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Abstract: Currently, the number of job offers in STEM careers (Science, Technology, Engineering and
Mathematics) is growing up, but by contrast, the number of graduates in these fields is decreasing,
particularly women graduates. Consequently, if we do not promote the training of women in STEM
careers, the gender gap, far from narrowing, will continue to widen. This paper presents the research
carried out in the ALAS project (Accompanying girLs towArds STEM careers), which consists of
an experimental analysis based on a multi-model study to discover the possible causes of this low
participation of women in STEM fields. The models used are the (1) expectancy-value theory of
motivation, (2) social role theory, and (3) gender stereotypes theory. Additionally, participatory
workshops have been carried out, with the aim of capturing the students’ reactions when they are
introduced to STEM practices. The surveyed target groups range from primary education groups
up to university graduates and enterprise employees, including both students and teachers. The
obtained results show that there are still social patterns that make young people differentiate certain
types of activities based on gender, especially at secondary school age. Nevertheless, the findings
reveal that beyond the three studied models, a key factor in young people’s decision to be enrolled in
STEM careers is their educational environment.

Keywords: STEM careers; gender gap; expectancy—value theory of motivation; social role theory;
experimental study; gender stereotypes theory; participatory workshop; employment; European
education

1. Introduction

In the search for an education system adapted to the new digital age, the European
Union (EU) has implemented the Digital Education Action Plan (2021-2027). This plan
aims to enrich the quality and inclusiveness of Member States” (MS) education and training
systems, while adapting to the digital age and advancing the process of the digital and
ecological transition [1]. Additionally, the European Education Area (EEA) for 2025 aims to
remove barriers to learning and improve access to quality education for all [2,3].

In this context, according to data collected by Eurostat and shown in Figures 1 and 2,
in 2020, 57.30% of tertiary education graduates (post-secondary education) in the EU were
women, while in Spain, the graduates of tertiary education were 57.14% women. This
percentage remained stable over a six-year period for both Spain and the EU. In all fields
of education, the percentage of female graduates was higher than male graduates in the
period from 2014 to 2020 (according to the most recent published data series), except for
the fields of Information and Communication Technology, and Engineering, Industry and
Construction. The fields of Information and Communication Technology; Engineering,
Industry and Construction; and Natural Sciences, Mathematics and Statistics are part of
the Science, Technology, Engineering and Mathematics (STEM) disciplines. It is possible
to see that in 2014, less than a quarter (17.93%) of graduates in the field of Information
and Communication Technology in Europe were female, and this percentage has slightly
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increased up 20.79% as of 2020. In Spain, the percentage started at 14.63%, and far from
increasing or keeping constant, it has decreased to 12.6%.

Proportion of female graduates of tertiary education in the EU,
classified by discipline
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Figure 1. Proportion of female graduates of tertiary education in the EU, classified by discipline.
Source: Eurostat (STEM = Average [Information and Communication Technology; Natural Sciences,
Mathematics and Statistics; Engineering, Manufacturing and Construction]).
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Figure 2. Proportion of female graduates of tertiary education in Spain, classified by discipline.
Source: Eurostat.
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As we can observe from the collected data series, the low presence and participation
of women in STEM careers is a transgenerational reality [4,5]. According to the data
provided by the Spanish Ministry of Universities in its report for 2022 [6], 56.9% of Spanish
students who presented to university entrance exams (in Spanish, referred to as PAU;
Prove Access University) in 2020 were women. Of this percentage, 89.8% of women
passed the tests. These percentages are slightly lower in the case of men, where 43.1%
of students who presented to the PAUs were male, and 88.9% passed the tests. This
gender balance is maintained in terms of enrolment; of the 1,340,632 students enrolled
in university degrees, 56% are women. However, when these same data are analysed
in the Engineering and Architecture branch, from all the students enrolled at university,
only 233,365 (17.40%) are enrolled in Engineering and Architecture degrees. Of these
233,365 enrolments, only 59,974 (25.7%) are female enrolments. These data mean that from
the total number of new enrolments in university degrees, only 4.47% are women enrolled
in Engineering and Architecture.

Taking the University of Huelva (UHU) as an example, the number of new students in
recent years in degrees with a greater affinity to the area of technology has been analysed
(BEng Industrial and Electronic engineering, BEng Industrial and Mechanical engineering,
and BEng Computer Science). As shown in Figure 3, in the BEng in Industrial and Electronic
Engineering (green for men and blue for woman), the percentage of women enrolled (blue)
in the degree shows an inverted “W” effect. The percentage of women enrolled is always
below 15%. In the case of the BEng in Computer Science (orange and red), the evolution of
female enrolment with respect to male enrolment is stagnant, without exceeding 9% (red).
The 2013/2014 academic year started with a 16.2% enrolment rate, but in the 2022 /2023
academic year, only 8.2% of students were women. The situation is more serious in the
BEng in Industrial and Mechanical engineering (ochre and pink), which in the 2013/2014
academic year started with 9.1% of students being women (pink), while in the current
2022/2023 academic year, only 4.9% of students enrolled are women.

History of new enrolments in the Degrees in Industrial and Electronic
Engineering, Computer Engineering and Industrial and Mechanical

Engineering at UHU
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Figure 3. History of new enrolments. BEng in Industrial and Electronic engineering, Computer
Science and Industrial and Mechanical engineering. UHU. Source: https:/ /www.uhu.es/unidad-
calidad/informes-y-datos/perfil-del-alumnado-de-nuevo-ingreso (accessed on 12 March 2023).

However, on the other hand, STEM-related job offers have seen a 12% growth in
the last decade. The demand for STEM professionals is growing at a higher rate than in
other sectors [7]. According to the European Center for the Development of Professional
Vocation (CEDEFOP), this growth will be 8% by 2025, compared to the average growth of
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3% projected for all occupations [8]. Over the next decade, the increase in STEM-related
occupations is expected to rise to 10.8% [9]. STEM-related professions are in the top 20
in the EU, as shown in Table 1. However, companies find it difficult to engage and hire
qualified personnel in these areas. Nowadays, people who aspire to job offers are required
to have both hard (technical knowledge) and soft (knowledge linked to leadership and
social relations) skills. This demand is not covered in many cases, due to a lack of applicants
for these professions who have the necessary skills to be able to develop professionally in
an increasingly competitive environment [10-13].

In this sense, the 59% of participants in the study carried out in [14] point to three
main reasons that explain these difficulties:

e  There is a graduate shortage due to negative perceptions of STEM professions;
e  Major technological advances mean that degrees have to adapt to these changes;
e  There is a common perception that most STEM professions are not gender-neutral.

Table 1. STEM occupations among the top 20 bottleneck vacancies at European level.

Vacancies at ISCO 4-Digit Level Vacancies at ISCO 2-Digit Level
Rank Specific Occupation Rank Specific Occupation
7 Mechanical engineers 2 Science and engineering professionals
8 Software developers 3 Information and commpmcatlons
technology professionals
12 Electrical engineers - Science and engineering associate
professionals
14 Civil engineers 14 Electrical and electronic trade workers

In conclusion, the low percentage of women graduates in STEM-related fields com-
bined with the increase in job vacancies that will occur in these professions in the coming
years will not contribute to reducing the gender gap in these professions; on the contrary,
this gap may widen.

Trying to reverse this situation, the European Union is taking measures to engage
women in the STEM field. In 2015, the United Nations General Assembly (UNGA) declared
11 February as the International Day of Women and Girls in Science, as part of the effort
to achieve full and equal participation of women and girls in science. There are also
other resources such as the European Platform of Women Scientists (EPWS) [15], wherein
more than 100 networks of women scientists and organisations from all over Europe
promote equal opportunities in research fields across all scientific disciplines. GENERA
(the Gender Equality Network in the European Research Area) is a Horizon 2020 project
aiming to continue, monitor and improve the gender equality plans of research institutions
and organisations.

