Towards breaking the gender gap in Science,
Technology, Engineering and Mathematics

Emilia Lopez-Iiiesta, Carmen Botella, Senior Member, IEEE, Silvia Rueda, Anabel Forte and Paula Marzal

NOTICE: this is the authors’ version of a work that was

accepted for publication in The IEEE Journal of Latin-American
Learning Technologies (IEEE-RITA). Changes resulting from
the publishing process, such as peer review, editing, corrections,
structural formatting, and other quality control mechanisms may not
be reflected in this document. Changes may have been made to this
work since it was submitted for publication.
A definitive version was subsequently published in The IEEE Journal
of Latin-American Learning Technologies (IEEE-RITA), Available
Online on 09 July 2020, DOI:https://doi.org/10.1109/RITA.2020.
3008114, https://ieeexplore.ieee.org/document/9137264

Abstract—The gender gap in Science, Technology, Engineering
and Mathematics (STEM) has drawn the attention of research
and academic communities due to its impact in the Digital Society,
targeting the fourth and fifth 2030 sustainable development
goals of achieving quality education and gender equality. Recent
studies show that women are enrolling STEM studies in smaller
proportion than men and that they have a larger probability to
renounce to their jobs or to take leaves. In this scenario, the
involvement of educational institutions is seminal to change this
trend. The School of Engineering of the University of Valencia
(ETSE-UV), Spain, launched in 2011 a pilot program to promote
STEM careers, focusing on increasing and retaining the number
of female students choosing these studies. Building from this
experience, the GirlsdSTEM project has been launched in 2019
with the aim of reaching female students from 6 to 18 years old,
their families and teachers. In this paper, we present and motivate
the project’s objectives and main activities, framing them in
current state of the art’s literature. Preliminary results of the pilot
program actions are presented, demonstrating the statistically
significant impact on the percentage of enrolled female students
and motivating the subsequent Girls4dSTEM project.

Index Terms—Gender gap, STEM, ICT , GirlsdSTEM

I. INTRODUCTION

EVERAL analysis and studies have proved that the number of

women entering Science, Technology, Engineering and Mathe-
matics (STEM) academic degrees has been decreasing over the last
twenty years, with an uneven distribution among the different STEM
branches and a larger impact in the Information and Communications
Technology (ICT) field [1]. Currently, there is already a shortage of
STEM talent, in areas with a broad range of job positions and good
working conditions. At the same time, technology forecasting predicts
that big data, artificial intelligence and advanced communications
systems such as 5G-NR and beyond 5G will increase the demand for
STEM talent and of ICT in particular, driving us towards a Digital
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Society with a profound transformation of the job market. In this
context, the potential of half of the population cannot be ignored.
Thus, it is mandatory that women (an other minorities) become an
active part in the definition of the future society as it is considered in
the 2030 Sustainable Development Agenda with the aim of promoting
women’s empowerment, mainstream gender equality and ensure a
quality education, objectives specifically fixed in the fourth and fifth
Sustainable Development Goals' (SDG4 and SDGS5), which explicitly
refer to the ICT field as an enabler to promote the empowerment of
women.

Despite all these efforts, women already working in STEM sectors
show a larger probability of moving to other professional sectors,
requesting a leave of absence or working part-time, especially at the
stage of upbringing their children and/or taking care of elders [2].
In fact, studies show that women graduating in STEM fields do
not always access to STEM occupations, appearing a phenomenon
known as the ‘leaking pipeline’ [3]. As a combination of these factors,
women face barriers and challenges in their professional careers both
in industry and academia that worsens their STEM percentage [4]—
[6], regardless of all the evidence supporting the need for diverse
teams in terms of creativity or work fulfillment, for example [7].
Although work-life conflicts have been pointed out for a long time
as a key factor to resolve in STEM careers, due to a high professional
demand and the disciplines fast change, people accessing to flexibility
measures can be penalized by what is known as the ‘flexibilization
stigma’ [4]. Interestingly, a recent study performed over the Spanish
market [8] proved that flexible work measures do not seem to be
the solution for the particular case of the ICT sector, since the
weight of factors such as stereotypes related to gender or age, lack
of leading roles, or male-dominated and aggressive self-confidence
working environments was much higher.

