass ceiling, the glass cliff and more. To our knowledge, no studies deal with
analysing the scientific discourse, their framing process and media representations
shaping the current knowledge paradigm over this subject. For this reason, the main
objective of the thesis is to describe an exploratory analysis of social representations,
media, and academic discourses about women in STEAM, considering Lithuania as a
case of study in the European context.

To achieve the previous, the following specific objectives are proposed and are
in line with the fourth publications displayed before:

To learn more about academic discourse women in STEAM, it is necessary to
intentionally become familiar with basic facts of what the academic views are currently,
as well as to create a mental picture of how these ideas, conjectures and hypotheses
are, rarely looking for a unique truth (Neuman, 2007), but instead connecting patterns
and paradigms to challenge. Hence, our first specific objective is to comprehensively
review the existing academic discourse on the representation and leadership of
women in STEAM and how scholars shape the knowledge from a gender perspective.
This is achieved through an exploratory analysis of scientific discourse applying
guantitative and qualitative methods that shed light on trends and contrasts.

“Individuals rely on authorities as a basis for knowledge” (Neuman, 2007, p. 3);
consistently, authorities often spend considerable amounts of time learning and putting
some effort into solving specific issues. European governments are no different. In
recent years, they have acknowledged the scarcity of women in STEAM to match and
meet market needs. As a result, the European Commission committed to leaving no
one behind and released a budget for programs and projects in this line to help
promote women in these fields. Thus, our second specific objective is to assess the
European projects promoting women in STEAM fields by executing a systematic
review that analyses EU-funded projects from 2019 until 2023.

Role models are crucial in enabling women and young girls to see reflections

of their capabilities, skills, and knowledge in admired peers. This influence, stemming
from social and media depictions, significantly affects people's lives by presenting

11



portrayals of women scientists in mainstream films. The intricate interplay between
concepts like social psychology, possible selves theory, mediation, social
representations, and gender theories unveils the dynamics through which gender and
power are woven into the fabric of cinematic characters. Therefore, our third objective
is to analyse how commercial cinema portrays scientific women with leadership
positions in these fields, using the Bechdel test and the Greimas Actantial Method
adapted.

To this point, by revealing how knowledge is hierarchised and power dynamics
are perpetuated within STEAM domain, a critical discourse analysis (CDA) is pertinent
as itis an approach widely used in social sciences that studies the role of discourse in
society, paying attention to the underlying strategies of dominance and resistance in
social relationships of class, gender, ethnicity, sexual orientation, language, religion,
age, nationality and more, reproducing dominance or inequality (Van Dijk, 1995, p.
18). For this reason, our fourth specific objective is to provide a critical discourse
analysis on Lithuanian women’s leadership in these fields by conducting online
guestionnaires and in-depth interviews to gain insight into the challenges they face
within these industries. It is worth noticing Lithuania is chosen as a case of study
thanks to their early involvement in promoting gender equality initiatives since 1999,
their leverage and mediatic movement to impulse women.

In Science, Technology, Engineering, Arts, and Mathematics (STEAM), the
underrepresentation of women remains a pressing concern. This gender disparity is
not solely a product of individual choices but rather a result of complex interplays
between societal constructs, communication dynamics, and biased representations.
The prevailing stereotypes surrounding women in STEAM are present in academic
and media discourses, shaping perceptions and perpetuating biases. Thus, the
research question is how the academic and media discourses frame women in
STEAM, considering Lithuania as a case of study in the European context? Seeking
to explore, describe and challenge the ideas contributing to persistent gender
imbalances.

Figure 1. Graphical summary of the thesis structure.

“Scholarly Discourse about Women
—in the STEAM Fields: An Exploratory
Study on Scientific Literature”

“EU Projects on Women in STEAM
— Sectors: Assessing Gender Gap in
Science”

“Female Leadership Portraits in
Commercial Movies: Gender Social
Representations from the STEAM
Sector”

“Social Representations on
Lithuanian Women Leaders in the
STEAM Fields: A Critical Discourse

Analysis”

case of study in the European context?

women in STEAM, considering Lithuania as a

How the academic and media discourses frame

Source: Author’'s own elaboration.
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2. STATE OF THE ART

2.1. Epistemological Surveillance and Scientific Discourse

As aresponse to challenge the hegemonic theories about power, social change
and politics, critical studies emerged in education. Critical indicates a system of
enquiries in which power works through discursive practice and academic
performance (Popkewitz et al.,1997); it explains how people get marginalised and in
which power forms, pertinent while studying gender dynamics in the STEAM field.

Additionally, epistemology provides a context to consider the rules and
standards that organise the world views and the conceptions of “Self’; other definitions
describe it as a knowledge theory concerning who can know what and under what
circumstances. Additionally, a method is a technique for gathering and analysing
information, and methodology is the argument about how these two are linked,
demonstrating the impact of such research practice (Popkewitz et al., 1997; Chafetz,
2006; Harding et al., 1983).

The social epistemology situates the object of study as historical practices
through which power relations can be understood. Therefore, epistemology is also an
effort to understand the conditions in which knowledge is created (Popkewitz et al.,
1997). Consequently, the academic discourse is a power result, for it is ordered
through principles of classification that are collectively formed through innumerable
past practices (Popkewitz et al., 1997).

For instance, in an academic context, learning means more than just the
administration and assessment of a given knowledge; it also means interpreting such
knowledge in which the reasoning and the self are psychologically dissected.
Consequently, this self personifies how one should see or act towards the world, given
constructed values, priorities, and dispositions. In short, epistemology and academic
discourse together are how an approach contributes to understanding a specific
phenomenon and under which scientific paradigm it was built.

Epistemology, when is focused on finding the truth by eliminating all possible
subjectivities (epistemological positivism), becomes logical and mathematical
grounded, this way denying the presence of the bodies and its claim for validity
(Haraway, 1978; 1988). This is problematic as Haraway argues that through senses
and bodies, humans access the world and, therefore, have an “embodied vision”,
meaning knowledge is situated and partial. Furthermore, by applying the surveillance
studies (Koskela, 2012; Ball et al., 2009) to STEAM with a critical and gender
perspective, it is possible to compensate two or more different ways of looking at a
phenomenon revealing how life experiences and selves are stitched together
imperfectly.

Feminist theories hold a range of individuals, groups, reflections, and actions
dedicated to ending women's subordination, inequality, and oppression within
prevailing patriarchal structures. The ultimate goal is to attain emancipation, leading
to a society free from sex or gender-based discrimination (Castells, 1996). These
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theories are often categorised into two mainstreams based on political criteria, as
outlined by Alison Jaggar (1983), and epistemological criteria, as proposed by Sandra
Harding (1996).

For the purpose of this thesis, the focus is on science as a cultural practice that
is localised/contextualised and socially constructed, meaning that there are many
different sciences employed around the world (Longino, 1990; Harding, 1998). This
approximation concerns a transformative paradigm (Mertens, 2012; 2019), one that
can be informed by a number of theories and discourses (Critical, feminist, and race
theories, among others). The main goal is the transformation, emancipation, and social
justice of all individuals. Therefore, this paradigm combines historic and realist
ontology, intersubjective and experiential epistemology, dialogic and dialectical
methodology, quantitative and qualitative methods (Mertens, 2012, 2019; Longino,
1990).

2.2. Theory of Professional Ideologies in STEAM

Controversies concerning the essence, boundaries, and justifications of
academic disciplines have existed since the inception of the disciplines themselves.
Despite the various definitions and controversies that exist about ideologies, the
concept, in a broad sense, is “any linked set of beliefs about social or political order,
connected to and produced within a wide variety of social institutions” (Fine et al.,
1993, p. 23). The term professional ideologies have been studied as how professional
groups define their areas of monopoly, intellectual authority, access to opportunity and
resources (Coburn et al., 1998, p. 21; Gieryn, 1983, p. 781).

Other authors have described professional ideologies theory as how academic
disciplines are theorised in terms of their exercise of power in classifying,
hierarchising, and preserving knowledge whilst ignoring others (Foucault, 1977). This
idea comes from the educational design of curriculums; “curriculum is part of a
discursive field through which the subjects of schooling are constructed as individuals
to self-regulate, discipline, and reflect upon themselves as members of a community/
society” (Popkewitz et al., 1997).

Throughout these definitions, it is explained that the appearance of social
identity is directly linked to the reproduction of certain stereotypes in STEAM fields.

Social aspects of identity refer to a collective professional identity that guides
professional behaviours and practices through professionalisation (Fagermoen, 1997;
Niemi et al., 2007); thanks to the internalisation of such beliefs, values and behaviours
through occupation, members of a given group have a specific behaviour (Abrams et
al.,, 2004; Beddoe, 2013; Hogg et al.,, 1995). Hence, it is argued that this social
affiliation is used to implement forms of control through a standardised identity
(Jemielniak, 2008), that preserves dominant social groups (Tsouroufli et al., 2011;
Wyatt et al., 2021).

For example, in medical professions, the top hierarchy is for the midwifery
community, whereas nursing school is considered low in the hierarchy (Cornett et al.,
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2023); “this hierarchy is based on seniority, further training, expanded practices, higher
or different qualifications, type of work, place of work, among others” (Cornett et al.,
2023, p. 605). From the economic perspective, the hierarchy is understood as how
much one can make in certain industries, also categorising for example, humanities
and arts as less attractive (Wahrenburg et al., 2007). Nevertheless, there are plenty
of examples extended within STEAM careers mentioned in publication 4.

The interaction of social and professional identities is closely linked to the
gender disparities within STEAM fields. As evidenced in the introduction, societal
norms often dictate specific gender roles, leading to the division of fields based on
gender and dominant groups. At the same time, it divides fields into rigid and creative
ones, often disregarding that the world has changed, and in order to innovate, it is a
must to combine disciplines and skills to discover new ways of doing.

For instance, a curriculum that combines a gender perspective knowledge in
computer science and humanities can help to develop computational models that
reduce bias in software operations. Therefore, this TPI serves as an instrument to
produce and maintain issues such as the glass cliff, glass ceiling, and leaky pipeline,
among others.

2.3. Gender Mainstream and European Projects

One major novelty of this thesis is the combination and exploration within
disciplines on how the subject has been studied and developed within the programs
and projects executed by the EC, which confronts real-world scenarios alongside
theoretical perspectives.

Given that “the labour force will decline largely in all industrialised countries due
to the ageing of societies and emerging globalised markets, the quality and quantity
of workers in key industries as STEAM are critical” (Schlenker, 2015, p. 15).
Accordingly, the development of curricula and the formation of professional ideologies
play a significant role that has an impact not only on social dynamics but in the labour
market. This influence extends to issues like occupational segregation and diverse
gender inequalities within these sectors.

Moreover, the EC has been actively implementing the gender mainstream (GM)
into all EU policies. This involves the adoption of gender-related topics by central
actors who may lack interest or experience in gender but who work in policymaking
(Pollack et al., 2000). Nevertheless, the efforts of supranational actors like the Equal
Opportunities Unit of the Commission and the Women’s Rights Committee of the
European Parliament have developed and expanded to leverage the gender agenda
beyond the EU policies.

The GM formal definition dates from 1996, and it comes from the heart of the
EC:

The systematic integration of the respective situations, priorities and needs of
women and men in all policies and with a view to promoting equality between women
and men, mobilising all general policies and measures specifically for the purpose of
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achieving equality by actively and openly considering, at the planning stage, their
effects on the respective situation of women and men in implementation, monitoring
and evaluation of policies (Commission of the European Communities, 1996, p.2).

Implement the GM within the complexities, politics, and cultural differences that
converge within EU regions is a challenge that demands the appointment of key
officials, provision of training for officials, disaggregated data by sex, collection of
statistics and more, to be able to plan, monitor and evaluate the effects of such policy
on gender inequality (Nelen, 1997, p. 43-8; Rees, 1998) if executed.

The integration of equal opportunities into the Structural Funds is not only for
reasons of social justice and democracy. The main aim of the Structural Funds is to
reduce economic and social disparities and to establish the conditions which will
ensure the long-term development of the regions- depending upon the fullest
participation of the active population in economic and social life. Failure to overcome
the constraints to equal and full participation of women and men [...] also means the
investments made in human resources (e.g., in raising education and qualifications
levels) are not exploited efficiently (Braithwaite, 1999, p.5).

The GM is an instrument to achieve real social change. The approach has
evolved increasingly compared to the 90s, where most of the advisors and committee
members, recipients of EU research grants, and commission officials were men.
Despite the persistence of some challenges, the existing policies and efforts are
transforming the discourse and leveraging the gender agenda.

2.4. Women’s Social Representation and Role Congruency

“The education system is a major public asset, one of the largest industries in
any modern economy, and one of the largest public undertakings” (Connell et al.,
1993, p.11). In addition, education will become more and more important in the future
thanks to organised knowledge that is the fuel of the current production system
(Connell et al., 1993, p. 14). This shift in the economy is forcing every person to be
driven by high productivity, skills formation, and the use of advanced technologies.
Currently, almost any job is accredited. Therefore, encouraging or forcing
professionalisation as a means to match the labour market, this way the education
system and the market become gatekeepers for those at the top of the knowledge
pyramid who possess all the power, knowledge, and benefits to remain dominant.

Women encounter a spectrum of challenges beginning in their early school
years and persisting through university, specifically in the context of studying or
pursuing careers in STEAM, as substantiated by the evidence provided in the
introduction. Within this social framework, the power dynamics and distribution of
resources act inside of social network schemes. The concept of social networks in this
context extends beyond personal connections; they signify positional relationships that
embody elements such as opportunities, inequalities, constraints, and growth.

Social representations are key to the complex comprehension of women’s
representation and leadership in STEAM, as they explain the values, shared beliefs,
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and attitudes that drive behaviour and create meaning for a specific group of people.
Although, itis through the lens of the congruency role theory that is possible to connect
the social representations with the gender roles generated by society. This way,
women’s representation and leadership in STEAM responds to the influence of how
society perceives them and constructs these roles, setting expectations and
stereotypes about women’s capabilities, attitudes, and abilities in these fields.

Accordingly, women navigate these challenges and opportunities by enacting
their leadership as a performative act where they actively engage in the prescribed
roles, carefully embodying what is expected of a professional in STEAM industries.
Based on Butler's theory, the gender identity of women is constantly being shaped
and constructed by the maintained repeated actions in alignment with the roles they
play and the stereotypical behaviours from their professions.

A clear example of the previous is when “women downplay their interest in
computer science because they are concerned about expressing an identity to others
that is perceived as incompatible with their gender role” (Cheryan et al., 2020, p. 415).
Or when a woman experiences sexism, “his comments got me angry: | think he thinks
that he is more deserving of being here than | am. | feel like | am going to have to work
twice as hard as he will to prove | belong here.” (London et al., 2011, p. 521). Both
examples demonstrate actions that are sometimes enacted unconsciously, sometimes
consciously, but that are driven by feeling inadequate or not congruent in STEAM field
contexts.

These concepts are intertwined, having a rather negative impact on many areas
of women’s lives, for instance, work-life conciliation, romantic relationships, access to
a job opportunity, education, or resources to be an entrepreneur. Therefore, shaping
the individual, their relationships, and the dynamics in it at all times, this explains the
social belief that women tend to put their needs last (communitarian behaviours), while
men are expected to be more individualistic (agentic behaviours are socially
accepted). In a work environment, this last aspect can confront women and male
leadership models, making one of them look more effective than the other.

The social cognitive theory that explores how humans learn through
observation and experience comes into play as women observe and interpret the
actions that are validated in STEAM as successful. These observations are filtered
through social representations and mediations that permeate with all kinds of
messages in the media, movies, press, etc., persuading who and when can access
power. Finally, referring to the possible self’'s theory, the previous ideas also represent
an opportunity for women to create different versions of themselves by changing
values, beliefs, and ways of achieving what they consider success in these industries.

A last consideration, “the neo-liberal discourses that are dominant in today’s
society emphasise individualistic notions of choice and the over-simplification of it in
the gendered career choices” (Beddoes et al., 2014, p. 1575), creating frictions in how
women’s participation and leadership in STEAM is understood, due to the following
reasons:

1) The strategy of fostering an exceedingly responsible self while disregarding
external constraints is a method employed to govern. In this approach, individuals
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construct their life narratives as if they were the result of their deliberate choices
aligned with their personal interests and aspirations. However, this portrayal masks
the fact that people are, in fact, being influenced and governed by their own sense of
freedom and ambitions rather than in opposition to them (Rose, 1990).

2) Within contexts characterised by uneven power dynamics and subordination,
describing acquiescence rather than choice or consent is a more precise depiction.
Consent is never granted in a completely free or impartial manner within situations of
inequality. In circumstances that impose limitations, the concept of choice fails to
consider the underlying conditions that influence people's decision-making. These
conditions create a scenario where some individuals have more opportunities for
choice while constraining them for others (Rose, 1990).
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3. METHODOLOGY

3.1. Research Plan & Methods

This thesis has used a collection of techniques that are typical in “social
research as a process for producing knowledge. This way, it is a more structured,
organised, and systematic process than the alternatives that most of us use daily”
(Neuman, 2007, p. 3), yet an effective one to interpret social research questions
through scientific processes. While science happens at the core of a scientific
community; this community practices science within a set of norms, behaviours and
attitudes that bind them together and nurtures the system. This is called a paradigm.

Kuhn argues that “a sign of maturity in a discipline is recognisable when
scientists operate with a paradigm” (Urry, 1973, p. 466); before this point, there is only
gathering of facts and analysis. Yet, when one paradigm becomes dominant, there is
normal and highly restricted science, as it invites select problems because they have
a solution. Not as a result of mere interest. Therefore, in the “non-radical sociological
paradigm, one should transcend the present situation where multiple pre-paradigms
are confronting each other, and where work is done at all sorts of levels of significance,
and with excessive methodological neurosis” (Urry, 1973, p. 463).

Aligned with this idea, the concept of scientific revolution emerges as Kuhn
explains that “scholarly community forgets its commitments to paradigms when
anomalies present to cause crisis, forcing them to abandon what was assumed as true
and even, sometimes foundational to their discipline” (Anand et al., 2020, p. 1653).
Based on the previous, women in STEAM have been analysed for over two decades.
Yet, the structural problems persist, demonstrating that novelty research paradigms
are necessary for the scientific community to shift the approach to this subject.

Reflecting on the subject with a gender perspective using the theories
previously exposed in the state of the art in juxtaposition with professional ideologies,
mediations, and congruency roles, it is possible to explore and describe the scientific
contributions to the field of study. Therefore, using mixed methodologies allows
gathering different types of data to look for patterns, advancements and contrast.

This thesis employs a time-series exploratory analysis with descriptive
elements to gain a comprehensive and precise understanding of the subject.
Exploratory to examine the area of knowledge, looking to formulate the right questions.
Therefore, qualitative data tends to be used (Neuman, 2007, p.16). Complementary,
there are descriptive nuances, “seeking to develop an idea about a social
phenomenon and describe it” (Neuman, 2007, p. 16); in this type of research, it is
common to use survey and content analysis, among others, procedures done in this
thesis. It is worth mentioning that exploratory and descriptive research often overlap,
and the findings may include percentages of people with specific views or behaviours.

Hereinafter, it is exposed to the specific methodology employed in each
publication.
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In publication 1, “Scholarly Discourse about Women in the STEAM Fields: An
Exploratory Study on Scientific Literature”, to gather sufficient information to review
the scholarly discourse about women in STEAM, an exploratory scientific content
analysis was conducted. The navigation was done in EBSCO for social sciences and
humanities extensive database, Academic Search Ultimate (EBSCO, 2023). The
content revision considers from 2000 to 2020, as explained in the justification, like a
change of century in which sensitiveness over the subject is at the centre of national
and international agendas.

The content analysis allowed us to examine a body of scientific literature
through a recorded system that includes counting and measuring patterns and trends.
This information, often presented as numbers in tables and graphs, serves its purpose
to discover features that otherwise will be undetectable (Neuman, 2007, p. 21). This
type of analysis is used frequently in exploratory and descriptive research. Thus, it “is
a scientific tool, a replicable technique that creates valid inferences from texts to the
context of their use providing reliable findings” (Krippendorff, 2018, p. 24).

By making up a selection process via categories, through searches of complete
texts, using keywords as descriptors, categories and subcategories of analysis,
reviews, or journals, academic and peer-reviewed, as well as language filters, we
reached a selection of articles that contain relevant information about the topic at hand.
Additionally, the articles found that the “theoretical framework is understood as the
discussion and reflections on the terms and concepts from the existing scientific
discourse and the state of art regarding the main subject” (Rubira-Garcia et al., 2020),
creating almost a conversation in which patterns and trends arise over the scientific
discourse.

The final output of 240 articles passed through a meticulous assessment done
by member validation board, as a third party designated to be impartial and who
abiding by ethical protocols could refine the sample unit. These experts and
practitioners’ groups were individuals not related (nor family or friends) to any of the
researchers, and their purpose was to supervise the sample unit seeking those articles
that create value in the field of reference. This decision is made appealing to
demonstrate transparency and trustworthiness in the process of refinement (Neuman,
2007, p. 369) of this sample.

Once the selection process was done, the final sample is 46 curated articles.
The codification and analysis of the data are recorded on a spreadsheet outlining the
information in interaction with the categories and subcategories identified. For
instance, one category responds to the main features of scholarly literature on women
in STEAM, and the subcategories identified are review title, the period of publications,
collaborations between universities, countries and gender, authorships, and
correspondence, to mention a few. With this approach, we drew interpretations on the
data processed, such as patterns of collaborations between universities or main fields
of interest within STEAM and Women as descriptors.

As described in the state of the art, the production, categorisation and shaping
of knowledge can be to the use and service of the dominant groups in society, making
it relevant for this exploratory research to create a connection with the concepts of
social structure and epistemological surveillance. This epistemological surveillance is
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necessary as it helps us researchers validate the consistency in data analysis, choices
and theories used in relation to the study proposal (Bourdieu et al., 1991). Hence, the
social structure in A. R. Radcliffe-Brown’s explanation is “1) to make a systematic
classification; 2) to understand particular features of systems, by revealing the
particular feature as a part of an organised whole and by showing that it is a special
example of a recognisable class of phenomena; 3) to arrive at a valid generalisation
about the nature of human societies” (1941, p.17).

Social structure is not a field per se. However, a method applied in any social
studies that refers “to a group of problems the scope of which appears so wide, and
definition so imprecise that is hardly possible for a paper strictly limited in size to meet
them fully” (Moore et al., 2014, pp. 78-79), yet when it comes to discussing social
issues as the gender disparities in STEAM, the analysis of the social structure provides
an understanding on the power relations and the roots of such inequalities, that
interplay between the subject of study and other actors.

In publication 2, “European projects on women in STEAM sectors: assessing
gender gap in science”. A systematic literature review was initially undertaken to
assess the outputs and achievements of European Union-funded projects spanning
from 2019 to 2023 onwards. The primary objective was to comprehensively question
if there was previous research with the same focus concerning mapping projects or
project reviews in the line of women’s promotion in Science, Technology, Engineering,
Arts, and Mathematics (STEAM).

A systematic literature review (SLR) is essential to academic research.
Fundamentally, knowledge must be built on previous existing work (Xiao et al., 2019),
and by revising the results in deepness and scope of the existing literature, one can
identify the gaps to explore. The main characteristics of a SLR are that they should be
valid, reliable, and repeatable. However, SLR serves two primary purposes: 1)
Background reviews are used as justification for decisions made in the research
design and identify the gap that the study intends to fill, and 2) Stand-alone reviews
attempt to make sense of existing literature through aggregation, interpretation,
explanation, or integration of existing research (Templier et al., 2015; Levy et al.,
2006). In this thesis, our SLR serves the first purpose.

The SLR can be conducted in a significant number of databases. Nevertheless,
“there is not an established methodology that allows carrying out a systematic analysis
of the studies and progress made through research projects in a specific area or topic”
(Garcia-Holgado et al., 2020B, p. 137), even though it is possible to locate literature
related to projects, they might not be fully systematised. However, initially, we did an
SLR looking to find previous studies related to this topic in databases such as Web of
Science (WoS) and search engines such as Google and Google Scholar, using the
keywords: Gender gap; women OR woman; mapping study; Systematic Literature
Review; European projects; STEM OR STEAM, some of the relevant results are in
Table 1.

The keyword “mapping studies” is included as they tend to provide a

comprehensive overview of the field and identify points where more primary studies
are needed (Kitchenham et al., 2011). Overall, the purpose was to map the literature
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that connected STEAM systematically, Gender; Women/Woman and European
projects from 2019 to 2023 or onwards.

Table 1. SLR results on mapping studies/projects related to promoting women in
STEAM.

Author Article title Year Topic area Article type
Verdugo-Castro, S.; A systematic literature | 2022 Higher STEM SLR
Garcia-Holgado, A; review on gender gap in studies

Sanchez-Gémez, M. C. | higher STEM studies
EIGE Economic benefits of | 2017 | STEM education Report

gender equality in the EU
Valdés, G.; Thomason, ' A mapping study on | 2022 | Tech, gender,and | Systematic

B.; Bentacor, A.; Jeria, | technology, gender, and organizations Mapping
I.; Troncoso, C. organizations on tech Study
companies
Poggesi, S.; Mari, M.; Women entrepreneurship in | 2021 | Entrepreneurship SLR
Foss, L. STEM fields: literature in STEM
review and future research disciplines
avenues
Bishu, S.; Alkadry, M.; | A Systematic Review of the | 2016 | Gender Pay Gap SLR
Gender Pay Gap and in the workforce
Factors That Predict It
Silander, C.; Haake, U.; | A Nordic review on gender | 2021 @ Gender equality in SLR
Lindberg, L.; Riis, U. equality in academic academic careers
careers: a literature review
Wiken-Wilson, A. and | A mapping study on gender | 2022 Tech Systematic
Paton-Romero, D. equality in tech entrepreneurship Mapping
entrepreneurship Study
Tomassini, C. A review on gender gap in | 2021 Science and Systematic
science and the research research agenda Review
agenda

Source: Author’'s own elaboration.