Based on the scientific literature, the following works, which are focused on analysing
the gender gap in STEM careers, deserve special attention. The study by McDaniel [16]
examines how gender equality culture influences adolescents’ choice of career when they
begin to plan their future. The study was conducted on a group of 15-year-olds from
24 different countries. The author recognised that it is unknown how gender stratification
or cultural ideologies impact the development of boys” and girls’ STEM career expectations.

More recently, new scientific works also related to the STEM gender gap concern
have been brought up for discussion. The proposal made by Garcia-Holgado et al. [17]
analyses a number of Latin American and European universities in order to define gender
equality action plans to enrol, retain and orient women in STEM programmes. Dulce-
Salcedo et al. [18] conducted a study to test whether the presence of female STEM teachers
in secondary education positively influences the enrolment of more women in STEM in
tertiary education.

Apart from the cultural factor mentioned in [16,17], and the expectative factor studied
in [18], Jiang observes in [19] that men’s ability-sorting behaviour is statistically stronger
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than women’s when choosing a degree. The author defends that gender differences in
ability and ability sorting explain a portion of the gender gap in STEM careers. These
gender stereotypes were also investigated by Kumar et al. [20] with children aged 4-6 years.
The authors assessed the perceptions of children when they viewed one of four groups
of scientists: all-male, all-female, a lone female among all males, or a lone male among
all females.

Finally, the gender gap was monitored from adolescence to adult age by Gawet and
Krsti¢ in [21]. This study quantifies the impact of the gender gap at different levels of edu-
cation (youth, higher education, adult learning and STEM education) in EU countries. The
authors observed that in countries with a relatively lower level of female entrepreneurship
and education outcomes, the gender gap in entrepreneurship is affected most significantly
by gender gaps in early leavers, higher education and STEM education.

Based on all of the above, the starting hypothesis of this work is that the gender gap in
STEM careers cannot be explained by one single psychological model, and that the reasons
for the low presence of women in STEM careers are not only psychological or cultural, but
also due to the educational environment.

The objective of this paper is to analyse the possible causes and effects of the low
presence of women in STEM-related fields. To carry out the study, an evaluation of young
people in five different stages of their lives, from childhood to adult life, is carried out. For
this purpose, a multi-model study is applied, based on the (1) expectancy-value theory of
motivation, (2) social role theory, and (3) gender stereotypes theory, to examine the reasons
for the low presence of women in STEM-related careers in the EU.

Additionally, the study includes visits to educational centres wherein different partici-
patory workshops are carried out with students from both primary and secondary schools.
Table 2 shows the main contribution of authors’ proposal, taking into account the aforemen-
tioned related works. Table 2 is divided into five items, where the first item is “Scope” and
serves to evaluate where the study has been conducted (nationally, internationally or both).
The second item, “Target group” refers to the group on which the research is conducted
in order to evaluate the gender gap in the STEM field, such as students, graduates, teach-
ers and entrepreneurs. The third item, “academic year” is oriented to students in order
to classify them by age. The fourth item, “Survey analysis tool” is used to evaluate the
questionnaires/tools used to determine the possible causes of the gender gap. Finally, the
last item, “Activities” refers to whether any type of participatory workshop is carried out
in the study to bring STEM activities closer to the surveyed target groups.

The novelty of the authors’ proposal is constituted as follows.

1. Interregional and international scope: the study is carried out in different regions of
Spain (Huelva, Cadiz, and Badajoz), and in three European countries (Italy, Austria
and the Czech Republic).

2. Target groups: the sample analysed is made up of young people at five different
moments of the life cycle, all linked to the transition to adult life (primary education,
secondary education, higher education and the early stages of their entry into the
labour market), with the aim of identifying the reasons for the low presence of women
in STEM environments.

3. Academic year: the study includes the entire education system, from primary educa-
tion to university education.

4. Survey analysis tool: the surveys are based on a multi-model theoretical foundation
applying three theories: the expectancy—value theory of motivation, the social role
theory and the gender stereotypes theory.

5. Activities: participatory workshops led by women specialists in STEM fields. These
workshops are given in primary and secondary education settings, and the workshops
are adapted to the educational level at which they are given.
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Table 2. Authors’ contribution regarding scientific related works.

Reference Scope Target Group ?  Academic Year  Survey Analysis Tool Activities
Renewable Energies,
National and Primary education Industrial Electronics
international (Stugents and Third and and Chemical
(Spain and the fourth year Engineerin
P teachers) Y & &
Czech Republic) participatory
workshops
Renewable Energies,
National and Secondary Model 1: Industrial Electronics
international education Fifth and sixth Expectancy—Value and Chemical
Authors’ (Spain and Italy) (Students and year Theory of Motivation Engineering
v orsl P Y teachers) Model 2: Social Role participatory
proposa Theory workshops
National and Model 3: Gender
international University Stereotypes Theory
(Spain, Italy, (Students and All -
Austria and the professors)
Czech Republic)
National (Spain) gggiiletz All -
National (Spain) Ent}c)e:g ;;ZE{;E;SSHY All -
International
Standard Classification
of Occupation (ISCO)
[16] International Sezcuocr:igg 15 anddlg years World Bank and -
European Values Survey
(EVS)
Item Response Theory
[17] National and University All UNESCO SAGA Toolkit -
International
. . Secondary
[18] National (Bogota) education All - -
First Destination Survey
National Universit American Community
[19] (University of verstty All Surve -
Y raduates Y
Purdue) & National Survey of
College Graduates
[20] National Preschool 4-6 years old Attribution theory -
International Youth, higher
[21] (Eeur: eoana education, adult 15-30 vears old European Union Labor )
P learning and STEM y Force Survey (EU-LFES)
countries) education

(1) Target group: sample of the population on which the study is conducted, divided into students (primary
education, secondary education and university), teachers/professors and enterprise/industry professionals.

2. Materials and Methods
2.1. ALAS Approach: Foundation and Methodology

In order to find an explanation for the low participation of women in STEM-related
studies, ALAS research (Accompanying girLs towArds STEM careers) developed a study
to analyse the possible causes and effects. To carry out the study, an evaluation of people
in five different stages of their lives, from childhood to adult life (primary education,
secondary education, university students, university graduates and enterprise/industry
professionals), is carried out, as shown in Figure 4.
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Figure 4. ALAS research. Five different stages from childhood to adult life.

Professors

The research group has extended the study outside Spain to identify whether the
gender gap in STEM careers is a national or international problem, and, secondly, whether
the causes of this gender gap are similar across countries. The study has been carried out
in different regions of Spain (Huelva, Cadiz, and Badajoz), and three EU countries: Italy
(Rome), the Czech Republic (Prague) and Austria (Vienna). Figure 5 shows a map of the
educational centres visited.
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Figure 5. ALAS geography. Sites visited during the project execution.

2.1.1. Methodology and Surveys

In order to carry out the study on the five different life stages mentioned above, a
series of surveys based on the theoretical models, shown in Figure 6, were distributed.
The surveys are anonymous; only gender, age and educational centre information was
received. As Figure 6 shows, the surveys are based on a multi-model theoretical foundation
in order to identify causes, make decisions and alleviate the current very low participation
of women in STEM careers. The multi-model study involves
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Model 1: Expectancy and Value Theory of Motivation

*  Motives (MO): STEM subjects are fun; I understand STEM subjects; I get good grades in STEM
subjects.

»  Expectations (EX): If I work hard in STEM subjects, I will learn and get good grades; I can
study hard enough to pass the next STEM subject exam.

» Incentive value (IV): Being good at STEM means a lot to me; Being good at STEM will help me
in the rest of my studies; What we learn about STEM is beneficial to my life; The knowledge I
have of STEM will help me in my future work.

Model 2: Social Role Theory

*  Who is responsible for

» Flying planes?

* Engaging in engineering?
* Caring for the sick?

* Sewing?

* otc.

Model 3: Gender Stereotypes Theory

»  Stereotypes about competences and capabilities (SCC): Men are more qualified than women to
carry out technical and mechanical tasks; Women are better able to carry out organizational
and cooperative tasks, etc.

