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Abstract—Contribution: Gender mainstreaming in university
teaching should be covered in all the knowledge areas. This work
successfully introduces the gender perspective as part of the
methodological approach to teaching and learning in Computer
Science.

Background: This study describes how gender mainstreaming
has been introduced and matured during six academic years,
from 2016-2017 to 2021-2022, in Software Engineering | course in
the Degree of Computer Science at the University of Salamanca.

Intended outcomes: The aim that has been pursued is to raise
awareness among students of Computer Science about equality,
equity, inclusion, and respect for diversity to build better
professional ethics and advance in eliminating any gender-related
gap in Computer Science.

Application design: The introduction of gender mainstreaming
in the Software Engineering I course has been done in six stages
to advance in the gender-gap reduction improving in" each
academic year with the experience and voluntary feedback from
the students of the previous vyear, using .anonymized
questionnaires.

Findings: Gender mainstreaming requires special attention in
careers with a visible gender gap, such as Computer Science.
Incorporating the gender perspective as part of the teaching-
learning process does not have‘a measurable impact in a short
period but instead aims to make software engineers reflect in
such a way that they reason about the need.to-promote diversity
in software development contexts.
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I. INTRODUCTION

HE gender gap in science, technology, engineering and

mathematics (STEM) is a problem that affects the

development of society and depends on several factors
before, during and after enrolling in STEM programs [1-7].
According to the strategy of the European Commission,
increasing women’s participation in the technology sector will
boost the economy.and enable their full participation in
society. In particular, according to the report “Women in the
Digital Age”; the. incorporation of more women into digital
jobs would benefit Europe’s Gross Domestic Product (GDP)
by up:to. 16 billion euros per year [8].

The “Cracking the Code” report published by UNESCO [9],
indicates around 30% of women in university studies choose
STEM courses, and this figure drops by half (15%) if health
sciences are not considered. Moreover, female student
enrolment being particularly low in technology, information
and communications (3%), natural sciences, mathematics and
statistics  (5%) and engineering, manufacturing and
construction (8%) [9].

According to the last Global Gender Gap Index report
(2023) which involves 146 countries [10], 95.2% of the gap in
educational attainment has been closed, and over 99% for
Latin America and the Caribbean, Europe and North America.
At tertiary education levels, women have surpassed men's
enrolment rates. However, there is a significant gap in STEM
areas. This gap also has an impact in the professional context.
Based on data from the LinkedIn platform, “female workers
make up an estimated 26% of workers in Data and Al roles,
15% of workers in Engineering roles and 12% of workers in
Cloud Computing roles” [11]. The World Economic Forum
report highlight that women account for almost half (49.3%)
of total employment in non-STEM occupations, but only
29.2% of all people working in this sector [10].

The gender gap in STEM does not depend on the region. A
clear example is Iceland, ranked first for gender equality,
where only 35.23% of STEM graduates are women (0.54
gender gap score), and the situation is worst in Information
and Communication Technologies (ICT), where the gender
gap score is 0.13 according to [11].

In Spain, ranked seventeenth for gender equality, there is a
similar situation, only 29.56% of STEM graduates are women
(0.42 gender gap score), and in ICT the score is 0.15.
According to the statistics provided by the Ministry of
Universities for the 2021-2022 academic year [12], the
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presence of women in the field of computing is 15% of the
total number of students enrolled in this field, the lowest of all
fields of study. The percentage of women in Computer
Science degrees has been declining more or less steadily since
the 1985-1986 academic year when it was 30% until recently,
having experienced a slight upturn with an increase of 3%
since the 2016-2017 academic year [13]. This situation is
repeated in other countries since 1990s according to [14-16],
although there are particular cases, such as Tunisia, in which
women represent half of computing students [17].

The gender gap in STEM, and specifically in the areas of
engineering and technology, is a problem that is being
addressed at the international level. Examples such as
UNESCO's SAGA project, developed from 2015 to 2018,
show the need to define policies and establish strategies to
reduce the global gender gap in these areas both at the
educational and research level [18-21].

In recent decades [22], with particular emphasis on the last
ten years [23], a large number of research and initiatives have
been launched to reduce the gender gap in the technology
sector, both at the public and private levels [24]. Despite this,
there are still decreasing numbers of women studying for
technological careers [8]. On the other hand, the problem is
not only to increase the number of women entering STEM
programs, and particularly technology-related programs, but
also to establish initiatives at different stages of their career.
According to UNESCO [21] bridging the gender gap in STEM
must be tackled from a holistic approach. Once women have
enrolled, measures are needed to prevent them from dropping
out of university and entering and staying in the profession
[25-27]. During their studies, university context can have an
impact on the dropout numbers, comfort in the university
environment [28], teachers' support [1] or the support received
from the faculty [29] are some factors identified in previous
studies.

From the perspective of technology development, it is
imperative to also address the underrepresentation of women.
In a digital society where technology plays an\integral role in
the daily lives of a significant portion:-of the population, it
becomes crucial to prioritize concepts: like diversity and
inclusion in technological advancements. The overarching
goal is to build a society that ‘upholds these values as
fundamental principles. Therefore;—it™ is essential that
technology, particularly software, is designed with inclusivity
in mind, ensuring that diversity and equality remain integral to
technological progress [30].