Some of the results depicted in the previous table describe similar interest in
the subject of our study, still, they move within the gender spectrum and STEAM fields.
Only three studies represented a starting point for this research. Results listed are
European Proposals to Work in the Gender Gap in STEM: A Systematic Analysis
(Garcia-Holgado et al., 2020A); and Guidelines for Performing Systematic Research
Project Reviews (SRPR) (Garcia-Holgado et al., 2020B); and Trends in studies
developed in Europe focused on the gender gap in STEM (Garcia-Holgado et al.,
2019). It should be noted that after conducting the SLR, the SRPR is the methodology
used in the analysis of this publication.

About the SRPR, this methodology does not pretend to modify the SLR or the
mapping studies protocols. Nonetheless, it proposes a solution to analysing a set of
projects, following a specific criterion based on data collection and critically studying
multiple studies through a systematic process. Thanks to this technique it is possible
to filter within larger project databases in Europe (Kitchenham et al., 2009; Petersen
etal., 2008; Petersen et al., 2015). Regarding the period of time, we intended to update
and amplify the previous study (Garcia-Holgado et al., 2019), seeking patterns and
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trends and contrasting the information found. Although this SRPR starts from where
the previous study ended in 2019, it does not stop in 2023, as there are projects signed
within the periods mentioned that will end in 2025 or more. For those projects, we
analysed partial results or reports.

In publication 3, “Female Leadership Portraits in Commercial Movies: Gender
Social Representations from the STEAM Sector”, to achieve the aims of this research,
several techniques were used. First of all, the Bechdel test. A methodology born on
“The Rule”, “a comic strip created in 1985 by Alison Bechdel in which the female
character creates the following rules: It has to contain at least two women in it who talk
to each other about something besides a man” (Garcia et al., 2014, p.131). As it
seemed a reasonable request, it served as an inspiration to critically study women in
fiction. Since then, it has been called the Bechdel test, and it is commonly applied in
mass media studies, including cinema.

In case the answer is "yes" to all the previous questions, the film has passed
the test” (Agarwal et al., 2015, p. 830), which means there is female representation.
Accordingly, it helps to detect male preconceptions if the answer is no (Scheiner-
Fisher et al., 2012). This method has been applied to measure the presence of women
in conversations held on social media platforms (Garcia et al., 2014). As the test does
not fully reflect all the inequalities in movies and media (Hickey et al., 2017; O’Meara,
2016), consequently, a second approach was involved in expanding the perspective:
the Greimas Actantial Method adapted.

Some of this test’s limitations are that it does not acknowledge the gender
intersection: age, race, ethnicity and more; female portraits that are currently also in
the fight for representation at all levels. This is relevant to the results of this publication,
and it discusses the depictions made of women of colour and elderly women, who are
almost invisible in the portraits studied. Albeit this is changing now.

The Greimas Actantial Method claims that every narrative is divided into six
basic elements that are: 1) the Subject, the element that takes action to achieve the
goal; 2) the object or element, is the goal sought by the subject; 3) the sender: element
that motivates the subjectinto action; 4) receiver: obtains the benefit from the subject’s
achievement; 5) helper; 6) the opponent, are both elements that assist or obstruct the
subject from reaching the goal (Chandler, 2002; Hébert, 2011). However, interactions
are supervised through a diagram visualisation where axis are desire, power, and
communication, providing information on every character’s relevance.

Additionally, part of the method is the analysis on the narrative trajectory. In a
few words, a narrative trajectory in the film begins with a problem to be solved, in which
performers act, and as a result, the initial problem is either solved or not.
Consequently, the theory develops in a trajectory or phases in which the
individual/hero who executes the action solves the problem, and in the midst of this, a
discourse unfolds that leads to performative activities. Nonetheless, this narrative
trajectory can develop in a specific way depending on the actions and their reactions
to conflicts. There are three tests to evaluate the narrative, which are 1) a qualifying
test regarding competence, 2) the decisive test concerning the use of resources as a
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means to solve the issue, 3) a glorifying test, where there is a resolution to the initial
problem” (Saraswati, 2022, p. 315).

Regarding the sample, in the scouting for previous research that assessed
women’s scientific representation in the cinema, from any STEAM field, in the period
of 2000 to 2022. Results were vague as these studies covered other related topics,
but they did not involve STEAM areas. From this search, only one study stands out
but was outdated: “Cultural Representations of Gender and STEM: Portrayals of
Female STEM Characters in Popular Films 2002-2014” (Steinke et al., 2017).
Consequently, this study was used as a baseline and conducted the search technique
to amplify the initial sample up to the year 2022. As explained in the research, film
databases used are IMDB, Rotten Tomatoes and Google Search from 2014 to 2022.
A total of 60 films came up after filtering to eliminate series, documentaries, and other
types of programs. The final sample is 52.

All the movies were watched in order to refine the results. It is worth noting that
while diagrams are used in Greimas' actantial method to explain the semiotics system
of meanings (Chandler, 2002), for the purpose of this study, an adaptation has been
implemented using an Excel matrix. This adaptation allowed for the convenient
evaluation of relationships between characters. The results derived from the sample
obtained after applying filters and Bechdel questions constitute a representative
selection of 4 out of 7 movies for the application of the adapted Greimas actantial
method.

The Greimas Actantial Method and the Bechdel Test complement each other
effectively in understanding portrayals of female scientists in commercial cinema. The
Greimas Actantial Method provides a structured framework to analyse narrative roles
and relationships, allowing for a comprehensive examination of how female scientists
interact with other characters and contribute to the plot's progression. On the other
hand, the Bechdel Test focuses on gender representation by evaluating whether two
named female characters engage in a conversation about something other than a
male character. Combining these approaches offers a holistic perspective that informs
on the complexity of female scientists' roles, interpersonal dynamics, and gender-
related biases within cinematic narratives.

Apart from Greimas Actancial Method and Bechdel test, the connection with
theory of mediation is also significant. Primarily due to these methods and theories to
be employed together in the analysis of texts or images with the main aim of
uncovering the underlying gender inequalities structures. In essence, the intersection
with mediations allows the exploration of narratives and images in a paradigmatic level
(Barbero, 2002).

In publication 4, “Social Representation on Lithuanian Women Leaders in the
STEAM Fields: A Critical Discourse Analysis”, the Lithuanian Case study involves an
in-depth analysis of Women leaders in the STEAM industry, using quantitative and
gualitative data to find patterns, similarities, and contrast information. The methods
applied are online questionnaires and in depth-interviews under the Critical Discourse
Analysis (CDA) approach.
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The process of selecting Women leaders in STEAM in Lithuania was supported
by the third author in this research from Siauliai Valstybine Kolegija, who contributed
to the localisation and contact of these women. The main criteria were women with a
STEAM background, in the position of leadership at any organisation; or a successful
recognised entrepreneur in the sector; or recognised researcher in the field; or with a
political position which involves the STEAM sector (transport, communications, and so
on). Accordingly, we navigated the internet looking for press and media data and
international prizes for women in STEAM such as L’Oréal Women for Science. A final
list of 18 women was contacted back in 2021 through the Lithuanian University,
LinkedIn, among others.

The final sample unit was 8 informants who accepted to participate in the
research. Consequently, an online questionnaire was sent to their emails to gather
initial information and schedule an in-person meeting to conduct the 1-1 interview. At
times for the interviews was necessary the participation of the third party, as these
women felt more comfortable saying some expressions in their mother tongue.
Nevertheless, most of the material was in English (questionnaires and interviews). For
this process, an ethical and trust protocol is informed at the beginning of all and also
reinstated via email. As a result, for the purpose of this study, confidentiality is primary,
and any recording or key information that can reveal identity is not or will ever be
provided.

As in previous publications, the use of qualitative and quantitative methods for
collecting data provides a broader opportunity to comprehend social sciences issues,
as after conducting an online questionnaire, an interview to develop specific points
can be very useful (Creswell, 2003). The questionnaire and interviews were planned,
conceptualised, and operationalised (Neuman, 2007, p. 168) regarding the main
categories of this study, which are Professional ideologies, leadership, role
congruency, and social representation in connection with gender perspectives.
Regarding the questionnaire, the informants were asked simple factual questions,
some of them open-ended, some close-ended; in any case, “questions were simple,
clear and keeping the best interest of our informants at hand” (any sensitive questions)
(Neuman, 2007, p. 170). This helped to avoid ambiguity and vagueness.

The decision on which questions to ask, open or close-ended, is based on the
information needed to understand the main issue. Therefore, in the email where the
guestionnaire was shared, precise information was given in terms of the times, type of
guestions and more, for informants to set a specific time to respond. Additionally, “to
minimise confusion, the questionnaire had an intentional sequence” (Neuman, 2007,
p. 182). Information was then classified and coded on an Excel matrix by informant
and categories of analysis.

For the semi-structured interviews, face-to-face encounters between the
researcher and the interviewee were planned in a safe environment. These meetings
aimed to understand the perspectives that interviewees have regarding the categories
asked, and it followed a model of conversation as a formal exchange of questions and
answers ordered by category. This process was intended to be somehow flexible in
order to allow emerging topics to come up naturally. Therefore, even though there is
a research instrument, the interviewer guides which questions to ask and how (Taylor
et al., 1897). These interviews were recorded and lasted approximately 45 minutes
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each, and they were also coded by informant and category of analysis using their
reported speech.

An analysis of the CDA allowed to understand the discourse components
and/or consequences of power abuse by dominant elites (in this case, related to
STEAM professional career) and institutions. Additionally, it reveals how, through
different mechanisms, certain groups impose themselves in solidarity with the
dominant ones (Van Dijk, 1995, p. 24). This theory, in juxtaposition with the theory of
social representations (TSR) and role congruency (TRC) explained in the State of Arts,
creates a triangulation to understand further about power dynamics that suppressed
or impulse these Lithuanian women to achieve leadership in STEAM professions.

Lastly, Lithuanian women are selected as a case of study considering the
previous results found in publication one, where the comprehensive data showed the
distinctive socio-cultural and educational landscape in Lithuania, the unique initiatives
pursued in the European context; the facts previously mentioned 1) First European
country with a former Prime Minister; 2) EIGE creation; and 3) sustained good results
over periods in the Gender Equality Report. Furthermore, the selection is also driven
by the desire to explore a less common context, showcasing the potential for women’s
leadership in STEAM in countries beyond the traditional recognised within the
European framework.

3.2. Incardination of Publications

The first phase of developing this thesis involved an examination of the current
state of the art in the field, background studies, objectives, materials selection,
research methods, and the formulation of a detailed work plan. This plan included a
timeline outlining the research process. Although there was a research plan, the
publications passed final revisions at different times. Therefore, the logical
organisation has been done in this text with the intention of explaining the true core of
this research and, so, its coherence.

The primary objective of this exploratory analysis is to conduct an extensive
review of the existing academic discourse concerning the representation and
leadership of women in STEAM (Science, Technology, Engineering, Arts, and
Mathematics) fields. This analysis seeks to understand how scholars are shaping the
knowledge in this domain. Therefore, for the first publication, the approach is centred
on understanding various aspects, such as scientific collaborations between nations,
institutions, and researchers within the field. Also, it reveals trends and disparities
regarding author collaborations, topics analysed, and types of research interventions
conducted.

Considering that European countries have recognised the underrepresentation
of women in STEAM and have acknowledged the need to align their workforce with
market demands. This commitment made by the European Commission materialised
in the allocation of budgets for programs and projects aiming to promote women in
STEAM sectors. Therefore, through a systematic review of projects funded by the EU
from 2019 to 2023 and beyond, we aimed to uncover the main trends, challenges, and
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advancements achieved in promoting women in these fields by European countries.
This effort is as significant as the previous one. Nevertheless, it is more focused on
implementing strategies in the practical field rather than just research in this area of
analysis. Results are mixed since projects do not manage a sole source or type of
data obtained. Nevertheless, most projects demonstrate that the execution of gender
mainstream strategies at the macro level of politics in EU countries is essential and
effective.

To this point, the exploration has been focused on academic discourse and the
analysis of EU projects. However, understanding more about social representations is
key to examining the role of cinema in the dissemination of symbols and narratives
that shape public perception, a power that can not be underestimated. This impact
extends to individuals' lives by portraying women scientists in commercial cinema. By
drawing connections between social psychology, the possible selves theory,
mediation, social representations, and gender theories, the third publication creates
an interconnection that explores the power dynamics related to gender in characters
displayed on the big screen. This confirms that cinema, as any other media, has the
power to perpetuate or change social narratives around women in Science.

Lastly, the thesis finishes with the fourth publication that centres the attention
on the critical discourse analysis of Lithuanian women leaders in STEAM sectors.
Lithuania, as explained before, has been chosen as a case of study considering its
involvement in promoting gender equality initiatives since 1999, creating leverage and
mediatic movement to impulse women in different areas, including STEAM.

The critical discourse analysis delved into various categories of analysis,
including social representations, professional ideologies, gender identity, mediations,
and role congruency. The main aim is to complete a holistic picture of how the subject
of women in STEAM is understood from different angles, this time considering the
informants’ own experiences. These results shed light on how professional and gender
stereotypes permeate the system but also highlight the boundaries that these
successful women have overcome. Furthermore, this last publication served as an
inspiration for other women by showcasing how role models play a crucial role in
inspiring women and young girls, allowing them to relate and aspire to achieve similar
heights in terms of skills, abilities, and knowledge.
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4. GLOBAL RESULTS

The global results and discussion have been coded using the same categories
as in the objectives and in coherence with the chapters of this exploratory analysis of
social representations, academic and media discourses of women in STEAM:
Lithuania as a case study in the European context.

In the first publication, the distribution of research that analysed women in
STEAM reveals that 30% occurred between 2008 and 2015, and a substantial
increase to 70% from 2016 to 2020. Additionally, collaboration rates are around 39%,
with a concentration of articles from U.S. institutions illustrating strategic alliances
within the country. Gender imbalances in authorship are evident, with 74% of research
papers written by women informing about the lack of male participation in research,
which can perpetuate inequalities. While STEAM topics like research collaboration,
inequalities, career pathways, and more are analysed, there is a need for a
multidisciplinary and intersectional approach that considers the ARTS field and that
incorporates the views and experiences of diverse women in these sectors.

Academic research predominantly employs programmed and documental
methods, focusing on private and public agendas and involving both offline and online
research scenarios. The contributions of academia to the study of women's
representation in STEAM are significant. Some of it is about gender inequality extent,
factors influencing women's interest in STEAM careers, career challenges and
opportunities, and the impact of motherhood on work-life balance. However, the
emphasis leans towards descriptive research rather than research-action
participation, which could foster broader social change for women's leadership and
participation in these fields.

Results indicate a shift in publication patterns, collaboration rates, highlight
gender imbalances in authorship, and point to both strengths and gaps in research
academic focus and methodologies. Scientific contributions are valuable, yet the
potential for a more diverse range of research approaches and a more comprehensive
consideration of intersectionality emerge as an area for further exploration and
advancement in the study of women in STEAM.

Considering the second publication, the study of several projects reveals
distinct focuses and strategies for promoting women's participation in STEAM fields.
CORDIS projects primarily emphasise learning experiences, often incorporating
activities tied to career fairs, while also developing Gender Equality Plans (GEP) to
foster inclusivity in STEAM organisations. ERASMUS projects, on the other hand,
centre around STEAM education, particularly working with schools to inspire young
girls'interest in these career paths. While KEEP's projects cover a spectrum of themes
related to women's and young girls' engagement in STEAM that take place not only
inside European regions.

Project structures are diverse, which is very enriching and, nevertheless, hard
to measure. At least 37% of projects adopted a mixed approach combining
assessment and activity development, yet very few used some diagnosis tools. A
majority (63%) were identified as interventions aiming to evaluate or create tools for
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measuring impact. Most projects provided a wide range of outputs, including good
practices, educational materials, assessment frameworks, online platforms, policy
recommendations, and more. Although availability and access of information was an
important limitation, while CORDIS records were accessible, ERASMUS+ and KEEP
databases were less open, potentially restricting the scalability of these projects.

The temporal distribution revealed that 18 projects were funded from 2017-
2019 and 12 from 2020-2021, predominantly ongoing, contributing to a total EU
Commission investment of €57,985,618.69 across European countries and
sometimes outside regions. These initiatives often were led most of the time in
partnerships across institutions, academia, governmental ministries, research
organisations, and companies, collectively aiming to encourage and facilitate women's
participation and leadership in the STEAM industries.

As mentioned before, some projects were led by Spanish institutions (academia
in most cases) most of the time and referring to the outside regions, these interventions
took place in Jordan, Tunisia, Palestine, and Israel, demonstrating a global scope and
interest in women’s agenda.

In the third publication, the study of women's portrayal in films indicates a
shifting landscape within the film industry, as efforts to depict minorities, social issues,
and inequalities have increased across various genres. Analysis of the Bechdel test
results suggests varying levels of female representation and interactions within
movies. Among the 52 movies studied, genres such as action, drama, and sci-fi are
prevalent. After applying the Bechdel test, a mere 11% passed these criteria for female
interaction. However, it is important to note that passing the test does not always
translate to meaningful or non-stereotypical representations of women.

Society is influenced by films, and this is acknowledged through the power they
hold on to shaping people’s perspectives. Market trends and budget considerations
tend to dictate filmmakers' choices, leading to the portrayal of characters that align
with consumer inclinations, often reflected in the ticket box phenomenon.
Nevertheless, this influence is complex, as films can both reinforce stereotypes and
have the potential to challenge and alter societal norms.

Since the Bechdel test alone is not enough, the Greimas Actantial Method
adapted is used upon a representative sample of the movies that passed the first test.
The Actantial method adapted delves into women’s portraits in STEAM-related careers
in commercial cinema, highlighting the power, resistance and collaboration dynamics
between characters in the narrative sequences. Results indicate that men often hold
central positions, shaping the outcomes and resolving conflict for which the plot has
developed, while women's roles frequently revolve around maternal or communitarian
instincts.

Whilst studying the interpretation of these commercial film portrayals in
connection with psychological, gender and social representation theories, the analysis
accentuates the relevance of the intersectional approach, revealing how women's
struggles are often tied to privileged male power and that can be expressed or enacted
in different ways depending on ethnicities, religion, nationalities, and more.
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Among the movies studied, biographical films provide insight into the lives of
scientific women, also portraits of Eastern women who were both scientists and
inventors. Yet, the world does not remember these movies due to the movie popularity
being based on films with big budgets. Movies such as Hedy Lamarr (Alexandra Dean,
2017), a woman whose inventions were stepstones that led to the creation of WIFI
and Bluetooth, are not as popular nor recognised as male-driven blockbusters like
Oppenheimer (Christopher Nolan, 2023), or Top Gun Maverick (Joseph Kosinski,
2022), independently of their release year.

Overall, the study highlights the complex relationship between film, societal
perceptions, power dynamics, and symbolic-social representation, emphasising the
importance of analysis to truly understand the impact of media on shaping beliefs and
behaviours about women in STEAM. A final noteworthy result to mention is that the
Greimas Method is used to compare films from the same genre, and while assessing
dystopian or sci-fi films, the study showcases how symbolic systems resonate with
human-like social organisation, fostering an emotional connection with the audiences,
which can be used to replicating or challenge stereotypes by re-signifying under
symbols and meanings.

In the fourth publication, the study engaged women informants in their 30s to
50s who were born in Lithuania during or after the Soviet Union era. These women
are accomplished and recognised leaders in various STEAM fields, some of them with
skills and additional humanities studies. They hold positions of power where they work
that range from industries such as technology, construction, mathematics,
neuroscience, urban and transport design and more. These women possess
advanced degrees and manage resources, teams, and projects in both public and
private STEAM-related sectors.

The informants described in the questionnaire and interviews experiences of
breaking gender norms in STEAM; for example, one informant expressed that she
“surprised” her colleagues in a meeting, as they were expecting the CEO of a steel
construction company would be a man, and it was her. Informing about how industries
take up to the professional ideologies paradigm and process it as the norm, it is normal
to see a man directing a STEAM company, but not someone “too” young and a woman.

The study revealed several patterns to summarise the relevant ones:
informants strive for excellence and crave control; they are, in most situations, driven
by a critical mindset and meticulous planning to achieve outcomes, exhibiting high
levels of self-efficacy, constant ambition for achieving great goals, and a sense of
responsibility. Nevertheless, these women also expressed concern that their team
should grow as much as they grow, improving everyone’s quality of life, which
describes a transformative leadership style within their STEAM professions.

It is also worth noticing that family plays a crucial role in their journeys;
supportive parenting styles inspire them to pursue their ambitions and overcome
challenges. Positive influences from parents, teachers, and mentors stimulated them
to enter STEAM. Despite the stereotype that technical knowledge is a key barrier,
these women stressed that for them, success in these industries requires both
technical skills and a high level of competence, confirming the importance of
knowledge and efficacy validation was necessary to build their confidence.
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Informants navigate the STEAM landscape with a tournament mindset,
embracing perfectionism and striving to exceed their own expectations. Additionally,
when they were asked about the necessity to achieve high goals, they mentioned they
aspire to succeed not just for personal achievement but to uplift others around them,
demonstrating a commitment to fostering growth around them.

In essence, the study showcases women leaders who defy gender norms and
strive for excellence in STEAM fields every day. Despite the gender norms within these
fields they work, they choose which battles to fight and which battles to use in their
favour to achieve even higher. Their education, internal drive, and commitment to
inspire others have boosted them to break barriers with resilience, redefining
leadership in industries traditionally dominated by men in Lithuania.
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5. DISCUSSION & CONCLUSIONS

In the context of the Covid-19 pandemic, the interest in promoting and
encouraging Women in STEAM increased significantly not only in European countries
but in the world. Yet, focusing on the results obtained, the most used databases record
a relevant amount of research from American institutions rather than Europeans.
Considering this, scientific collaborations seem to be stronger between Universities
within the U.S. more than in European countries. Although, after studying the SRPR
on EU projects, an important body of research came up, it is not published in the main
international research databases.

Additionally, it is not surprising that most of the research on this subject is being
conducted by women, although authorship and collaboration in authorships can
encourage scientific collaborations between countries and institutions, bringing new
perspectives to the scientific discourse on the intersectionality issues that are lacking.
At the same time, it is imperative to involve the participation of male collaborators in
the study of Women in STEAM as a means to break barriers and co-create new
realities as equals.

The academic discourse is centred on many issues within the spectrum of
Women in STEAM. For example, participation in the STEAM industry, STEAM
education, research, computer science, and even entrepreneurship, among others.
Although, if contrasted the American research insight with European research outputs
from SRPR projects, European countries appear to be conducting research on this
ground to endorse the necessity of such projects, and the focus is centre on the areas
of interventions and applicability, audits, creation of tools to measure impact for
Research Performance Organizations (RPO), Research Funding Organizations
(RFO), and the creation of Gender Equality Plans (GEP).

Developing further, the SRPR on women’s social representation and leadership
in STEAM responds to the calls released by the EC, meaning that the research agenda
and academic discourse are moved as a resource for innovation and development by
this supranational agenda. Accordingly, the projects and research abide by what is on
trend to gain participation in such international projects. This does not represent a
negative aspect. Nevertheless, the trend must be consistent in time to achieve full
equal rights and opportunities on the feminist agenda.

The academic discourse used in some projects done by European universities
or RPO, RFO Institutions, showed at times a lack of clarity in how objectives are
expressed and expected outcomes were to be measured, for instance, how it is
possible to measure women empowerment in the STEAM field? It is definitively not
impossible, yet not as convenient as the objective to measure. In addition, there
needed to be more plans and alternative funding to continue the projects, which
affected the consistency of the results over time. Consistency is critical for social
change, as any society manifests quick changes within 2-3 years.

Furthermore, it is noticeable that the academic system and its knowledge
discourse are situated on the trends and agendas set by governments and available
resources. Moreover, this seems more reactive than preventive to tackle real-life
issues.
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Inherent to the hierarchy of knowledge is its intricate link with professions,
career trajectories, labour markets, and the socioeconomic status of societies. An
evident trend emerged connecting results in publications 1 and 2; despite the context
(U.S. or Europe), the academic discourse is consistent in the exploration of STEAM in
juxtaposition with gender within the following frameworks: 1) corroborating gender
inequalities in STEAM, 2) addressing challenges and opportunities for women in
research career path, 3) understanding and try to tackle challenges for women in
career development in STEAM, 4) cognitive differences and biological differences
between men and women, 5) work-like balance, priorities, and co-responsibility.

From a more holistic perspective, the scientific discourse in the SRPR analysis
is divided into STEAM education, career paths and job seeking, including retention
and attraction of talent, and skills formation. Although understanding science as a
cultural practice that is socially situated and that is attached imperfectly to real-life
views, the research trends start to become repetitive on the problems rather than
finding solutions. This way, only one result from the EU SRPR represented an
innovation -EQUAL4EUROPE, a project that implemented a combination of
techniques, disciplines and knowledge that involved arts, humanities, medicine, social
science, business and law (moving away from the STEM), allowing to disrupt the rigid
knowledge and power paradigm of these fields.

Through these interconnected frameworks, the academic discourse delved into
multifaceted aspects of women's participation and experiences within the STEAM
domain. The discourse not only acknowledged gender disparities but also aimed to
dissect the underlying complexities of its roots. For instance, for the EU project
execution, the main audiences involved were young girls and adolescents attending
to the finding that refers to family and schools’ encouragement is important to stop the
leaky pipeline in these areas. Consistently, the outcomes of most projects were online
forums and networks, MOOCSs, training, toolkits, educational material, and good
practices, among others.