»  Stereotypes about social responsibility (SSR): Men are responsible for supporting their families
financially; Women should take care of the house and their children.

Educational Environment

* Do you use inclusive language while teaching?
» Isthere a STEM lab in your primary school?; Is there a STEM lab in your secondary school?

* How many practices have you carried out in the lab?; How many times have you gone with
your students to the laboratory since you started working in this educational centre?

* Do you think this can have any (positive or negative) consequences for society?
*  What motivated you to choose the university degree you studied?

Figure 6. ALAS methodology: the multi-model basis used in the research.

The expectancy-value theory of motivation [22-26]: this model has been used to ex-
plain the vocational segregation of women and their under-representation in technology-
related studies. The model proposes that the manifestation of a behaviour is the result
of a multiplication of three components: the need for achievement (motives, MO),
the probability of success (expectations, EX), and the incentive value (IV) of the task.
People only enrol in studies that they believe they can succeed in because they have
the skills and /or competencies to pursue them (expectations for success), and because
they perceive them to have a high value (subjective task value).

To measure these variables, in primary education, the response options were “Yes”
and “No”, to ensure the subjects’ understanding and the reliability of their answers.
At higher levels (secondary, university and graduates), the responses used consisted
of a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree).
Social role theory [27-29]: this model aims to highlight the sources of prejudice towards
women in leadership positions. The goal of this model is to obtain information on
participants’ beliefs about the tasks and activities they consider to be the domain of
men, women or both. Socially, there is an incongruence between a woman’s traditional
work role and a leadership position. This means that many women do not obtain
leadership positions, or do not stay in them for long. Traditionally, women have had
roles attributed to them that relate to care and emotions, while men have had roles
attributed to them that relate to achievement, assertiveness and power.
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e  Gender stereotypes theory [30-33]: this model explains that gender stereotypes have
a multicomponent structure linked to personality traits, role-related behaviours and
professions. This means that the closer the match between a person’s self-image
and the prototypical image of someone working in a particular field, the more likely
that person is to choose that profession. When applied to women, this means that
they find few similarities between themselves and the prototypical image of a person
working in the STEM field. The main cause of this problem is the lack of female role
models in the scientific and technological fields, which does not encourage women to
opt for these fields. For this purpose, the construct is made up of two components:
stereotypes about competences and capabilities (SCC), and stereotypes about social
responsibility (SSR).

o  To measure these variables, in primary education, the response options were “Yes”
and “No”, to ensure the subjects’ understanding and the reliability of their answers.
At higher levels (secondary, university and graduates), the responses used consisted
of a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree).

e  The educational environment [34]: To identify possible structural problems and how
the educational environment influences the selection of academic curricula from
primary school to university, additional questions have been included in the surveys;
these questions concern the number of laboratories in a given centre, the number of
laboratory practices carried out, the use of inclusive language, etc.

These theories are applied to the surveys as shown in Figure 6. Each theory is applied
to one construct, and each construct is made up of a series of questions. In this sense,
references [22-26] have been consulted to formulate the questions in the surveys to analyse
the expectancy—value theory of motivation. The questions in the surveys related to social
role theory have been obtained from [27-29], and the questions that allow us to evaluate
the gender stereotypes theory were obtained from [30-33]. Finally, the authors used [34] as
a basis to elaborate upon constructs related to educational environment.

2.1.2. Materials and Participatory Workshops

In addition to distributing surveys, in primary and secondary educational centres,
participatory workshops have been carried out. The aim of these participatory workshops
is to introduce students to STEM careers by means of technological and scientific laboratory
practices. The complexity of these participatory workshops is adapted to the age of the
students. According to the gender stereotypes theory explained above, stereotypes have
an effect on students’ choice of a profession. For this reason, in order to engage girls
in STEM, female STEM leaders were made responsible for running the workshops. The
participatory workshops were driven by female students from the University of Huelva
(Industrial Chemical Engineers and Industrial Electronics Engineers). Figure 7 shows the
women Industrial Chemical Engineers teaching chemistry practice. In this workshop, they
made slime and hydroalcoholic gel.

(b)

Figure 7. Chemical participatory workshop: (a) making slime; (b) making hydroalcoholic gel.
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Figure 8 shows how the women Electronics Engineers led a hydrogen and renew-
able energy-based participatory workshop and another participatory workshop about an
Arduino microcontroller.

(b)

Figure 8. Renewable energy-based and Industrial and Electronic participatory workshops: (a) hydrogen

and renewable energies; (b) Arduino microcontroller.

2.2. Inferential Statistics, and Reliability and Consistency Tests

The information obtained was organised in four databases, one for each educational
level. The analyses were carried out in SPSS-21.

Firstly, the validity of the constructs, (Model 1) the expectancy—value theory of moti-
vation (variables: motives, MO, expectations, EX and incentive value, VI), (Model 2) social
role theory (SR), and (Model 3) gender stereotypes theory (variables: stereotypes about
competences and capabilities, SCC, and stereotypes about social responsibility, SSR), was
verified by analysing the convergent and discriminant validity indicators of the quantitative
variables. A unidimensional analysis showed that the value of the first component for
all constructs was greater than 1. To measure convergent and discriminant validity, other
indicators were used, such as the average variance extracted (AVE) and the square root of
variance. The AVE of the constructs was above the threshold of 0.53 (except for the MO
and VI constructs of primary education, which were 0.50 and 0.48, respectively), and the
internal consistency criteria were met for most of the constructs. Further details of these
scales, including the factor loadings for each item, Cronbach’s alpha, AVE and discriminant
validity analysis, are provided in Appendix A.

Secondly, in order to obtain information about each construct according to gender
and educational stage, a frequency analysis was carried out, as shown in Appendix B. The
frequency tables show the number and percentage of cases of each observed value for
the variables.

Thirdly, to determine the independence between the sex variable and the rest of the
variables, the chi-square coefficient (x?) was calculated for each educational level. In
this analysis, the sex variable acts as an independent variable, and the rest as dependent
variables. The objective of this test is to contrast the dependency relationship by means
of the significance level; if the significance value is greater than or equal to alpha (0.05), it
is determined that there is no dependency. If the significance value is less, dependency is
accepted. Further details of this analysis are provided in Appendix C.

3. Results

The results are classified by target group and by construct. In this way, it will be easier
to identify where and when the neutrality that early ages students have towards STEM
careers is blurred, and when the gap between the number of male students and the number
of female students who prefer STEM careers becomes significant.
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Firstly, in relation to the impact of the study, Figure 9 shows the target number (in
blue) and the achieved number (in orange with labels) of participants finally enrolled in
the research.

ALAS impact: target and achieved number of participants

International Primary Education Students [* 16
International Secondary Education Students [ 8
International University Students === 36
International University Professors | 5
National STEM workers [* 12
National Graduates ™= 27
National University Professors [ 25
National University Students === 112
National Primary and Secondary Teachers [ 23
National Secondary Education Students | 395
National Primary Education Students [ — 200

0 50 100 150 200 250 300 350 400 450

B Achieved M Target

Figure 9. Quantitative impact indicator using the target groups and real scope.

Based on above, the initial objective was to achieve at least 150 participants; in the end,
the research involved a total of 858 participants (472% more than expected). In all cases, the
surveys were anonymous; only gender, age and educational centre statistics were received.

3.1. Primary Education Students

The results obtained in the variables MO, EX and VI, of the (Model 1) expectancy—
value theory of motivation, do not show significant differences between the sexes. The
percentages of girls’ and boys’ responses to the different items were similar (Figure 10). In
the same way, it is highlighted that there is no dependency between these variables and the
sex variable, since all the values of x> were greater than 0.05 (Appendix C).