Based on the above, the shortage of female STEM vocations can
be tackled from three perspectives: i) increasing the number of female
students in STEM academic degrees, ii) retaining and engaging them
once they have entered the studies and iii) building support networks
at the professional level. In this paper, we elaborate around the first
part of the problem, i.e., how can we deal with the shortage of female
STEM vocations. In particular, we introduce the Girls4STEM project,
an initiative launched in 2019 at the University of Valencia (Spain),
aligned with the measures proposed in its III Plan of Equality. This
project is an extension of a pilot program developed since 2011
at the School of Engineering of the University of Valencia (ETSE-
UV), which has helped to increase the percentage of female students
registered in Computer Science Engineering related degrees seven
points above the Spanish national average [9]. Girls4STEM is an
umbrella project that encompasses all the ETSE-UV’s activities and
action lines towards decreasing the gender gap in STEM disciplines.
This project is supported and participated by several institutions,
companies and regional actors, but its main value arises from the
interaction between pre-university students and STEM experts, which
constitutes an intervention tactic that helps visualizing the societal
impact of STEM. As we will motivate, the participation of higher
education institutions is seminal to engage and attract girls into STEM
areas.

In this context, we consider two research hypotheses:
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o HI: The pilot program’s effect has been larger in STEM fields
with larger gender gap.

o H2: A continuous effort is needed in all STEM fields, even in
traditionally gender balanced STEM studies.

This paper expands the work presented in [10], where actions
and motivation of the pilot program were presented. The main
contributions of this paper are the following:

o The need for female STEM vocations and professionals, spe-
cially for the ICT sector, is motivated.

« Evidence is given to challenge the common thought that states
that girls do not access STEM disciplines because ‘they do not
like them’.

o Lines of action (study plans, research, dissemination and oper-
ating schemes) for promoting STEM vocations from a higher
education institution perspective are discussed.

o The Girls4STEM project is presented and previous pilot pro-
gram results achieved at the ETSE-UV are analyzed. These
outcomes will reflect the need for a continuous effort in this
direction, since, as it will be shown, even traditionally female-
dominated degrees can suffer the leakage of vocations to other
areas.

In the next Section, we will consider the impact of the gender
gap in STEM and ICT, and the freedom of choice assumption
will be challenged. Section III reviews the ETSE-UV’s background
and action lines in the 2011-2018 window, and motivates the need
for further efforts. Section IV presents the Girls4STEM project,
describing its objectives and activities. Preliminary results are given
in Section V, and conclusions are drawn in Section VI.

II. WOMEN ARE NOT A MAJORITY IN THE ICT AREAS, BUT
SHOULD WE REALLY CARE?

The Fourth Industrial Revolution characterized by technological
advancement is set to create entirely new opportunities in the STEM
labour market [11]. In fact, the growth in employment in STEM-
related occupations where technology skills are essential (e.g. Com-
puter Science, Information Systems and Engineering) is projected to
rise by 13% for the period 2015-2025 according to the European
Commission [12], while it has been estimated a 3% for the rest of
job positions in the same period. As stated in Section I, in spite of
the growing demand of technological and digital profiles, there is a
decreasing common trend both for men and women to be enrolled in
ICT-related degrees or associated technical vocational education and
training programs, but figures indicate that there are less women than
men [13].

As a result, nowadays there is a great challenge to prepare the
future workforce that is intimately related to narrowing the gender
gap in STEM and ICT studies around the world. But to achieve a real
progress, it is important for the whole society to be aware of how
significant is the transformative impact of ICT and what implications
has the low presence of women in a technology sector that often
forgets to include a gender perspective in its projects. This omission
may have critical consequences in discrimination against women or
other minority groups in, for example, the design of machine learning
algorithms that are used as assistants for decision making in many
situations of our daily life, such as hiring a health insurance and its
coverage, management of admissions in schools or universities, loan
applications approval or finding a job [14], [15]. However, despite
the efforts made by regional, national and international initiatives
such as STEM Talent Girl>, Women Techmakers® or the project
named ‘;Por qué tan pocas?’* that try to reduce the gender gap in
technology fields and promote scientific vocations among students
from different educational levels, organizations such as UNESCO
have determined that worldwide women represent 35% of students
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in STEM disciplines, with percentages that fall to 3% in the ICT
sector.