From an employment perspective, the shortage of STEM
graduates, particularly in the field of Computer Science, poses
a significant challenge for the job market. There is a growing
demand for qualified professionals, as highlighted in the most
recent report on the future of work by the World Economic
Forum in 2020 [31]. Market dynamics are increasingly
favoring the development of technical skills and a set of cross-
cutting competencies, including critical thinking, problem-
solving, and innovation, all of which are closely associated
with STEM fields.

Moreover, the “Women in the Digital Age” report [8] by the
European Commission emphasizes that having more women
in digital careers could substantially benefit the European
Gross Domestic Product (GDP), potentially contributing up to

16 trillion euros annually. Numerous studies [20, 32, 33] have
examined the obstacles that women face in pursuing
successful careers in science and technology. These studies
collectively underscore the pressing need to increase female
representation in these fields.

It is noteworthy to emphasize the ongoing research within
the field of computer science focused on Human-Computer
Interaction (HCI). There is a clear need for collaborative
efforts that prioritize gender equality and adopt a gender
perspective to foster the development of more inclusive
technologies. Such efforts tend to yield superior outcomes
when incorporating users into the design and development
processes [34-37]. This encompasses various domains,
ranging from web application design and implementation ([38,
39] to robotics development [40, 41]. This issue extends
beyond HCI to other facets of computer science.

Additionally, it is of particular significance to investigate
gender bias within the~ various applications of artificial
intelligence. This inquiry encompasses machine learning-
based analyses across diverse domains [42, 43], sentiment
analysis [44] language processing [45, 46],, facial recognition
[47], and more.

In this context, higher education must go beyond the content
of each discipline and include among its objectives training in
values~that will strengthen democratic coexistence based on
the<principles of equality and equity [48]. In Europe, most
countries’ have policies to ensure the implementation of
Gender Equality Plans (GEP) in higher education institutions
and research organizations to develop a set of basic principles
to safeguard gender equality in all spheres of academic life.

Higher education institutions should introduce the gender
perspective in their courses as a tool to promote gender
equality among students, not only during their studies but also
when they join the labor market. Moreover, gender
mainstreaming in engineering education will enable students
to identify androcentric biases in their discipline/profession
and to work in egalitarian teams that incorporate women’s
perspective, experience and needs [49].

The aim of this paper is to describe an experience developed
across the last six academic years, from 2016-2017 to 2021-
2022, to gender mainstreaming in the teaching of computer
science through a pilot experience in the field of Software
Engineering. In particular, the actions proposed include the
adaptation of typical activities of the course in order to give
them a gender perspective (review of the materials, creation of
mixed working groups, focusing the problem domain of
engineering projects in the gender gap), the use of a Twitter
hashtag to share contents with a gender perspective in
engineering, the organization of talks given by women
professionals from the technological sector, and the inclusion
of a coach focused on issues of diversity and ethics in software
development.

This experience has a double objective. First, to make visible
the existing gender inequalities in the STEM field, with
special attention to engineering and technology, so graduates
will be aware of the problem and will be able to implement
future actions to reduce the gender gap and achieve inclusive
and diverse working environments. Second, in a digital society
where technology is part of daily life, the introduction of
concepts such as diversity and inclusion in technology
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development is a crucial objective for achieving a society
based on these values. Technology, and in particular software,
must be developed for everyone, so diversity and equality are
concepts related to technological development.

The paper is organized as follows. Section 2 presents the
related papers. Section 3 summarizes the methodology.
Section 4 presents the status of the course before gender
mainstreaming. Section 5 describes the different phases and
actions implemented. Finally, section 6 describes the main
conclusions of the experience and future work.

II. BACKGROUND

Gender mainstreaming is the inter-governmentally agreed
global strategy for achieving gender equality. According to the
United Nations “Gender mainstreaming was established as a
major global strategy for the promotion of gender equality in
the Beijing Platform for Action from the Fourth United
Nations World Conference on Women in Beijing in 1995”
[50]. It is the “reorganization, improvement, development and
evaluation of policy processes” [51].

While numerous policy statements since 1990s have called
for the implementation of gender mainstreaming in education,
including higher education institutions, several studies indicate
that the gender equality is not a priority [52, 53]. According to
[52], this resistance is also observed in Spain, where
mainstreaming gender in higher education has been mandated
by various national and regional laws.

At European level, the European Institute of Gender
Equality (EIGE) has developed a set of toolkits for supporting
gender mainstreaming implementation. Specifically, GEAR
(Gender Equality in Academy and Research) toolkit provides
tools and resources for developing and evaluatingGender
Equality Plans (GEPs) for universities and research
organisations [54].

Gender mainstreaming in higher education is a “lonely
practice that is constantly being questioned as to its
appropriateness and effectiveness [55]. Likewise, co-education
proposals and their consideration in academic guides, as well
as innovation projects on education for equality, are scarce in
engineering education [56, 57].