100%

90%
80%
70%
60%
50%
40%
30%
20%
10%

00/ o

The subjects: I get good gradesIf I work hard in I can study hard Being goodat = What I learn
math, science in math, science math, science enough to pass math, science about math,
and technology and technology and technology, the next math, and technology science and

are fun Iwilllearnand  scienceand  isimportantto technology is
get good grades technology exam me beneficial to my
life
B Female students answer B Male students answer

Figure 10. Primary education answers to questions based on (Model 1) the expectancy—value theory
of motivation.
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The results obtained in the SR variable, of (Model 2) the social role construct, do not
show significant differences between the sexes. This construct asks the question “Who
is responsible for these activities?”. The percentages of responses from girls and boys
were similar (Figure 11). Similarly, we observed that only the item “Who should dedicate
themselves to agriculture?” was dependent on the sex variable (x? = 0.03), since for the rest
of the items, the values of x? were higher than 0.05 (Appendix C). However, it should be
noted that the item “Taking care of sick people” was attributed in a high percentage by
students to both sexes and in a low percentage to the female sex, but no person surveyed
attributed it only to men. In the same way, the items “Dedicate themselves to agriculture”
and “...to mechanics” were not attributed to the female sex by anyone.

Female students' answers
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Figure 11. Primary education answers to questions based on (Model 2) the social role theory:
(a) female students” answers; (b) male students” answers.

In relation to (Model 3) the gender stereotypes construct, the data show that the
SCC and SSR variables vary according to sex, as shown in Figure 12. The percentages of
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affirmative responses from male students show that they consider their own sex “more
capable of performing technical and mechanical tasks” and the opposite sex (female) “more
capable of organizational and cooperative tasks”. Regarding the question related to study
specialities (STEM vs. social science), the male students responded with a higher percentage
that “the performance of their classmates is better in careers related to the humanities and
social sciences”. Finally, a significant difference is observed in the responses to the item
“Men are responsible for supporting their families financially”. Additionally, to the item
“Women should take care of the home and the care of their children”, only 11% of surveyed
female students responded affirmatively, while this percentage is tripled in case of male
students, rising until to 31%. On the other hand, the dependence of some items on the
sex variable was demonstrated (for example, “men are more capable than women of

v

performing technical and mechanical tasks”, “the performance of girls is better in writing
careers, humanities and social sciences”, “the performance of boys is better in scientific
and technical careers” and “women should worry about the house and taking care of their

children”), as the values of x> were less than 0.05 (Appendix C).

H Female students answer M Male students answer
|
|
i i 0 m
Men do Women are Women are  Men are better Men are Women should
technical and more organized better at atstudying responsible for take care of the
mechanical and collaborate studying science-related supporting their home and the
tasks better than  better with humanity’s careers than families care of their
women other people careers (such as: women financially children
than men Languages, (example:
History, Computer,
Teaching...) Science,
than men Electronics...)

Figure 12. Primary education answers to questions based on (Model 3) the gender stereotypes theory.

Regarding the educational environment, the data reveal that the vast majority of
educational centres are not equipped with a science laboratory (83.4%); therefore, 98.5%
of primary education students have not visited one in the last year. Regarding the sex of
science and mathematics teachers, the data show that in most cases it is female (87.4% and
78.9%) (Table 3).

Table 3. Educational environment in primary education.

) Yes (%) No (%)
Is there a STEM lab in your school?
16.60% 83.40%
. Less than 10 (%) More than (%)
How many times have you gone to the lab?
98.50% 1.50%
. Male (%) Female (%)
Science teacher’s gender
12.60% 87.40%
Male (%) Female (%)

Mathematics teacher’s gender

21.10% 78.90%
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3.2. Secondary Education Students

The results obtained for the variables MO, EX and VI, of the expectancy—value con-
struct, do not show significant differences between both sexes. However, there is a slight
tendency of female students to respond negatively (compared to their peers) to the items “I
understand STEM subjects”, “I get good grades in STEM subjects” and “If I work hard in
STEM subjects I will learn and I will get good grades”. The percentage of “totally agree”
responses in the above items is higher in boys than in girls (Figure 13), and the means of
male responses to these items are higher than those of female students (Appendix B). It was
also shown that an item of the MO variable, “I understand STEM subjects”, is dependent
on the sex variable, since the value of x* was less than 0.05 (Appendix C).

Female students' answers

H Totally disagree ~ H2 3 W4 WTotally agree

The subjects: math, I get good grades in If Iwork hardin I canstudy hard Being good at math, What I learn about

science and math, science and math, science and enough to pass the science and math, science and
technology are fun technology technology, I will next math, science  technology is technology is
learn and get good and technology  important to me  beneficial to my
grades exam life
(a)

Male students' answers

M Totally disagree W2 3 W4 MWTotally agree

The subjects: math, I get good grades in If I work hardin I canstudy hard Being good at math, What I learn about

science and math, science and math, science and enough to pass the science and math, science and
technology are fun technology technology, I will next math, science  technology is technology is
learn and get good and technology  importantto me  beneficial to my
grades exam life
(b)

Figure 13. Secondary education answers to questions based on (Model 1) the expectancy—value
theory of motivation: (a) female students” answers; (b) male students” answers.

The results obtained in the SR variable of the (Model 2) social role theory show
significant differences between the sexes. The percentages of responses from the female
students when awarding the execution of the different tasks to “both sexes” were higher
than those of the male students, as well as the percentages of responses from the students
when assigning domestic tasks and caring for people to the female sex (Figure 14). In
a similar vein, it was shown that there is a dependency between all the items of this
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variable and the sex variable, since the values of x> were less than 0.05 (Appendix C). It
is notable that no male or female student attributed the items “make the beds”, “dedicate
themselves to hairdressing” and “hang out the washing” to the male sex, nor did they

v

attribute “dedicate themselves to agriculture”, “ ... to mechanics” or “fly planes” to the
female sex.
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Figure 14. Secondary education answers to questions based on (Model 2) the social role theory:
(a) female students” answers; (b) male students” answers.

Regarding the gender stereotypes construct (Model 3), the data shows that the SCC
and SSR variables vary depending on sex. The answers of the students indicate that they
agree to a greater extent than their classmates with the items asked (Figure 15). For the
SCC variable, the average of the responses given by male students (Mean_,j) to the item
“men are more capable of doing technical and mechanical tasks” was 2.22, while that of
the female students (Mean_gema1e) was 1.48. The male students also consider to a greater
extent than their female counterparts that “boys’ performance is better in technical careers”
(Mean_p,1e = 2.02; Mean_gemale = 1.45). Additionally, in the item “boys are better in STEM
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professions”, the means of the male students were higher than those of the female students
(Mean_p,1e = 2.56; Mean_gema1e = 1.64) (Appendix B). Regarding the SSR variable, the
means of the male responses were higher than those of the female students, which indicates
that they agree to a greater extent than their peers that “maintaining families financially” is
the responsibility of the male sex (Mean_j,1e = 1.85; Mean_gemaje = 1.23), while “taking care
of the home and the offspring” is the responsibility of the female sex (Mean_ja1. = 1.85;
Mean_¢emale = 1.31) (Appendix B). Finally, the data demonstrated the dependence of the
items of the gender stereotypes construct on the sex variable, since the values of x> were
less than 0.05, except in the item of the SCC variable “women are more capable of doing
organizational and cooperative tasks”, since the value of x> was 0.06 (Appendix C).
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than men Electronics...) industry, and
construction
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Figure 15. Secondary education answers to questions based on (Model 3) the gender stereotypes
theory: (a) female students” answers; (b) male students’ answers.
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Is there a STEM lab in your educational

Regarding the educational environment, the data reveal that most of the educational
centres visited have a STEM laboratory (88.2%); even so, 75.3% of the students had visited
it less than 10 times in the last year. Regarding the sex of science teachers, the majority were
female (67.3%); however, in the subjects of mathematics and technology, the data showed
that the majority of teachers were male (57% and 63.1%) (Table 4).

Table 4. Educational environment in secondary education.