Although this is not the only reason for women’s lack of representation and
participation in STEAM, role models are a factor widely studied that contributes to
inspiring and encouraging young girls and women. The female social representation
analysed through the portraits and the interviews in publications 3 and 4 suggests that
the most recurrent careers were Biologists, computer science, engineering,
neuroscience, mathematics, communications, technology, transport, construction, and
urbanism. It is worth noticing that in films, portrait ageism is as present as in real-life
impressions of the interviews done.

In the films, the majority of women scientists were white/Caucasian females in
their 20s or 30s, often portrayed with a neglected physical appearance. They were
depicted as solitary and obsessed with their jobs to the point of not having friends or
family. On the contrary, as mentioned earlier in the interviews, age is sometimes
perceived as a lack of knowledge and experience to lead a team in a STEAM
environment. These extreme portrayals fail to capture the complexities of real life fully.
However, the prevalence of young portrayals in films might also be influenced by the
industry's bias towards youth. In any case, men do not seem to suffer the same
consequences.
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The gender stereotypes are present in STEAM careers due to the professional
ideologies, and they are normalized through the constant practice and culture
association that reinforces this as a particularity within organizations and groups of
people. For instance, the competitive paradigm that underlies the overachieving
mindset displays an interiorized idea -to prove oneself constantly by doing more than
what’'s expected, in order to feel worthy. Such characteristics are present in most
human beings, nevertheless, only women suffer from proving themselves constantly
to society’s expectations. Without falling in oversimplifications, these traits are taught
and absorbed through education, family narratives and media influence that in the end,
allow some forms of control to act within their acquiescence?.

Considering that in the knowledge society it is almost obligatory to have
certifications in order to be able to access opportunities, reality also shows that skills
formation allows finding nontraditional career paths. While, women are not
underrepresented in all STEAM fields, nor have access to leadership positions,
throughout the academic discourse the revision on the power dynamics is positioned
on the patriarchal oppression that women experience, without considering the notion
of professional ideology and curriculum constructions and the role of this concept in
connection with social justice and the feminist agenda.

This way the scientific paradigm has done great improvements and discoveries
to uncover power dynamics and oppression to women due to the patriarchal system
that permeates STEAM fields. Nevertheless, it is worth trying to explore new
multidisciplinary and epistemological approaches that contribute to challenge the
knowledge pyramid and that bring innovative perspectives that reveal how life
experiences and people are a result of their multiple imperfect interactions.

Academic and media discourse effectively align with prevailing societal trends
and issues. However, tackling the profound challenges of gender representation
demands more than descriptive research. Addressing the sophisticated web of social
representation means attending to the sociocultural accumulated aspects that impact
women’s motivations and abilities within STEAM fields, requiring a multidimensional
intervention aimed at generating viable solutions.

Moreover, power dynamics are a pervasive aspect of human existence,
influencing and being influenced by both internal and external factors. Within this
context, knowledge emerges as a potent instrument employed to maintain the
advantages of dominant groups within industries, acting through education and the
professions. To catalyse change, it becomes imperative to employ intersectionality, a
lens that illuminates the factors that need to change in the system.

In conclusion, the imperative of unlocking and reshaping instrumental
relationships remains crucial to initiate profound and impactful transformation.
However, even within this process, the perpetuation of acquiescence is likely to
persist. The evolution of gender theories and social discourses have evolved,
reinforcing the idea of individualism as a rule. Also, it is an intrinsic facet of human
nature to believe that individual decisions are self-governed, and this way, there is

3 Acquiescence is a more accurate concept to refer to the “freedom of choice” in contexts where the main characteristic is uneven
power dynamics, as circumstances impose limitation that somehow influence people’s decision making.

34



empowerment, the dominion of oneself and the choices, often unaware of the invisible
forces that shape such choices.

This illusion in the perception of freedom is, in reality, a way to create new
chains between individuals using their own ambitions as fuel. In this context, it's
important for women to maintain their sense of agency, be resilient, and rise above
the gender norms imposed in STEAM fields. This empowerment is crucial for
reshaping the narrative and working towards a more inclusive and fair future.
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6. LIMITATIONS AND FUTURE RECOMMENDATIONS

In the first publication, academics tend to use descriptive research instead of research-
action-participation applied to different contexts to encourage social change, and this
is considered as a limitation as more intervention can contrast real life with theory,
bringing new solutions to today’s women in STEAM problems. Additionally, for those
who design projects, a diagnosis should be, in most cases, necessary when planning
for research-action interventions to be able to measure the overall impact of the
project.

Considering the second publication, a limitation found while conducting the SRPR is
that only CORDIS database in Europe has open access to project files. Erasmus +
and Keep unavailability potentially limits scalability for future research with these same
methods.

On the other hand, a recommendation when analysing films is that the Bechdel test
cannot be taken as the only tool, for it fails to reveal hidden gender disparities. For
example, in Arrival (Denis Villeneuve, 2012) and Agora (Alejandro Amenéabar, 2009)
the main character and plot are developed by a scientific woman; for this reason, there
are no other relevant interactions. As a result, these two movies would not pass the
third question from the Bechdel test. Considering this, in this thesis, the Greimas
Actantial Method adapted was the complementary tool.

In the meantime, while using the Greimas Actantial Method in future research,
academics should consider that to be effective in its use, it should be between 1)
comparable variables, 2) selecting a representative sample, 3) shaping the
gualification questions to what the scope of the research questions is. Otherwise, the
results would not be as accurate.

Lastly, along with the fourth publication, a new piece of research will come next to
compare professional ideologies with gender perspectives applied in Spain, with the
aim to find cultural and professional ideologies challenges or consistencies to prove
the rigid paradigm behind STEAM sectors (North-South European countries).
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Sintesis en Espanol

(Spanish summary)

Given that the present doctoral dissertation is written in English, a summary covering
the background, aim, methodology, results, and conclusions is included in Spanish,
in accordance with Rey Juan Carlos University policies.
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7. SINTESIS EN ESPANOL / SPANISH SUMMARY

La pandemia por el Covid-19 obligd a las economias globales a una rapida
transformacion digital, hoy en dia casi todas las tareas o posiciones laborales pueden
ejecutarse de manera virtual, con ayudas de Al, robots, entre otros. Dicha
transformacion acrecent6 la brecha de género en las ciencias STEAM. Hoy las
mujeres se enfrentan a grandes dificultades para conectar con el mercado laboral,
bien sea por no estar preparadas o carecer de las habilidades necesarias,
conocimientos técnicos o incluso acceso a las tecnologias que aseguren su
participacion y desarrollo en esta economia digital global. Esta tesis centra su
atencion en paises europeos donde la lucha por la igualdad y equidad de género es
hoy en dia un imperativo, que busca impulsar la participacion, representacion social
y liderazgo de las mujeres en STEAM.

La desigualdad de género en los sectores STEAM es un tema complejo y
arraigado socialmente de diferentes maneras, se extiende desde la falta de modelos
de liderazgo, los estereotipos de género, la socializacion de sistemas de creencias
sobre la incongruencia del género, entre otros (Kuschel et al., 2020). Algunos autores
explican lo que para ellos representa el origen de la infrarrepresentacion de la mujer
en STEAM, algunos consideran que se debe a la segregacién de género que
finalmente, impacta en las politicas de trabajo (Schlenker, 2015); la falta de modelos
de liderazgo, la falta de confianza y seguridad o sindrome del impostor (Ellis et al.,
2016; Mayo et al., 2012); el efecto matilda, techo de cristal y acantilado de cristal
Botella et al., 2019; Carr et al., 2019; Denend et al., 2020; Makarem & Wang, 2020).
Dentro del espectro STEAM se encuentran una gran variedad de enfoques en el
discurso académico.

Por esta razon este estudio exploratorio presenta varias miradas sobre como
se ha enmarcado y comprendido a la mujer en STEAM, desde el discurso académico
y de los medios, en conexion con conceptos como las representaciones sociales, las
ideologias profesionales, teorias de género y vigilancia epistemologica, analizando
asi las relaciones de poder y otros mecanismos que perpetuan las disparidades de
género en estos sectores.

Objetivos

La investigacion en el campo de la infrarrepresentacion y liderazgo femenino
en STEAM ha incrementado en la ultima década, los académicos se debaten entre
multiples razones para explicar este fenébmeno, por ejemplo, la cuestion de la eleccion
de una trayectoria profesional, la validacion de conocimientos técnicos en STEAM y
confianza personal, la influencia del estimulo familiar, modelos de conducta, techo de
cristal, acantilado de cristal, entre otros. Sin embargo, no hay evidencia de estudios
gue aborden un andlisis del discurso cientifico y de los medios, y su encuadre sobre
la representacién social de la mujer en las industrias STEAM.

De acuerdo con lo anterior, el objetivo principal de esta tesis realizar un analisis
exploratorio de las representaciones sociales en los medios de comunicacion y
discursos académicos sobre la participacion y liderazgo de las mujeres en sectores
STEAM, considerando a Lituania como caso de estudio en el contexto europeo.
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A partir de este objetivo general, se proponen los siguientes objetivos
especificos que estan en consonancia con el compendium de publicaciones
realizadas:

Con el fin de conocer el discurso académico sobre las mujeres en STEAM, es
preciso intencionalmente revisar los hechos basicos sobre lo cual se investiga y asi,
familiarizarse con las opiniones académicas buscando crear una imagen mental sobre
dichas hipétesis (Neuman, 2007), que en la mayoria de los casos examinan patrones
y paradigmas que cuestionar. De esta manera, el primer objetivo especifico es
analizar el discurso académico existente sobre la representacion social y liderazgo de
las mujeres en estos campos, y como los académicos han moldeado el conocimiento
con una perspectiva de género. Lo anterior a través de una revision exploratoria del
discurso cientifico aplicando métodos cuantitativos y cualitativos que permiten
alcanzar tendencias y contrastes.

Las autoridades o gobiernos a menudo dedican una cantidad considerable de
recursos para aprender y focalizar esfuerzos en resolver problemas especificos,
gracias a ello las personas confian en estas autoridades como base de conocimiento
(Neuman, 2007, p. 3). El contexto europeo no es la excepcion, a nivel supranacional
desde la Comision Europea se ha reconocido la importancia de resarcir la escasez de
mujeres en el sector STEAM para ajustar las necesidades del mercado. Como
resultado, la Comision Europea asigndé un plan de trabajo, con presupuesto,
programas y proyectos que en conjunto buscan promover a la mujer en estas
industrias. Partiendo de esta base, el segundo objetivo especifico es ejecutar una
revision sistematica de los proyectos europeos focalizados en promover a la mujer en
STEAM, financiados por la Unién Europea desde 2019 a 2023 en adelante.

Los modelos de liderazgo juegan un papel crucial en la representacion social
de las mujeres en STEAM, por cuanto permiten a mujeres y niias sentirse reflejadas
en pares que les generan gran admiracion por sus intereses, capacidades,
habilidades y conocimientos. Esta influencia de los medios de comunicacion tiene un
impacto significativo en la vida de las personas, al representar imagenes de mujeres
cientificas en el cine comercial. En este marco de ideas, se entrelazan conceptos de
mediaciones, psicologia social y teoria de los posibles yo, con las teorias de género
develando de forma disruptiva dinamicas de poder detrds de los personajes
cinematograficos. Asi, el tercer objetivo especifico es investigar de qué manera el cine
comercial retrata a las mujeres cientificas, con posiciones de liderazgo en estas
industrias, usando la prueba de Bechdel y el Método Actancial de Greimas adaptado.

Considerando que el conocimiento es jerarquizado, y de estd manera se
perpetian dinamicas de poder dentro del ambito STEAM. El Analisis Critico del
Discurso (CDA) se convierte en un imperativo, ampliamente utilizado en ciencias
sociales, para estudiar el papel del discurso y las estrategias en las relaciones
sociales (Van Dijk, 1995, p. 18). De esta manera, el cuarto objetivo es realizar un CDA
del liderazgo de mujeres Lituanas en estos campos, empleando un cuestionario en
linea y entrevistas en profundidad para descubrir sus desafios profesionales en estas
industrias.

Lituania ha sido seleccionado como caso de estudio debido a sus iniciativas
tempranas e impacto mediatico en temas de igualdad de género. En STEAM, los
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estereotipos perduran en los discursos académicos y de los medios, moldeando
percepciones, en consecuencia, el enfoque de esta tesis se centra en como los
discursos académicos y de los medios enmarcan a las mujeres en STEAM, con
Lituania como caso de estudio europeo, con el objetivo de explorar, describir y
cuestionar las ideas que contribuyen a dichos desequilibrios de género.

Metodologia

Esta tesis ha empleado una coleccion de técnicas tipicas en "la investigacion
social como proceso para producir conocimiento. De esta manera, €s un proceso mas
estructurado, organizado y sistematico que las alternativas que la mayoria de
nosotros usamos a diario” (Neuman, 2007, p. 3), pero es un método efectivo para
interpretar preguntas de investigacion social a través de procesos cientificos. Mientras
la ciencia ocurre en el nucleo de una comunidad cientifica; esta comunidad practica
la ciencia dentro de un conjunto de normas, comportamientos y actitudes que los unen
y nutren el sistema. Esto se llama un paradigma.

Este estudio se enmarca en comprender cuales son los paradigmas
dominantes (Urry, 1973) en la investigacion cientifica de la mujer como sujeto en el
sector STEAM. Pues, muy a pesar que las mujeres en STEAM han sido analizadas
durante mas de dos décadas, los problemas estructurales persisten, lo que demuestra
gue son necesarios nuevos paradigmas de investigacion novedosos para que la
comunidad cientifica cambie su enfoque.

Reflexionando sobre el tema con una perspectiva de género utilizando las
teorias previamente expuestas en el estado del arte en yuxtaposicidbn con las
ideologias profesionales, mediaciones y roles de congruencia, es posible explorar y
describir las contribuciones cientificas al campo de estudio. Por lo tanto, el uso de
metodologias mixtas permite recopilar diferentes tipos de datos para buscar patrones,
avances y contrastes.

Esta tesis emplea un analisis exploratorio de series temporales con elementos
descriptivos para obtener una comprensiéon completa y precisa del tema. Es
exploratorio para examinar el area de conocimiento, buscando formular las preguntas
correctas. Por lo tanto, tiende a utilizarse datos cualitativos (Neuman, 2007, p.16).
Ademas, existen matices descriptivos, "buscando desarrollar una idea sobre un
fendmeno social y describirlo” (Neuman, 2007, p. 16); en este tipo de investigacion,
es comun utilizar encuestas y analisis de contenido, entre otros procedimientos
realizados en esta tesis.

Resultados

Este estudio sobre las mujeres en STEAM (Ciencia, Tecnologia, Ingenieria,
Arte y Matematicas) revela una tendencia significativa en la investigacion en este
campo. Entre 2008 y 2015, el 30% de la investigacion se centro en este tema, pero
experimenté un aumento sustancial al alcanzar el 70% entre 2016 y 2020. Sin
embargo, persisten desafios importantes, como desequilibrios de género en la autoria
de investigaciones, con un 74% de los trabajos escritos por mujeres. Esto destaca la
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falta de participacibn masculina en la investigacion, lo que puede perpetuar las
desigualdades de género. A pesar de abordar temas como la colaboraciéon en la
investigacion, las desigualdades y las trayectorias profesionales en STEAM, se
destaca la necesidad de un enfoque mas multidisciplinario e interseccional, que
incluya el campo de las artes y considere las experiencias de diversas mujeres en
estos sectores.

En el &mbito académico, se emplean principalmente métodos programados y
documentales, centrandose en agendas publicas y privadas, tanto en entornos de
investigacion en linea como fuera de linea. Aunque la academia ha contribuido
significativamente al estudio de la representaciéon de las mujeres en STEAM, la
investigacion tiende a ser descriptiva en lugar de orientada a la accion, lo que podria
fomentar un cambio social mas amplio en el liderazgo y la participacion de las mujeres
en estos campos. En resumen, los resultados indican un cambio en los patrones de
publicacion, la colaboracién y resaltan las desigualdades de género en la autoria de
investigaciones, sefalando fortalezas y deficiencias en el enfoque y las metodologias
de investigacion, y destacando la necesidad de una exploracion mas diversa y una
consideracion mas integral de la interseccionalidad en el estudio de las mujeres en
STEAM.

En la segundo publicacion, se destacan diferentes enfoques y estrategias para
promover a la mujer en la ciencia, los proyectos desarrollados se centran en su
mayoria en atender la problematica desde la educacion STEAM, el acceso y la
participacion en el mercado laboral, disefio, planeacién y programacién de planes de
igualdad de género en organizaciones STEAM. Se subraya la diversidad en los tipos
de resultados e impactos esperados de dichos proyectos, aunque una limitacion
importante es que solo CORDIS tiene acceso abierto a documentos en su base de
datos.

La tercera publicacion se enfoca en la representacién de las mujeres en
peliculas comerciales, destacando como el cine puede actuar tanto como un reflejo
de estereotipos de género arraigados como una fuerza para desafiar las normas
sociales. Se subraya enfaticamente la importancia del analisis de estas
representaciones para comprender cémo moldean la percepcion publica de las
mujeres en campos STEAM. El poder del cine para influir en la sociedad se reconoce
aqui, y se enfatiza que puede ser tanto un perpetuador de estereotipos como un
medio para desafiarlos. Este estudio pone de relieve la necesidad de una mirada
criticay profunda a las imagenes que vemos en pantallay como impactan en nuestras
creencias y comportamientos.

En el dltimo capitulo, se desglosa la representacién social de las mujeres
lideres en campos STEAM en Lituania. Dentro de los perfiles de mujeres evaluados,
estas informantes desafiaron las normas de género y se destacan sus caracteristicas
de liderazgo y capacidad de resiliencia en sus respectivas disciplinas. La influencia
de la familia y la importancia de la validacién del conocimiento también se resaltan en
este capitulo como ejes centrales.

Estos capitulos, en conjunto, ofrecen una panordmica completa vy
esclarecedora de la representacion y participacion de las mujeres en campos STEAM,
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desde la esfera de la investigacién académica hasta el mundo del cine comercial, y
finalmente, la experiencia personal de lideres en estos campos en Lituania.

Discusion & Conclusiones

En el contexto de la pandemia de Covid-19, el interés por promover y alentar
la participacion de las mujeres en campos STEAM ha aumentado significativamente,
tanto en paises europeos como en todo el mundo. Sin embargo, los resultados
obtenidos revelan que la mayoria de la investigacion proviene de instituciones
estadounidenses en lugar de europeas. Esto sugiere que las colaboraciones
cientificas son mas sélidas entre universidades en los Estados Unidos que en los
paises europeos. A pesar de ello, se ha identificado una cantidad significativa de
investigacion en proyectos de la Union Europea que no se encuentra publicada en las
principales bases de datos de investigacion internacionales.

Es importante destacar que la mayoria de la investigacion en este campo esta
siendo realizada por mujeres, lo que es un reflejo de la creciente participacion
femenina en STEAM. Sin embargo, es importante involucrar la participacion de
colaboradores masculinos en el estudio de las mujeres en STEAM como una forma
de derribar barreras y co-crear nuevas realidades en igualdad de condiciones.

El discurso académico se centra en una serie de cuestiones relacionadas con
las mujeres en STEAM, como su participacion en la industria, la educacion STEAM,
la investigacion, la informatica, el espiritu empresarial y mas. A pesar de los contextos
diferentes (EE. UU. o Europa), se observa que el discurso académico es consistente
en la exploracién de STEAM en relacion con el género. Sin embargo, se sefala que,
en algunos proyectos europeos, la falta de claridad en la formulacién de objetivos y
en la medicion de resultados puede ser un desafio. La consistencia a lo largo del
tiempo es esencial para lograr un cambio social significativo.

Asimismo, en el ultimo estudio se acentla la importancia de que las mujeres
desarrollen su agencia y resiliencia para superar las normas de género impuestas en
los campos de STEAM, lo que es fundamental para transformar la narrativa y avanzar
hacia un futuro mas inclusivo y equitativo. Lituania, como caso de estudio en el
contexto europeo, juega un papel importante al proporcionar perspectivas valiosas
sobre las experiencias de las mujeres en STEAM en una region especifica de Europa,
enriqueciendo aun mas la comprension de este tema a nivel global, desde dejar en
claro la relevancia de la interseccionalidad, asi como, de la agencia que permitié a
estas mujeres lograr grandes metas aun en medio de ambientes hostiles.

En dltima instancia, estos estudios revelan que, aungque se ha avanzado en la
comprension de las desigualdades de género en STEAM, existe una necesidad
apremiante de abordar estos problemas desde perspectivas multidisciplinarias y
epistemoldgicas innovadoras. El poder de los discursos académicos y de los medios
de comunicacion es innegable en la configuracion de la percepcion publica, pero para
lograr un cambio real y duradero en la representacion de género en STEAM, se
requieren intervenciones multidimensionales que generen soluciones viables.
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8. COMPENDIUM OF PUBLICATIONS

Note: This section features content taken directly from previously published
materials in various journals and editorials. These publications were released at
different times due to revisions, but we have structured them here to align coherently
with the author's intended research plan.
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Publication 1

8.1. “Scholarly Discourse About Women in the STEAM Fields: An Exploratory Study
on Scientific Literature”
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SCHOLARLY DISCOURSE ABOUT WOMEN
IN THE STEAM FIELDS: AN EXPLORATORY
STUDY ON SCIENTIFIC LITERATURE

Tatiana Buelvas-Baldiris?!
Rainer Rubira-Garcial*
Rasa Poceviciene?

1. INTRODUCTION

Women’s roles in Science, Technology, Engineering, Arts, and Mathematics (STEAM) are a
pressing and prominent topic in global discussions and social agendas. UNESCO has reported
that gender inequalities in STEAM education and employment lead to further disparities in status
and income (UNESCO, 2019). This concern has significant implications for the industry and
society, including self-reflection in scholarly literature.

The STEM acronym was created in the US by the National Science Foundation in 1990 to
emphasise Science, Math, Engineering, and Technology as fields that enhance innovation
(Mejias, 2020; Maeda, 2012), often disregarding the Arts field. Adding Arts to those areas of
education as a new pedagogy emerged in 2007 to boost student interest and participation.
However, “empirical research demonstrates that Arts enhance creativity, critical thinking,
innovation, collaboration, and interpersonal communication skills” (Perignat, 2019, pp. 31-43).
Artistic endeavours have been linked in past studies with Nobel scientists who performed some
visual or handcraft, creative writing, and even photography or music (Root-Bernstein, 2015).

Therefore, this interest in a hybrid approach among STEAM disciplines is now growing,
promoting deliberate tools, knowledge appropriation, new learning, and research methods
(Mejias, 2020).

Despite previous research connecting Arts with science and creativity (Root-Bernstein,
2015), as Kuschel describes, “gender inequality in STEAM has its roots in a complex set of issues
[...] is a story of stereotypes, a gender socialised belief system, a lack of role models” (2020, p.
15); female participation in the STEAM sector has been recognised as crucial to encourage

scientific excellence and achieve diverse perspectives to reduce bias in knowledge development
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and solutions (UNESCO, 2019). In fact, studies on social justice and education claim that
“scientific knowledge is produced in a highly organised social process” (Connell, 1993, pp. 31-
33); such production is selected and compiled, making a curriculum. Hence, curriculums can be
an instrument to generate and reinforce social class, gender division, and social power, as the
knowledge in it is hierarchically organised.

Therefore, it is essential to understand the potential of this intersection with humanities.
Furthermore, it is vital to continue exploring these hybrid approaches that may offer a well-
rounded education and prepare students for the future of STEAM industries (Mejias, 2020;
Perignat, 2019).

Covid-19 and digital transformation informed and worsened gender disparities globally
(UNDP, 2021). “The European Commission (EC) predicted that the Information and Technology
(IT) sector (alone) will create 7 million job openings by 2025” (Panagiota et al., 2019, p. 52). Yet,
European countries face noticeable labour scarcity in the STEAM sector (Caprile et al., 2015).
Unfortunately, “gender segregation in the field, career-related challenges, disproportions in senior
positions, gender imbalances in access to funding and opportunities, as well as gender-blind and
gender-biased research, organisational culture and institutional process” (Panagiota et al., 2019,
p. 55), that permeates the social structures excluding women.

The goal of this research is to present an exploratory analysis of scientific discourse about
women in STEAM using quantitative and qualitative methods. Firstly, we study literature reviews
to grasp how academia shapes the knowledge in STEAM and conceives it as a field with a gender
perspective. Secondly, we explore the scientific production in EBSCO to have a comprehensive
analysis of how scientists are considering women in the STEAM sector. Last, we provide
reflections for future trends intending to share critical insights into gender studies and STEAM
fields.

Among the most critical reviews, which we analysed in the first moment of this study, we
found meta-research on women entrepreneurship that discusses the micro and macro challenges
women face in STEAM (Cardella et al., 2020); Women’s underrepresentation in STEAM,
emphasising the systemic disadvantages (Kuschel et al., 2020); Understanding the gender gap
in STEAM with a focus on math-intensive disciplines (Ming-Te et al., 2017) and women's choices
and preferences in STEAM careers and their relationship with creativity (Hill et al., 2012).

Later, after extracting scientific production from EBSCO, we confirmed that literature found
on STEAM and gender theories presents various perspectives on the same issue. Additionally,
73% of these belong to U.S. institutions. For instance, Joan Acker's Theory argues that power
dynamics in organisations perpetuate gender and intersectional inequalities in the field, validating
male domination over women (Zippel et al., 2017); Gendered perceptions of global academic and
STEAM collaborations that hinder women’s advancement to leadership roles in academia and
business (Uhly et al., 2017); Research that explores gender roles in STEAM and romantic
relationships (Dunlap et al., 2019); Men's role in supporting gender equity in these fields (Sattari

et al., 2017); Gender gaps in forensic sciences (Ward et al., 2019), and gender imbalances in
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aviation (Halleran et al., 2019). These studies shed light on the power dynamics and complexities
that women face in STEAM fields.