If we focus on the situation in Spain and on the specific case of
careers related to Computing, the proportion of registered women
has decreased from 30% (academic year 1985-1986) to less than
13% (academic year 2017-2018) [16]. In fact, focusing on the last
7 years, it has gone from 13,36% in the 2010-2011 academic year
to 12,06% in the 2016-2017 academic year. However, the female
presence in STEM studies such as Medicine, Biological Sciences or
Pharmacy has increased significantly [17], producing a non-uniform
distribution among study areas [1], [18]. Specifically, the branch of
Health Sciences shows an increase of around 10% of women enrolled
since 1987, maintaining its proportion around the 70% in a sustained
way over the last years. These data would give support to the current
of thought that establishes and tries to demonstrate that women are
present in Science in general, and that if they do not opt for the
STEM disciplines and especially ICT, it is because they do not like
them, taking for established and sure the freedom of choice, but, is
this freedom of choice real and not conditioned to the environment?.

A. The freedom of choice

Authors such as Eccles and Wigfield [19] explain from Psychology
theory and through the expectancy-value model of choice linked to
achievement, that individual’s educational and occupational decisions
are motivated by a combination of two factors: people’s expectations
for success and subjective task value (in terms of interest-enjoyment
value, cost and utility value). These two components are interrelated:
people only enroll in those studies that they consider they can
overcome because they possess the necessary skills to develop them.
Besides that, people choose studies that represent an important value
for them and meet their expectations of success.

Nevertheless, these are not free decisions since both the expecta-
tions of success and the perceived value are conditioned to gender
roles and to the influence of the school, family and community
environment in which we find ourselves [20]. Thus, as Sainz [21]
pointed out, the authors in [20] explain why girls prefer to dedicate
themselves professionally to careers that have a priori a greater
social impact linked to people care development and interpersonal
relationships, and do not opt for careers like Engineering, traditionally
considered as ‘eminently masculine’ These arguments are in line with
Weisgram and Bigler studies [22] that confirm that values such as
altruism affect career decisions, showing that women are more likely
than men to value helping others in their work.

Documents such as [23] establish that the fundamental stage that
influences these decisions is located between 6 and 15 years. Starting
from the proven base that both boys and girls do not show any
difference in terms of mathematical reasoning [24], we see that there
are a series of family and social factors that support the creation of
gender or sex roles, as well as stereotypes which interfere and have
an impact on the choice of future studies of children [22]. If we go to
the professional stage, the surveys that have been conducted among
women state that the main barriers they encounter are the lack of
mentors in the professional stage/period/phase, the lack of reference
models, the existence of gender biases in the workplace, the lack of
equal opportunities or the fact of receiving a lower salary for the
same professional category [4]. These professionals also find, that
the main reasons why women do not choose STEM disciplines are
due to gender and sex roles, the fact that they are male dominated
professions, the lack of balance between professional and personal
life, and the lack of support from educational institutions [4].

III. PROMOTING GENDER DIVERSITY FROM A HIGHER
EDUCATION INSTITUTION

From our perspective, women cannot be forgotten in the future
Digital Society, they must actively contribute to its definition and
construction. The slow progress towards narrowing the gender gap
requires a new perspective on the subject. To promote STEM



vocations among youth, especially among girls, the participation
of educational institutions is a key factor. Since the critical age
range is located in the pre-university stage, it is possible that higher
education institutions consider that they are not part of the solution
to the problem. However, we advocate that Universities, Faculties,
and especially Engineering Schools should take a step forward and
incorporate the gender perspective in three fundamental lines. i.e.,
study plans, research and dissemination activities, as well as in their
operating scheme.

Several attempts have been made to incorporate gender perspective
in the higher education curriculum. One example of a good practice
consists in the introduction of gender perspective in the teaching
of software Engineering at University of Salamanca (Spain) [25].
Authors present an innovative educational experience where students
show that they were not aware of the gender gap beyond the low num-
ber of women enrolled in Computer Science Engineering degrees.
Another interesting initiative is the one by the Vives Network®, a
non-profit institution that coordinates joint actions of 22 Universities
in 4 European states. This network has published a collection of
11 Guides for University teaching to include gender perspective in
resources in teaching, research and management.