) ) Yes (%) No (%)
Is there a STEM lab in your high school?
88.20% 11.80%
) Less than 10 (%) More than (%)
How many times have you been to the lab?
75.30% 24.70%
Male (%) Female (%)
Science teacher’s gender
32.70% 67.30%
. Male (%) Female (%)
Mathematics teacher’s gender
57% 43%
Male (%) Female (%)
Technology teacher’s gender
63.10% 36.90%

3.3. Primary and Secondary Teachers

The main questions formulated for teachers were related to educational environment,
as shown in Figure 16. We can observe that in almost all (70%) the educational centres
visited, there is a STEM laboratory, but unfortunately less than 35% of the surveyed teachers
give lessons in the STEM laboratory to his/her students. Despite there being a science lab
in the school, more than a half of surveyed teachers do not prepare hands-on experiments
for their students in STEM labs.
= Yes mNo Hlessthan 10 M More than 10

100%
80%
60%
40%
-
0%

How many times have you taken your students to the
lab since you started working in this educational
center?

(a) (b)

Figure 16. Primary and secondary teachers’ answers about the educational environment: (a) question

center?

about if the educational centre has science laboratory; (b) question about how often students use
science laboratory.

Of the whole sample of teachers consulted in surveys, 78.3% are women and 21.7% are
men. Another additional question they were asked was “Do you use inclusive language
while teaching?” Some responses about the use or non-use of inclusive language were
“Because I do not think it’s necessary”, “It’s not a habit for me”, “I think it’s essential
because there is still a lot of gender inequality”, “For students to acquire this language’
and “To normalize it”.

The degree of teachers” awareness of the low participation of female students in the
fields of science and technology was also assessed, as shown in Figure 17. Regarding the

answers, we can observe that in primary and secondary schools, female teachers are more

7
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concerned than male teachers about the decrease in students choosing STEM careers, but
male teachers are more cognizant of the gender gap in STEM careers.

Female teachers' answers
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you think you are a the previous question
reference when it  with a value greater
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gap that exists in the scientific-technical than 2, what is your comes to your

scientific- scientific- vocations among  degree of sensitivity students choosinga importance do you
technological technological students? to the gender gap in  scientific-technical ~give to the need for
itineraries? itineraries? the STEM itinerary? itinerary? STEM references for
female students?
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Figure 17. Primary and secondary teachers’” answers on their degree of awareness of the low partici-
pation of female students in STEM careers: (a) female teachers” answers; (b) male teachers” answers.

3.4. University

At university level, the research was extended to both students and professors from
different fields; these not only included engineering, but also science, social sciences
and economics.

3.4.1. University Students

The results obtained in the variables MO and EX, of the (Model 1) expectancy-value
theory of motivation, do not show significant differences between both sexes, although
the means of the male responses are somewhat higher than those of the female students
(Appendix B). However, there are two items of the VI variable that do show differences in
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the answers offered by the female students and the male students, since the males answered
with a higher percentage of affirmative responses that “being good in STEM subjects means
a lot to me” (Mean_pa1e = 3.47; Mean_gem,1e = 2.98) and that “being good in these subjects
will help me in the rest of my studies” (Mean_y,je = 3.46; Mean_gemale = 2.96) (Appendix B
and Figure 18). However, only one item of the expectancy—value construct is dependent on
the sex variable (“I understand STEM subjects”), since the value of x> was less than 0.05
(Appendix C).

Female students' answers

M Totally disagree W2 13 W4 HTotally agree

The subjects: I get good grades IfIwork hardin Icanstudyhard  Beinggoodat The knowledgeI
math, science and in math, science math, science and enough to pass the math, science and  have in math,

technology are and technology technology, I will next math, science technology will science and
interesting to me learn and get good and technology make it easier for technology will
grades exam me to get my help me in my
university degree profession
(a)

Male students' answers
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The subjects: math, I get good grades If Iwork hardin I can study hard Being good at  The knowledge I

science and in math, science math, science and enough to pass the math, science and  have in math,
technology are and technology technology, I will next math, science technology will science and
interesting to me learn and get good and technology make it easier for technology will
grades exam me to get my help me in my
university degree profession
(b)

Figure 18. University students’ answers to questions based on (Model 1) expectancy—value theory of
motivation: (a) female students’ answers; (b) male students’ answers.

The results obtained in the RS variable of the (Model 2) social role theory do not show
significant differences between the sexes. The percentages of female and male responses
to the different items were similar (Figure 19). In the same way, it was shown that there
is no dependency between most of the items of this construct and the sex variable, since
the values of x? were higher than 0.05 (Appendix C), with the exception of the item “who
should be dedicated to agriculture?”, which did show dependence (x* = 0.03). It is worth
highlighting the fact that no female student attributed certain domestic and care tasks to
the male sex (i.e., making the bed, taking care of the sick, hanging out the washing, cleaning
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the house and sewing), but the male students did. In a similar vein, the items “dedicate
themselves to agriculture”, “...to politics” and “repairing things around the home” were
attributed in a high percentage by students to both sexes and in a low percentage to the

male sex, but no person surveyed attributed this item only to women.
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Figure 19. University students’” answers to questions based on (Model 2) the social role theory:
(a) female students” answers; (b) male students” answers.

As for the SCC and SSR variables of the (Model 3) gender stereotypes theory, the
percentages of the responses of students stating that they “totally disagree” with almost
all the items were higher than 50% in both sexes, except for the one related to “Women
are more organized and collaborate better with other people than men”. More than 15%
of surveyed male student agreed totally with this item, while only 5% of the surveyed
female students (Figure 20) agreed with this item. The means of the responses of both sexes
are similar (Appendix B). The x? analysis showed that there is no dependence between
the SCC and SSR variables with the sex variable, since all the values are greater than 0.05
(Appendix C).
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Figure 20. University students” answers to questions based on (Model 3) the gender stereotypes
theory: (a) female students” answers; (b) male students’ answers.

Additionally, university students were asked about their degree of concern in relation
to the effect that the actual gender gap in STEM careers could have on society. Almost
70% of the surveyed participants think this will have consequences for society, as shown in
Figure 21.
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Do you think this will have any (positive or negative)
consequences for society?

Blank
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No
28%
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69%

BYes BNo MBlank

Figure 21. University students’ answers to an additional question on the impact that the low
percentage of women enrolled in STEM carers could have on society.

As for the primary and secondary students, the last construct discussed with the
university students was the educational environment. With regard to the reasons that
guided the students to choose their current university degree, differences can be observed
between the responses of women and men studying STEM careers, and between women
studying STEM and women studying non-STEM careers. Half of the surveyed students
studying STEM careers (54.55% of women and 55.26% of men) recognise that they selected
STEM careers by vocation. By contrast, this percentage increased to 88.10% (women) and
71.43% (men) in the case of non-STEM students.

Other reasons such as family influence have a weight of 18.8% in STEM women (the
highest weight in comparison with the non-STEM women and all the male students).
Additionally, almost one fifth of surveyed STEM women (18.18%) say their choice was
motivated by professional opportunities. This percentage duplicates in the case of STEM
men (34.21%). The responses of the students of non-STEM degrees do not contemplate
family influences or professional opportunities in their choice. Observing only the male
students, the responses of the STEM students were mostly related to vocation and profes-
sional opportunities (55.26% and 34.21%), similar to male students of non-STEM degrees
(71.43% and 19.05%) (Table 5).

Table 5. Reasons that guided the choice of curriculum.

Female Students’ Responses ~ Male Students” Responses

STEM (%)  NOSTEM  grem(w) — NOSTEM
(%) (%)
Family influence 18.8% - 2.63% -
Vocation 54.55% 88.10% 55.26% 71.43%
Previous curricular itinerary 9.09% 11.90% 2.63% 4.76%
Obligation - - 5.26% -
Professional opportunities 18.18% - 34.21% 19.05%
Dk/Da - - - 4.76%

3.4.2. University Professors

Surveys asked this group their gender, age, years of teaching experience, and the
institution in which they teach. Of this group of 25 professors, 20% were women and
80% were men. The professors’ surveys were more focused on how they perceive the
roles that traditionally exist in this field between men and women, as they apply to male
and female students. As Figure 22 shows, they were also asked additional questions,
including: “Do you use inclusive language while teaching?”. More than half of professors,
regardless of whether they are men or women, do not use inclusive language in classes.
Some answers about the use or not of inclusive language were “It’s a waste of time”, “It
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makes communication difficult”, “I have not internalized it. It does not come naturally to

me”, “Because I do not agree with this language”, “I'm used to it and it seems to me the
most appropriate” and “This language shows equality and respect”.