Gender awareness has increased the opportunities available for women to participate in
various levels of society. Yet, significant gender disparities in the C-level and entrepreneurship in
STEAM remain. Studies show that women face barriers such as limited access to resources,
male-dominated networks, and gender-based social positioning favouring men in
entrepreneurship (Cardella et al., 2020). Other research considers the contribution of women
board directors to corporate social performance, emphasising the importance of gender diversity
and ethical behaviours (Campopiano et al., 2022).

Current research on STEAM gender inequalities is centred on developed countries, often
overlooking intersectionality with race, ethnicity, gender, sexual orientation, and religion.
Disaggregated data and geographical analysis are needed to understand women's social and
cultural challenges (Cardella et al., 2020).

Gender with a focus on epistemological surveillance applied to this study requires
consistency in data, analysis, and theories, understanding that individual behaviour is shaped not
only by rational decision-making but permeated by the social structure, including its disciplinary
laws, regulations and patterns that operate beyond human awareness and intentionality
(Bourdieu et al., 1991). Consequently, more scholarly communication in this analysis area can
bring new perspectives to suggest improvements in scientific policies or strategies with the
primary goal of promoting women in STEAM.

2. METHOD AND SAMPLE

We navigated in “one of the three most prominent vendors for general academic databases,
which is EBSCO” (Blessinger & Olle, 2004, p. 335). Among EBSCO’s social sciences and
humanities extensive databases, we used Academic Search Ultimate, which offers students an
unprecedented collection of peer-reviewed, full-text journals, including many journals indexed in
leading citation indexes (EBSCO, 2023).

To gather research from 2000 to 2020 on the related topic, the period is determined as a
change of the century in which the sensitiveness about the subject in question developed with a
tendency to increase in the agendas, encouraged by international organisations and global high-
level meetings.

First, women in science started to be discussed frequently after the European Commission
published the report “Women in Industrial Research,” which opened the space to create high-
level meetings regarding the underrepresentation of women in STEAM (Rubsamen- Waigmann
et al., 2003). Two years later, the Council of the European Union issued an official document
(SEC 370) in March 2005 stating that among the main activities of the European Commission
(EC), there was a need “to promote gender equality in science through Research Framework

Programmes” (European Commission, 2005, p. 3).
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In the same official document, it is mentioned that “although some progress has been
achieved since the adoption of the previous reports in 1999 and 2001, the situation is still far from
satisfactory” (European Commission, 2005, p. 3), recognising that efforts must be strengthened.

From this point in time, more high-level meetings, units, and programs were created to
leverage women in STEAM. For instance, in 2016, UNESCO adopted an active position in its role
to “encourage girls and women to be leaders in the science, technology, engineering, art/design,
and mathematics fields” (UNESCO, 2016, pp. 41-42) as expressed in the decisions adopted by
the executive board at its 199th session.

For this methodology, we used filters such as reviews or journals, academic, peer-reviewed,
written in English, and worldwide. The keyword combinations were adapted accordingly to the
search engine and maintained the same logic. The combination used for data collection was
“Women” OR “Female” OR “Woman” OR “Females” AND “STEM” OR “STEAM,” also under the
umbrella terms of women in science, gender inequalities, and gender. We decided to exclude
non-research documents and publications that ignore gender/women's issues in STEAM, book
chapters, conference reports, or essays with the same criteria.

We had an output of 240 articles, and with the support of an expert’s board, the sample unit
(SU) was reduced to 46 articles based on the specificity and depth of the topic developed in them.
Our experts are academics and consultants who practice in the Gender in STEAM area, using as
main criteria those articles that reference women and, or gender both in STEAM or STEM fields,
included and further developed in the title, the abstract, and in their objectives. We then coded
and analysed data in a spreadsheet to identify patterns in the scholarly discourse. We outlined
an analysis plan with three main questions and sub-categories:

RQ1: What are the main features of the body of scholarly literature on women in STEAM?

Subcategories: Review title; the period for publications; collaboration between Universities;
countries and gender; authorships and correspondence; field of STEAM studied.

RQ2: How the theoretical framework has shaped the academic discourse about women in
STEAM?

Subcategories: Keywords; descriptors; document titles, objectives, predominant study area,
localisation, scenario, and the subject of study.

RQ3: What have been the main methodological designs applied in the scholarly study of
women in STEAM?

Subcategories: Data type; predominant technique; dominant document analysis;
predominant triangulation.

We have used a mix of research methods, qualitative and quantitative, for this exploratory
design, “as this approach contributes to drawn interpretation based on the strength of both data
sets to understand the research problem” (Cresswell, 2014, p. 6). By using these methods, we
can see emerging trends between variables, which shed light on patterns related to
collaborations, research subjects and topics, types of interventions and more, giving us clues on

how meanings are formed and transformed within the field.
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The framework used is based on Bourdieu’s concept of social structure and epistemological
surveillance. As this author proposes that dominant groups use their power to shape and control
the production and dissemination of knowledge. The epistemological surveillance contributes to
overlooking how the field of women in STEAM is studied, as it questions social knowledge
production. Bourdieu claimed that by not applying the instruments of knowledge towards the
comprehension of the scientific practices and conditions, we develop a disposition to portray and
explain the social without understanding the structures and power relations that interplay between
the knowing and the knower subject. Therefore, disregarding the performativity theory (Bourdieu,
1977; 1993).

3. RESULTS

Results indicate that 30% of the publications on women in STEAM were produced from 2008
to 2015, compared to 70% that took place from 2016 to 2020, as in Table 1, advising us on an
evolving trend to grasp the subject within different areas of STEAM.

Universities’ collaboration framework results are impacted by country collaboration. Only
26% of research is from countries such as Japan, Spain, the UK, Nigeria, and Australia, against
73,9% produced by U.S. Universities. Topics vary from country to country, for example,
information and communications technology to understand gender diversity in STEAM in Spain
(Botella et al., 2019); Gender disparities in the UK in research publishing system, comparing fields
and methods (Thelwall et al., 2020); Gender balance in the European Research Council Grants
(Bautista-Puig et al., 2019), or the efforts needed to improve Japanese women'’s status in STEAM
(Souma, 2019).

Considering the Sample Unit, 28 articles are from the same University or Institution,
indicating a 39% of collaboration rate. This is not surprising as most samples are from U.S.
Institutions, informing about their strategic alliances within the country. Related to this
subcategory, gender imbalances were found in authorship, with 74% of research papers written
by women. This evidence shows that with the involvement of more men in the gender arena
across disciplines, the more rigid paradigms feminist agenda can break; for that, scholarly
literature using epistemological surveillance is critical.

Correspondence in authorships reflects the gender variable, not addressing the
intersectionality based on nationality, gender identity, sexual expressions, and more, which can
perpetuate inequalities. On the other hand, combined gender and authorship data revealed that
women collaborate more frequently than men, with a 93% collaboration rate for up to three
authors. Men collaborate at a rate of 67% for one or up to four authors. Nevertheless, journal
conditions and the scientific tradition in the fields may influence these collaborations.

Table 1

Relationship of Journals, number of publications, and countries.

Country Journal Year (s) Resultsé

u.S. Administrative issues Journal 2020 1
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Australian Journal of Forensic

Australia Sciences 2019 1
us. ol e e SO
uU.S. Educational Psychology Review 2017 1
Spain Entropy 2019 1
uU.S. Gender Work Organ 2019, 2018, 2017 3
U.S. Gender Issues 2018, 2019 2
uU.S. Gender and Education 2019 1
Lithuania Gender Studies & Research No date 1
UK Geophysical research abstracts 2019 1
Sweden Island Studies Journal 2018 1
U.S. Journal STEM Education 2020 1
US. Journal of Comparative Family No date 1
Studies
U.S. The Journal of Higher Education 2017, 2019 2
u.S. Journal of Social Issues 2011, 2011 2
uU.S. Lucerna No date 1
Czech Republic Marketlnglr?:gvlg/lt%nnigement of 2020 1
u.S. Mathematical Intelligencer 2012 1
Nigeria Matatu: Journasloo;gf;can Culture & 2016 1
US. smerican Colleges & Universites 2019 :
uU.S. Psychological Inquiry 2011
uU.S. PloS ONE 2016 (22)(‘)22520 ).
UK Profesional de la informacion, EPI 2020 1
SCP
Japan Pure & Applied Chemistry 2019 1
U.S. Review of Policy Research 2010 1
uU.S. Review of Social Economy 2014 1
Spain Research Evaluation 2019 1
us. Research mSpHrli?qurr Education, 2008 1
uU.S. Self & ldentity 2020 1
U.S. Science Mag Org 2016, 2015 (2) 3
u.S. Social Forces 2020 1
U.S. Social Science Quarterly 2011 1
U.S. Studies in Higher Education 2014 1
U.S. The Career Development Quarterly 2014 1
Total 46

Note. Author’s own elaboration

Table 1 highlights important journals and topics in the STEAM field based on a sample of 46

papers. The most prominent journals were PloS ONE, Science Mag Org, and Gender Work
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Organ. At the same time, the most common topics were STEAM (63%), STEAM education (11%),
research (9%), and a mix of forensic, aviation, technology, and information and computer
sciences (13%). However, the arts field needs to be better represented. The STEAM topics most
analysed included research collaboration, inequalities, career pathways, romantic relationships,
culture, bachelor pathways, sociocultural contexts, ethnic disparities, and a few more.

This analysis highlights frequent keywords such as academia, gender, women, gender
inequality, STEAM fields, gender gap, gender diversity, academic careers, research, women in
science, stereotypes, and institutional change.

Later, we categorised the SU by leading verbs, resulting in a mix of the goals pursued by
explaining (41%), describing (39%), evaluating (15%), and intervening articles (4%). However,
the descriptors covered various topics, making it difficult to determine the scope of the studies.

Results indicate that academics are interested in 1) Corroborating gender inequalities in
STEAM, 2) Exploring women’s interest in STEAM careers, 3) Addressing challenges and
opportunities for women in research, 4) Understanding career development in STEAM, 5)
Conducting cognitive studies on biological differences and 6) motherhood and work-life balance.
Hence, these studies rely on national and institutional data to understand by far population groups
and online audiences.

Following this logic, some examples are 20 longitudinal studies on high school science or
engineering experience boost women’s confidence to pursue this as future careers (Hunt et al.,
2021), comparing first-time expectant mothers' decisions in central Texas to those of women in
Great Britain and Spain, this study tests Hakim's preference theory (Stanley-Stevens et al., 2011),
cooperative and competitive decision factors that influence in the STEAM courses (Post et al.,
2020).

Academics primarily conduct programmed (41%) and documental research (35%), focusing
on private and public agendas. Most of the research scenarios identified were offline as
organisational (17%), group (22%), interpersonal (13%), and conventional masses (4%); on the
contrary, online methods used were online interpersonal (2%), groups (11%), organisation (11%),
masses (20%), as in Figure 1. These methods target specific populations with ethnic or
institutional differentiations, accentuating their interest in responding to particular concerns.

Standard data collection and predominant techniques used in these studies include
documental analysis in a total of 21 articles (46%), a total of 17 surveys (37%), and a total of 6
conversational and experimental methods (13%). In this order of ideas, the dominant techniques
are content analysis, with 27 of the results (59%), and documental analysis, 13 of the results
(28%), followed by other techniques (13%).

Academics have made valuable contributions to the study of women's representation in
STEAM fields. Research has covered various topics, including the extent of gender inequality,
factors influencing women's interest in pursuing STEAM careers, challenges and opportunities
faced by women in research, career development challenges, and the impact of motherhood on

work-life balance.
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Although, there is a proven commitment to understanding and addressing women’s
representation in STEAM using a range of research technigues and methods to explore this issue.
There is a predominant trend to use descriptive research instead of more research-action-
participation applied to different contexts to encourage the social change that enables all women
to have a space and lead in STEAM in this new century.

4. DISCUSSIONS AND CONCLUSIONS

From 2000 to 2020, there has been an increasing social awareness about women in STEAM,
although there is more to advance in the field, according to the academic discourse analysed.

Gender studies are intrinsically linked to social change, structures, and agency, providing
insights into complex decision-making processes influenced by emotional and cultural factors and
institutional constraints (UNICEF, 2012; Leyton, 2014). The intersectionality factor lacking in the
articles analysed is a critical feature that can significantly contribute to future academic narratives.
The gender mainstream and intersectional approach facilitate a deeper understanding of the
realities diverse women face in different contexts, including female presence in STEAM.

However, the subject of study in the sample is predominantly Western-focused, and
therefore, we encourage north-south cooperation between universities worldwide. Such
collaboration can enable knowledge transfer and motivate sharing of best practices, if necessary,
to analyse scientific discourse about women in STEAM fields.

The role that Arts and Humanities play in the STEAM fields needs to be encouraged. The
integration of Arts in such fields of Science and Engineering can uncover new perspectives that
foster innovation and creativity among institutions and contribute to enhancing learning
experiences and career fields, with ethical considerations as required.

While scientific programs and research are essential, more is needed to drive social
transformation. As such, scientific discourse could give more protagonism to research-action-
participation interventions to address more than just descriptions of women's roles in STEAM. In
addition, the academic community should move forward to scalable and adaptable strategies for

implementing changes in the social structure across different contexts.
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1. INTRODUCTION

Covid-19 has increased the urge to work around women in STEAM globally.
However, European countries face an unprecedented shortage of women in the fields.
“‘Women make up 52% of the European population, and the majority of tertiary
graduates in the EU, yet only 2 out of 5 scientists and engineers are women and only
18% of the specialist in ICT” (European Commission, 2022, p. 2), not to mention other
STEAM professions. The characteristic of this new economy requires new skills and
technical knowledge to ensure that all EU citizens can access opportunities that boost
their careers and life plan.

A recent study from the European Institute of Gender Equality (EIGE) analyzed
the economic benefits of gender equality applied to STEAM education considering the
fields of computing and engineering, results state that “more gender equality would
lead to between 6.3 million and 10.5 million additional jobs in 2050, with about 70% of
these jobs taken by women [...]; an increase in GDP per capita of up to nearly 10% in
20507 (2017, p. 4). Accordingly, in 2022 the European Parliament and the Council
prepared a proposal to declare 2023 the “Year of Skills”, to mitigate that “77% of the
companies struggled to find employees with the required skills” (European
Commission, 2022, p. 1). The shortage of skilled staff and experienced managers can
be solved with upskilling and reskilling education.

Although the EU has a strong policy and legal approach that is considered in
many of their laws, programs, and projects, conquering small steps in different areas
within gender equality, a few of them: the Treaty of Rome (1957); the Treaty of
Maastricht (1992); Treaty of Amsterdam (1997); The Charter of Fundamental Rights
of the EU (2000); The Treaty of Lisbon (2007), among others to which nations have to
abide on (Garcia M., 2022, pp. 461-462). Gender experts have analyzed that “equal
treatment does not necessarily lead to an equal outcome” (EIGE, 2022, p. 7). For this
reason, the treaties, along with other supranational measures, national laws, and
agreements on social policy, are to strengthen the role of the EU.

Women in STEAM challenges are addressed with a budget package supported
by the European Social Fund Plus (ESF+), and its instruments that manage 99 billion
euros for the 2021-2027 plan (European Commission, 2022, p. 5). The institutions that
invest in their focal programs are The InvestEU program, the European Regional
Development Fund (ERDF), The Just Transition Fund (JTF), the European Solidarity
Corps, Erasmus+, Horizon Europe, the Digital Europe Program, Development, and
International Cooperation Instrument (NDICI), among others. Projects to promote
women in STEAM are planned and executed from some of these funds.
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Europe has funded projects focused on the gender gap and some to STEAM in
programmes such as Programme 7 (2007-2013), Horizon 2020 (2014-2020), and
other programmes on education like the Lifelong Learning Programme (2007-2013),
and Erasmus+ (2014-2020) (Garcia Holgado et al., 2019). Yet, little research has
been conducted to analyze proposals and achievements of such projects and the
STEAM fields are “continuously permeated by substantial and persistent gender
disparities, as a voluminous body of evidence and scholarship demonstrates”
(Anagnostou, 2022, p. 74).

For this reason, we have decided to analyze the trends, proposals, and
outcomes in projects that seek to promote women and girls in STEAM in Europe. We
could conduct an SRPR of EU-funded projects from 2019 until 2023 or above. Through
this SRPR, trends, and observations are made for future projects to be scalable to
other contexts and analyze further challenges and advancements in the area.

The paper has been divided into 4 sections. The first section is background
research on the topic, plus the theoretical framework. The second section describes
an updated context on Women in STEAM patrticipation from North to South European
countries. Third section method and sample for the SRPR applied. Finally, the last
section summarizes this work's main results and conclusions.

1.1. Previous Work-Related and Theoretical Framework

The present section analyzes current studies and former literature reviews that
are close to the objective of mapping European projects that promote women in
STEAM in Europe. After surfing different databases such as Web of Science (WoS)
and search engines such as Google and Google Scholar, using the keywords: Gender
gap; women OR woman; systematic literature review; mapping study; European
projects; STEM and STEAM.

These were some of the results: A systematic literature review on gender gap
in higher STEM studies (Verdugo Castro et al. 2022); Economic benefits of gender
equality in the EU (EIGE 2017); A mapping study on technology, gender, and
organizations on tech companies (Valdés et al. 2022); Women’s entrepreneurship in
STEAM fields (Poggesi et al. 2020) and, Gender pay gap and the factors to predict it
(Bishu and Alkadry 2016); A Nordic review on gender equality in academic careers
(Silander et al. 2022); A mapping study on gender equality in tech entrepreneurship
(Wiken Wilson and Paton-Romero 2022), and A review on gender gap in science and
the research agenda (Tomassini 2021).

Nevertheless, only (3) articles are the starting point of this research: European
Proposals to Work in the Gender Gap in STEM: A Systematic Analysis (Garcia-
Holgado et al. 2020A), and Guidelines for Performing Systematic Research Project
Reviews (SRPR) (Garcia-Holgado et al. 2020B), and Trends in studies developed in
Europe focused on the gender gap in STEM (Garcia-Holgado et al., 2019).

Over the past decade, the EU has developed uncountable projects promoting
women’s STEAM participation. However, “there is not an existing methodology to carry
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out a systematic analysis research for projects” (Garcia Holgado et al., 2020B, p. 2),
and the main problem identified by the previous authors is that projects are different
from the literature in their content, as they do not follow the structure nor funding calls.
Scientific literature can be found in scientific databases. Still, there is no accessible
database that collects European projects and their results (Garcia-Holgado et al.
2020A, p.2).

A Systematic Literature Review (SLR) is a type of review that collects and
critically analyses several research works through a systematic process (Kitchenham,
2004; Keele, 2007). The SLR aims to evaluate and interpret all data relevant to a
particular research question using a reliable, meticulous, and auditable methodology
(Kitchenham, 2004; Keele, 2007; Kitchenham et al., 2009). Nevertheless, the principal
European databases hold information on over 20.000 projects from different topics.
Consequently, the methodology used is the Systematic Research Projects Review
(SRPR), previously tested by (Garcia-Holgado et al., 2019), adjusting some of the
research questions with a different time frame for projects from 2019 until 2023 or
above. This background study analyzed projects on the same topic from 2014 to those
ending in 2019.

The SRPR adapts Kitchenham’s SLR and Petersen’s proposal to conduct
systematic mapping studies (Petersen et al., 2008; Petersen et al., 2015). Considering
the great number of projects produced annually, the SRPR presents a solution to
analyze a set of projects fulfilling a particular criterion (Garcia-Holgado et al., 2020B).
This SRPR does not seek to reinvent protocols for an SLR but rather to adapt them to
analyze the resources that make part of a research project. This method is composed
of the steps in Figure 1.

FIGURE 1. Definition and implementation phases of the SRPR method

Screening definition

Analysis Projects selection

Source: (Garcia-Holgado et al., 2020B).

The main results in the European Proposals to Work in the Gender Gap in
STEM: A Systematic Analysis study show that most projects belong to Horizon and
Erasmus+ programme; some acronyms are ReadySTEMgo, ROSA, STING, Mind the
GAP!, EGERA, PLOTINA, and Baltic Gender, among others (Garcia-Holgado et al.,
2020A, p.6), for a total of 31 projects analyzed. Depending on the project objectives
established, 74% were interventions, 22.58% were diagnosis and intervention, and
3,23% were only diagnoses. As projects have different expected outputs, the most
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frequently found were toolkits (10), best practices (9), educational material (6), and
gender equality plans (5) (p. 7). The main conclusions reached intended more
scientific rigor by establishing a diagnosis before an intervention. At the same time,
through projects, different measures are applied to achieve different styles of results,
enriching the field at a scientific level, and generating a more significant impact.

The results of the study Trends in studies developed in Europe focused on the
gender gap in STEM show that most projects center on STEM or STEAM subjects (6),
STEM careers (4), STEM jobs or entrepreneurship (4), different technologies such as
robotics or 10T (3), or research context (4) [5]. Regarding the participating countries,
32 were from European countries such as lItaly, Spain, the UK, and Germany; Latin
American countries such as Chile, Colombia, Costa Rica, and more.

Nevertheless, most of the projects were coordinated by Spanish institutions
(22,58%), and several institutions are involved in more than one project. Most of the
projects were developed in 2016 (10), and the EC spent over 30.825.921,54 euros on
the gender gap in STEAM from 2014-2018 (p. 6). The conclusions reached inform
about toolkits, good practices, frameworks, and guidelines that can be used in different
contexts; also, the mapping study provides information on the countries working
actively on this topic, such as Spain, UK, Italy, and Germany.

In previous studies about EU projects to promote STEAM, information is
centered on the type of outcomes and countries that collaborated, among others.
Nevertheless, for instance, why are those projects necessary? And what are some of
the issues that the EC is trying to tackle with them?

Some authors claim women tend to choose a career related to people, their
care, and education, whereas men opt for fields of things (Guo et al., 2018). Yet,
authors such as (Stephen et al.,, 2014) explained that to combat the gender gap,
different social and cultural factors require special attention to solid environmental
influences to be reaffirmed, also, contextual factors that can be modulated.
Accordingly, there are other reasons women do not participate in STEAM fields, such
as the Stereotype Threat, leaky pipeline, and more.

The stereotype threat refers to the fear of confirming negative stereotypes
about one's group; in the STEAM field, it relates to the fact that traditionally these fields
are associated with men. Therefore, women may fear rejection and experience this
phenomenon, which can cause stereotypical thoughts undermining their confidence,
even when having high-performance results (Cheryan et al., 2017). On the other hand,
as described Blickenstaff, “The pipeline leaks students at various stages: students who
express interest in science careers sometimes change their minds when applying to
colleges and universities and select other areas of study. Others begin their post-
secondary education in a STEAM program but change majors before graduation.
Finally, some students leave the pipeline after graduation, the majority of them being
females” (2005, p. 369). Hence, evidence supports the existence of widespread
horizontal gender segregation in tertiary education (Verdugo-Castro et al., 2022).

Moreover, the science agenda and gender have three critical rationales “the

horizontal segregation or underrepresentation of women in specific scientific fields;
The vertical segregation or the difficulties to advance through the academic path’s
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levels and lastly, the glass ceiling or limited access to leadership positions in the
stratification of science” (Tomassini, 2021, p. 2). The three have roots on the grounds
of the sexual division of labor, creating significant gender disparities in science at all
levels.

One of the many reasons authors have acknowledged for gender inequalities
is the principle of cumulative advantages which refers “to various complexities that
forge women into a major path for getting access to leadership positions” (Tomassini,
2021, p. 3). Following, other authors have applied this concept to gender and called it
“the Matilda effect” (Rossiter, 1993). By recognizing these issues by their name and
root, itis possible to translate them later into inputs that can be considered for policies,
programmes, and projects that address the glass ceiling and horizontal and vertical
segregation in EU projects on STEAM fields.

1.2. EU gender mainstream & social policy context

132 years will be needed to reach full gender parity across the globe, this
conclusion has been reached after the Global Gender Gap Report (GGGR) evaluated
the current state and evolution of gender parity across economic participation and
opportunities, educational attainment, health, and survival, and political empowerment
in 146 nations. In 2022, gender disparities closed by 68% (WEF, 2022, p. 5).

In Europe, among the 10 top performers are Iceland (90.8%), Finland (86%),
Norway (84.5%), and Lithuania (79.0%), as described in the 2022 GGGR. From South-
European countries, Spain (78.8%), Austria (78.1%), Portugal (76%), and Italy (72%).
The GGGR report states that “most countries (30 of 35) from Europe are on the verge
of closing their gender gaps in the share of women in technical roles, with a 99% [...],
22 of the 35 countries have closed at least 80% of their gender gap in labor-force
participation rate” (2022, p.20). Nevertheless, contrasting this data with the EU
Commission’s background information in official public records seems inconsistent, as
women’s participation in STEAM is still an ongoing problem (European Commission,
2022, p. 2-4).

Despite all efforts made by the EU institutions and corporations, the outcome
still is not the one desired. Europe has been experiencing fragmentation in rules and
initiatives in favor of gender equality common among supranational, national support
structures and stakeholders (Navarro-Sanz & Sanz-Gomez, 2021), leading to a lack
of consistency or harmonization in policies and practices across Europe. Given
European organizations’ design complexity, securing a common agenda is not yet
viable. EU institutions have mixed approaches to gender equality, “making it more
difficult to reach an agreement on how to assess the EU preferences” (Vleuten, 2007,
p. 11).

Nevertheless, the EU prioritizes equal opportunities in its policies, leading to
the use of gender equality as a means for boosting competitiveness in the workforce
and positioning the EU as a top economy; this aim on competitiveness and innovation
often disregards the impact on individuals as it aligns with neoliberal values (Garcia
M., 2022).
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The problems are more extensive as the potential for a successful gender
mainstream approach is not achieved considering the technocratic nature of the EU
policies (Vida, 2021). In turn, “this becomes a case of what authors have called the
paradigmatic case of social policy in Europe, where it is proven there is no shared
responsibility on this topic among nations” (Garcia M., 2022, p. 465) as they attend to
supranational policies in a differentiated way. Appealing to Rawls’s theories, “There is
a division of labor in society. Individuals are responsible for their choices and the
definition of their ends, yet society must assure basic freedoms, fair equality of
opportunity [...] between all members” (Rawls, 1999, pp. 360-362), considering the
digital transformation of the EU economies and the structural gender barriers in
STEAM, a fair society seems mandatory.