Including the gender/sex analysis into research has been referred
to as ‘gendered innovation’, an initiative led by Professor Londa
Schiebinger (http://genderedinnovations.stanford.edu), which justifies
the inclusion of the gender perspective into research due to the
benefits in many fields, ranging from medicine to engineering and
technology [26]. Both the European Commission and the US National
Science Foundation have funded projects working on this item, iden-
tified by the European Union as one of the Responsible Research and
Innovation (RRI) indicators in Science and Technology. Examples of
these projects are for example the European COST action Gender-
STE (Gender, Science, Technology and Environment, https:/www.
gendersteunescochair.com/project/genderste/), or the H2020 project
GEECCO (Gender Equality in Engineering through Communication
and Commitment, http://www.geecco-project.eu).

In addition, higher education institutions play a significant role
to carry out a dissemination of the social applicability of STEM,
highlighting the final link between the disciplines and society. In
this way, higher education institutions can act in three dimensions:
i) interacting with families, primary and secondary education centers
and other agents to promote inclusive and equitable quality teaching-
learning processes from childhood, ii) collaborating with alumnae
graduates to build professional support networks; and iii) supporting
students who have already completed the studies [10]. These actions
promote lifelong learning opportunities for all, an aspect included in
the SDG4 to obtain a quality education. In this sense, it is especially
important to try to reach the age range between 6 and 15 years, where
one of the most immediate options is to raise outreach activities that
increase the visibility of women who work in STEM areas, since, as it
is indicated by UNESCO [1], it is essential that girls see female role
models to identify themselves, so that they can ‘imagine’ themselves
developing those roles, as well as understanding that women are
also referents in these fields. In fact, there are outreach programmes
analyzing the influence on the attitude towards Science in terms
of age and focusing on girls, such as those developed in Spain
[27], [28] and other countries as for example [29]. Likewise, these
outreach activities should ensure the active participation of important
agents such as families, teachers, professional entities and companies
in order to give visibility to the scientific advances of the STEM
disciplines and connect them to society. Interestingly, out-of-school
time STEM activities and informal learning environments (campuses,
camps, etc.) have been shown to be important factors that can make
a difference to increase student’s interest in STEM disciplines [30]—
[33], increasing up to 1,8 times the chances of a student to enroll in
a STEM degree. However, other research indicates that, despite the
innumerable initiatives and efforts, outreach activities have a much
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smaller impact on girls, especially in the field of Engineering [34],
[35].

Finally, higher education institutions should adopt gender equality
plans, addressing the issues of increasing the visibility of female
researchers and teachers, promoting equal parenting, establishing
flexible work arrangements and preventing the gender wage gap.
Equality plans need to focus on the long-term, avoiding simple crite-
rion such as increasing the number of women. Instead, including the
consideration of merits and qualifications and building a welcoming
and supporting working environment for women are preferable, since
the stigma of incompetence can be inferred to women accessing
affirmative actions [36].

A. ETSE-UV: Closing the gender gap since 2011

The ETSE-UV, through its role as a higher education institution
covering undergraduate, master and PhD levels, can tackle the gender
gap problem mainly from two directions. First, promoting the inter-
action with secondary schools (fighting stereotypes via establishing
female role models) and second, retaining and engaging female
students accessing the studies. One seminal component of the ETSE-
UV’s pilot program is the transmission of the opportunity offered
by STEM disciplines for achieving a communal goal. In fact, we
believe that highlighting the final link to people is fundamental to
engage female students [22], [37].

