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Abstract 
The number of female students enrolled in engineering degrees represents only 15% over the total 
number of students. This percentage has remained unchanged during the last 10 years. In fact, in 
some specialities the percentage of girls is even worse than at the beginning of the century, when 
there was already a very important gender gap. There is a global concern about this issue as reflected 
in the Sustainable Development Goal 4 “Quality Education” defined by the United Nations. Many girls 
do not even consider studying an engineering degree as a plausible option and everybody must work 
for every child to have access to all the possible alternatives. In this way, the gender gap problem on 
the Electrical and Electronics Engineering degrees is addressed in this work. First, the statistics 
publicly available of the number of girls studying engineering degrees in Spain are shown and 
compared with those of other western countries. Second, the situation found in the Industrial 
Engineering School of Toledo of the University of Castilla – La Mancha is analysed, where both the 
Electrical Engineering degree and the degree in Industrial Electronics and Automation have been 
studied from 1983. The evolution over the last years is presented according to the following data: the 
number of new enrolments in each degree vs. the percentage of female students, the number of 
graduate students vs. the percentage of female students, and the academic results in each group of 
students. Third, the possible reasons of having such low percentage of female students in the 
industrial engineering are analysed by referring to sociological studies recently published. Fourth, 
actions to be developed in the schools, high schools and universities are proposed in order to change 
the decreasing tendency in the number of female engineering students. Finally, the initiatives already 
developed are described. 
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1 INTRODUCTION  
The concern about the low percentage of women studying science, technology, engineering and 
mathematics (STEM) has increased in the last years. Historically, there has always been a gender gap 
in STEM studies, especially in technological and engineering degrees. Nowadays, in spite of the big 
improvements achieved in the women rights recognition around the world, the presence of female 
students in engineering degrees has not significantly increased.  

The issue number 3 of the report published by the Institute for Statistics of the UNESCO in 2006 [1] 
examines the proportion of women working as researchers in STEM fields around the world. From the 
available data in 2006, the authors indicated that in Europe only 32% of researchers were women. 
The percentage was lower in the private sector. They found out that the gender disparity is more 
relevant in higher-income countries. The “Scissors diagram” shown in this report examines how the 
percentage of women decreases as long as the education level grows. Stereotyping, working 
conditions, and governance are some of the causes mentioned in this report. Later on, in reference [2] 
this phenomenon was defined as “the leaky pipeline”, also referring to the women that exit before 
achieving a stable research career. In this work, it is analysed the situation in seven European 
countries. The numbers show that the difference between the number of female students in bachelor’s 
degrees and the number of researchers is even higher in STEM fields and, especially in engineering. 
In addition, the existence of the so-called “glass ceiling” was demonstrated through the collected data. 
About the causes, in page 218 of [2] the authors state the following: “the problem of articulating work 
and family within a gender regime maintaining a sexual division of productive work and reproductive 
work is one of the apparent causes of the downfall in terms of leaky pipeline”. The statistics of the 
analysed European countries demonstrate that in general still now women dedicate more hours than 
men to take care of the children, other family members and the daily household chores, which 
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translates into women being more willing to have a part-time job. Report [3] also provides a very 
interesting and complete analysis of the gender gap in education in the OCDE countries. 

In Spain, report [4] states that the situation is slightly better than in the European Union on average, 
but still there is not gender parity among the researchers (39% of women). Among the multiple 
indicators examined in [4], the authors highlight that the presence of women in the upper research 
levels and in the decision boards is increasing very slowly. In [5], a broad description of the current 
situation of women in STEM fields is provided. In [6] a dramatic picture of the evolution of the number 
of women studying engineering and technical degrees is shown. 

The sociologists and psychologists studying the reasons behind the gender inequality in education 
indicate the gender stereotypes and the lack of female references as two of the main reasons leading 
to the gender gap in STEM. In 2017, researchers from the United States published a paper analysing 
the gender stereotypes in children [7]. One of the conclusions of the experiments carried out is that at 
the age of 5 children have a good image of their brilliance and niceness, whereas at 6 and 7 girls start 
to think that they are less brilliance than boys but nicer. Other experiments done with children, such as 
[8] or [9], reveal the gender stereotypes embedded to the society. On the other hand, several papers 
recently published analyse the lack of female references in books for primary school and the media, 
[10], [11]. The conclusion of these analyses points out the gender disparity in the visual representation 
of professionals in science and technology and its influence on the young minds. 

To change this situation, multiple initiatives have been implemented recently. For instance, the 2030 
Agenda of the United Nations comprises 17 Sustainable Development Goals (SDGs), among which 
the number 5 is corresponding to gender equality [12]. Some of the targets of goal 5 are “Ensure 
women’s full and effective participation and equal opportunities for leadership at all levels of decision 
making in political, economic and public life” and “Enhance the use of enabling technology, in 
particular information and communications technology, to promote the empowerment of women”. It is 
understood that one of the aspects to be covered in order to fulfil them is to promote the complete 
information in education, to ensure equal opportunity and reduce gender inequalities of outcome.  