2. METHOD AND SAMPLE

The method used is the SRPR explained in brief before. We have used the
study (Garcia-Holgado et al., 2019; Garcia-Holgado et al., 2020A; Garcia-Holgado et
al., 2020B) as our guideline to establish a systematic process for analyzing the project
sample. The SRPR can be used to “identify trends in research projects; identify lacks
to define new research projects; to justify the innovation of new research projects
proposal; to collect valuable results that apply to another context” (Garcia-Holgado et
al., 2019, p. 139), as explained in this study.

Before carrying out the SRPR, we conducted scientific literature or project
revision to ensure this study was necessary; such results have been exposed in the
1.1 section. Considering the previous and our main objective, our research questions
are defined as follows:

RQ1: What are the trends in Europe in the study about the gender gap
or/and women in STEAM?

RQ2: Which kind of solutions or initiatives are developed?

RQ3: Which kind of outcomes are developed?

RQ4: How much money was invested in these projects, and in which year?
RQ5: Which countries participated in this project?

RQ6: What type of institutions developed these projects?

RQ7: What are the target groups?

Consistently with those questions, the scope of the revision was defined using
(Petticrew et al., 2005):

Population (P): European research projects focused on the gender gap
or/and women in STEAM.

Intervention (1): Conduct an SRPR of European projects focused on the
gender gap or/and women in STEAM.

Comparison (C): No comparison is needed.

Outputs (O): An overview of advancements and challenges about the
gender gap or/and women in STEAM

Context (C): Educational and professional sector in STEAM.

Regarding the inclusion, exclusion, and quality criteria listed below:
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1. The project focuses on promoting the participation of women in STEAM or
STEM/ or the gender gap in STEAM or STEM in Europe AND

2. The project has started in the last four years (2019-2023) AND

3. The project is available in the most relevant databases supported by the
European Union AND

4. The information about the project is available in English or Spanish

5. Exclusion criteria is about the negative form of this inclusion criteria.

The quality criteria ensure that the results answer to such the RQ, and they are
a set of meta-questions in which to filter the projects:

e The website of the project is available?

e The outputs of the project are available?

e |s there more information in English or Spanish available about the
project than the project summary?

e Are there scientific publications associated with the project?

e Does the main focus of the project on the gender gap or/and specifically
on women in STEAM?

e Was the study carried out in different countries?

e Does the project carry out any evaluation process focused on the
gender gap?

e Does the project provide a STEM-focused product (toolkit, framework,
materials)?

e Does the project’s activity continue (or is planned to continue) after the
funding period?

2.1. Sources and Sample

European projects are developed at different levels depending on the
institutions and the funds. Nevertheless, we focus on cross-border and international
projects to maintain the rigour of updating data according to the background study
(Garcia-Holgado et al., 2019; Garcia-Holgado et al., 2020A; Garcia-Holgado et al.,
2020B); also, these are the only projects that can be found available in Spanish and/or
English. Accordingly, the databases have been chosen with the same requirements
as mentioned in the background study. The main databases used are Community
Research and Development Service (CORDIS), which is used to disseminate EU-
funded research and projects from 1990 until today (https://cordis.europa.eu/projects);
Erasmus+ Project Results Platform covers projects results since 2007
(https:/lerasmus-plus.ec.europa.eu/es/projects/search); and Keep database
(https://keep.eu/projects/) that covers cross-border projects.

The main terms search used: “gender”, “gender gap”, “women”, “STEAM”,
“‘STEM”, “science, technology, engineering and mathematics”, and “diversity”.
Although, depending on the database, the search string changed to adapt to each
search engine, for example:

Erasmus+: (“gender gap”, “gender”, “women”, “STEM”), for the time period
21/20/2019. For the database Keep: (“gender gap” OR “gender” OR “women” OR
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‘woman” OR “diversity”) was combined with one from (“STEAM” OR “science,
technology, engineering and mathematics”).

The data collection was on an Excel spreadsheet adapted to each database,

as to download in text format, each database has its own parameters. All results were
organised and coded manually. The results are as follows:

Table 1. Results per database and filtered with selection and quality criteria.

Phase 1

Database No. Projects
Cordis 331
Erasmus 31
Keep 129
Total projects 491

Phase 2
Cordis 331
Erasmus 31
Keep 129
New projects 34
Total projects 525
Duplicates -14
Total projects 511
Phase3& 4
Cordis 269
Erasmus 31
Keep 129
New projects? 20
Out of date-excluded -62
Total projects 511
Minus e_zxcluded 449
projects
Projects Excluded 419
Projects that 30
passed QT

! New project (s) were identified through other projects’ websites and info.
Source: Authors’ own elaboration

A total of 449 projects were analysed through the quality criteria (followed the
same structure as the research questions), giving us a final result of 30 curated
projects that are related to the gender gap or/and women in STEAM. We followed the
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same structure to measure the quality criteria (Garcia-Holgado et al., 2020A, p. 4) and
obtained such results.

3. RESULTS

The research questions will be answered using the data from the 30 projects
that passed the quality tests. All the data extracted and processed is in an Excel
spreadsheet.

3.1. RQ1: What are the trends in Europe in the study about the gender gap or/and
women in STEAM?

As in the previous study (Garcia-Holgado et al., 2019 p. 4), databases mark a
trend in the funded projects, consistently CORDIS projects are centred in most cases
to learning experiences that sometimes involve activities that connect with career fairs;
additionally, some projects develop Gender Equality Plans (GEP) for organizations in
the STEAM sector to become more attractive and more inclusive to students and
researchers. On the other hand, ERASMUS projects are almost all of them focused
on STEAM education and centered on working with schools and high schools to
motivate the future interest of young girls to join such career paths. KEEP’s projects
work around different topics within the spectrum of women and young girls’
participation in STEAM. However, it stands out that most of them are connected to
developing useful skills that are needed in specific industries, social innovation, and
entrepreneurship to cover the gender gap and give women more opportunities.

Most of the projects (see Figure 2. The project’s acronyms) are centered in the
following areas: STEAM Education or skills development (10), STEAM careers, jobs,
or entrepreneurship (10), specific industries or technologies (9), and disabilities in
STEAM (1).

FIGURE 2. Acronyms of the 30 projects. Blue (CORDIS), purple (ERASMUS+), green (KEEP), and orange (new
projects).
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Source: Authors’ own elaboration

3.2. RQ2: Which kind of solutions or initiatives are developed?
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Independently from the database taken, 37% of the projects analysed used a
mixed structure where first, some assessment tools and diagnosis took place to
develop the activities. However, none of the projects was only for diagnosis.

GRAPHIC 1. Database disaggregated data on the type of interventions performed.

(=)
(=]

C B N W s U N 0 W

CORDIS ERAS MUS+ KEEP NEW PROJ

Diagnosis Inter vention Mixed

Source: Authors’ own elaboration

As seen in Graphic 1, in contrast, 63% of the projects were identified as
interventions as they meant to audit or create tools to measure the impact on initiatives
pursued, such as how well did perform a GEP used in a Research Performance
Organization RPO; in fact, some of them were in a mature phase which explains why
only intervention was used, i.e., Scientix 4, which had already completed the 3rd
version.

3.3. RQ3: Which kind of outcomes are developed?

Most projects n=30 from CORDIS, ERASMUS+, and KEEP provided various
outcome types. The most frequently found are good practices (30%); toolkits or
educational materials (33%); frameworks for assessment, online courses such as
MOOCs, training, and fellows (13%); online platforms for courses and networking
(13%); policy recommendations and GEP (10%), among others.

A few of the outcomes are a gender-sensitive methodology trainee guide
(Manchenko et al., 2022); A study on how mentoring, work-life balance, and other
factors affect female researchers' careers in Slovenian RPOs (Petrovic, 2021); A guide
on Gender Dimension in Teaching (Pefa et al. 2021); Innovation and Gender in
STEAM (Jiménez-lglesias et al., 2018), Challenging Gender Inequality in Smart
Mobility (Woodocock et al. ,2020), and more.

Itis relevant to mention that depending on the database, some documents were

accessible as in CORDIS. Nevertheless, the records for ERASMUS+ and KEEP
databases are not necessarily open to the public, which can affect the scalability of
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projects, as such materials can be used, if not adapted, to different contexts with the
same problems.

Considering the proposals and the problems they are intended to solve, it was
hard to find a clear structure of KPIs to measure impact in most projects, even though
a great variety of information is displayed. Additionally, most projects lack a plan for
future actions that can make them sustainable after the funding period has ended.

3.4. RQ4: How much money was invested in these projects, and in which year?

In CORDIS database, most of the projects financed were through the
programme H22020-EU.5. — Science with and for Society, and H2020-EU.5.b. -
Promote gender equality in particular by supporting structural change in the
organisation of research institutions, under the actions of SwafS-26-2020 - Innovators
of the future: bridging the gender gap, among others. The total investment for 14
projects was 34.856.735,88 €.

ERASMUS and KEEP project budgets are smaller in comparison. Only 13
projects were funded with a total budget of 1.438.345,50 €. and 13.815.447,56 €,
respectively. The programmes used refer to social inclusion, cooperation for
innovation, and the exchange of good practices.

The new projects found via other’s project main page belong to HORIZON and
were located through CORDIS; these 3 projects had a total investment of 7.875.089,75
€. In total, 18 projects were funded from 2017-2019 and 12 from 2020-2021, most of
them are still ongoing, and the total investment done by the EU Commission to
promote the further participation and joined of women in STEAM is 57.985.618,69 €
across European countries.

3.5. RQ5: Which countries participated in these projects?

The projects have been implemented in the participant’'s countries, and a
coordinator is assigned from the same group. Not all projects are executed only in
Europe; countries like Jordan, Tunisia, Palestine, and Israel are also present in some
of the KEEP projects working around entrepreneurship areas in STEAM alongside EU
partners.

The countries that have managed or coordinated the most are Spain (20%), 6
projects, and Italy (27%), 7 projects. In contrast, the rest of the projects have been
coordinated by countries like Denmark (1), Austria (1), Norway (1), Estonia (1), Cyprus
(1), and more.

Despite the origin of the coordinator’s organisation, it appears to be more than
1 institution from the same country, which can be due to the particular interests of
institutions. Nevertheless, the countries with more participation are Spain, Italy,
Portugal, France, Germany, and Belgium.
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3.6. RQ6: What type of institutions developed these projects?

Approximately a total of 238 institutions participated in these projects, n=30,
such institutions were sometimes involved in more than 1 project. Results have shown
that Academia (Universities and Schools) executed most of the projects by 50%. In
contrast, other projects reunited more participants from different backgrounds;
depending on the objective, there were governmental ministries involved, RPOs
(13%), Research Funding Organizations or RFOs (7%), companies, and multiple
stakeholders (30%) gathered to encourage and facilitate all steps for women to join
the STEAM sector.

3.7. RQ7: What are the target groups?

All the projects selected are developed in different contexts; therefore, different
actors in 9 projects. The target groups are young girls and women referring to such
projects that are developed in Universities and Schools. Although other specific
projects developed evaluations, audits, assessments, and other types of interventions
centred on how the GEP has been developed in different projects in RPOs,
Universities, and RFOs (5 projects).

Nevertheless, specific initiatives that develop boot camps, or online courses, to
train in a particular skill are more open to the public, looking to encourage not only
women to join STEAM studies and careers. Despite the diversity movements, only one
project included disabilities- MILIEU (Milieu, 2021), a project done in Bulgaria under
the HORIZON programme.

It stands out that some specific projects seek to tackle the leaky pipeline
phenomenon, such as EQUALS4EUROPE, a multistakeholder project valued at almost
3M euros.

4. DISCUSSION AND CONCLUSIONS

This study analyses the trends, proposals, and outcomes of EU projects funded
by the European Commission that focus on encouraging the participation of women
and young girls in STEAM, considering a period from 2019 until now.

The EC recognises that Europe needs to advance bigger steps towards gender
equality in STEAM; therefore, the use of a gender mainstream approach as a
“revolutionary concept that promises to bring a gender dimension into all EU policies”
(Pollack & Hafner-Burton, 2000, p. 434). Policies, programmes, projects, and financial
structure have allowed an investment of 57.985.618,69 € to tackle the gender
segregation that narrows female participation in STEAM.

Efforts respond to what the call for funding is for, the trends are centered on
bringing through these projects a future to hope for working around the following areas
female representation; role models; developing skills; networking; attracting and
retaining talent; developing self-confidence and self-efficacy; non-formal education
and vocational work; job search and career advice; social innovation ad
entrepreneurship in STEAM sector. These lines of work are necessary for women and
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young girls to access opportunities in the labor market in the short or long term.
However, such projects lack specific information about their continuity or economic
sustainability, which somehow threatens the initial investments.

Gender segregation and stereotypes contribute to limited life choices for
women and employment options, perpetuating unequal power relations at all levels,
public and private (European Commission, 2023, p. 29. For this reason, the solutions
proposed by these projects are fundamentally interventions, sometimes mixed
(diagnosis and intervention) approaches. The main activities in relation to the previous
lines of work are the creation of courses or educational material through different
platforms; skills bootcamps; encouraging and funding research in different lines,
scientific conferences; frameworks, audits, assessment models, and policy
recommendations that provide further information about the challenges found;
networks (physical and online) for job search or career path oriented, as networks for
entrepreneurial ventures.

Given the type of interventions, the principal outcomes developed are best
practices, building capacity and strengthening lines of work; promoting knowledge
transfer and international cooperation between regions within the EU and countries
such as Turkey, Tunisia, Israel, Egypt, and more. In general, there are intentions and
specific actions from many countries in the EU to contribute to promoting women in
STEAM; nevertheless, most of the project's n=30 was led by South and Western
European countries. The type of institutions considering the lines of work are
universities, organisations, RPOs, RFOs, and schools, which convey with the project
target women and young girls in most cases, but also organisations to create gender
awareness about the challenges women face in their STEAM career path.

These projects are a valuable source of ideas, background study, and
implementation practices that can apply to many contexts, and public or private
stakeholders may consider that. Some of the projects that stand out for the variety of
available outcomes are TInnGo (Transport Innovation Gender Observatory)
https://transportgenderobservatory.eu/the-observatory/; EQUAL4EUROPE (Gender
Equality Plans for Social Sciences, Business, and Management Schools)
https://equal4europe.eu/; FeSTEM (Female Empowering in Science, Technology,
Engineering, and Mathematics in Higher Education) https://festemproject.eu/.

In conclusion, there is still much to be done in Europe to achieve gender
equality in the STEAM sector. Nevertheless, the investments, initiatives, and alliances
analysed in this SRPR are very useful for getting close to social changes in specific
sectors. Some limitations to pursuing this goal are the continuity of these projects, the
intersectional view in them, the utilitarian idea of achieving this as a means to become
an economic referent, and not because it is the duty of governments to give access to
basic freedoms and fair, equal opportunities to everyone.

A final recommendation is to perform other SRPRs analysing how the factor of

intersectionality in European projects articulates to give access to diverse women to
opportunities in STEAM.
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1. Introduction

the function of these forms of communication for pure entertainment. “It is because of the cinema that

the spectacle starts to have a major range of influence among audiences” (Guarinos, 2008, p. 103). For
enjoyment is that people go to the cinema to watch a commercial film, and for the same reason is impossible to
ignore the repercussions of female representation. In previous work done by Laura Mulvey (2006), she analyzed
female representations in the cinema with a psychoanalysis approach, creating a bridge between concepts of how
the cinema reflects and sometimes intervenes in the interpretation of social reality, and how this reinforces the
patriarchal belief system that gives birth to certain social stereotypes for women, reproducing them through the
big screen (Mulvey, 2006).

It is not accurate to assume that the lack of popularity of STEAM (Science, Technology, Engineering, Arts, and
Mathematics) among women is solely due to its representation through role models in the cinema. Nevertheless,
it does have an impact on the way young girls and adolescents see themselves reflected and drawn to reinforce
stereotypes, behavior, and even physical appearance based on what they see in the films they are exposed to.
In previous studies missing role models is one of the relevant aspects to battle in terms of gender inequalities
(Kuschel et al., 2017). Although, these inequalities are present at various levels such as the microlevel (related
to career progressions and glass ceiling), meso level (related to gender practices concerning the field of work/
study), and macro level (related to networks of business and work, and relation of the field with the commercial
world that confronts gendered language and attitudes) (Karatas-Ozkan & Chell, 2015; Kuschel et al., 2017; Byrne,
Fattoum & Diaz-Garcia, 2019). Consequently, female representation in cinema playing key roles in STEAM is part
of the social deconstruction that needs to be tackled.

The intersection between cinema and gender has been widely recognized and studied, some examples are
“A theoretical perspective on Women’s Cinema Representation” (Binimelis, 2016), “Phallic Female Models of
Media post-modernism, an approach to analysis Avatar, Millennium and The Hunger Games” (Bernardez, 2012),
“Cultural Representations of Gender and STEM in popular firms from 2002-2014” (Steinke & Paniagua, 2017),
among others. The social representation of gender is as consequence used to reproduce old schemes, and this is
one of the reasons that makes invisible the key role of the scientific women in film characters, especially when
talking about contemporary cinema. Therefore, it is necessary to delve deeper into how this low exposure of
women leaders in the area of STEAM sciences represents a key factor that impacts the perception and influences
the audience not only among young girls but in women about these areas of work and study.

The main objective of this research is to perform a qualitative and quantitative analysis, using the Bechdel
test and an adapted Greimas Actantial Method, on the relevance and characteristics of the participation of female
characters with leadership within the STEAM sciences, in commercial cinema from the period of 2000 to 2022,
lastly seeking to motivate through public perception more young girls and women to participate and reflect in
positive role models, to get involved in the STEAM sector as a future career path.

There has been limited research on the portrayal of specific stereotypes in regard to women in the professional
realm of STEAM sciences. In most films, female scientists are depicted as single, strong, and intelligent, but not
necessarily feminine, and sometimes depicted as being so consumed by the work that they neglect personal
relationships. These characters often appear in the action, sci-fi, or dystopian films. The fantasy of an “unreal”
world allows the authors to provide and play with the stereotypes as they pleased, challenging the hetero-
normative roles and only a few times breaking them.

This social representation is a system that nurtures culture, gives meaning to the existence of individuals, and,
from there, to the structures of social distinction from which the different forms of power are erected. According to
this theory, the social psychology of Moscovici (1961) arises. His proposal is a more social conception of attitudes,
considering them as mental processes that determine the responses of individuals to a phenomenon of social
characteristics such as values (Moscovici, 1961). Therefore, it is possible to claim that cinema and massive media
are capable of influencing conduct, value, and even mental processes in individuals.

The Future of Jobs Report explains how is expected that by 2025, “approximately 85 million jobs may be
displaced by a shift in the division of labor between humans and machines, giving as a result 97 million new roles
that will be created, those are more adaptable between humans, algorithms, and machines across the 15 industries
and 26 economies covered in the report” (World Economic Forum, 2020, p. 5). For this reason, was thought to
be a slow-paced change for the labor market has increased in speed, and contrast, our future generations are not
ready and will be the most affected by it. “Socially constructed gender differences and consequent inequalities
persist today, resulting in the STEAM gender gap” (Wang & Degol, 2017, p. 119). Therefore, it is urgent to use
all possible efforts not only to guarantee but to encourage young girls and women to join STEAM careers and to
pursue jobs or be an entrepreneur in this field.

T he cinema, since its beginnings, connected traditional literature and theatre pieces, massifying and extending
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2. Theoretical Framework

By researching more about the origin of the underrepresentation of women in STEM areas, it is possible to observe
that this is a problem of stereotypes due to the lack of female role models and a belief system that socializes
gender in a marginalized way.

Hence, raising awareness of young girls and women and propelling their participation in STEM areas as
well as, entrepreneurship is a political cause (European Education and Culture Executive Agency et al., 2018).
Recent studies show that in higher education, there are no visible gender differences among students in these
sciences (Marra et al., 2012). Nevertheless, there are significant gender differences in self-confidence (Eris et al,,
2010), and previous research evidence shows that adolescents aged 12 and above watch a substantial number of
movies annually, in various formats, with a preference for comedy, action and adventure, sci-fi, and fantasy films.
Therefore, it is pertinent to review the causes that underlie in the role models they see in the cinema, and that
might have somehow influence on them, as in adult reproduction of certain stereotyped behaviors.

In accordance with the theory of representations, which aims for a radical transformation of society through
the modification of perceptions and stereotypes, “images, beliefs, and perceptions that are possible to change
through social representations, which are already part of the culture” play a significant role in empowering
women (Camberos, 2011, p. 45). Gender as a social construct defines expectations, roles, and social norms, and
social representations of gender are often the result of new and/or old societal norms and relationships.

On the other hand, Judith Butler explained that “the sexual orientation, sexual identity, and gender expressions
are the result of a social, historical, and cultural/production, and therefore there are no sexual roles or gender
roles, essentially or biologically inscribed in human nature” (Butler, 1993, as cited in Duque, 2010, p. 87).
Everything natural constitutes the naturalization of cultural constructions meaning that subjects are the effect
and consequences of the production of knowledge and power devices that legitimize the essentialist conceptions
of their gender and sexual differences, with which gender and sex become performative acts.

In other words, performative acts are forms of speech that authorize “they are expressions that enunciated
and pronounced generate a binding action and power. As a result, performativity is a sphere in which power
comes to life through the discourse aligned with acts” (Butler, 1993, p. 316). A relevant aspect of this concept
is temporality. Performativity precedes history, meaning it is condition to contemporaneity, in such a way that
this aspect detracts from the centrality of the present view of the subject according to which it is the origin or
the exclusive owner of what is said (Butler, 1993, p. 319). Then, performativity creates reality through discourse
that contrasts with the heterocentric hegemonic power that acts as a reproducer of its discourse in sociocultural
contexts.

The hegemonic matrix with a hetero-centric perspective is exemplified by the societal expectation that men
should not cry, dress in blue, have interests in power and masculinity, and avoid appearing “effeminate”. These
norms are established and perpetuated through speech acts, gestures, and other cultural practices, becoming
a requirement of the social environment and dictating predetermined behaviors related to sexual identity. As
per the social cognitive theory, media such as films can be a crucial tool for analyzing the relationship between
behavior and stereotypes, particularly with regards to women in the STEAM field. This theory hypothesizes that
children absorb behavior patterns through continuous observation of models, in the same way, children can
learn specific conducts through identificatory learning by watching films (Bandura, 1986, as cited in Steinke &
Paniagua, 2017). The same can happen to viewers that will reflect on their own experiences and perceptions of
what they see on the big screen (Faber, Brown & McLeod, 1979).

The relevance of social cognitive, representation, and feminist theories lies in the fact that as human beings, our
social and psychological aspects are greatly influenced by the information we are exposed to, shaping our decision-
making, raising questions within us, and constantly reshaping our reality, both consciously and unconsciously, as
Mulvey emphasized throughout her work. For this reason, it is important to examine the concept of possible selves
theory, which explains how individuals are and who they could become based on their past, present, and future
experiences. These ideas reflect an individual’s personality and influence their behavior and decisions (Markus &
Nurius, 1986). For instance, a person in a difficult situation may picture possible alternative mental scenarios and
have a decision-making process led by their imaginary self of what to do. The impact of this concept is broad from
leading conduct to life goals and career ambitions, as a result of this in the arts and cinema arena “films function
as more than a simple mirror, it also works as a social memory and cultural metaphor” (Flicker, 2003, p. 308).

About the social representations of gender, “these are based on genetic social psychology and have undergone
modifications thanks to a socio-genetic process, which consists of processes of generation of representations in
which gender can be renewed” (Camberos, 2011, p. 47). Thus, social representations provide insight into how
individuals perceive and organize their daily lives. This highlights the importance of communicative processes
in creating collective knowledge, transforming historical events that are socially defined by time and space. It is
relevant for this research to note that in

In political philosophy, there is a distinction between sexual orientation, rather than sexual identity, and gender
expression, rather than gender identity, thus seeking to unify the public, collective but de-essentializing and de-
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identifying it. This entails the deconstruction of the imperatives of binary logic of domination, such as good/bad,
beautiful /ugly, normal/abnormal, black/white, straight/homo, and gay/lesbian (Duque, 2010, p. 92).

Therefore, the ultimate goal is to resolve contradictions and challenge rigid identities, fostering the rise of
multiple, non-binary, and flexible differences.

2.1. Mediations and Greimas Actantial Method: the power of media

Martin-Barbero, the primary proponent of the idea of mediation, states that “audiovisual and computer
technologies are rapidly advancing in the era of globalization and aim to play a crucial role in shaping cultural
policies that counteract the homogenizing effects of neoliberalism, which, in turn, transform cultural industries
into the economic and political foundations of regions” (Martin-Barbero, 2002, p. 14).

For Martin-Barbero, media is a market mediator, one that perverts the political and cultural demands and
that delegitimizes any questioning of social order. Media holds impressive power, and its impact is highly risky or
constructive depending on its use. For this purpose, communication becomes a powerful engine of detachment
and inclusion of cultures, ethnic, national, local, time, space, market, and global technologies. Martin-Barbero
explains that “from the side of culture, it escapes compartmentalization, permeating all social structures. Today,
the subject/object of culture is the same as art, health, work, or violence, as political culture, or the culture of drug
trafficking, among others. Culture in this system acts as a machine producing symbolic goods for this “public of
consumers” (Martin-Barbero, 2002, p. 14).