According to [58], the successful implementation of gender
mainstreaming in higher education requires a structured
approach involving not only teaching staff but also decision-
makers:

o Identify institution-specific issues to develop projects or
activities that generate themes related to gender
equality.

e Implement strategies aimed at making gender disparities
and inequalities within the institution visible.

e Establish context-specific initiatives to address gender
mainstreaming.

e Utilize empirical research for providing a factual basis
for decision-making and program development.

There are specific initiatives in various universities, but no
proposals have been found that apply the gender perspective
directly to the design of the teaching and learning process in
the context of software engineering. Experiences have been
mainly identified in Spanish higher education institutions.
Among the works found, it is worth mentioning the

programme of the School of Engineering at the University of
Valencia which addresses closing the gender gap in
engineering through mechanisms and strategies focused on
reducing gender stereotypes in secondary schools, retaining
and involving female students once they have entered the
studies, and helping graduates as much as possible to find
support networks throughout their professional careers [59].

On the other hand, mention should be made of the
University of Alicante's Teaching Resources Portal with a
Gender Perspective for University Teaching [60], where
specific resources for computer science and support materials
for incorporating the gender perspective can be found
regardless of the area. This institution also collaborated in the
publication of a guide with two brief examples of
mainstreaming gender in computer science, one in Video
Games I course, and another one in Analysis and Specification
of Software Systems. However, the guide does not provide
details about the specific actions developed for gender
mainstreaming [49].

In terms of activities that directly affect the teaching-
learning process, the Feminine,Project [61] developed by the
University of<La Laguna in the 2016-2017 academic year
should be highlighted, with the aim of serving as a formal
platform<for the collaborative design of good practices on
equality-inthe teaching-learning process. Among the actions
carried out, gender mainstreaming in the Degree in Computer
Science was addressed through the course Human-Computer
Interaction Systems [62].

Atsan international level, there is a high number of works
that analyze the actions to increase the number of women in
engineering studies [63-65]. It is also worth highlighting
several works that focus on analyzing and preventing women
from leaving engineering studies [66, 67].

III. METHODOLOGY

A. Context

In 2007 in Spain, an amendment to the Organic Act on
Universities 6/2001, known as the Organic Spanish Act
4/2007, introduced provisions aimed at promoting gender
equality within universities. This amendment mandated the
establishment of equality units within universities to actively
implement the principle of gender equality.

In response to this legal requirement, the University of
Salamanca acted in 2008 by establishing the Equality Unit.
The primary objective of this initiative was to facilitate the
consensus-building process around university equality
policies, oversee the implementation of the Equality Plan for
men and women, and ensure compliance with relevant
regulations.

Furthermore, it is important to emphasize that, in addition to
adhering to the Equality Unit regulations, the University
operates under the guiding principles of democracy, equality,
justice, and freedom. Any form of sexism or discrimination
based on gender, whether direct or indirect, contradicts these
foundational principles, as well as the University's values and
beliefs [68, 69].

Against this backdrop, during the academic year 2016-2017,
the Equality Unit at the University of Salamanca conducted a
study to analyze the gender-related courses taught at the
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TABLE 1
STUDENTS
Academic Number of students Not first enrolment
year

2016-2017 76 12 (15.79%)
2017-2018 57 7 (12.28%)
2018-2019 59 10 (16.95%)
2019-2020 69 13 (18.84%)
2020-2021 80 5(6.25%)
2021-2022 72 18 (25%)

University and the competencies in gender equality [70]. This
study revealed that, in the academic curriculum for Computer
Science, the sole mention of gender pertained to “fundamental
rights and equal opportunities for both men and women,”
highlighting a clear need for gender mainstreaming.

This study documents the process of integrating gender
mainstreaming into the curriculum of the University of
Salamanca's Computer Engineering program, specifically
focusing on the initial experience within the compulsory
course, Software Engineering 1.

Software Engineering at the University of Salamanca is
organized into three courses that are developed consecutively
in the last three years of the degree. In particular, the pilot
experience described in this paper is developed in the first
course that is studied in the fourth semester. This course has
the dual objective of introducing the fundamentals of the
course and introducing the models and methods of
Requirements Engineering.

From a methodological point of view, the course~has
undergone several changes over the years to achieve greater
student participation and improved learning outcomes. In the
period that concerns this experience, the course has followed
an active methodology through autonomous , learning,
collaborative learning with some cooperative learning
techniques in specific issues, an inverted class‘approach for
the more theoretical part and project-based learning [71, 72].
The approach and development of the course revolve around a
final project that the students develop ‘as a‘team during the
course, carrying out a process of real software development
[73].

Moreover, over the last six years, the course has reinforced
the active approach due to COVID-19 pandemic. The
experience described in this work has continued despite the
changes from face-to-face to online (2019-2020), and hybrid
lessons (2020-2021) [74].

B. Participants

The study involved two main actors, the teaching staff and
the students. In particular, the changes associated with gender
mainstreaming have been applied to six different groups of
students, one per academic year from 2016-2017.