The program developed by the ETSE-UV since 2011 is aligned
with some of the directions proposed in [1], such as the extra-
curricular student engagement, the mentorship, and female role
models. As this report points out, promoting more female role
models in STEM fields (increasing the number of female students
and faculty members in higher education), is mandatory to attract
women and girls to STEM fields. Therefore, four main actions have
been implemented at the ETSE-UV: i) Providing institutional encour-
agement and support for the students; ii) increasing the professional
support network after graduation; iii) promoting and supporting the
leadership for faculty staff; and iv) increasing the visibility of female
role models. These four actions have been developed through the
implementation of several activities, both taking place at the ETSE-
UV facilities and outside the School. A description of the activities,
their link to the literature of the topic, as well as references to
parallel initiatives and an exploratory analysis of the results (detailed
for each one of the offered degrees) can be found at [10]. This
preliminary assessment confirms that the ETSE-UV’s pilot program
is contributing in part to reduce the School’s gender gap. However,
in 2019, the Girls4STEM project has been launched as an umbrella
covering and extending the current working program. Basically, the
need to reach younger girls (under 15) and to reinforce the interaction
with the ecosystem surrounding them (families, school, friends) was
put forward. In the next Section, the aim and main guidelines of this
project will be stated.

IV. GIRLS4STEM: OBJECTIVES AND MOTIVATION

As it has been discussed in Section III, one strategy to increase
the student’s interest in STEM is to create informal learning environ-
ments. However, evidence also indicates that outreach activities have
a lower impact on girls unless they open the possibility for the girls to
visualize themselves in the role. Recently, reference [38] has proposed
a framework to classify social psychological theories focusing on the
incongruities that contribute to the gender gap in STEM: dissociation
between STEM contexts and women, and the lower expectancy-value
theories. The authors extract a common ground model with three
main strategies (to challenge stereotypes, to align with values and
to promote growth of attitudes) and identify two intervention tactics,
including the arrangement of activities with speakers from a broad
range of identities, to highlight the societal impact of their work.
This intervention tactic is the GirlséSTEM’s cornerstone activity.
The project has been conceived as an extension of the ETSE-UV’s
pilot program [10], covering and extending the activities that started
in 2011 and that have been detailed in [9]. Basically, the main



difference is the extension of the targeted audience by covering a
broader range of pre-university ages (from 6 to 18 years old), as
well as their environment (family, teachers/professors). The project
is supported by many actors (public institutions, regional entities,
companies and professional entities) and it builds from the interaction
between female STEM experts and the participating students.

The specific objectives are defined as follows:

1) Promote STEM vocations;

2) Seek the active participation of several actors: students, fami-
lies, teachers, professional entities and companies;

3) Increase the visibility of scientific STEM advances and connect
them to their societal value;

4) Increase the visibility of female STEM researchers and profes-
sionals’ contributions.

These specific objectives will be tackled by arranging a set of
public events where several ‘public speeches’ will be given by the
female STEM researchers or professionals participating in the project
(note that regaining the presence of women in ‘public speech’ events,
as for example in plenary sessions of academic conferences, has been
also an intervention tactic sought or discussed by many authors [39],
[40]).

Two main kind of events are planned, differentiated according to
the targeted audience. On the one hand, there will be a set of sessions
for the pre-university students and their families (‘Girls4STEM
Family’). Before these sessions, students and their teachers should
choose one female STEM expert based on a short biography available
on the project website (these experts are collaborators of the project).
The request is made through a form prepared on the website and
once the experts have been assigned to the schools, the students
interact with the expert in several possible ways: by visiting her
workplace, through a videoconference or meeting the expert in their
school or high school. The students should take notes and prepare
material for a three minutes video long and when possible, for the
realization of a Wikipedia page about the expert in order to give
visibility to her work. The objective is to provide real contact with
a female STEM referent and allow students to prepare questions
about her professional career, the reasons that led her to choose
a degree in the STEM field, the advantages and possibilities of a
career in this area, the obstacles she faced, etc. All this work will
be exhibited in a ‘family’ session where students and teachers from
different centers and their families will enjoy a morning session in a
leisure environment sharing knowledge about the STEM area. First,
the students will describe the interaction with the STEM expert,
with the aim of discovering her daily work and achievements, and
they will play the video showing their selected STEM expert day-to-
day work and share (if possible) the Wikipedia page of the STEM
expert. The STEM expert will give a public talk after that. Note
that the participating schools will obtain material such as tablets or
3D-printers in acknowledgement for their participation. On the other
hand, the second set of sessions (‘Girls4STEM Professional’) targets
an adult audience, mainly professionals and teachers. In this case, a
group of 4 female STEM experts will give a talk with the aim of
including the gender perspective into the research and professional
environments, rising awareness of the gender gap. Since the talks
are given out of school hours, the teachers attending these sessions
(Family or Professional) will be given a certificate by the Educational
regional entity participating in the project.