According to Martin-Barbero (2002), media allows politics to shape and redefine new models of interpellation
and representation in society. This type of mediation is not only productive but also intensifies the ritualistic and
theatrical aspects of politics (Martin-Barbero, 2002). Martin-Barbero describes media as not only a tool but also a
crucial part of public life, shaping political culture through forms of interaction, language, and culture. The social
production of politics is intertwined with symbols and participatory elements that create the public sphere and
mass communication. However, as the author describes the market as one transactional in all its relationships,
in which “subjects lack meaning in the communication process, precisely because of the market’s nature that can
only provide small satisfactions or frustrations, based on profitability, not one that creates social innovations”
(Martin-Barbero, 2002, pp. 16-17), a condition convenient for the film industry.

The exposure to media, audiovisuals, and social networks, among others, have become vitally important to
convert a two-way exchange of values, customs, habits, thoughts, and criticisms, a process as Martin-Barbero
says, “with endless interactions product of social dynamics subsequently materialized through television, radio,
theater, among others; making it clear that the important reproductions are those of the market, those that far
from providing value and meaning to the human being, make profitable and commodify everything around them”
(Martin-Barbero, 2002, p. 17).

In addition to the mediations, it is important to mention its connection with the Actantial Method of Greimas,
often used to analyze texts or images in the hope of finding the structure of the text, in other words, to explore
the narrative in its paradigmatic level. So far, we have developed ideas around representations, mediations, and
gender, alongside narratives and discourses we can attach the symbolic effect of power often implicit in all forms
of communication and social interaction, and that is pertinent for this research.

Greimas’ theory was an advanced development of Levi-Strauss and Vladimir Propp’s theories “to understand
the roles across narratives, the action schemes to what roles are embedded and the cognitive operations that
underwrite both, roles and actions” (Carney, Robertson & David-Barret, 2019, p. 4). The Greimas Actant method
is based on a subject / Hero that does an action to solve a problem, often followed by activities divided into
acts (Greimas, 1983, p. 59-60). Throughout the implementation of the Greimas method, it plays a crucial role
in the subject, the object (the problem to solve), the sender (the element that sends the object), the receiver or
destination (not necessarily a place), the helper or opponent as elements that assist or blocks the subject, as well
as, the relation of conjunction or disjunction (positive/negative relationship between subject and object), and
the power axis which can be conflictive, or cooperative (Greimas, 1983, p. 75-77). This way the pragmatical level
of the narrative is plausible and it creates another level of understanding as a result of narrative trajectory, role
identification, agency, and mediations of the women in STEAM portraits in the commercial cinema.

2.2. Context

Gender studies applied to audiovisual communication and audiences nowadays count with a large number
of research projects. During the 60s started the feminist movement to create a bridge between these theories
applied to the communication and audiovisual sciences. Nevertheless, it was not until 70’s that the research
and movement took off with authors like Sharon Smith who studied the participation of women in the cinema,
among others, involved in a sociologic and empirical analysis of films (Binimelis, 2016, p. 11). As a result, during
the ‘70s alongside with the second feminist wave, in Europe emerged several thinkers that critiqued historical
materialism, structuralism, semiotics, and psychoanalysis that give birth to other interpretations of the political
constitution of the subject, such as Laura Mulvey mentioned before.
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In the semiotic approximation of the feminist cinema, the discussion is about women being the center of the
representations that promote mainstream cinema, and what is the role of women in the processes through which
it constructs meaning, in simple words, the cinema functions as a signifying system within which the woman
acts as a sign, the relevance in the interpretation made by the semiotics is based in the meanings that arise from
the relationships that happen between a system of signs (other individuals), those signs interact through norms,
codes, and conventions that provide structure to the discourse (Binimelis, 2016). Thus, another still today famous
analysis was the book Visual Pleasure and Narrative Cinema written by Mulvey (2006) where she described the
reduction of the female figure to an object on which male fantasies are projected through certain codes and
conventions, leading both the male spectator and the female spectator to develop processes of identification with
the male protagonist.

The feminist movement kept growing and so did the number of authors studying the relationship between
cinema, culture and, different categories such as Gender, Class, Age, Race, all within the complexities of hierarchical
power relations. Most of these feminist authors based their theories or analysis on

Michael Foucault’s theories of “technologies” of power (from “technos”, “power”, and “logos”, “knowledge”), to
his interpretation individuals are about forces in tension, coming from all directions, whereby each individual is
both a product and producer of power, as he or she continually negotiates his or her position in the existing order
of forces (Binimelis, 2016, p. 16).

In contrast, Mary Ann Doane focused on the agency capacity of spectators and the multiplicity of possible
interpretations. Doane explained that the identification processes put the spectators in terms of proximity and
distance concerning the feminine image, as a consequence different and complex forms can be perceived and
interpreted without necessarily feeling identified with the dominant models (Doane, 1991, as cited in Binimelis,
2016, p. 17).

The scenario has evolved over the course of the feminist movement and the emergence of authors who have
studied, published, and raised awareness about these issues since the 1960s. Initially focused on women behind
the camera, the focus has shifted to the analysis of women in front of the camera and as part of narratives and
power dynamics, offering various perspectives to comprehend the impact and representation of women in
mainstream or commercial cinema.

Considering these theories, we believe is pertinent to briefly mention what is the audiovisual structure of the
audiences in Europe to be able to land the topics to the eyes and minds of real humans. The European Commission
did an online survey of 4.608 Europeans aged 4-50 in 10 countries (Croatia, Denmark, France, Germany, Italy,
Lithuania, Poland, Romania, Spain, and the United Kingdom). The survey took place from March to April 2013
(The European Commission et al., 2014). In this report, the main features were that “97% of respondents watch
films at least sometimes, whereas 54% say they do so every day, compared to 56% that watch TV series. Across
the 10 European markets, virtually 100% of respondents own at least, one device that enables the consumption
of video or films at home” (The European Commission et al., 2014, p. 5). Nevertheless, in the same report (2014)
is stated that 87% of the people attend the cinema; “children’s interest in films is strong by 85%, and they go
more to the cinema than young adults. The main motivations to go to the cinema are 96% to entertain oneself and
have fun, 96% to spend time with family or friends, 90% to discover and learn about people and cultures, 91% to
experience strong moments and emotions” (pp. 5-6).

Regarding the question of how to decide what to watch, individuals replied that the most important criteria
were genre and story, and an interesting cast. Women decides in terms of genre and type of film and whether it
is adapted from a book, whereas men care more about the director and production values, the settings, and the
lead character. Following, “recent European films had been seen only by 10-15%, while US films had been seen by
30-50% of the population in each country, even though the fact that they also agreed on “European films are less
stereotypical that US films” (The European Commission et al., 2014, p. 10).

When audiences were asked about what they disliked in US productions, they mentioned “the violence”, “too
commercial”, “predictable”, “exaggeration”, “propaganda”, “patriotism”, “stereotypes”, and “superficiality”. Among
the genres, the most watched by different targeted audiences are comedy, action, and adventure. However, when
they were asked about which type of films, they would continue to see in the cinemas they said comedy, action,
sci-fi, horror, adventure, fantasy, thriller, and animation. On the contrary, the least cited were historical films or
epic films, documentaries or biographies, romance, and drama (The European Commission et al., 2014, p. 10). In
addition to the valuable insights provided in the report, the experts at the end of the report emphasize numerous
concerns for both the European film industries and film policy.

From Southern European countries such as Spain and Italy, to Northern European nations like Lithuania
and Denmark, the most widely watched films are from the U.S. Although they also pay attention to festivals and
independent films, a connection is formed across the continent. Similarly, the waves of feminism have had a cross-
border impact from the U.S. to Europe from the 1960s until today, strengthening the movement. Despite cultural
differences that may exist between Spain and Lithuania, and the rest of European countries, it's important
to note that these differences do not prevent individuals from experiencing the same emotions, feelings, and
interpretations of the representation of women in mainstream cinema.
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3. Methods

To analyze the films, a combination of techniques was utilized. Firstly, the Alison Bechdel (1986) test, which
consisted of three simple questions being applied to every film watched, was used to identify more about the
narrative function of female characters. Secondly, an adaptation of the actantial method developed by Algirdas
Greimas was also employed.

This research aims to understand the representations and characteristics of women in STEAM as portrayed
in commercial cinema, with a focus on their leadership and entrepreneurial aspects. The study analyzed films
produced between 2000 and 2022 and compared the results to similar research in the field. The roles, power
relations, mediation, and narrative characteristics of these STEAM female characters were analyzed in the light
of recent theories to gain insight into the potential impact of the stereotypes portrayed in these films on the
widespread audience.

The Bechdel test was created to assess the representation of women in movies, this way researchers could spot
manlike preconceptions (Scheiner-Fisher & Russell 11, 2012, as cited in Agarwal et al., 2015, p. 830). Nevertheless,
“is a very general method as it only asks three simple questions: 1) are there at least two named women in the
movie? 2) do these women talk to each other? And 3) do these women talk to each other about something besides
aman? In case the answer is “yes” to all these questions, the movie passed the test” (Agarwal et al., 2015, p. 830).
This method was also applied to measure the presence of women in conversations held on social media platforms
(Garcia, Weber & Rama, 2014). After analyzing these questions, it is possible to say that women are or not seldom
portrayed as strong leaders and thinkers in popular media.

After applying the Bechdel test, an adaptation of Algirdas Greimas actantial method was made. “Since the
moment we have considered the film character as a narrative category resulting from the sum of traits (physical,
psychological, moral, or sociological characteristics)” (Pérez-Rufi, 2016, p. 539), in which people can be reflected
and that has a significant impact on the way women is represented in the mainstream (dominant) or commercial
cinema, it is important to bring these theories to understanding, into consideration

The method created by Greimas describes as “[Favoring] the verbal (referring to actions) as opposed to the
nominal (referring to objects) aspects of narrative” (Marsen, Biddle & Noble, 2003, p. 4). In simple words, the
narrative in the cinema begins with a problem to solve, in which some performers act, and as a result, the initial
problem is solved or not. Accordingly, the theory developed in a trajectory or phases in which the individual /hero
executes the action to solve the issue. The trajectory is defined as:

1 step) qualifying test which corresponds to analyzing the competence. The individual has resources to help
bring them to another stage, 2 step) A decisive test where the subject/hero uses the resources to deal with the
action, based on the initial problem, 3 step) Glorifying test where the recognition is made of either the solution or
the lack of closure to the problem (Saraswati, 2022, p. 315)

Having the process of Greimas in mind, some adaptations have been made in the matrix for analysis considering
the volume of movies to analyze. The axis analyzing the sender has been erased, as the purpose of this research
is not of our interest, instead, we care about if the woman performed any relevant activity demonstrating her
leadership and resources to solve the issue. Additionally, in the steps we have also included the following question:
what is the main reason for helping or opposing? as a means to understand the conjunctions, disjunctions, and
power-like traits between the object and the subjects and their motifs, this is to provide insights if it is the case,
that women had the power to execute and solve the initial problem, among other relevant decisions in the plot of
these films.

3.1. Sample

Besides previous research done in this area such as the examination of how women are portrayed in films in the
context of fourth-wave feminism, twelve characters were depicted from a sample of eight films (Kool, Azevedo
& Avraamidou, 2022) using socio-logical film interpretation counting on categories such as occupation, socio-
political theme, and timeframe. Nevertheless, the eight films were taken only from Movie Database (IMDB)
considering keywords related to the topic, for us, it is vital to broaden the spectrum as IMDB is not the only and
most used database when individuals look for a movie or a recommendation to watch, where for example Rotten
Tomatoes, also plays a key role among others.

Therefore, we took part in the film database used in “Cultural Representations of Gender and STEM: Portrayals
of Female STEM Characters in Popular films 2002-2014", research conducted with a similar objective but analyzed
with their coding and signs method; despite this, we amplified the list of movies using the IMDB by (Steinke &
Paniagua, 2017), Rotten Tomatoes and Google search released from 2014 to 2022. The keywords used for the
search were: movie and scientists, women scientists movie, female scientists movie, women astronaut movie,
women computer scientists movie, female researcher movie. From this search, we had to carefully select some
movies, as simply searching by keywords was not sufficient to determine whether a female scientist was the lead
or co-lead in a movie, unless it was a documentary that was based on someone’s life. We also had to take into
consideration the cast members of the movie to ensure that they were included in the list.
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From this exercise, we have gathered a list of 60 films and series. However, we are not studying 5 of them
because they were series, such as: Diagnosis (Lisa Sanders, 2019), Emily’s Wonder Lab (Emily Calandrelli, 2020),
The dropout (Elizabeth Meriwether, Michael Showalter, Francesca Gregorini & Erica Watson, 2022) and Lost in
Space (Matt Sazama, Burk Sharpless, [rwin Allen, Tim Southam, Deborah Chow, Alice Troughton & Neil Marshall,
2018). In addition, three other movies that appeared in the search with past keywords but dated from 1994-1997
or earlier were not taken into consideration, leaving a total sample of 52 movies to be analyzed using the Bechdel
test. As a result of the films that passed the Bechdel test, a representative sample of 4 out of 7 movies was selected
for application of the adapted method of Greimas.

4. Discussion & Results

As discussed in context and theories, audiences have as much responsibility as filmmakers, not only because
of the impact of those productions they support but from the psychological conscious or unconscious impact
of such representations compared to real life, which is dependable on the audience’s will. Therefore, it is not
strange that industries support what is more commercial and produce more profit. Despite this, there have been
some changes already in the film industry as now is more frequent to find throughout different film genres, more
minorities, social issues, and inequalities depicted, in an attempt to either connect at a deeper level with the
political, economic and in general, with the social issues or an attempt, to connect, with people’s emotions as
another marketing/financial strategy to promote movies.

The female representation in the films analyzed with the Bechdel test is to provide information on how relevant
the female character for the development of the plot was and, therefore, to understand in depth the stereotypes
reproduced in films and their massive impact on the audiences who watch them. During the Bechdel test, the 52
movies passed through the following filters: T1) Are there at least two named women in the movie? T2) Do these
women talk to each other?, and T3) Do these women talk to each other about something besides a man? Findings
show that 51% of the total movies passed the T1 or first question, 38.8% of the movies approved the T2, and
10% managed to get the 100% of a “female successful representation” in a movie, as it is possible to see in the
following graphic.

Figure 1. Bechdel Test Results.
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Source: Authors‘ own ellaboration, 2022.

Going beyond the Bechdel test, the results provided additional information such as the genre of the 52 movies
30% are action movies, 21% are drama, 11% are Biographical, and 9% are Sci-fi. In addition, only 11 % of these
movies approved the three questions asked in the Bechdel test, compared to 88% of films that failed it.
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Figure 2. Bechdel test vs. genre categories.
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4.1. Bechdel Test results in contrast with the context

“Film is a psychological product of human beings. The research on film cannot be divided into the single scope of
linguistics or any single discipline” (Luan etal., 2022, p. 71). As a result, to interpret the Bechdel Test is necessary
to mention theories related to psychology, behavior, and more, to contrast the results and to understand the
impact of the underrepresentation of the scientific women portrait in current films.

In previous studies conducted by the University of Rochester, the evidence shows that the test fails to reveal
the hidden gender disparity configuration, essentially because a film can pass the Bechdel test and still portray
women as auxiliary characters with few screens time (Yang, Xu & Luo, 2020). Additionally, one aspect that seems
highly important in Film studies is the Box Office Return, which functions as a success measure of movies. In the
same Rochester Study, the evidence suggests that previous reports from the tech company Shift7 state “from all
the 350 films analyzed those that passed the Bechdel test, also surpassed the box office returns of films that fail
this test” (Shift7, 2017).

In this research the center of all is placed in the relevance for the market of those films, confirming that
directors and filmmakers respond to trends, industry preferences, budgets, and material, not essentialist matters
as Martin-Barbero explains in mediation theory. This might be the explanation why there is a movie Hulk (Ang
Lee, 2003) and a recent She-Hulk character by Marvel in secondary movies, or Thor (Kenneth Branagh, 2011) and
a Female version of Thor, as a secondary superhero story, responding to a current pinkwash trend in the industry;
instead of creating a complete and whole new version of what any women can be, but that might not necessarily
be as commercial, as De Beauvoir (2015) explained when discussing about the androcentrism, the man is the
point of reference by which women is measured.

In this research, 88% of the movies that did not pass the Bechdel test significantly featured a female scientist
as the lead or co-lead. However, the interactions of these characters were not necessarily with other women or
about something other than a man. In fact, in most of these movie plots, the active and agentic individual was a
man who had some sort of relationship with the female lead or co-lead scientist.

For better illustration, consider the film “Bombhell” (Jay Roach, 2019), which details the sexual harassment
case at Fox News and focuses on Gretchen Carlson, a famous TV host who sues Roger Allies, the former FOX owner.
Although Gretchen interacts actively with both men and women in the film, all conversations revolve around the
male central figure, as he is a crucial part of the story. Another example is the film “Interstellar” (Christopher
Nolan, 2014), which passes the first two questions of the Bechdel test, but the interactions between women and
other men are centered around the mission to rescue Cooper, who is stranded on another planet. In both of these
films, female scientists are depicted as strong co-leaders, one as an astrophysicist and the other as a powerful TV
host, but their stories and characters are inextricably tied to the men who hold positions of power over them. This
pattern can also be seen in other films, such as “Contagion” (Steven Soderbergh, 2011), “Down of the Planet of the
Apes” (Matt Reeves, 2014), “The Day the Earth Stood Still” (Scott Derrickson, 2008), and more.

On the contrary, Arrival (Denis Villeneuve, 2012) and Agora (Alejandro Amenabar, 2009) are plots where
scientific women played a key role as lead or co-lead, however, the female character was the only one in the
whole movie, with no interaction with other women and therefore, we can directly discard the third question/
answer from the Bechdel test. The same happens in films such as Gravity (Alfonso Cuarén, 2013) where Dr. Ryan
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Stone is alone in space and is practically a monologue about how to come back save to earth. Nonetheless, these
portraits of women are “legit to the gaze” of a man, as they have fought with all physical strength to achieve their
goals without recurring to their “women weapon’s” (Bernardez, 2012, p. 92). Throughout these movie portraits
and the Bechdel results, there is sufficient evidence of imbalances not only in the power relationship between the
characters of those movies, lack of representation of scientific women in these contexts, and few interactions that
place women as a crucial agent connected to the plot center.

Nevertheless, “if we understand the mediatic representations as a kind of collective imaginary, where not
reality but a “symbolic representation” of that reality is represented, that is, a scenario where we see “incarnated”
in fictions not only the structures of power but also its ghosts: all possible forms of subversion” (Bernardez,
2012, p. 93). It becomes clear that media is a contradictory and invisible power that can be both conservative and
reproducing of stereotypes, norms, and at the same time it has the capability to alter everything. This raises the
question of who is responsible for demanding films with different characteristics - the consumers or the market?
The truth is that, based on the results of the genres with more interest being action, drama, biographical, sci-
fi, and comedy, and comparing it with audience reports from European countries, it can be concluded that the
market and budgets dictate what filmmakers should do.

On the other hand, “film has a mirror image system with metaphorical meaning, which is composed by moving
pictures” (Luan etal., 2022, p. 72). Having considered this, it becomes evident that film holds a significant place in
our lives, as despite cultural and individual differences, certain visual images, such as “rain or sky”, are universally
recognizable. As stated by Luan et al. (2022, p. 72), “film has more universality and general principles than
language.” This challenges the notion that cinema does not shape people’s belief systems, and places responsibility
on the consumers, as the images we see are a reflection of our own perspectives and worldviews.

To elaborate further, it has been noted that “the space-time processing of films produces second-level
significance to the audience. For example, when describing a person living alone in the forest, under a panoramic
shot, the person is in a corner of a dense forest; while under a close shot, the half-body image of a person matches
with the dense forest behind” (Luan et al., 2022, p. 72). This is why films are so powerful and captivating, as they
not only present images and narratives, but also tap into the symbolic and sensory aspects of viewing, engaging
the audience in a way that mere words cannot. The audience is therefore not just passive receivers, but active
participants in the experience that films provide.

Additionally, of the 65 female characters in STEAM-related careers, 22% were biologists, 11% worked in
computer science, 8% in engineering, 6% in psychology and astronomy, and the remaining in professions such
as pilots, archeology, medical engineering, writing, research, and neuroscience. A majority, 76%, of the female
characters were White/Caucasian, 9% Black or African American, 9% Asian or Indian American, with at least 3%
Hispanic/Latino and 1% multiracial. With regards to age, 40 out of 65 female characters analyzed were between
20 and 30 years old when they appeared in these movies, while 21% were aged between 30 and 40 and only 9%
were over 50 years old. This goes beyond the Bechdel test and sheds light on the intersections of ageism, race, and
ethnicity, thereby highlighting the presence of stereotypical narratives and symbolic visualizations.

At last, “studies have shown that African American music videos were significantly more likely to portrait
sexual content and sexualized female characters more than White videos” (Turner, 2011, as cited in Yang, Xu &
Luo, 2020, pp. 12-13), thus showing a relevant factor that can influence the image of a film character. Besides this,
“women and men above 60 are underrepresented” (Lauzen & Dozier, 2005, p. 437), as well as “Older actresses
experience greater difficulties in finding jobs (...), the majority of the male characters are in their 30s to 40s,
whereas the majority of the female actresses are in their 20s and 30s” (Treme & Lee, 2013 as cited in Yang, Xu
& Luo, 2020, p. 13), The reason for this disparity is that as men age, they tend to attain leadership positions
and wield greater power in their occupations. However, women are less likely to attain such goals (Yang, Xu &
Luo, 2020, p. 13). This raises another concern, namely the lack of positive representation of scientific women in
commercial cinema, without any barriers imposed by age, ethnicity, race, or gender.

4.2. Greimas Adapted Method: Men is the verb, Women the vowel

The grouping of the information obtained from the implementation of the adapted Greimas Method by the genre
of the selected movies are now addressed. First of all, the results and analysis of biographical films, followed but
not compared to, sci-fi films.

A brief outline about the first movies to analyze: Hidden Figures (Theodore Melfi, 2016) and Radioactive
(Marjane Satrapi, 2020), are biographical films. In these films, the subject/hero is a scientific woman, on one side
we have African American Technical Engineers and Mathematicians, and on the other Madame Curie, a Caucasian
Physicist and Chemist recognized worldwide. Hidden Figures describes a story of segregation by race and sex
that takes place in 1961, and the plot is about how Afro-American women helped NASA to take an astronaut on a
space ride and bring him back home safe, against all odds. Whereas in Radioactive, we see a tale of Marie Curie’s
life story in Paris in 1934 when she was trying to create her laboratory and, be able to find the polonium and the
radium, which provided her with two Nobel Prizes in her later years.
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This summary is here to contribute to the basis of the Greimas Adapted Method. The information has been
grouped into patterns and highlighted the differences.

In “Hidden Figures”, the central focus was on the remarkable contributions of these women, who played a
crucial role in sending a U.S. astronaut on a successful space mission, beating the Russians to it. On the other
hand, the biopic “Radioactive” depicts the challenges and confrontations faced by the iconic scientist “Madame
Curie”, including the lack of a laboratory and support from the University, in her quest to prove the existence of a
new chemical element. The narrative in “Hidden Figures” revolves around the protagonists’ journey as they strive
to prove their competencies and secure higher positions at NASA. Through their hard work and determination,
they eventually take charge of the operation of an IBM machine and make the crucial calculations that led to the
successful space mission. The story of “Madame Curie” follows her journey from her arrival in Paris and meeting
Pierre Curie, who later became her husband and key collaborator. Despite the University’s denial of support,
they persevered and conducted experiments together, solidifying their legacy as one of the greatest scientific
partnerships of all time.

The qualifying test: Crucial moments are in both movies when these women had to prove their competency
to solve the initial problem. The African American women were presented with mathematical problems and
formulas that they needed to solve in order to ensure the safe journey of the astronaut into space and back to
Earth. On the other hand, Madame Curie’s journey involved conducting various experiments with her husband
Pierre, initially facing challenges and inefficiencies, but eventually discovering radium. Decisive test: The outcome
of the challenges faced by these women was triumphant. Glorifying test: In Hidden Figures, the women were
able to complete all necessary calculations on time, successfully sending the astronaut into space and bringing
him back safely. Meanwhile, Madame Curie and Pierre were able to confirm their theories and discoveries of
polonium and radium. These achievements were not only significant for the women themselves but also for the
advancement of their respective fields.

To interpret this method, it is necessary to evaluate the nature of their relationship, the conjunctions or
disjunctions, the helpers, and the opponents to be able to complete the narrative analysis. In both scientific female
portraits, we can see how White men executed power in their privileged positions and created oppression in
the life of these female characters, these women were working in fields where men were back then the rule, and
women had not to leverage at all. Therefore, the main opposition was based on the grounds of gender, nationality,
ethnicity, and race.

All the characters that opposed each other in the past movies were men acting out of jealousy, ignorance,
and discrimination. Distinctive traits of psychological abuse included damaging their reputation through tactics
such as obstructing their work and exerting leverage. Unfortunately, this type of behavior remains prevalent
today. Conversely, women’s proactive responses to challenges were shaped by their interactions with supportive
individuals such as peers, husbands, and colleagues. These allies helped break the cycle of oppression by providing
encouragement, building confidence, and offering support for women to pursue their passions.

In the axis of power, men are the one who carries the final decisions to solve the initial problem, holding both,
agency, and leadership. However, these films showcase the triumphs of women who were ultimately vindicated.
Through the medium of cinema, the viewer is given the opportunity to relive these moments and gain a deeper
understanding of the injustices and discrimination faced by these women. The representation of these biographies,
through the use of powerful language, gestures, and cinematographic effects, effectively transports the audience
to a place of empathy and anger towards the oppression experienced by them. The films also challenge the
stereotype of the solitary, unmarried scientist by showcasing women who had supportive families and spouses
who admired and encouraged their ambitions.