Three lecturers were involved in the study, one man (who
coordinates the course) and two women. They remained
unchanged for the entire project. However, for 2016-2017 and
2017-2018 academic years, the study was conducted only by
two lecturers.

Regarding the students, the distribution per academic year is
described in Table I, together with the percentage of students
that did not take the course for first time. The theoretical

lessons involve the whole group, and the students are divided
into two subgroups for the laboratory lessons. The same
lecturer taught the theoretical lessons during the six years;
meanwhile, the other two lecturers have been in charge of the
laboratory lessons.

C. Study design

Gender mainstreaming in teaching is a well-known
approach, although the implementation depends on the
knowledge area in which you want to apply. This study is
focused on providing a guide to introduce gender
mainstreaming not only in Software Engineering courses, but
also in other courses related to Computer Science.

To carry out this research, it was necessary that the different
actors involved in the teaching and learning process were part
of the study. For this reason, the methodological framework
for the gender mainstreaming in the Software Engineering I
course was Action-Research [75]. Action-Research is a way of
studying, exploring, a situation with the aim of improving it
by involving the actors implicated in the reality under
investigation [76].

Six Action-Research_‘cycles were conducted, one per
academic year (Fig.©1). Each cycle has covered four stages:
planning, acting, observing, and reflecting. The first stage,
planning, was conducted at the beginning of the academic
year, before starting the Software Engineering I course. The
teaching team reviewed the results of the previous year to
introduce changes in the methodology and solve the problems
detected. Moreover, this phase was focused on going further in
the gender mainstreaming approach, introducing new
mechanisms, and maintaining those actions that worked well.
This stage also included preparing or updating the educational
materials, tools and other tasks to prepare for the
implementation, such as contacting experts or recording
videos. Moreover, the definition of the actions takes into
account the workload for developing them.

The second stage, acting, was developed across the four
months of the course, from February to May. The actions were
always carried out within the framework of the active
methodology implemented in the course and described in
previous works [71-73]. The actions conducted in each cycle
are described in the next section.

Regarding the observing stage, a mixed method was applied
[77], specifically, data triangulation. Qualitative data was
collected through observation by the lecturers and a set of
open questions in the satisfaction questionnaire answered by
the students at the end of the course, before the final exam.
The quantitative data was collected through the satisfaction
questionnaire and complemented with the assessment
indicators.

Finally, the reflection stage was focused on analyzing the
data collected and sharing the different perceptions of the
lecturers, considering not only the students’ information, but
also the effort to implement the different actions. This stage
served as input to define the next cycle so that a clear
evolution can be observed throughout the experience.

Likewise, from the first cycle, an instrument has been
developed and applied to find out the students' perception of
the gender gap in IT. This instrument, as well as its application
in the course, is described in previous works [78, 79].
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D. Instruments

Three instruments were used for data collection. First, a
satisfaction questionnaire to get the feedback from the
students regarding the development of the course. The
questionnaire is an adaptation of the instrument developed and
validated by [80, 81].

The questionnaire is divided into four sections [74]. First,
sociodemographic items (gender, highest course enrolled, the
order of career choice, grade point average in the file, number
of times enrolled in the subject, previous studies).

Later, two sections focused on the overall satisfaction with
the degree (ten five-point Likert items) and the satisfaction on
the course including five dimensions: Personal work
methodology (five-point Likert), depth degree in the study
(Multiple choice), perception of the methodology (five-point
Likert), general satisfaction (five-point Likert), usefulness for
the subjects’ study (five-point Likert) and subject rating (five-
point Likert).

The third section get information about the hours of work
that students considered that they invested in the course.
Finally, the last section includes three open questions for

2016-2017

2017-2018 2018-2019

Resolution of the conflicts
detected in the first pilot by
changing the approach

Actions in favour of diversity in the
technological field

collecting the positive and negative aspects, and suggestions
for improvement.

Regarding the observation protocol template, it was defined
for collecting information of each action implemented. The
template used had the following sections:

Name of the observers.

Action identifier and name.

Number of students involved.

Number of sessions working on this action.

Number of lecturers supporting the implementation.

Identified problems.

Applied changes (solutions).
The last instrument used during the development of the
course is a Google Sheets spreadsheet to record learning
outcomes, a complex variable composed of a series of both
qualitative and quantitative measures. A total of 27 evaluation
items are collected for each student. The detailed description
is available at [73].

2019-2020

Techniques for mainstreaming Validate the good practices
diversity and inclusion in software iidentified throughout the academid
development years.

Good practices
for gender mainstreaming
in engineering contexts

Fig. 1. Implementation of the different phases throughout’ six academic years.

IV. GENDER MAINSTREAMING

The gender mainstreaming. in the, Software Engineering I
course is proposed through a series of teaching innovation
projects financed by the University of Salamanca. This is a
process of continuous improvement, in which each academic
year a series of changes are established to improve the actions
implemented or to introduce new actions, according to the
Action-Research framework.

Each course is considered as a Action-Research cycle that
provides information to identify a set of good practices to
gender mainstreaming in engineering contexts (Fig. 1).