Examples of actions already implemented around the world are [13] and [14], which represent 
associations of female engineers that look for promoting and empowering women engineers and 
inspiring young female students. In Spain, the initiative [5] has achieved a huge spread among the 
whole country since the last two years. Hundreds of activities in schools and high schools of the whole 
country are carried out by volunteer professors around the 11 of February to give visibility of the 
scientific work of women. The project “Mujer e ingeniería” developed by the Real Academy of 
Engineering [15] is a successful example of how to spread the beauty of engineering among girls. 
Other great initiative started by female industrial engineers is the project “Mujeres ingeniosas” [16], 
which is the first project aiming at motivating girls to work in engineering implemented in the region of 
Castilla – La Mancha. 

In this work, the gender gap situation in the School of Industrial Engineering of Toledo (EII-To) at the 
University of Castilla – La Mancha is addressed [17]. Looking at the low percentage of female 
students, the EII-To is working in line with the strategies previously mentioned, with the purpose of 
that teen boys and girls are educated without differences and have the complete information to decide 
their professional future. Specifically, initiatives aiming at giving visibility to engineering careers and 
the diversity of their professional outings are developed, at the same time that trying to increase the 
vocations of girls and teen girls in industrial engineering careers to beat their low presence and to 
break the stereotypes. Some of the activities that are being carried out are lectures of engineering in 
schools and high schools of the region, dissemination days of engineering and open days in the EII, 
among others, always keeping in mind the intention of eliminating the gender gap.  

2 SITUATION IN INDUSTRIAL ENGINEERING DEGREES 
In this section, the evolution of the number of students enrolled in the industrial engineering degrees 
provided at the EII-To is shown through the collected historical data. Specifically, the results shown 
below correspond to the Electrical and Industrial Electronics and Automation engineering degrees. 
Fig. 1 depicts the number of new enrolments in total and female from 2010 to 2017 in both degrees. It 
is observable that in the last years the total enrolments have significantly decreased in the EII-To. In 
2017, the percentage of female new students was 13. 
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Figure 1. Number of total and female enrolments. 

Fig. 2 shows the number of total new enrolments in the Electrical and Industrial Electronics and 
Automation engineering degrees from 2010 to 2017. In this figure it is notorious the constant decrease 
in the number of new students in the Electrical degree. However, the new students in the Industrial 
Electronics and Automation degree keeps on growing from 2012. 

 
Figure 2. Number of new enrolments in the electrical and electronics and automation engineering degrees. 

 
Figure 3. Percentage of new female students in the Electrical and Industrial Electronics  

and Automation Engineering degrees. 

Fig. 3 provides the percentage of new female students in the Electrical and Industrial Electronics and 
Automation engineering degrees from 2010 to 2017. The percentage of new female students is 
variable along the years, but except for 2013 in the Electrical engineering degree, this percentage is 
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always lower than 25%. Years 2011 and 2016 were especially bad in the Electrical engineering 
degree. 

The next figures compare the number of graduate students in the two degrees and per gender. It is 
advisable to clarify that before the Bologna process, the two degrees comprised 180 credits each (3 
years). In the academic year 2010/2011, the new degree configuration with a total of 240 ECTS (4 
years) started. Therefore, from 2010 to 2013 the two degree plans coexist, while the first promotion of 
the new-plan students to be graduated was in the academic year 2013/2014. In this way, Fig. 4 
represents the percentage of female and male graduate students between 2010 and 2018 from the 3-
year (left) and 4-year (right) Electrical Engineering degrees. Fig. 5 represents the same parameters as 
Fig. 4, but related to the Industrial Electronics and Automation degrees. If the percentages of female 
students in 2016/2017 and 2017/2018 are observed and compared with the percentage of new female 
students between 2010 and 2014 provided in Fig. 3, it can be stated that either some of those new 
female students left the university before completing the degree or they are having great difficulties to 
finish their studies. On the other hand, the percentages in the Industrial Electronics and Automation 
engineering degrees are slightly unstable, finding years with very low percentage of female graduate 
students and years with high percentages. 

  
Figure 4. Percentage of graduate students in the electrical speciality in the 3-year degree (left)  

and in the 4-year degree (right). 

 

 
Figure 5. Percentage of graduate students in the industrial electronics and automation speciality 

 in the 3-year degree (left) and in the 4-year degree (right). 

The next tables compare the marks obtained in each degree and per gender. In particular, Table 1 
provides the average final mark obtained by the female and male graduate students in each academic 
year for the 3-year and 4-year Electrical and Industrial Electronics and Automation Engineering 
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degrees, respectively. The main conclusions obtained from these numbers is that there are no 
relevant differences between the marks obtained by the female and male students on the electrical 
specialty, while in the electronics specialties the average mark of the female students is in general 
slightly higher than that of the male students. 