Female professors' answers Male professors’ answers
100%
100%
80% 80%
60% 60%
40% 40%
20%
20%
0%
Do you use inclusive language while 0%
teaching? Do you use inclusive language while teaching?
H Yes MNo ®Yes HNo
(a) (b)

Figure 22. University professors answers to an additional question on the use of inclusive language
in the classroom: (a) female professors’ answers; (b) male professors’ answers.

3.5. University Graduates

The results obtained in the variables MO, EX and VI of the (Model 1) expectancy—value
theory of motivation do not show significant differences between the sexes. In a similar
vein, it is highlighted that there is no dependency between these variables and the sex
variable, since all the values of x? were greater than 0.05 (Appendix C).

However, there is one item of the VI variable that does show differences in the answers
offered by the female students and the male students; the male students responded with a
higher percentage of affirmative responses that “being good in STEM subjects means a lot
to me” (Mean_ 1. = 4.08; Mean_¢emale = 3.63) (Appendix B and Figure 23).

Female students' answers
100%
90%
80%
70%
60%
50%
40%

30%

20%

10% I 0 I
v W = m

The subjects: I got good grades If I worked hard I could study Being good at The knowledge I
math, science and in math, science in math, science hard enough to math, science and have in math,
technology were and technology and technology,I pass the math, technology made science and

M Totally disagree W2 3 W4 METotally agree

fun learned and got science and it easier formeto  technology
good grades  technology exam get my university helped me in my
degree profession
(@)

Figure 23. Cont.
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100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Male students' answers

M Totally disagree W2 3 W4 HETotally agree

The subjects: I got good grades If I worked hard I could study Being good at The knowledge I
math, science and in math, science in math, science hard enough to math, science and have in math,
technology were and technology and technology,I passthe math, technology made  science and

fun learned and got science and it easier formeto  technology
good grades  technology exam get my university helped me in my
degree profession
(b)

Figure 23. University graduates” answers to questions based on (Model 1) the expectancy—value
theory of motivation. (a) female students” answers; (b) male students” answers.

The results obtained in the SR variable of the (Model 2) social role theory do not
show significant differences between the sexes. The percentages of female and male
responses to the different items were similar (Figure 24). In the same way, it was shown that
there is no dependency between most of the items of this construct and the sex variable,
since the values of x> were higher than 0.05 (Appendix C). Nevertheless, it is worth
highlighting the fact that a higher number of female graduates consider both women and
men to be responsible for doing all the tasks mentioned in the survey (100% of surveyed
women believe that task such as flying planes, managing a bank, taking care of the sicks
and cleaning the house correspond to both men and women). However, regarding the
answers from male graduates, it can be seen that there are considerable number of tasks
that male graduates consider to correspond exclusively to men (dedicating themselves
politics, dedicating themselves to mechanics, flying planes, driving buses); meanwhile,
they considered several domestic tasks to correspond exclusively to women (taking care of
the sick, hanging out the washing, cleaning the house, sewing).

In relation to (Model 3) the gender stereotypes theory, for the SCC and SSR variables,
students of both sexes stated that they “totally disagree” with almost all of the items (i.e.,
more than 50% of students of both sexes), as shown in Figure 25, Appendix B. The x?
analysis showed that there is no dependence between the SCC and ERS variables with
the sex variable, since all the values are greater than 0.05 (Appendix C). But some items
deserve attention. For example, in the item “In the labour market, boys are better at
STEM professions”, the disagreement level is higher in woman than in men (Mean_gemae
1.44, Mean_p 1. = 1.92). In the items “Men are responsible for supporting their families
financially” and “Women should take care of the home and of their children”, absolutely all
of the surveyed women disagreed, but not all of the surveyed men thought the same. There
were even some who totally agreed with these items (Mean_ema1e = 1, Mean_p,a1. = 1.50).
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Female graduates' answers

B Men EWomen [ Both
100%

90%
80%
70%
60%
50%
40%
30%
20%
w Lkl

Male graduates' answers
EMen HWomen [ Both
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%IIIII (N RN IIIIIII
Q

Figure 24. University graduates’ answers to questions based on (Model 2) the social role theory:
(a) female graduates” answers; (b) male graduates” answers.
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100%
90%

Female graduates' answers

H Totally disagree M2 3 W4 METotally agree

80%

70%

60%

50%

40%

30%

20%

0 b b bl
0% | | | | | |

Men do Women are Women are Men are better In the labour  In the labor Men are Women should
technical and more organized better at at studying market, girls are market, boys responsible for take care of the
mechanical and collaborate  studying science-related  better off in are better in supporting  home and the
tasks better better with humanity’s careers than professions professions  their families  care of their
than women  other people careers (such as: women related to related to financially children
than men Languages, (example: personal care computer
History, Computer, and social science,
Teaching...) Science, services electronics,
than men Electronics...) industry, and
construction
(a)
Male graduates' answers
100% X
90°, M Totally disagree W2 3 W4 METotally agree
o
80%
70%
60%
50%
40%
30%
20%
10% I
o, Nl 0 i i i i
Men do Women are Women are  Men are better In the labour  In the labor Men are Women should
technical and more organized better at at studying market, girls are market, boys responsible for take care of the
mechanical and collaborate  studying science-related  better off in are better in supporting  home and the
tasks better better with humanity’s careers than professions professions  their families  care of their
than women  other people careers (such as: women related to related to financially children
than men Languages, (example: personal care computer
History, Computer, and social science,
Teaching...) Science, services electronics,
than men Electronics...) industry, and
construction
(b)

Figure 25. University graduates” answers to questions based on (Model 3) the gender stereotypes
theory: (a) female graduates” answers; (b) male graduates ~ answers.

3.6. Enterprise/Industry Professionals

The last target group studied is that of enterprise and industry professionals. The
surveys were anonymous; only information on gender, age, position held in the company
and years of experience was obtained. The surveys asked questions about the type of
activity carried out by the company within the STEM field, and the gender equality that
exists within the company. Figure 26 shows the obtained results from some of the questions
in the survey: “Is there an equal environment between men and women in the company
where you work?”, “Do you use inclusive language in your work environment?” and
“Does the company in which you work have an Equality Plan registered in REGCON?".
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As Figure 26a shows, there is an equal environment in the companies, although inclusive
language is not yet well established (Figure 26b). Similarly, most STEM workers do not
know if there is an Equality Plan in their company (Figure 26c).

W Yes | No
10

® Yes
5 ® No
0
Is there an equal environment between men and women
in the company where you work? Do you use inclusive language in your work
environment?
(a) (b)
® Yes
® No
Don’t know

Does the company in which you work have
an Equality Plan registered in REGCON?

(c)

Figure 26. Enterprise/industry professionals” answers to questions about the STEM field and the gen-
der equality that exists within their company: (a) question about equality environment; (b) question
about inclusive language; (c) question about equality plan.

4. Discussion

Based on collected data, the initial hypothesis is validated. There is not a single model
that explains the low presence of women in STEM careers. From the research carried out,
we can observe an interrelation between the three models. Students who classify tasks and
professions according to gender (i.e., the social role theory) are prone to assigning different
capabilities to women and men (i.e., the gender stereotypes theory).

Then, with regard to the tasks and activities that students consider to be typical of
men, women or both sexes, i.e., the roles that society has traditionally attributed to men
and women, the data do show significant differences between male and female students,
especially in secondary education; at this stage (coinciding with adolescence), male students
showed greater discrimination between the roles assigned to the sexes.