The initial phase focused on laying the foundations and
implementing the first gender mainstreaming actions. After
this first phase, some problems were detected and a set of
challenges to be solved to improve student satisfaction while
continuing to build an environment of equality within the
framework of Software Engineering were posed. The second
phase was used to improve the actions defined in the previous
course in such a way that no new actions were incorporated,
but the problems detected were solved. Regarding the third

phase, it was proposed to address not only issues related to
gender, but also to cover the concept of diversity, building an
inclusive environment and working on the teaching-learning
process from perspectives related to gender, culture, sexual-
affective diversity, etc. The fourth phase addressed not only
generating inclusive environments in the context of the course
but also in the processes associated with software
development, so that future computer engineers acquire
knowledge and techniques to create inclusive environments in
work contexts. Finally, the fifth phase covers ethics.

Across the five phases, four general objectives were
achieved. Each objective involves the implementation of a set
of actions:

e Objective 1 (O1): To incorporate activities that promote
the gender perspective in the context of Software
Engineering.

e Objective 2 (02): To carry out a mixed study on students'
perceptions of the gender gap in technological contexts.

e Objective 3 (03): To offer an academic guide that
considers the gender perspective.
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e Objective 4 (04): To promote diversity and inclusion in
the technological context through software development
processes.

A.Cycle 1

The first phase aims to address the incorporation of the
gender perspective in the assignment. At this stage, Software
Engineering did not consider the need to train future computer
engineers in values of equality and equity.

Objectives 1 to 3 were achieved through a set of actions.
First, four actions were proposed to achieve the first objective,
the incorporation of activities to promote the gender
perspective. Moreover, an introductory talk for students was
organized to present the reasons for working on gender
equality in computing during the course.

Action O1.1. Promote the presence of women in as many
internship groups as possible. Project-based learning
techniques and cooperative and collaborative work are used
throughout the course, so that the students are organized at the
beginning of the course into teams of 2-4 people who remain
throughout the course. The teams are formed by the students,
but they were informed about the benefits of creating mixed
teams, and they were urged to have as many mixed teams as
possible.

Action O1.2. Twitter. Although in previous academic years
a hashtag associated with the course was used, in this course
its use was proposed to share information and current news
related to the gender gap in the technology sector. The shared
tweets can be found at the following link http://bit.ly/31K{Vrz:

Action O1.3. Gender mainstreaming in the workshops as
part of the activities of the course, workshops are held/in the
classroom where students present and discuss various
diagramming solutions at UML. All the problems raised have
been related to gender issues in the technological field. Each
statement has been accompanied by a brief introductory text to
contextualize the problem raised, accompanied by links to
news and reports on the course, The problems raised to outline
a solution through class diagrams or Use Cases \were:

e A web application to promote ‘thevacquisition of STEM
skills in pre-university education\with a special emphasis
on girls.

e A job portal for women specialized in IT,
telecommunications, and technology.

e The portal of an association whose main objective is to
give visibility to women in the technological field through
different projects.

Action O1.4. To orientate the practice or final work that is
developed throughout the course to a theme related to women
and technology. In particular, the objective was "to model a
portal to promote the visibility of women in the STEM
context, providing a space where all the initiatives, projects,
associations, institutions, etc. related to reducing the gender
gap in the technology sector can be found".

Regarding the objective of analyzing the students' perception
of the gender gap in IT, the GENCE questionnaire was
developed during the different phases [78]. More information
on this study can be found in [82, 83].

Finally, regarding the third objective, a single action was
proposed.

Action O3.1. Review and modify the course materials. The
exercises proposed as examples modeling situations in society
(human relations, professions, etc.) were reviewed. Likewise,
the linguistic recommendations for a non-sexist use of
language included in the Equality Guide of the University of
Salamanca and the United Nations guidelines were followed
[84].

B. Cycle 2

During the academic year 2017-2018, the same general
objectives defined in phase 1 were maintained, but a series of
adjustments were made to solve problems detected in the
previous year. Mainly, it was decided to avoid the introductory
talk made at the beginning of the course because it raised
complaints and various problems with several students about
the inadequacy of gender mainstreaming in a course of the
Degree in Computer Science. In this way, when it came to the
size and the final work, the chosen topics were presented as if
it were any other problem such as the management of a
hospital or a cinema.

On the other hand, in the satisfaction questionnaire for the
2016-2017 academic-year; several of the answers showed that
the use of Twitter only to transmit women's and technology
issues was not considered relevant. For this reason, in phase 2
tweets.purely Telated to software engineering were combined
with™ others ‘more focused on women and technology or
engineering.

The only action that was incorporated to complement
Twitter and the direct communication of the need to make
women in technology visible was the incorporation of logos
and links to information about events around the gender gap in
the course space on the virtual campus. Among the events
shared were the International Day of Women and Girls in
Science (11 February), International Women's Day (8 March)
and International Girls' Day in ICT (23 April).

Regarding Action O1.3, the workshops held in this phase
addressed the following issues:

e System for managing an art gallery focused on giving
visibility to women as scientists and technologists.

e Application for teachers with resources and tools to
promote interest in science and research from an early
age.