All the information regarding the STEM experts, the participating
schools, the videos, the biographies and the conferences will be
published via the project’s website 7 and the social media profiles
in Facebook 8, Twitter ? and Instagram '°. Note that these activities
will run in parallel with the current working program [10].

Thttps://girls4stem.es
8https://www.facebook.com/Girsl4STEM
9https://www.twitter.com/GirlsdSTEMVLC
10https://www.instagram.com/girls4stemvlc

A. Evaluating the project

Evaluating gender-based intervention initiatives is not straightfor-
ward (see discussion in [10]). The Girls4STEM project is one-group
action, so it will not be possible to establish a control group. Due
to this, it is necessary to design appropriate tools and methods to
provide the evidence needed to asses the success and performance of
the project. The work carried out in [34] will be taken as a reference.
According to this document, ‘public speech’ sessions have a positive
impact over three dimensions: i) it increases the self-efficacy by
means of the interaction with STEM professionals (promoting STEM
vocations); ii) it presents STEM disciplines as a valid tool to achieve
a communal goal, allowing to give visibility to STEM role models
(increasing the impact over students who were not believing STEM
to be an option for them); and iii) it helps to include information for
professional orientation.

The project will evaluate both the quantitative and qualitative
dimensions. The quantitative dimension is given by the potential
audience of each public event (around 100 people). Tests of questions
will be collected in both set of sessions, differentiating between
students and adults (teachers, families, professionals). One instrument
that has been previously validated on the field of gender education and
ICT-related subjects is the GENCE questionnaire about the inclusion
of the GENder perspective in Computer Engineering [41], that was
designed to ask undergraduate students about their knowledge and
opinion on gender issues in their studies/career. Therefore, we will
take as a basis both [34] and the GENCE questionnaire [41] to obtain
a useful element for assessment of the action. In addition, since
actions out of school time are mainly followed by motivated families,
questions will be added to identify the success of the project with
respect to a priori non-motivated families.

To perform the tests, online tools such as Kahoot'' or Socrative'?
will be used. These tools have encouraged the development of new
participatory strategies based on the use of digital devices. In fact,
these applications can be used as audience response tools or electronic
voting systems, but also allow us to design games and organize
challenges. The introduction of gamification elements using these
tools can bring many benefits from the motivational, engagement
and participation point of view both for adults and students [42],
[43]. The aim of using these online audience response tools is two-
fold: on the one hand, the use of a gamification tool for the design of
questionnaires that allow us to interact with the students, families and
attendees; on the other hand, to obtain data on student’s knowledge
before and after receiving information and instruction about the
Girls4STEM project. A pre- and post-test will be conducted in each
group in order to measure the parameters stated above. Data analysis
tools will be used to evaluate this input, targeting a longitudinal
analysis in the long round for an effective assessment. In addition,
big data tools to effectively visualize and treat the data will be used
to assess the impact of the project in social networks (use of the
hashtag #Girls4STEM will be encouraged, so a potential analysis of
the gathered data can be performed) [44].

In the next Section, we present an analysis of the ETSE-UV’s
current results in the number of enrolled undergraduate female STEM
students in three STEM disciplines, and based on its outcomes,
motivate the need for a continuous effort towards decreasing the
gender gap.

V. PRELIMINARY RESULTS

The ETSE-UV offers the Engineering studies of the University
of Valencia, that is, Chemical Engineering, Computer Science Engi-
neering, Industrial Electronic Engineering, Multimedia Engineering,
Telecommunications Electronic Engineering, Telematics Engineering,
and Data Science. The School offer is focused on Engineering
studies, but the degrees cover several core STEM subjects (Chem-
istry, Mathematics, Physics, Informatics, Electronic Engineering and

https://kahoot.it
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Fig. 1. Percentage of female students at the ETSE-UV vs. total number of students (undergraduate). Spain’s situation is used as a benchmark. Aggregated

data of fields ‘06 - Informatics * and ‘071401 - Computer Engineering’.

TABLE I
VARIABLES FOR DATA SELECTION.