Regarding gender stereotypes related to competences and skills, the collected data
indicate that from primary education onwards, there is a greater tendency for male students
to consider themselves better at STEM disciplines and professions. This tendency is more
noticeable in secondary education, but tends to decrease in higher education. Regarding the
stereotypes of social responsibility attributed to the sexes, according to the data analysed,
male students show a greater discrimination of responsibilities attributed to each sex than
female students. These differences are more pronounced at an early age (primary and
secondary education), and diminish by the time they reach higher education.
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Regarding the influence of educational environments on the promotion of STEM
degrees, the data revealed the frequent use of non-active methodologies in primary and
secondary schools, as well as a lower female presence in the teaching teams of these subjects
in secondary schools. These findings could indicate that the educational environments
analysed (primary and secondary) favour female students rarely choosing STEM degrees.

With regard to the motivations for the choice of degree, according to the data analysed,
vocation is the main reason. In addition, university students believe that the low percentage
of women in STEM degrees will increase inequalities between men and women. On the
causes of low female participation in STEM, students’ opinions differ by gender. Female
students attribute low participation to social causes, and male students attribute low
participation to gender differences in taste. Both female and male university students would
encourage guidance in the previous educational stages to increase female participation in
STEM degrees.

With regard to teachers, both primary and secondary education teachers are highly
committed to closing the gender gap in all fields, and particularly in STEM careers.

Unfortunately, university professors do not seem to be either as committed or as
concerned about the gender gap in STEM careers. Most of them are not looking for new
resources to help challenge the gender gap in their classes.

Regarding companies and industries, it can be observed that they reflect what is
happening in the other productive sectors and the rest of society in general. More than 83%
of surveyed companies have a gender equality plan, but only half use inclusive language
in the work environment.

Comparing the results obtained by the authors in this research with previous scientific
works referred to in Table 2, we can observe the following. The study carried out in [16]
with 15-year-old students in 57 countries found that 64% of boys and girls expect to be able
to work in a STEM-related profession. In our case, the study conducted by the authors
found that 40% of female secondary school students believe that their knowledge obtained
in mathematics, science and technology will be beneficial for their future (Figure 13a).
Similarly, a study in [16] found that the separation of men and women in certain sectors of
the public sphere can spread certain gender roles in professional occupations. The authors’
study, based on “(Model 2) social role theory” also found that there are still professions
rooted in gender roles.

Garcia-Holgado, Mena et al. [17] showed that only 32.69% of graduates in STEM
programs during the 2018/2019 academic year were female. In the study conducted by the
authors, in Figure 1, it is shown that in 2018, 33.26% of graduates in tertiary education in
the EU in STEM disciplines were female.

The results of the study by Dulce-Salcedo et al. [18] indicate that this gap could be
reduced by exposing students to a higher proportion of female STEM teachers in secondary
education. In the study conducted by the authors, surveys of primary and secondary
education teachers are pooled, and of the 23 teachers surveyed, 18 are female teachers;
both female students and female teachers are aware of the importance of having a female
reference in STEM classes.

Jiang [19] conducted a study in which he found that family reasons, place of work and
stereotypes rooted in women’s place of origin influence a higher dropout rate in women in
STEM disciplines than in men. In the study carried out using “(Model 2) social role theory”,
the authors found ideological entrenchment regarding women taking care of the home and
caring for the sick.
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The study conducted by Kumar et al. [20] with children between 4 and 6 years of age
found that in the male/all-female condition, the scientist figure was more rooted in the male
role, with 59%, as opposed to 33% in the all-female condition, 38% in the all-male condition
and 43% in the female/all-male condition. In the study carried out by the authors for
“(Model 2) social role theory” with children in primary education, it can be seen that many
professions still have a gender difference in perception (Figure 11a,b), where powerful and
intellectual occupations are associated with men, and more care-oriented professions are
associated with women.

The results obtained from the study conducted by Krsti¢ and Gawet [21] determined
that the gender gap in STEM entrepreneurship is determined by the gender gap in STEM
education. There are twice as many male entrepreneurs as female entrepreneurs. In higher
education, the largest STEM-related gender gaps are in science, mathematics, comput-
ing, engineering, manufacturing, and construction, with far more male graduates than
female graduates. The study conducted by the authors shows that in higher education
(Figures 1 and 2) the number of women graduates in tertiary education in Europe ranges
between 32-33%, while in Spain, it ranges between 28-29%.

5. Conclusions

Based on the obtained results, it can be concluded that we have a long way to go to
reach gender-balanced study ratios in STEM fields. On the one hand, the results of the
surveys show that there are still social patterns that make young people differentiate certain
types of activities based on gender. At this stage, boys still think that professions related
to the care of the home and of sick people are the responsibility of women, while more
technical, authoritative and manual professions are for men. This can also be extrapolated in
the opposite direction, resulting in careers such as nursing, social work, primary education
and psychology being dominated by women.

On the other hand, it can be seen that of the three educational levels (primary, sec-
ondary and university), higher education teachers, compared to primary and secondary
teachers, are the least aware of the gender gap in STEM. Most of the university professors
surveyed state that they have no intention of carrying out any type of small action in
their classes to contribute to the visibility of women in a field with such a low percentage
of women.

Apart from the conclusions obtained from the responses to the surveys related to the
three models analysed, the authors determined that one of the most important reasons
for low engagement in STEM areas is the educational environment, i.e. the poor contact
that students have with science and engineering in primary and secondary school. It is
difficult to engage students (male or female) in science or engineering at the age of eighteen
(university) when they have never stepped into a STEM laboratory before. The authors
deduce that it is crucial to redefine the curriculum, adapting it to ensure that primary and
secondary students learn science and engineering with the “five senses” (seeing, touching,
hearing, smelling and tasting).

The participatory workshops carried out in this study have been designed to show that
the fields of technology and science are strongly linked to decision-making and economic
and social leadership positions. If the presence of women in STEM careers is strengthened,
women'’s capacity for influence in these fields will be much greater.
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Appendix A
Primary Students Secondary Students University Students University Graduates
Factorial Analysis Mean Mean Mean Mean
(SD) Load AVE  Alfa (SD) Load AVE  Alfa (SD) Load AVE  Alfa (SD) Load AVE  Alfa

Motives (MO)

. 422 3.01 3.49 3.93
STEM subjects are fun (1.59) 0.62 0.50 0.49 (1.29) 0.79 0.73 0.84 (131) 0.79 0.71 0.78 (1.15) 0.85 0.81 0.89
I understand STEM subjects (éll'gg) 0.85 (:1)’;2) 0.90 (f'gé) 0.93 (:1)"8‘91) 0.94
I get good grades in STEM subjects (;1'(7)2) 0.64 (?'Z% 0.86 (é'ZE) 0.80 (i'g’;) 0.91
Expectations (EX)
If I work hard in STEM subjects, I will learn 4.98 2.66 3.94 4.18
and get good grades (0.28) 0.71 054 —0.18 (1.35) 0.92 0.85 0.82 (0.95) 0.90 0.81 0.78 (1.02) 0.90 0.81 0.78
I can study hard enough to pass the next 4.88 4.20 3.80 3.93
STEM subjects exam (0.67) 0.71 (1.13) 0-92 (1.05) 0-90 (1.05) 0-90
Incentive value (IV)
Being good at STEM means a lot to me (11'(7)3) 0.67 0.48 0.44 (i)'gz;) 0.79 0.64 0.81 (i?ll) 0.78 0.60 0.68 (i'gz) 0.83 0.79 0.82
Being good at STEM will help me in the rest 4.86 3.99 3.22 3.46
of the years in my studies (0.74) 076 (1.19) 0.77 (1.4) 081 (1.32) 089
What we learn about STEM is beneficial to 484 0.64 3.58 0.82 ) ) i )
my life (0.79) ’ (1.26) ’
The knowledge I have of STEM will help me 3.70 3.16 3.25
in my future work ) ) (1.33) 083 (1.53) 0.74 (1.29) 0.86
Stereotypes about competences and
capabilities (SCC)
Men are more qualified than women to do 2.05 1.15 1.63 1.43
technical and mechanical tasks (1.76) 0.75 0.53 0.68 (127) 0.72 0.61 0.87 (0.94) 0.75 0.57 0.84 (0.96) 0.58 0.61 0.83
Women are better able to do organizational 2.89 2.76 2.47 1.89
and cooperative tasks (2.00) 055 (1.46) 0.73 (1.37) 068 (1.07) 0-54
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Primary Students Secondary Students University Students University Graduates