The objective of the final work was to "model an application
(web or mobile) whose central theme is women and girls in
Science and Technology in order to reduce the gender gap in
the scientific and technological field".

C.Cycle 3

The third phase was proposed as an evolution of the gender
approach, addressing other aspects related to diversity in
technological contexts. This phase was focused on the fourth

objective, promoting diversity and inclusion in the
technological context through software development
processes.

To achieve it, in addition to the actions proposed and
improved in the first two phases, the following specific
objectives were considered:

e To introduce the figure of a coach or external expert who
provides a vision from the company/real world about
technology, diversity, and ethics.
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e To hold specific talks throughout the course that allow
different experiences in the technological field to be
shared, where the concepts of diversity and inclusion in
the field of software product development are reflected.

e Introduce gamification techniques to activate student
motivation in relation to diversity and inclusion in the
technological field.

Action O4.1. An external expert is incorporated into the
sessions related to the development of the final work to guide
the students and play the role of the client, with special
emphasis on issues related to diversity and ethics.

Action 04.2. Organization of three talks throughout the
course lasting between 15-20 minutes on topics related to
software engineering and the professional environment. The
talks were as follows:

e Beginning of the course. Talk was given by a young
woman developer about her experiences in the
professional field in both the public and private sectors.

e Before Easter. Talk about remote work. It was given by a
young doctor in computer science who works for an
international company.

e Before the end of the course. This talk introduced the use
of agile methodologies to show how companies develop
software today and how these methodologies can help to
promote inclusion and equity in teamwork.

Action 04.3. The first approach to the gamification of the
course incorporating only a set of badges associated with
diversity and inclusion [85]:

e Diversity first: for those teams that propose solutions<to
promote diversity as a main objective.

e Inclusion policies: for those teams that propose solutions
to promote inclusion or to support inclusion policies.

e Questions and answers: students asking questions to. the
speakers in relation to diversity and inclusion. in their
working contexts.

e Inclusion in practice: for those teams where the point of
view of all members is considered.

e Inclusive UML: teams or learners using inclusive
language in their diagrams.

Regarding the themes addressed in-the workshops, topics
were chosen from the first two phases. As for the final work,
the objective was to "model an-application (web or mobile)
focused on promoting inclusion and addressing diversity
issues in the technological field at the business level.

D. Cycle 4

The fourth phase maintained the objectives and actions
defined in the previous phases (actions Ol.1, O1.2, O1.3,
01.4, 03.1, 04.1, 04.2, and O04.3). Furthermore, it
incorporates as a novelty, working techniques to promote
inclusive working environments, in such a way that they
acquire the knowledge and skills necessary to create this type
of environment when they enter the labor market. Specifically,
techniques used in agile methodologies will be selected and
adapted to establish dynamics that promote inclusion both
internally (student work teams) and externally (relationship
between different work teams).

Action 04.4. Selection and adaptation of techniques used in
agile methodologies to establish group dynamics that promote
internal and external inclusion.

Action O4.5. Guide the definition of the final work during
the first teamwork sessions with design thinking techniques.

E. Cycle 5

The fifth phase considers ethics. Even though the social and
ethical aspects of technology have been included in some
computer science curricula for more than twenty years, there
is a great variety among computer ethics courses in terms of
the contents taught [86, 87] and the way they are incorporated
into the curriculum [88]. Likewise, there is a lack of
integration of computer ethics in the Spanish context. The
number of Spanish universities is much lower than in other
countries based on the collaborative database on higher
education subjects or programs that work on “technological
ethics” [89].

According to the Computer Science Curriculum 2013
developed by two of the leading associations in technology
and engineering issues [90], computer science graduates
should have a range. of soft skills not only focused on
technological issues, but also on the social, legal, ethical and
cultural issues inherent in the discipline of computer science.

The _main objective of this phase was to introduce the
concept of computer ethics and the different implications that
software development can have on society.

Action,_04.6. To incorporate the ethical aspects related to
software development in the Degree in Computer Science
through a SPOC (Small Private Open Course). The main
objective of the SPOC is to provide Computer Science
students with a knowledge base on ethics in software
development. The SPOC syllabus is divided into four main
blocks: introduction to computer ethics, ethics and human-
computer interaction, ethics and universal design, and ethics
and artificial intelligence [91].

Action 04.7. To include informatics ethics as a transversal
aspect of the final work of the course. Modify the evaluation
criteria to consider it within the rubric.

Furthermore, the talks (O4.2) were organized outside the
official timetable of the course. The talks covered introduction
to informatics ethics, ethics and human-computer interaction,
ethics and wuniversal design, and ethics and artificial
intelligence.

E. Cycle 6

The final phase of the project was developed during the
academic year 2021-2022, and its primary focus was to
validate the good practices identified over the previous five
years. This phase did not introduce any new approaches or
actions. The only change made was the topic of the final
project, which varies every year. For this year, the topic was
centered around the use of technology to eradicate racial
discrimination and promote diversity.

During this phase, several actions were implemented:

e Action Ol.1. Gender diversity in student teams.
e Action O1.3. UML workshops about problems related to
gender, diversity, and inclusion.
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e Action Ol.4. Objective of the final work focused on
solving a problem related to gender, diversity, or
inclusion.