Degrees ISCED-F 2013 fields ‘

06 - Informatics
071401 - Computer Eng.
071405 - Electronic Eng.

Comp. Science Eng.
Multimedia Eng.

Telematics Eng.
Tel. Electronic Eng.

Chemical Eng. 071101 - Industrial Chemical Eng.

Telecommunication) and hence, narrowing the gender gap in this
scenario becomes a larger challenge. It has to be noted that, except
Multimedia Engineering and Telematics Engineering, the remaining
degrees are also offered by specialized Faculties at the Technical
University of Valencia, located in the same city, and thus, a substantial
effort needs to be done to attract students.

In this Section we present results from the ETSE-UV’s pilot
program starting in 2011. More precisely, we will process data related
to ICT degrees, and consider the special case of Chemical Engineer-
ing to illustrate the need for further efforts, covering also STEM
subjects that have traditionally been assumed to be gender balanced.
To evaluate the impact of the program, we use the data available
in [16]. Following the Ministry classification, the ETSE-UV’s data
for Computer Science Engineering and Multimedia Engineering has
been aggregated, as well as for Telematics Engineering and Telecom-
munications Electronic Engineering. For the sake of reproducible
research, Table I indicates the fields that have been selected in [16] to
obtain the data for each considered degree. Note that data in [16] has
been divided in two time periods (before and after 2015), and due to
this, Spain’s aggregated data shows some discontinuity related to the
transient between Pre and Bologna-compliant degrees. In addition,
the International Standard Classification of Education (ISCED-F) has
been used by the Ministry to arrange the data. Options ‘Universidad
Publica Presencial’ (Public on-site University) and ‘centros propios’
(own premises) need also to be selected. In our case, we use Spain’s
data (available in July 2019) as a benchmark in each one of these
fields.

Evaluation of the pilot program is not straightforward, since all
the actions and activities have been carried out over the whole
community, i.e., there is no control group. However, we use as a
reference the analysis from [45], where one of the key points is to
evaluate the percentage of registered female students. In addition, it
has to be noted that in 2010 the Bologna-compliant degrees started
at Spain (in general). Therefore, there is a transient window between

2010-2011 and 2013-2014 where both Pre and Bologna-compliant
degrees were coexisting.

Fig. 1 shows the evolution in the percentage of female students
both at the ETSE-UV and Spain (lines, left axis) and in the total
number of students (bars, right axis) for the aggregated fields ‘06 -
Informatics’ and ‘071401 - Computer Engineering’. In the ETSE-
UV’s case, data is aggregated for Computer Science Engineering
(Pre-Bologna, 5 years), Computer Science Engineering, Multimedia
Engineering and Data Science (Bologna-compliant, 4 years). Note
that Data Science is a degree that started in 2018-2019. Results show
that the percentage of female students at the ETSE-UV was below
the Spain’s average at the beginning of the period. However, it has
been steadily increasing until a difference of almost 7% in average
(13,80% Spain, 20,36% ETSE-UV) has been reached.

Fig. 2 depicts the results regarding the percentage of female
students both at the ETSE-UV and Spain (lines, left axis) and in
the total number of students (bars, right axis) for the field ‘071405 -
Electronic Engineering’. In the ETSE-UV’s case, data is aggregated
for Telematics Engineering, Telecommunications Electronic Engi-
neering (Pre-Bologna, 3 years), Electronic Engineering (Pre-Bologna,
5 years), Telematics Engineering and Telecommunications Electronic
Engineering (Bologna-compliant, 4 years). In this case, the ETSE-
UV’s percentage remains below the Spain’s average for the whole
period under consideration, although a positive trend can be observed,
remaining around a 1% from each other at the end of the period
(16,61% Spain, 15,30% ETSE-UV).