Factorial Analysis Mean Mean Mean Mean

(SD) Load AVE Alfa (SD) Load AVE  Alfa (SD) Load AVE Alfa (SD) Load AVE  Alfa
Girls’ performance is better in arts, 1.88 1.90 17 1.57
humanities and social sciences majors (1.66) 082 (1.22) 0-80 (1.07) 082 (1.17) 091
The performance of boys is better in 1.68 1.73 1.47
scientific-technical careers (1.51) 0.76 (1.05) 0.83 (0.82) 0.78 ) )
In the labour market, girls are better in . _ } ) 2.03 073 1.96 0.69 1.61 0.91
professions related to care and services (1.18) ’ (1.15) ’ (1.03) ’
In the job labour, boys are better at STEM 2.10 1.68 1.64
professions ) ) ) ) (1.35) 0.86 (0.96) 081 (1.19) 0.87
Stereotypes about social responsibility
(SSR)
Men are responsible for supporting their 1.80 1.54 1.16 1.21
families financially (1.61) 0.86 0.74 0.65 (1.09) 0.93 0.87 0.85 (0.61) 0.85 0.72 0.60 0.83) 0.99 0.98 0.1
Women should take care of the house and 243 1.58 1.32 1.21
their children. (1.92) 0.86 (1.17) 093 (0.88) 0-85 (0.83) 0.99
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Appendix B
Secondary Students University Students University Graduates
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Female Male Female Male Female Male

Motives (MO)
STEM subjects are fun 2.94 (1.27) 3.08 (1.30) 3.30 (1.42) 3.66 (1.18) 3.81(1.17) 4.08 (1.16)
I understand STEM subjects 2.94 (1.27) 3.34(1.21) 3.06 (1.20) 3.54(0.93) 3.56 (1.15) 3.75 (1.05)
I get good grades in STEM subjects 2.80 (1.27) 3.04 (1.26) 2.96 (1.11) 3.02 (0.82) 3.50 (1.15) 3.67 (0.88)
Expectations (EX)
If I work hard in STEM subjects, I will
learn and get good grades 4.09 (1.75) 4.31 (1.07) 3.85 (1.06) 4.02 (0.84) 4.19 (0.83) 4.17 (1.27)
[can study hard enough topassthe | 559 1 59 410(119) | 375(116)  385094) | 406(093)  3.75(1.21)
next STEM subjects exam ’ ' ' ' ' ' ' ' ' ' ' ’
Incentive (IV)
Being good at STEM means a lot to me 3.57 (1.34) 3.59 (1.21) 2.98 (1.25) 347 (1.14) 3.63 (1.02) 4.08 (1.08)
Being good at STEM will help me in
the rest of the years in my studies 3.97 (1.23) 4.01 (1.15) 2.96 (1.41) 3.46 (1.36) 3.19 (1.47) 3.83 (1.03)
What we learn about STEM is
beneficial to my life 3.60 (1.31) 3.56 (1.21) ) ) ) )
The knowledge I have of STEM will
help me in my future work 3.68 (1.38) 3.73 (1.27) 3.11 (1.35) 3.20 (1.36) 3.19 (1.42) 3.33 (1.15)
Stereotypes about competences and
capabilities (SCC)
Men are more qualified than women
to do technical and mechanical tasks 1.48 (0.90) 2.22 (1.47) 1.64 (0.94) 1.61 (0.95) 1.19 (0.54) 1.75 (1.29)
Women are better able to do 256 (1.38) 296 (1.51) | 245(129)  2.49 (1.45) 2(1.03) 1.75 (1.14)
organizational and cooperative tasks
Girls” performance is better in arts, 1.62(1.07)  219(130) | 1.66(1.02)  173(1.13) | 150(1.09)  1.67 (1.30)
humanities and social sciences majors
The performance of boysisbetterin | 2 o000 200(119) | 140072) 154 (0.90)
scientific-technical careers
In the labour market, girls are better
in professions related to care and 1.77 (1.06) 2.31(1.23) 1.91 (1.11) 2(1.19) 1.50 (1.09) 1.75 (0.96)
services
In the job labour, boys are better at
STEM professions 1.64 (1) 2.56 (1.49) 1.64 (0.94) 1.71 (0.98) 1.44 (0.81) 1.92 (1.56)
Stereotypes about social
responsibility (SSR)
Men are responsible for supporting
their families financially 1.23(0.77) 1.85 (1.27) 1.08 (0.27) 1.24 (0.79) 1(0) 1.50 (1.24)
Women should worry about the house
and taking care of their children. 1.31 (0.87) 1.85 (1.36) 1.19 (0.52) 1.44 (1.10) 1(0) 1.50 (1.24)
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Appendix C
x% Gender
Primary Students Secondary Students  University Students  University Graduates
Motives (MO)
STEM subjects are fun 0.56 0.38 0.30 0.57
I'understand STEM subjects 0.69 0.04 0.03 0.54
. fsjte%fs"d grades in STEM 0.65 034 007 0.65
Expectations (EX)
Lol eat and get oo rader 034 025 060 045
I can study hard enough to pass
the next S%EM subjec’zgs exarr; 047 078 043 030
Incentive value (IV)
ﬁ)etl?f ri‘;"d at STEM means a 0.35 0.14 0.30 0.12
Being good at STEM will help
me in the rest of the years in my 0.79 0.23 0.36 0.59
studies
el ST g - —
Wil bl m i my e work : 03 010 059
Social Role (SR)
Who would these activities
correspond to men, women or 0.03 0.00 0.21 -
both? Engage in agriculture
. Politics 0.61 0.00 0.62 0.35
. Mechanics 0.48 0.00 0.49 0.75
. Fly planes 0.42 0.00 0.79 0.24
. Drive buses 0.58 0.00 0.63 0.83
. Do housework 0.44 0.00 0.63 0.24
. Engage in hairdressing 0.06 0.00 0.34 0.38
. Head a bank 0.98 0.02 0.41 0.24
. Repair devices at home 0.34 0.00 0.94 0.24
. Drive trucks 0.58 0.00 0.32 0.83
. Take care of sick 0.44 0.00 0.63 0.24
. Hang out the washing 0.14 0.00 0.63 0.24
. Cleaning the house 0.43 0.01 0.37 0.24
. Sew the clothes 0.58 0.00 0.26 0.38
. Engage to engineering 0.11 0.02 0.32 0.83
. Washing the dishes 0.29 0.01 0.37 0.24
. Ironing 0.56 0.00 0.63 0.83
. Cooking 0.65 0.01 0.37 0.24
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x% Gender

Primary Students Secondary Students  University Students  University Graduates

Stereotypes about competences
and capabilities (SCC)

Men are more qualified than

women to do technical and 0.03 0.00 0.88 0.48

mechanical tasks

Women are better able to do

organizational and cooperative 0.27 0.06 0.31 0.38

tasks

Girls’ performance is better in

arts, humanities and social 0.00 0.00 0.72 0.52

sciences majors

The performance of boys is

better in scientific-technical 0.02 0.00 0.64 -

careers

In the labour market, girls are

better in professions related to - 0.00 0.88 0.26

care and services

In the job labour, boys are better

at STEM professions i 0.00 069 021
Stereotypes about social

responsibility (SSR)

Men are responsible for

supporting their families 0.07 0.00 0.34 0.24
financially

Women should worry about the

house and taking care of their 0.00 0.00 0.20 0.24
children.
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