Additionally, a noteworthy fact is the portraits of eastern women who were both scientists and inventors.
The same passion and intuition that drive Madame Curie are present in Eva Maria Kiesler or “Hedy Lamarr”
portrait. She became famous for being cataloged as one of “the most beautiful women” in the cinema during the
1930s. In Hedy Lamarr’s biography (Alexandra Dean, 2017), it is possible to see her talent in the cinema, also
her curiosity to build and create. Hedy’s hobby led her to change airplane wing design and create a system to
stop German torpedoes during the Nazi war with a frequency communication technique. Her inventions were
stepstones that led to the creation of WIFI and Bluetooth.

Two women from Austria and Poland had bright careers far from home, both accused at some point by
“opponents” for expressing their sexualities freely, and for doing so, the press and society back then tried to
jam their careers publicly. Nevertheless, Hedy Lamarr’s story is not worldwide known as Madame’s Curie’s
movie is not the most watched. These movies create social conscience, but none of them was more box office
successful than Top Gun Maverick (Joseph Kosinski, 2022) or even Jurassic Park (Steven Spielberg, 1993), films
that effectively achieve the goals of the market (Martin-Barbero, 2002, pp. 16-17). Even though biopics contain
facts that are part of the life story and work of the real women portrayed in these films, biographical films are less
popular than other film genres.

Next movies are two exciting science fiction films, Avatar (directed by James Cameron in 2009) and Prometheus
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(directed by Ridley Scott in 2012), both created by filmmakers from the US and UK. First a quick overview of
each movie, Avatar takes place in 2154 and explores the story of humans trying to secure a mineral known as
unobtanium from Pandora, a world inhabited by the Na'vis, a tribe of human-like beings with a deep connection to
nature. Meanwhile, Prometheus follows a spacecraft as it responds to a persistent call from humanity’s creators,
which is interpreted by two archaeologists through a star map found in ancient wall drawings across the Earth.
The crew embarks on a journey to investigate this map and make contact with their supposed forerunners, whom
they call “the engineers.”

Building upon the Greimas adapted method, the central conflict in Avatar revolves around humans seeking to
obtain minerals from Pandora. To achieve this goal, they send in a spy, Jake Sully, who becomes a trusted ally to the
tribe and helps the humans to understand their way of thinking, communication, and protection of the mineral-
rich area. On the other hand, in Prometheus, humans have seemingly uncovered information about their creators
and embark on a space journey, funded by the CEO of the Weyland Corporation, to meet these beings referred to
as “the engineers”. The expedition is led by the CEQ’s daughter, Mss. Vickers, who serves as the captain.

In the narrative sequence, Jake Sully is enchanted by the beauty of Pandora and its tribe. Through his adventures,
he locates the mineral deposits. However, his initial plan to betray the tribe is foiled when he falls in love and
forms a bond with a Na’vi named Neytiri. In Prometheus, the story begins to unfold as soon as the crew arrives on
a distant planet. The scientists disembark from the spacecraft to explore what appears to be an isolated location.
Upon entering a cave, they find that the air is breathable and remove their protective masks. Unfortunately, one of
the crew members becomes contaminated with an unknown alien DNA.

The qualifying test: The time has come to extract the minerals, and Jake Sully is informed by the company
leader of a military operation aimed at securing the unobtanium peacefully. On the other hand, in Prometheus,
the alien DNA merges with human DNA, transforming some of the crew members. After undergoing an abortion
of an “alien child”, the archaeologist Elizabeth Shaw is left reeling with emotions. She has lost her boyfriend and
just undergone a traumatic experience. Determined to understand what this DNA is doing and find a way to stop
it, she sets out with David (a synthetic life form) and the elderly CEO of Weyland Corporation, who has discovered
in secret that this location is actually the site of a crashed alien ship.

The decisive test starts in Avatar when Colonel Milles from military security starts a war and decides to
take down the “giant home tree”. Jake decides not to cooperate with humans, and so does Dra. Grace and other
colleagues who wore their avatars to join them on the battlefield, many Na’vi and humans die in this confrontation.
Na'vis was losing until Jake Sully appears with a dragon-like creature and regains Na'vis trust. On the contrary,
in Prometheus all seems lost, David is the only one who can manage to understand the spaceship and he wakes
up one “Engineer” that is still alive and sleeping in the vessel. But the “Engineers” starts to kill them all, therefore
everyone tries to save themselves.

In the glorifying test of Avatar, Jake Sully assumes leadership of the tribe to join the war, Dra. Grace, other
humans, Pandora’s wildlife, and Na'vi clans join to fight. As a result, humans lose the battle, Jake becomes a Na'vi
and Dra. Grace tries the same but unfortunately, she dies. On the contrary, in Prometheus’ glorifying test, Elizabeth
Shaw manages to run away with David at the end of the movie, although the answers she and the CEO of Weyland
were looking for never got to be. The rest of the crew dies at the hands of the aliens.

Dystopian films and biographical movies cannot be compared, as science fiction movies are grounded in
imaginative, alternate worlds where the laws of reality may be distorted and don’t necessarily have to make logical
sense. On the other hand, science fiction is a genre rich in symbolic systems that depict human-like forms of social
organization, communication, and interaction that are easily relatable. For instance, the concept of “Engineers”
symbolizes a divine or God-like entity, much like the story behind the Na'vi in Avatar. The power dynamics among
the Na'vi are similar to those of a human tribe, with the oldest member serving as the leader and embodiment
of wisdom, the mother functioning as the shaman who heals and connects the tribe to nature, and the children
inheriting the leadership role. As such, Neytiri in Avatar is expected to mate with the strongest member of the
tribe.

This symbolic way of re-signifying the dystopian characters follows a pattern of what is close to the ways we
humans in real life interact, our environment, the problems we have, and the feelings that all those problems arise
from us, therefore making the stories closer to our eyes and easy to identify with. Another great example is when
Dra. Grace in Avatar, who represents a brilliant Astrobiologist that has years of experience treating the Na'vis,
displays since the beginning of the movie the importance of nature for the Na'vis, which is equivalent to the real-
like problems with climate change and indigenous people who protect nature.

Both Avatar and Prometheus feature greedy and violent business tycoons who seek to exploit the resources
of Pandora without regard for the lives of its inhabitants or the environment. This mirrors the struggles faced by
ecofeminism. In Avatar for instance, while Dr. Grace plays a crucial role in understanding the Na'vi language and
culture, as well as uncovering the secrets of Pandora, a battle takes place, and she passes away before she can
fully become her avatar. Instead, it is Jake Sully who rises as the hero and saves the day, continuing to live among
the Na'vi people.
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The situation is not too different in Prometheus. The company’s CEO’s daughter Ms. Vickers is an irrelevant
character. She is against the expedition as she considers it a waste of money and time. Her portrait is intriguing
because she is a selfish businesswoman who does not care about exposing her economic interest and is the
foremost opponent of the expedition. All those who are in favor of the expedition as helpers are the archeologists,
the elder CEO of the company who believes he can have certain “answers” about life from the “Engineers”, and
David, the life form.

In their characterizations, it is notable that Vickers embodies a woman who wants control, authority, and the
freedom to express her sexuality without concern for others. However, she is portrayed as a spoiled child who
defies her father’s commands and is constantly sabotaged by David’s attempts to undermine her leadership on
the ship. In the end, Vickers meets a gruesome fate as she tries to save herself from the madness of the mission to
meet the “engineers”. In comparison, Elizabeth Shawn is a successful archaeologist who discovers life on a distant
planet. She conceals her pain of being unable to have children, although is generally kind and possesses a more
androgynous appearance. She prioritizes the safety of others, warning them to leave the planet, while Vickers
showed no concern for anyone else.

Throughout the events of Prometheus and Avatar, it becomes clear that their missions ultimately fail, with
more obstacles present than successes. The power dynamics in both movies are symbolic in nature. For instance,
Ms. Vickers lacks agency, with the captain and David making most of the decisions along with the rest of the
crew. Similarly, in Avatar, Dr. Grace’s warnings about avoiding a hasty takeover are ignored. Women are once
again portrayed as secondary characters, portrayed as strong but not capable of standing on their own. This is in
contrast to The Martian (Ridley Scott, 2015), where the main character (a man) is stranded on another planet but
is able to survive and even grow food, demonstrating his strength and resourcefulness in a place where nothing
should be able to grow.

The value of adapting the Greimas Method for this analysis lies in its ability to reveal the narrative sequence
and the power dynamics between characters, where men often occupy the central positions and drive the crucial
actions that determine the outcome of the story and resolve the central conflict, either through force or audacity.
Moreover, in most action and sci-fi movies analyzed, women are portrayed as fighting for maternal reasons, while
men are rarely depicted as having a strong connection to family, reinforcing the notion that men are at the center
of everything and do not need a backstory or motivation to be the hero or main character.

5. Limitations and future recommendations

The Bechdel test is not enough to provide insights into the representations of women in commercial cinema,
despite its worldwide use for this purpose. Therefore, it is necessary to combine elements or create adaptations
to other methods to provide in depth insight.

Moving forward, it is crucial to delve deeper into the issue of underrepresentation of women in STEAM fields
in cinema. This requires a closer examination of factors such as the gender intersection with ethnicity, age, and
gender. It is imperative to shed light on the impact that the lack of positive female role models in cinema has on
promoting women’s participation in these fields. Future studies could benefit from incorporating theories from
behavioral sciences and conducting long-term experiments to assess the extent to which cinema unconsciously
shapes our perceptions and attitudes.

Furthermore, it is worthwhile to analyze the impact that the popularity of certain movie genres has on societal
movements and issues related to gender and human rights. This can provide valuable insights into the media’s
influence on these essential subjects.

6. Conclusions

“A useful way to understand characters is by considering them as a unit of psychology and action” (Pérez-Rufi,
2016, p. 538), By analyzing the various circumstances that make up a character in a film, such as their morals,
psychology, physicality, and others, we can gain insights into their relationships, power dynamics, agency, and
mediations. Moreover, the cinematographic effects interact with the audience as an active participant, leading
to relevant conclusions, often without conscious awareness of the thought process. Although the Bechdel test
alone provides limited information compared to other methods of analysis, it serves as a starting point for our
examination of representation. Furthermore, the fact that only a small number of movies in our sample passed
the test, and then went on to be analyzed using the Greimas Actant Method, highlights the need for improvement
in terms of representation of female scientific characters in today’s commercial cinema.

Despite the current push for the feminism of difference, which has made its way into literature, theater, and
cinema, there is still much work to be done in terms of portraying positive and impactful role models for women
in STEAM fields. These role models should be liberated from the male gaze and not be centered around pleasing
male interests or lifestyles disconnected from the realities of women in STEM. The purpose of this analysis is not
to find a message or moral in the films, but rather to highlight the differences in the characterization of characters,
the psychological messages being conveyed by filmmakers, and how patriarchal and divisive ideals continue to be
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perpetuated, often unconsciously, as future generations shape their role models.

As audiences, it is crucial that we examine the content we consume and the messages it conveys. By being more
mindful of the information that enters our belief systems, we can help break away from harmful and outdated
gendered attitudes. What we need to see is women scientists portrayed as powerful, independent figures, free
from the constraints of family obligations or being defined by their relationships with others. Instead, let there
be a celebration to their ambitions, purposes, and personal journey, truly embracing their scientific pursuits as a
central aspect of their lives, just as Madame Curie, authentic, irreverent, though, firm in her convictions.



FEMALE LEADERSHIP PORTRAITS IN COMMERCIAL MOVIES: GENDER SOCIAL REPRESENTATIONS FROM THE STEAM
SECTOR

References

Agarwal, A., Zheng, ]., Kamath, Sh., Balasubramanian, S. & Dey, Sh. A. (2015). Key Female Characters in Film Have
More to Talk About Besides Men: Automating the Bechdel Test. In Proceedings of the 2015 Conference
of the North American Chapter of the Association for Computational Linguistics: Human Language
Technologies, (830-840). Denver, Colorado: Association for Computational Linguistics. DOI: 10.3115/
v1/N15-1084

Bechdel, A. (1986). Dykes to Watch Out for. New York: Firebrand Books.

Bernardez, A. (2012). Phallic Female Models of Media Postfeminism: an approach to Millennium, Avatar, and the
Hunger Games. Analisi, (47), 91-112. https://doi.org/10.7238/a.v0i47.1897

Binimelis, M. (2016). Perspectivas tedricas en torno a la representacién de las mujeres en el cine: una breve
aproximacion historica. Secuencias, (42), 9-34. https://doi.org/10.15366 /secuencias2016.42.001

Byrne, J., Fattoum, S., & Diaz-Garcia, M. C. (2019). Role Models and Women Entrepreneurs: Entrepreneurial
Superwoman Has Her Say. Journal of Small Business Management, 57(1), 154-184. https://doi.
org/10.1111/jsbm.12426

Butler, J. (1993). Los cuerpos que importan. Sobre los limites materiales y discursivos del sexo. Buenos Aires:
Ediciones Paidos.

Camberos, M. T. (2011). Empoderamiento femenino y politicas ptiblicas, una perspectiva desde las representaciones
sociales de género. Entramado, 7(2), 40-53. Retrieved from https://www.redalyc.org/articulo.
0a?id=265422684003

Carney, J., Robertson, C. & David-Barret, T. (2019). Fictional narrative as a variational Bayesian method for social
dispositions in large groups. Journal of Mathematical Psychology, 93, 1-10. https://doi.org/10.1016/j.
jmp.2019.102279

De Beauvoir, S. (2015). El segundo sexo. Madrid: Catedra.

Duque, C. A. (2010). Judith Butler y la teoria de la performatividad de género. Revista de educacién y pensamiento,
(17), 85-95. Retrieved from https://repositorio.unal.edu.co/handle/unal/53731

Eris, O., Chachra, D., Chen, H. L., Shepard, Sh., Ludlow, L., Rosca, C., Bailey, T. & Toye, J. (2010). Outcomes of a
longitudinal administration of the persistence in engineering survey. Journal of Engineering Education,
99(4), 371-395. https://doi.org/10.1002/j.2168-9830.2010.tb01069.x

European Education and Culture Executive Agency, Eurydice, Bourgeois, A., Zagordo, M. & Antoine, A. (2018).
Entrepreneurship education at school in Europe: Eurydice report. Luxembourg: Publications Office of the
European Union. Retrieved from https://data.europa.eu/doi/10.2797/301610

European Commission, Directorate-General for Education, Youth, Sport and Culture (2014). A profile of current
and future audiovisual audience: final report. Luxembourg: Publications Office of the European Union.
Retrieved from https://data.europa.eu/doi/10.2766/72130

Faber, R, Brown, J. D. & McLeod, ]. D. (1979). Coming of Age in the Global Village: Television and Adolescence. In
E. Wartella (Ed.), Children communicating: Media and the development of thought, speech, understanding
(pp- 215-250). Beverly Hills, California: Sage Publications.

Flicker, E. (2003). Between brains and breasts-women scientist in fiction film: On the marginalization and
sexualization of scientific competence. Public understanding of science, 12(3), pp. 307-318. https://doi.
org/10.1177/0963662503123

Garcia, D., Weber, I. & Rama, V. (June 1-4, 2014). Gender asymmetries in reality and fiction: The Bechdel test of
social media. In Eighth International AAAI Conference on Weblogs and social media (ICWSM), (131-
140). Ann Arbor, Michigan: AAAI Press. Retrieved from https://www.aaai.org/ocs/index.php/ICWSM/
ICWSM14/schedConf/presentations

Greimas, A. ]. (1983). Structural semantics: an attempt at a method. University of Nebraska Press, (59-77)

Guarinos, V. (2008). Mujer y cine. En T. Nufiez Dominguez & F. Loscertales Abril (Eds.), Los medios de comunicacion
con mirada de género (pp. 103-120). Sevilla: Instituto Andaluz de la Mujer. Retrieved from http://hdl.
handle.net/11441/26775

Karatas-Ozkan, M. & Chell, E. (2015). Gender inequalities in academic innovation and enterprise: a Bourdieuian
analysis. British Journal of Management, 26(1), 109-125. https://doi.org/10.1111/1467-8551.12020

Kool, D., Azevedo, N. H. & Avraamidou, L. (2022). The lonely heorine: Portrayal of women scientists in films.
Educational Media International, 59(2), 150-171. https://doi.org/10.1080/09523987.2022.2101205

Kuschel, K., Lepeley, M. T., Espinosa, F. & Gutiérrez, S. (2017). Funding challenges of Latin American women start-
up founders in the technology industry. Cross Cultural & Strategic Management, 24(2), 310- 331. https://
doi.org/10.1108/CCSM-03-2016-0072

Lauzen, M. M. & Dozier, D. M. (2005). Maintaining the Double Standard: Portrayals of Age and Gender in Popular
Films. Sex Roles, 52(7), 437-446. https://doi.org/10.1007/s11199-005-3710-1


http://www.redalyc.org/articulo
http://www.redalyc.org/articulo
http://www.aaai.org/ocs/index.php/ICWSM/
http://www.aaai.org/ocs/index.php/ICWSM/
http://hdl/

FEMALE LEADERSHIP PORTRAITS IN COMMERCIAL MOVIES: GENDER SOCIAL REPRESENTATIONS FROM THE STEAM
SECTOR

Luan, L., Liu, W,, Zhang, R. & Hu, S. (2022). Introducing Cognitive Psychology in Films Studies: Redefining
Affordance. International Journal of Education and Humanities, 2(3), 70-78. https://doi.org/10.54097/
ijeh.v2i3.350

Markus, H. & Nurius, P. (1986). Possible selves. American Psychologist, 41(9), pp. 954-969. https://doi.
org/10.1037/0003-066X.41.9.954

Marra, R. M., Rodgers, K. A, Shen, D., & Bogue, B. (2012). Leaving engineering: a multi-year single institution
study. Journal of Engineering Education, 101(1), pp. 6-27. https://doi.org/10.1002/j.2168-9830.2012.
tb00039.x

Marsen, S., Biddle, R. & Noble, ]J. (2003). Use Case Analysis with Narrative Semiotics. ]. Ang, Sh.-A. Knight (Eds.),
Proceedings of the Australasian Conference on Information Systems (ACIS 2003), (1-8). Joondalup, W. A:
We-B Centre. Retrieved from http://www.mcs.vuw.ac.nz/comp/Publications/CS-TR-03-10.abs.html

Martin-Barbero, J. (2002). Medios, mediaciones y tecnologias. Signo y Pensamiento 21(41), 13-20. Retrieved from
https://revistas.javeriana.edu.co/index.php/signoypensamiento/article /view /2778

Moscovici, S. (1961). La Psychanalyse, son image et son public. Paris: PUF.

Mulvey, L. (2006). Visual pleasure and narrative cinema. In M. G. Durham & D. M. Kellner (Eds.), Media and cultural
studies: Keyworks, (342-352). Cornualles: Blackwell Publishing.

Pérez-Rufi, ]J. P. (2016). Metodologia de analisis del personaje cinematografico: Una propuesta desde la narrativa
filmica. Razén y palabra, 20(4_95), 534-552. Retrieved from https://www.revistarazonypalabra.org/
index.php/ryp/article/view/685

Saraswati, R. (2022). Greimas’s Actantial Model in The Hunger Games Movie. Akrab Juara: Jurnal [lmu-Ilmu Sosial,
7(3),314-321. https://doi.org/10.58487 /akrabjuara.v7i3.1913

Steinke, ]. & Paniagua, P. M. (2017). Cultural representations of Gender and STEM: Portrayals of Female STEM
Characters in Popular Films 2002-2014. International Journal of Gender, Science and Technology, 9(3),
244-277. Retrieved from https://genderandset.open.ac.uk/index.php/genderandset/article/view/514

Shift7 (2017). Report Female-led films outperform at box office for 2014-2017, Shift7.com. Retrieved from https://
shift7.com/media-research/#arrow-jump

Yang, L., Xu, Z. & Luo ]. (2020). Measuring Female Representation and Impact in Films over Time. ACM/IMS
Transactions on Data Science, 1(4), Article 30, 1-14. https://doi.org/10.1145/3411213

Wang, M. T. & Degol, ]. L. (2017). Gender gap in science, technology, engineering, and mathematics (STEM): current
knowledge, implications for practice, policy, and future directions. Educational Psychology Review, 29(1),
119-140. https://doi.org/10.1007 /s10648-015-9355-x

World Economic Forum (2020). The Future of Jobs. Report. Cologny/Ginebra, Suiza: World Economic Forum.


http://www.mcs.vuw.ac.nz/comp/Publications/CS-TR-03-10.abs.html
http://www.revistarazonypalabra.org/
http://www.revistarazonypalabra.org/
http://www.revistarazonypalabra.org/

66



Publication 4

8.4. “Social Representations on Lithuanian Women Leaders in the STEAM Fields: A
Critical Discourse Analysis”

66



UNIVg,
53 Ry
1579 %

g

$

s 2 Vilniaus

z : universiteto

A & leidykla Contents lists available at Vilnius University Press
%/msu\\*

Information & Media eISSN 2783-6207

2023, vol. 97, pp. 69-83 DOI: https://doi.org/10.15388/Im.2023.97.60

Social Representations on Lithuanian
Women Leaders in the STEAM Fields:
A Critical Discourse Analysis

Tatiana Buelvas-Baldiris

Rey Juan Carlos University, Spain
t.buelvas.2020@alumnos.urjc.es
https://orcid.org/0000-0002-0156-8883

Rainer Rubira-Garcia

Rey Juan Carlos University, Spain
rainer.rubira@urijc.es
https://orcid.org/0000-0002-5667-6080

Rasa Poceviciené

Siauliai State University of Applied Sciences, Lithuania
rasa.poceviciene@svako.lt
https://orcid.org/0000-0003-2576-6443

Abstract. Science, technology, engineering, arts, and mathematics (STEAM) are fields substantially crucial
for innovation and development. Nevertheless, the gender gap in these areas is significant also in European
countries. Considering the underrepresentation of STEAM women’s leadership, we provide insight into the
common characteristics that led Lithuanian women to become referents in their fields. We identify elements of
leadership in discursive social representations, professional ideologies, gender identity and role congruency in
connection to power structures from a gender perspective within organisations, considering the mediations of
the social context. We conducted the research in two phases: an online questionnaire and in-depth interviews.
We performed a critical discourse analysis of Lithuanian Women’s testimonies to understand gender social
representations. Parenthood highly influences building leadership and choosing STEAM careers, whereas self-
efficacy and creativity are essential elements. High co-responsibility at home confirms that family context is
vital. In STEAM careers, a male-centric perspective still constrains female leadership. There is still work to be
done regarding active politics, programs, and law enforcement to create equity and social justice relationships
between men and females, especially in STEAM areas.

Keywords: Women leadership; Social Representations; STEAM; Gender studies; Lithuania

Saves atstovavimas motery lyderystéje STEAM srityse Lietuvoje: diskursas, lyties
tapatybé ir vaidmenu suderinamumas

Santrauka. Mokslas, technologijos, inzinerija, menai ir matematika (STEAM) — tai sritys, kurios yra labai
svarbios naujovems ir plétrai, bet taip pat sritys, kuriose labiausiai pasireiskia lygiy galimybiy spragos, net ir
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Europos Salyse. Atsizvelgiant j tai, kad STEAM motery lyderysté yra nepakankama, straipsnyje pateikiamos
izvalgos, kokios yra tos bendrosios charakteristikos, padedancios kai kurioms Lietuvos moterims tapti savo
srities atstovémis. Lyderystés elementai buvo nustatyti diskursyviame saves reprezentavime, tapatybés vai-
dmenyse ir profesinése nuostatose, susijusiose su valdymo struktiromis organizacijose i$ ly¢iy perspektyvos,
atsizvelgiant j socialinj konteksta. Tyrimas buvo atliktas dviem etapais: i§ pradziy internetiné apklausa, po to
giluminiai interviu ir gyvenimo istorijos metodas, derinant kiekybinius ir kokybinius metodus. Véliau atlikta
apklausy dalyviy atsakymy diskurso analiz¢, siekiant suprasti ly¢iy saves reprezentacijg. Tyrimu iSsiaiskinta,
kad tévas daro didele jtaka ugdant lyderyste ir pasirenkant STEAM karjera, o savarankiskumas ir ktirybiskumas
yra vieni svarbesniy elementy Sioje srityje. Didelé bendra atsakomybé¢, vyraujanti namuose, patvirtina, kad
Seimos kontekstas yra gyvybiskai svarbus. Kita vertus, STEAM Kkarjeroje vis dar islieka j vyrus orientuota
perspektyva, kuri riboja motery lyderyste. Vis dar reikalinga aktyvi veikla politikos, edukaciniy programy ir
socialinio teisingumo srityse, kad bty sukurti lygybés ir socialinio teisingumo santykiai tarp vyry ir motery,
ypa¢ STEAM srityse.

Pagrindiniai ZodZiai: motery lyderysté; saves atstovavimas; STEAM; ly¢iy tyrimai; Lietuva

Introduction

The underrepresentation of women leadership in Science, Technology, Engineering, Arts
and Mathematics (STEAM) can be attributed to various aspects, including stereotype threat,
lack of role models, access to tertiary education, lack of inclusive policies, upskilling and
reskilling (Verdugo-Castro et al., 2022; Cheryan et al., 2020; EIGE, 2022). Concerning
the lack of role models, leadership greatly impacts those who embody it and organisations
(Love et al., 2017), as this aspect allows them to become influential individuals to pursue
common goals. In this regard, the characterisation of women’s leadership in Lithuania
in these areas can contribute to understanding the role of social representations in shap-
ing perceptions and expectations in connection with professional ideologies, specifically
STEAM areas, which in turn can contribute to reducing such gender inequalities.

There is an increasing body of scientific literature dedicated to the relationship between
gender and leadership (Appelbaum et al., 2003; Eagly & Johnson, 1990; Hoyt, 2010),
gender differences in multicultural contexts (Eklund et al., 2017), gender and management
(Rhee et al., 2015), among others, although few of them focus on the STEAM sector. Re-
searchers across different disciplines constantly seek to understand the challenges women
face in the means of leading or succeeding in life (Winny & Joseph, 2021), paying little
attention to the intersection of these topics with professional ideology.