The pilot program developed from 2011 directed a stronger effort
towards the ICT degrees offered by the School, since, traditionally,
Chemical Engineering has been a more gender balanced degree.
However, data analysis reflects a negative trend in this degree,
highlighting the need for a continuous effort towards decreasing the
gender gap in all STEM related degrees, even the ones that have been
usually more female-dominated. Fig. 3 illustrates the percentage of
female students both at the ETSE-UV and Spain (lines, left axis)
and in the total number of students (bars, right, axis) for the field
‘071101 - Industrial Chemical Engineering’. As it can be seen from
the Figure, the percentage of female students is steadily decreasing in
Spain, starting from a 52,42% in the academic year 2008-2009 and
reaching a 43,05% in 2018-2019. In the ETSE-UV’s case, although
the percentage remains over the Spanish baseline, results also show
a negative trend (from a maximum of 55,52% to a minimum of 45%
in the period under consideration), evidencing the need for active
gender-based policies in this STEM branch.

In the following, a logistic regression model has been considered
in order to test whether the program had an effect (at 0,05 significance
level) in the proportion of registered female students at the ETSE-
UV. Note that in this study, the available data has been divided in a
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pre-period between 2008-2009/2012-2013 and a post-period between
2013-2014/2018-2019. This division allows to mitigate the effects
of the transient from Pre-Bologna to Bologna-compliant degrees.
The model includes the field of study (see Table I), to control for
structural differences, as well as its interaction with the program.
This interaction term would control for a possible different impact
of the program in the different fields. Fig. 4 shows that there has
been a significant effect of all the elements (gender, program, fields)
of the model. In particular, the proportion of female students at the
ETSE-UV has increased in the post period for the aggregation ‘06
- Informatics’ and ‘071401 - Computer Engineering’, as well as for
the field ‘071405-Electronic Engineering’, but, surprisingly, it has
decreased in the field ‘071101 - Industrial Chemical Engineering’.
The specific results (in a logistic scale) and their significance are
shown in Table II.

To understand the magnitude of the effect, we can analyze the
change in the ratio women-to-men, what is also known as the Odds
Ratio (OR). The OR after the program has increased a 29,3% for
the field ‘071405-Electronic Engineering’, where it changes from 1
woman every 7 men to 1 in (approximately) 5. For the aggregation
‘06 - Informatics’ and ‘071401 - Computer Engineering’ the increase
is lower, 17%, but still significant, going from 1 in 6 to 1 in 5. Finally,
the field ‘071101 - Industrial Chemical Engineering’ shows a 10%
fall staying in the approximately 1 to 1 ratio.

The results from Fig. 4 and the OR analysis lead us to prove that,
the larger the gender gap, the larger the impact of the pilot program as

TABLE II
PARAMETERS OF THE LOGISTIC REGRESSION MODEL. FIELD OF STUDY
071405 1S TAKEN (BY DEFAULT) AS THE BASE-LINE LEVEL

Estimate  Std. Error  z value  p-value
(Intercept) -1,99 0,05 -41,44 < 0,05
post 0,26 0,07 3,74 < 0,05
Inf.+ Comp. Eng. 0,25 0,08 3,35 < 0,05
Ind. Chem. Eng. 2,07 0,07 29,85 < 0,05
post:Inf.+ Comp. Eng. -0,10 0,10 -0,99 0,32
post : Ind. Chem. Eng. -0,36 0,10 -3,72 < 0,05

expressed in the research hypothesis H1. However, as stated by our
hypothesis H2, institutions working towards decreasing the gender
gap cannot remain confident regarding traditionally gender balanced
degrees, as it is the case of Chemical Engineering at the ETSE-UV.
The effort towards narrowing this gap needs to be continuous over
time and focus on all STEM related degrees.

VI. CONCLUSION

A continuous effort from educational institutions, public entities,
professionals and families is needed in order to break the gender
gap in Science, Technology, Engineering and Mathematics (STEM).
Series of data show that even traditionally regarded as female-oriented
disciplines can experience a leakage of women moving to other
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areas. In fact, the results presented in this paper show an increase
in the proportion of female students after the application of the pilot
program in two of the three considered disciplines, specifically in
those which traditionally showed a smaller proportion. However, the
program did not consider as a specific target Chemical Engineering,
and results indicate that this degree is suffering a leakage of female
students. The problem is three-fold: engaging girls to access these
studies, retaining and motivating them to graduate, and building
professional support networks alongside with effective policies to
conciliate the personal and professional life. Initiatives such as the
ETSE-UV project at a higher education level are seminal to raise
awareness towards the gender gap, driving towards a gender-sensitive
culture or society.
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