Action O3.1. Review the learning materials and examples.

Action O4.1. Coach.

Action O4.3. Gamification.

Action O4.4. Agile methodologies to foster inclusion.

Action O4.5. Design thinking techniques.

Action O4.6. SPOC introduction to informatics ethics.

Action O4.7. Assessment criteria related to informatics

ethics in the final work.

Although O1.2 was not highly valued in previous

satisfaction surveys, it is the easiest and quickest way to share

additional materials in a dynamic way, and therefore, it was
also included. To make it more efficient, a unique hashtag,

#INSOUSAL, was created to avoid depending on the year.
Action 04.2, which had previously been included, was

removed, although it performed well. Other actions were
given higher priority, focusing more on the final project,
which is the core element of the entire course. Additionally,
action O4.7 was integrated into the SPOC on informatics
ethics (04.6). Students did not receive separate lectures on the
topic, but instead, had access to the SPOC as part of their
preparation for the final project.

Overall, the final phase of the project was aimed at
validating the identified good practices from previous years
and making minor adjustments to the course to improve its
effectiveness. By implementing the actions mentioned above;
the course was made more efficient, dynamic, and better
aligned with the current societal needs.

V. RESULTS

A satisfaction questionnaire was applied at the end of each
academic year to measure the acceptance of the. gender
mainstreaming actions. This questionnaire complements the
official one shared by our  nstitution every. two years.
However, the institutional quéstionnaire does not evaluate the
course but the teaching staff. The satisfaction instrument is an
adaptation of [80, 81].

The study population consisted(of 413 students (Fig. 2), of
whom 61 (14.77%) were female. Nevertheless, the sample are
115 students because students must-answer anonymously and
freely. According to gender are 80 men (69.57%), 16 women
(13.91%), 19 prefer not to answer (16.52%).

Overall satisfaction with the course during these six
academic years is 3.69 rating on a 5-points Likert scale.
Participants agree that the methodological approach used in
this course should be applied in other courses with 4.09 score.
Moreover, they consider the content of this course useful for
their professional future (4.09 score).

Enrolment figures
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mmm Students enrolled == '\Women enrolled % of women

Fig. 2. Population distribution in the Software Engineering I course.

Regarding the gender mainstreaming actions, students rate
them positively. Highlight the workshops (O1.3) with a mean
score of 4.15 and the final work (O1.4) with 4.08. The coach
(04.1) and the talks (O4.2) have also good mean scores, 4.4
and 4.25 respectively. Note that some of the items have not
been rated by the whole sample, as items/actions have been
added over the academic years.

On the other hand; the hashtag in Twitter (O1.2) has the
worst score (2.16);.students consider that it is not useful for
studying the course.

The definition of the student teams for the final work is done
by the students (O1.1). However, lecturers foster them to
create gender diversity groups as a mechanism to “boosts the
quality of STEM outcomes by aggregating creativity and
reducing potential gender biases (given that women’s
expertise is taken into account)” [49]. Throughout these six
years of gender mainstreaming, the number of teams with
women has exceeded 50% of the total number of possible
teams that could have a woman (Fig. 3). This percentage is
calculated from the number of women who take the course
and carry out the final work and the total number of teams that
finally have a woman.

Gender diversity in student teams
25 100.00

20 500 80.00 77.78 80.00

B -71.43
15 60.00 60.00
50.00
10 40.00
5 20.00
0 0.00

2016-2017 2017-2018 2018-2019 2019-2020 2020-2021 2021-2022
mmm Student teams
= Teams with at least one woman

% over the possible number of teams with women

Fig. 3. Gender diversity in student teams.

Regarding the qualitative feedback provided by the students,
80 participants wrote positive comments (69.57% of the
sample), and 65 identified problems and issues (56.52% of the
sample). The main characteristics highlighted by the students
are:

e Practical application of theory: Students appreciate
seminars that apply theoretical concepts in practice.
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e Continuous assessment and daily work: Many students
value ongoing evaluation over final exams, emphasizing
the importance of daily work in defining their abilities.

e Teacher engagement and support: There is a recurring
mention of the closeness of the faculty and their
commitment to student learning, which align with gender
mainstreaming by fostering an inclusive and supportive
learning environment.

e Interactive and practical methodology: The methodology
of the course seems to be focused on practical learning,
with interactive workshops and milestone-based project
submissions, which can be more engaging for diverse
learning styles.

e Content of workshops and final work: The subjects
explored in the final project were engaging. The
opportunity to devise solutions for actual societal issues
provides a greater incentive during the completion of the
learning activities.

e Use of technology and tools: The ability to use relevant
tools for project development is highlighted.

e Teamwork and collaboration: Emphasis on group work
and the practical environment reflects a collaborative
approach, which is often encouraged in gender
mainstreaming to ensure equal participation.

e Inclusion of feminist perspectives: The explicit inclusion
of feminist perspectives within the course material
provides diverse viewpoints in the field of software
engineering.