Further evidence suggests that women have a unique leadership perspective, are good
at decision-making and innovation skills (Cook et al., 2009; Wu et al., 2022), also tend
to be more collaborative and inclusive, producing positive and productive work environ-
ment (Cook et al., 2014; Eagly et al., 2001). Despite the optimistic assets that women can
bring to organisations, barriers appeared to be greater. Phenomena like the glass ceiling
(Purcell et al., 2010) and the glass cliff (Velte, 2018) demonstrate that the roots of these
issues are structural gender-based inequalities.

By opening safe spaces for women to be in leadership positions in STEAM-based
organisations, thanks to their collaborative approach, it is possible to enable other lower
rank women to rise too. It is not the same scenario as when women are promoted only
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during conflictive times at companies, as their leadership, power and authority can be
compromised, confirming that “the glass cliff is especially evident in male-centred sec-
tors” (Ryan et al., 2007, pp.182-197).

The main goal of this research is to provide a characterisation of Lithuanian women
leaders in STEAM according to the social representations of their own. We conducted an
online questionnaire and in-depth interviews to identify elements through critical discourse
analysis that shed light on patterns that can impact leadership. We use these concepts in
connection to professional ideologies, identity and congruency roles, for these notions
intersect in how knowledge is hierarchised, creating power dynamics that reinforce gender
differences and imbalances in STEAM.

Contextual Background

“Lithuania is often seen as a good example of implementing gender equality measures
in Europe” (Zaleniene et al., 2013, p. 284). As a result, in 2007, the European Institute
of Gender Equality — EIGE was established there. This country, with approximately 2.8
million inhabitants in 2023, has “adopted legislations and laws since 1999 to promote
Equal Opportunities between Women and Men; it was one of the first countries in Central
and Eastern Europe to do so” (Zaleniene et al., 2013, p. 284). Among the strategic actions
towards promoting women in STEAM, L’Oréal Baltic created cooperation with UNESCO
Commission to grant awards of 6,000 euros to support excellent female doctoral and
postdoctoral researchers from experimental natural sciences and medicine (UNESCO,
2019). From Women in Science Fellowships, several interviews have been done for the
purpose of this study, among other risings talents from STEAM in Lithuania.

The effects of the COVID-19 pandemic and the digital transformation in the labour
market created the scenario for European countries to develop the Declaration of Ljubljana
on Gender Equality in Research and Innovation, adopted by most, including Lithuania.
This is a framework to leverage the Gender Equality Strategy for 2020-2025 (Ljubljana
Declaration, 2021). This declaration recognises deficiencies in women’s education and
access to opportunities in STEAM, which demonstrates the scarcity of qualified profiles
to cover STEAM job vacancies in Europe.

The 2022 Gender Equality Index (GEI) results show that “Lithuanians have the highest
scores since the 2021 GEI, along with Belgium, Croatia [..]” (EIGE, 2022, p. 19). Compared
to other European countries, Lithuania has opened spaces to women in decision-making
positions (+6.0 points) and government representatives; in fact, “in early 2022, Lithuania
was one of the very few EU Member States with a women prime minister” (EIGE, 2022,
p. 47). Nevertheless, 2023 statistics show that 70% of Lithuanian parliament members
are male, compared to 28% of women (EIGE website, 2023), which informs about some
limitations to overcome, to continue improving gender social policies that impact the
STEAM sector.

Despite the lack of research that further informs gender and leadership intersection
in STEAM in Lithuania, or if so, written in English. It is thanks to the milestones of this
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country in reducing the gender gap that we decided to use it as a study case. Although,
this country’s size in terms of land and population compared to other Member States,
Lithuania’s transition to democracy and a market economy was not long ago, and these
inequalities were considered non-existent in the Soviet Union (Sipos, 1992; Matkovic et
al., 2007), and taboo to researchers (Stubbs et al., 2019), “as it was assumed that com-
munists solved the social problems mentioned before” (Aidukaite et al., 2022, p. 162).

Theoretical Framework

The debate between Science, Technology, Engineering and Mathematics (STEM), and
STEAM, including Arts, started from creating a distinction between disciplines convention-
ally known as “creative”, such as music, arts and more, and those disciplines traditionally
seen as more rigid and logical-mathematical (Catterall, 2002). We must not forget that most
exceptional thinkers ever known in STEAM were creative across disciplines influenced by
Art (Root-Bernstein, 2003). The intention to broaden the scope to creative disciplines such
as media, making, and digital technology serves the purpose while analysing leadership.

Leadership is the process by which “an individual influences a group of people to achieve
a common goal” (Matouq, 2015, p. 3). Although the increasing demand for diversity in
career paths, gender discrimination in STEAM leadership remains persistent (Sekiguchi
et al., 2022, p. 4). For instance, a survey conducted in 2012 by the Equal Opportunities
Ombudsmen Office informs about “gender representation in the Lithuanian academic com-
munity recorded results from 22 universities, state and private, informed of men domination
among rectors, vice-rectors, senate members and faculty deans. Overall, women had posi-
tions at the lowest administrative levels [...]” (Zaleniene et al., 2013, p. 291). Even though
the situation has probably changed since 2012, women leaders are necessary to challenge
social representations and encourage structural change in these careers.

The Theory of social representation (TSR) is defined as an organised and structured
set of cognitions produced and shared by members of the same group about the same
social object (Abric, 2001; Moliner et al., 2015). TSR and TPI allow us to understand
how identity, gender roles and power dynamics shape STEAM as a sector.

The theory of professional ideologies (TPI) refers to how academic disciplines have
been theorised in terms of their exercise of power in classifying, hierarchising and pre-
serving certain forms of knowledge while disregarding others (Foucault, 1977). However,
it is difficult to recognise the limits within, between and across disciplines as sometimes
they are blurry (Osborne, 2015). However, disciplines form curriculums taught in schools
and universities, which become instruments that reinforce class, power, and gender divi-
sion, as the knowledge is hierarchically organised (Connell, 1993). Consequently, some
disciplines are more stereotyped as male-centred than others, directly affecting women’s
representation and leadership.

For example, “biology, chemistry, and mathematics graduate more women than men
in the US” (Cheryan et al., 2017, p.8). Hence, in the EU, 73% of students in Engineering,
Manufacturing and Construction disciplines were male (EIGE, 2018).
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The theory of role congruency (TRC) refers to gender roles that correspond to a social
construct and that derive from the division of specific roles and stereotypes, division of
labour, access to resources and more between sexes (Eagly et al., 2002). For example,
women are nurses, men are doctors, based on the idea that in health careers, one profession
is validated collectively as more relevant than the others and is characterised by specific
professional behaviours concerning TPI.

TRC is understood through two main aspects, “the descriptive norms (consensual
expectations about behaviour in a given group), secondly the legal norms (consensual
expectations about ideal behaviour in a given group)” (Cialdini, 1998, pp. 151-1921),
the latter is the main error in advancing women'’s leadership in STEAM. For instance, the
descriptive and legal norms manifest in society as follows:

» e

Female leadership tend to be “kind”, “altruistic and emotionally expressive”’, — making refer-

ence to communitarian behaviour, whereas male leadership is “independent”, “dominate”,
and “assertiveness”’, — indicating more individual leadership behaviours (Eagly, 1991, p. 306).

In the intersection with TPI, the gender role perspectives in STEAM are extensive.
Some authors argue that women are somehow forced to adapt to limited opportunities by
becoming job-oriented and not career-oriented (Mavin, 2001). Others say that women
choose non-STEAM careers more than men, based on their abilities with math (Park et
al. 2007). Yet, these ideas ignore the layers of women’s career path in STEAM: access to
quality tertiary education, personal motivations, family influence, and cultural aspects.

There is a tendency to face many social dilemmas concerning women’s leadership in
STEAM, for all the characteristic roles and expectations assigned by society based on
gender. If women are agents of change and perform their leadership role or fail to accom-
plish what is pre-scripted for most women, they risk being negatively assessed by others
(Jun-Yeob, 2020). Similarly, suppose women fail in leading others, even while doing
what everyone expects from her. In that case, she will fail either way to meet the ideal
expectations of “successful leaders” (Eagly et al., 2002). Thus, the social representation
of women leaders in STEAM is important to understand the layers of this career path and
allow more women to participate in the sector in the future.

Method

For this study, a critical discourse analysis (CDA) approach was used. “The CDA stud-
ies text and talk, emerging from critical linguistics, semiotics [...] is a problem-oriented
approach, suitable to study relevant social problems, such as sexism, racism, and other
forms of social inequalities” (Van Dijk, 1995, p. 17). This approach focuses analysis of
relationships between discourse and society (social cognitions, politics, and culture),
which is pertinent considering TSR and TRC are related. By using the CDA, we centre
on understanding “group relations of power, dominance and inequalities and the ways
these are reproduced or resisted by social group members through text and talk” (Van
Dijk, 1995, p. 18). To apply the CDA through text and talk, Van Dijk explains that one
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can have key categories that affect the structure and content of the mental model of our
object of study. By doing this, patterns of speech fall into general and abstract forms of
knowledge, beliefs, opinions, attitudes, and ideologies the group shares.

The following selection criteria determined the sample: women who have studied in
STEAM and/or have a leadership position at a STEAM-based company; and/or recognised
researcher in such fields; holds a leadership position at a private company or in a political
institution regarding STEAM sector. The political level is key, as it can change STEAM
laws, legislations, and governmental initiatives.

Accordingly, we surfaced the internet looking for women leaders in Lithuania, results
showed international prizes, women who have been featured in the news, or outstanding
Lithuanian leaders. Although internet results were general, we stayed with women from
STEAM and contacted them via LinkedIn and email to invite them to participate in our
study. The sample unit is 18 women from Lithuania, located in the main cities according
to results from 2021. From the US 8 informants accepted to participate in the process, first
we sent them an email with a Google form with some general questions to know better
the informant, from there, we scheduled the in-person or virtual interview, depending on
their availability.

The trust and ethical protocol are informed from the beginning to all the informants via
email and reinstated in the interviews, we required informed consent, they had the right
to withdraw, and we also promised confidentiality, anonymity and strict data management
encouraging the use of sensitive and personal information of third parties. We communi-
cated the purpose and goal of the present study, methods, and procedures. Likewise, we
remind them throughout the process of our commitment to confidentiality not to disclose
any recording or key information that can reveal their identity.

We have used both quantitative and qualitative methods for collecting data as this al-
lows us to understand better the research problem (Creswell, 2003). These methods are
very common in social sciences, “depending on what we are investigating sometimes is
useful to start with a questionnaire and then, follow up with other specific points on a
series of interviews, experiment (...)” (Creswell, 2003). We first applied a Google form
with simple factual questions, some opinions, and attitudinal questions, “keeping ques-
tions as short and simple as possible to increase the accuracy of responses” (Adams et al.,
2008, p. 20). Then, semi-structured interviews were conducted, allowing the interview
structure to be flexible so that key issues not identified before emerging in the discussion.

For questionnaires and interviews, a list of categories was established and the questions
for both tools were created accordingly. The criteria used to code data and display the
results are Professional ideologies, leadership, role congruency and social representation
in connection with gender perspectives. Both tools were applied to the 8 candidates who
accepted to participate from beginning to end in this study, completing a total of 24h of
interviews, 1 month extracting data and 1 additional month to code and interpret. Ques-
tionnaire results were analysed and shared in this paper separately, from interview results.

The interviews were conducted in isolated spaces to give them the security of being
themselves and expressing their experiences in a safe environment. In only two (2) inter-
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views a third person (one of the authors in this paper) was necessary who translated, as it
was more comfortable for some of them to speak in Lithuanian. We had key points that
need to be discussed, and we addressed them with a list of topics, although, we allowed
some questions to flow from the discussion rather than being forced (Adams et al, 2008).

Lastly, through the lens of the critical analysis approach we created a matrix in which
we located the categories and direct speech from interviews creating correspondence.
Therefore, is possible to find common and divergent patterns between them, creating a
contrast worth sharing.

Results

The informants are around 30 to 50 years old, born in Lithuania during or after the Soviet
Union. Out of 8 women, 6 had a PhD study and 2 had master’s degrees. Their field of
work and/or study is Digital Innovation, Technology, Construction, Civil engineering,
Mathematics, Transport and urban mobility, Neuroscientist, and communications. They
are leaders and they manage resources: teams, budgets, projects, and programs for public
and private companies, academic boards, corporate boards, human resources departments,
legislative and even the Parliament of Lithuania, the Seimas, leading national strategies
in the STEAM sector. The industries in which they were working at the time they partici-
pated in this study are transport, military, oil and gas sector, mathematics, and molecular
biology. Additionally, 4 of the informants are married, 2 in free partnership, and 2 are
single; 6 of them mentioned they speak more than 1 language, the most recurrent cases
Lithuanian — native for all, Russian, and English.

Discursive Social Representations from Female Leaders

The opportunity to excel in their fields and demonstrate to themselves, rather than others,
that they can be as good as the best professionals and defy “how to be” not adapting to
what is “commonly accepted” is the main aim of our informants “my personal mission
is to say that IT is not just for a man wearing jumpers. When I started it was like if you
are in the IT sector, you must be a dirty girl, not nice dressed and I decided to show that
it’s not true” (Informant 5). Being feminine by polishing nails, or wearing a dress at a
congress or conference, should not be related to women’s efficacy in STEAM fields or
any area of life, and it is also a confirmation of the cultural constraints they experience.

Additionally, informant 3 shared that “I have been working in positions like managing
the company that was producing steel construction, where all my employees have been
males”. But also, from the informant’s perspective the STEAM sector appears to have
conduct codes in Lithuania that delimitate how individuals considering their gender or
sex should address as a team leader or member. For instance, Informant 3 describes how
she caused a “surprise” when she appeared in meetings where they expected a man as the
CEQ, as in the steel construction industry it is less frequent that a woman rises, suggesting
significant changes must be done to tackle glass ceiling tendency.
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From the gender perspective of their agency and social representations, it is relevant
to mention that informants tend to take or crave control over the outcomes and chal-
lenges as they have sufficient knowledge and expertise to perform high. Additionally,
they have a very critical mindset that promotes planning every step to then, receive the
expected outcome out of those efforts. As a result, they have a high sense of achievement
and responsibility, self-efficacy and vision that is self-imposed, but that fosters to deliver
good results with vision as leaders and therefore, improve the quality of life of others
with their creations, “I’m an ambitious person, therefore I have the motivation to aim
high” (Informant 1). The common pattern in the figure of speech is present in most of the
8 informants, demonstrating how interiorized is to be competitive, where aiming high,
comparing themselves with other colleagues and the technification of knowledge, is part
of the role play they have in a male-centred industry that is coded in that way.

On the other hand, the confidence of these Lithuanian women leaders in STEAM is
strong. They are aware of what they can do, and they test their own emotions, abilities
and competencies which allows them to understand that developing new skills takes ad-
ditional time, “I’m good at logical things via mathematics, physics, films, etc. So, for me
writing is hard” (Informant 6). On the other hand, it is not surprising that those results
take them to become entrepreneurs, ratifying they can achieve whatever goal they pro-
pose. In several interviews, the informants mentioned they never hide their thoughts or
emotions, rather they express them assertively to be coherent in leading their teams and
reinforcing their character.

In co-relation with the social representations, we must acknowledge the significance
of the family, because their parenting style forms the decisions they have made, not only
from joining in STEAM, but also how they are. In their Lithuanian families, the mother
was very supportive and cared too much about the emotional side of women, whereas the
father was more involved in imposing rules and limits, allowing them to experience their
singularity within the values, social behaviour and position taught. The kind of parent-
hood experienced was highly open, with parents most of the time, encouraging women
to pursue big goals.

Nevertheless, in 2 informants traditional families’ women were expected to be at home
and men at work, living under the Soviet Union that suppressed women despite official
postures. In this dichotomy where the “breadwinner” is the father, mothers and daughters
tend to value and create their self-image at work in terms of what the father would approve
or be proud of, meaning in most cases our informants were not seeking external validation,
but instead their father’s approval. Contrasting this idea with TSR, informants have coded
themselves not only by what they learnt at home, but also, culture, education, and other
external influence, which allow them to find a place where to develop accordingly and
succeed, most of the time challenging impostor syndrome and other inadequacy feelings.

In most cases, informants choose to be in such leadership positions, although they had
no interest in using public relations tools to enhance their leadership in public spaces. As
the nature of the positions they hold, social exposure came as a secondary challenge mainly
because they love what they do, but not with the purpose of being validated by others.
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Despite this, in the Lithuanian context the dissemination of knowledge in STEAM
careers, in public spaces is sometimes considered as bragging, and “they think you are
not serious scientists if you have time for this” (Informant 2), this is an interiorized bias
taken from the social representation’s constraints imposed to women. To make visible
relevant scientific achievements, women and men need to participate in media interven-
tions, therefore it should not be considered a negative practice if the colleague is female.

Professional Ideologies and Leadership in STEAM

By the time we conducted this study, informants had leadership positions in industries that
are considered male-centred, as a study described that “males prefer to work with objects,
whereas females prefer working with other people” (Su et al. 2009, p. 860), explaining
why there are more men than women in these areas. In fact, some of the informants men-
tioned they did not study STEAM as a first career, but rather later in life, because of the
personal opportunities they found to grow in these sectors.

Considering the intersection with professional ideologies, the mixed academic back-
ground allowed them to have competencies required to direct and manage teams within
STEAM as certain learned behaviours and skills, “I came to the STEAM field randomly,
but those experiences and those skills that I have from journalism, they are very impor-
tant here as well” (Informant 7); which informs about how these fields can intersect in a
multidisciplinary approach.

There is a common pattern about how 5 of our informants made the decision to join
the STEAM career path, and this is thanks to a positive influence from someone close
as the father, mother, siblings or a teacher they admire that encouraged them such as “an
amazing and rigorous math teacher. She was a solid, fair and very elegant woman” (In-
formant 2). Regarding the role models, as women are a minority in some of the STEAM
fields, “encouraging and giving broader exposure to successful women STEAM scientists
and professionals to visit schools and career days” (Ming-Te et al, 2016, p. 132) serves to
reject the stereotypes that these fields are not only for men. Additionally, by the figure of
speech used by our informants in this question, the leadership relationship was described
as amazing, rigorous, solid, and fair, adjectives that allow them to feel admiration and
reflected on what they wanted to become.

The STEAM careers have increased in popularity due to the digital transformation
that Covid-19 brought to global economies. Nevertheless, these fields are often seen as
complex because of the mathematical background and other technical knowledge, evi-
dence suggests that when comparing mathematically gifted individuals, those with higher
math skills relative to verbal skills are more likely to pursue STEAM careers (Wang et at.,
2013). Contrasting this affirmation with our results, we found that almost all 8 informants
consider that to work and succeed in STEAM, one must have certain skills and technical
knowledge that allow you to perform high, as only being relatively good at it, is not enough.

A pattern of validation of attitudes and performance at a very early stage creates stimu-
lation to choose STEAM as a career path in the later years, “back in the school, I was
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very good at mathematics, but my love for chemistry started back then. For me chemistry
was more intuitive. I’m currently a Neuroscientist” (Informant 1), and “Computer engi-
neering was the only profession I could imagine” (Informant 5). Therefore, validations
and cumulative specialization of knowledge sustained over time allow them to develop a
natural leadership in STEAM, as every process was intuitive and results-oriented.

In the same order of ideas, specific behaviours that guide professionals from the
STEAM-specific fields, the informants had a common interiorized pattern for considering
career development as a tournament, with a tendency for perfectionism which allow them
to produce high quality as mentioned “I can work fast, and I don’t like excuses, I know
right away who can work with me or not” (Informant 4), or “unfortunately, women in
mathematics are not popular even in the 21st century. Men feel superior in this science.
I didn’t use any tools to combat them, I worked hard until I achieved recognized results”
(Informant 2), demonstrating they felt they needed to prove themselves even more than
other colleagues.

The 8 informants demonstrated a desire to succeed driven by the purpose of helping
other people to grow next to them, therefore, in the leadership development they mentioned
not experiencing any preference for male or female pupils, as they tried to keep the pro-
cesses objective. Although, they did mention encouraging young girls from universities
to apply for their research teams and other initiatives.

One of the questions asked was if they consider themselves innovators in their field
and how they nurture creativity to see if they happen to have a connection with any form
of arts. Informants mention that they see challenges as opportunities, as they use their
own fear as fuel, to pursue the execution of projects that are often risky and highly defi-
ant “I’m not afraid to start unique and original projects and processes again and again”
(Informant 4). The informant’s activities outside the work-life produced a benefit in terms
of creativity stimulation such as gardening, painting, playing music, going to the woods,
and practising hunting, even riding a motorbike. To solve work-life problems solutions
are often found in spaces where they can disconnect and re-think their approach.

Gender Identity and Role Congruency in STEAM

Informants mentioned they have not felt direct discrimination for being women in STEAM,
but rather for being too young in positions of leadership. On special occasions such as
meetings with decision-makers, suppliers’ negotiation, and factory tours with clients, when
the male counterparts asked for the Chief Operating Officer or the CEO, and noticed that
was a young woman, our informants mentioned, it was shocking and sometimes, even
uncomfortable for some, for instance, “people would come to the company and ask for the
manager, see me with the jeans in my 20s. They go back to ask again where the manager
is and then realize it was me, I could see the shock there” (Informant 3). The role played
would have been performed by a man, suggesting that age and gender intersectionality
can be noteworthy as a future variant to combine with leadership and female studies in
STEAM.
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From the cultural contexts characterised by informants, it is possible to see external
judgments that do not necessarily reflect their efficacy as leaders in the field. Understanding
the regular processes that a career path has, once a person has demonstrated such abilities
and capabilities over performance and consistency in time, it should not be labelled as
young in any field, nor even considering the clothing she is wearing.

The culture and social representation patterns are performed by informants showing us
some of the gender-role stereotypes transferred from the family and society. For instance,
“I receive some advice from my mother saying I can’t show up my cleverness, because
then I would not find a husband” (Informant 1), although, at the same time, she concluded,
“I don’t think my mum would hold this view today. But 30 years ago, she was just being
a good mother”, confirming the impact and influence of culture and gender role critique.

“The stereotype that a man has to earn more because he maintains a family and that
good leaders are only men” (Informant 7), such biases and stereotypes are present in all
social relationships indistinctly of the sex expression or gender identity of individuals.
In Lithuania the historical context influenced the educational system, the labour market
and the way society are organized creating a generational gap in equal rights education
and normalising what should be rightfully for men and women, making these fields as
one managed by men stereotypes.

One key aspect questioned in the interviews was the work-life balance, and how this
affected the career path for women in science. In the Lithuanian context, informants who
choose to be a mother decided to pause their careers as soon as they got their babies, but
this did not stop their careers.

Some of these women give us different perspectives on the same situation, whereas
some of the informants claimed to have a supportive partnership that executes the co-
responsibility at home. “High achievers mums feel guilty because you are spending too
much time at work” (Informant 1), nevertheless the pursuit of balance is always a concern.
Women express the need to always seek constantly for balance between work, parenting,
and all, as they tend to put everything and everyone else above their own needs.

Regarding co-responsibility, informants tend to have clear limits over each activity
they have from home to work issues, and those limits allow them to make decisions every
day. It is because of those boundaries that they can support children at home as mothers,
and this does not stop them to take on projects, change jobs or to be in leadership posi-
tions. This confirms considering the role congruency theory, that what is expected from
a woman and what women do, is changing in the way that the new masculinities are now
at play, taking upon their roles as co-parents raising their children.

Discussion and Conclusions

The discursive social representations expressed by women leaders in STEAM fields,
in Lithuania reveal their determination to excel and challenge stercotypes. They aim
to demonstrate that femininity should not be linked to their efficacy in these fields and
strive to break cultural constraints. These women display a strong sense of agency, critical
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thinking, and a commitment to achieving high standards, as well as, they excel in a male-
centred industry through expertise and knowledge. Considering family influence, parents’
support and encouragement play a significant role in shaping decisions and self-image
while contributing to building a strong character to face traditional gender expectations,
in which they have successfully overcome frequent feelings of inadequacy. These leaders
value their own achievements over public recognition for their work, although, they also
acknowledge the role of media interventions to defy existing biases and promote women’s
visibility in STEAM careers.

Regarding professional ideologies and leadership in STEAM, informants have found
opportunities to grow in mixing academic backgrounds, which gave them diverse skill
sets to effectively manage and lead teams. Also, the positive influences from role models,
such as teachers or family members played a crucial role in inspiring them to pursue a
career path in STEAM. Meanwhile, they exhibit a natural inclination toward leadership
and view challenges as opportunities for growth. However, they also experience a height-
ened sense of competition and perfectionism, feeling the need to prove themselves more
than their male counterparts. Nevertheless, their leadership style is focused on achieving
results and helping others to grow, they also make room to actively encourage young girls
to pursue STEAM fields.

About gender identity and role congruency informants have faced both, direct and
indirect discrimination due to their young age in leadership positions. The intersectionality
of age and gender can be noteworthy in understanding obstacles women face in leader-
ship roles. Cultural and societal influences sometimes reinforce gender-role stereotypes,
but these Lithuanian women challenge and defy these biases. While the work-life bal-
ance remains a concern, they have found ways to manage their careers and motherhood,
often with the support of their partners. Co-responsibility at home and clear boundaries
between work and personal life enable them to pursue their goals without compromising
their roles as mothers.

In conclusion, findings suggest that women leaders in STEAM fields in Lithuania are
driven by their personal mission to challenge stereotypes, achieve high standards, and
make a positive impact. They navigate male-dominated industries with determination
and resilience, drawing on their knowledge, expertise, and support systems. Although we
do not seek or expect all STEAM sectors to be only women at the top, continued efforts
must be done to break down gender barriers, promote diversity and inclusion, as well as
opportunities for real growth for women in STEAM.
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