Finally, the problems and issues identified during each cycle
were used to introduce new actions and update the gender
mainstreaming approach. Highlight the problems related to
teamwork dynamics; there are complaints about ‘unequal
participation in group work, which might indicate a lack.of a
supportive environment for fostering equitable teamwork. This
was particularly disadvantageous for students. who~were
marginalized due to their gender, race,-or other diversity
factors. For this reason, since¢ 2019-2020, the fourth cycle,
some actions to promote inclusive working environments were
included.

Another problem detected \during the first two cycles, 2016
to 2018, was related to understand-the problem domain, which
is a crucial competence for a software engineer. The topics
selected about gender equality and diversity were difficult to
understand for some students. To consider these comments,
the third cycle integrated the figure of a coach or external
expert who provides a vision from the company/real world
about technology, diversity, and ethics.

They also provided feedback about the active methodology
problems that were closely related to the gender
mainstreaming approach. In particular, the requirement for
mandatory attendance, especially for theoretical lessons, has
been criticized. This rigid structure may not consider the
diverse needs of students who may have other responsibilities.
Across the different cycles, more flexibility has been applied
to facilitate the attendance to students with different
backgrounds, such as double-degree students or students that
enroll in course for second time.

VI. DISCUSSION AND CONCLUSION

The gender gap in STEM, with a particular focus in
technology and engineering, is one of the problems that are
faced at all societies, both educational and professional level
[92]. Computer Science is one of the most affected fields, the
participation of women is decreasing since early 1990s [14-16,
93].

According to research conducted within the SAGA project
[18, 21], addressing the gender disparity within STEM fields
necessitates the pursuit of seven broad objectives. These
objectives span various domains, encompassing the challenge
of societal norms, the reform of educational and professional
pathways, and the improvement of research and decision-
making processes.

Gender mainstreaming is a holistic approach that recognizes
the multifaceted nature of the gender gap in the society and
works to address it comprehensively [50]. By challenging
stereotypes, promoting diversity, and ensuring equitable
access to opportunities, gender mainstreaming contributes to
the goal of reducing the'gender gap. Although gender
mainstreaming in-education is' not new [94], there are not
enough studies of applying it in higher education [52].

The gender mainstreaming in Software Engineering I course
in the Degree in Computer Science of the University of
Salamanca during six academic years has allowed knowing
which techniques or approaches work better in the context of
Computer Science, without leaving aside the heterogeneity of
the student body. Likewise, it is important to highlight that the
changes made around the incorporation of the gender
perspective are part of the methodological approach and the
development of the course. The results obtained after each of
the cycles, in relation to the satisfaction questionnaires applied
at the end of the course and the observation protocol
conducted by the lecturers, have allowed to improve the
approach, and strengthen the initial strategy proposed so that
in the sixth Action-Research cycle a balance has been reached
between the actions proposed and their acceptance and impact
by the students.

Furthermore, the workload for the lecturers has been one of
the indicators used to introduce changes among the cycles.
The first two cycles were conducted by two lecturers that
faced the problems raised during the implementation and
achieved the objectives related to gender mainstreaming. The
active involvement of a third lecturer allowed combining the
gender mainstreaming and the workload related to the active
methodology, which required a high involvement of the
teaching staff to provide continues feedback as part of the
formative evaluation approach.

Although it can be considered that the outcome proposal in
the last cycle would be appropriate to transfer to other courses
and universities, it is essential to consider that the six cycles
should be implemented in order to avoid a high workload
during the gender mainstreaming for first time. The results at
the sixth cycle are developed over the effort invested in
previous years. Gender mainstreaming at Computer Science
programmes in higher education should follow an iterative and
incremental approach. This approach is useful in identifying
institutional and individual resistances and the informal rules
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underpinning them [52], serving as an approach to adapt the
experience to other contexts.

Furthermore, it is important to clarify that the incorporation
of the gender perspective as part of the teaching-learning
process does not have a measurable impact in a short period of
time, but rather aims to make students reflect in such a way
that they reason about the need to promote diversity in
software development contexts.

On the other hand, although the social and ethical aspects of
technology have been included in some Computer Science
curricula for more than twenty years, there is a great variety
among informatics ethics courses in terms of the contents
taught [86, 87] and the way they are incorporated into the
curriculum [88]. There is also a lack of integration of
informatics ethics in the Spanish context. According to the
collaborative database on higher education courses or
programs that deal with “technological ethics” [89], the
number of Spanish universities is much lower than in other
countries. Moreover, connecting informatics ethics with
gender mainstreaming is fundamental to transferring gender
equality to software development in the professional context,
as some of the ethical problems are related to the lack of
women in testing software solutions [35], or the reproduction
of stereotypes [41].

This proposal has some limitations, mainly related to the
heterogeneity of the students who take the course, which
makes it necessary to constantly monitor the actions carried
out to adapt them to the different situations that can be
generated in the classroom. On the other hand, this adaptive
approach only reinforces the creation of a teaching.and
learning environment which considers the diversity (of its
students, and which promotes equality and equity, transmitting
to the students the need to promote this type of environment in
software development contexts.
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