Table 1. Average final mark in the 3-year and 4-year Electrical and Industrial Electronics 
 and Automation Engineering degrees in each academic year. 

Academic 
year 

Electric. Eng. Indus. Electro. and Autom. Eng.  

3-year degree 4-year degree 3-year degree 4-year degree 

Female Male Female Male Female Male Female Male 

2010/2011 6,0 5,9 - - 7,1 6,4 - - 

2011/2012 6,5 6,2 - - 6,2 6,3 - - 

2012/2013 6,0 6,0 - - 6,5 6,4 - - 

2013/2014 5,9 5,9 6,0 6,5 6,1 6,0 7,2 6,8 

2014/2015 - - 6,5 6,5 - - 6,6 6,6 

2015/2016 - - 6,7 6,1 - - 6,7 6,4 

2016/2017 - - 6,2 6,3 - - 7,2 6,5 

2017/2018 - - - 6,4 - - 6,6 6,5 

The last results shown in this section correspond to the minimum and maximum marks obtained by 
the graduate students. For the sake of conciseness, the next figures refer only to the 4-year degrees. 
Fig. 6 depicts the maximum (left) and minimum (right) marks of the female and male graduate 
students in the 4-year Electrical Engineering degree from 2013 to 2018, while Fig. 7 corresponds to 
the Industrial Electronics and Automation Engineering degree. In these data, it can be observed that 
the lowest mark is always got by male students.  

 
Figure 6. Maximum (left) and minimum (right) marks of the graduate students  

in the 4-year Electrical Engineering degree. 
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Figure 7. Maximum (left) and minimum (right) marks of the graduate students in the 4-year Industrial 

Electronics and Automation Engineering degree. 

The difference in the lowest mark obtained by male and female students in higher in electronics than 
in electricity. Respect to the highest mark, in general it is also obtained by male students, although 
there are years such 2015/2016 in electricity and 2016/2017 and 2017/2018 in electronics that it was 
obtained by female students. It is interesting to notice that in those years, the difference between the 
highest mark obtained by male and female students is lower than in the years in which male students 
obtain the global highest mark. 

3 METHODOLOGY 
The EII-To is carrying out a series of activities that aim to curb the decreasing tendency in girls' 
enrolment in the degrees of Electrical and Industrial Electronics and Automatic Engineering. 

The actions implemented for the younger students have been lectures of engineering in schools and 
high schools of the region and open days at the EII-To. The main objective of these actions is to 
counteract the lack of model women engineers, giving talks in which the following topics are 
addressed: 

1 Important historical women engineers. Goodbye to gender stereotypes. 
2 Engineering topics and research works. 
3 Proposal for a contest to the students to get familiar to the name and work of famous female 

engineers and to motivate them to develop an engineering project to solve a problem that they 
find in their daily life. 

4 The lecture ends with the launch of the next question “Do you know any woman or man 
engineer?”, with which students are invited to think on and speak about the topics discussed 
and to look for close mentor engineers. 

Below in Fig. 8 are presented some images of two of the lectures carried out in high schools of 
Toledo. 
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(a) (b) 

Figure 8. Images of the talks given in high schools of Toledo in (a) 2018 and (b) 2019 celebrating the 
international day of women in science. 

The actions implemented for the students of engineering of EII-To have been dissemination days of 
engineering, as for instance, one titled “Talking about women in engineering in large companies”. 
Women engineers of different important companies of the region, such as Iberdrola S.A. or 
Internacional de Composites S.A. (ICSA), presented their companies and showed their vision of 
engineering, sharing experiences. In Fig. 9 some photographs of this day are shown. 

  

Figure 9. Images of the event organized with female engineers of multi-national companies located in the 
region of Toledo. 

Keeping in mind the real data of female and male enrolments in the engineering careers of EII-To, and 
after the good experiences registered after the initial actions carried out, other activities have been 
proposed to implement with this same purpose, such as expositions about women and engineering, or 
a mentoring network program, thanks to which, women engineers from the industries located in 
Castilla – La Mancha will accompany, support and act as mentors to female engineering students of 
the EII-To. Both activities are already being successfully developed in other centres and universities 
[16], [18]. 

4 EXPECTED RESULTS 
Changes in the behaviours, tendencies, ideas or stereotypes of the society must be expected in a 
long-term perspective. Small actions to bridge the gender gap in engineering careers as the ones 
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proposed in this paper should have an effect visible in the next years. To analyse the impact of the 
activities developed during the academic year 2018/2019 and the next ones, it will be check the 
evolution on the number of new female students in the degrees offered at the EII-To. 

On the other hand, the level of satisfaction of our female students with the activities organized to show 
them current successful references in engineering will be evaluated through questionnaires and polls.  
To measure the level of success of the mentoring network it will be ask both professionals and 
students about their experience. 

5 CONCLUSIONS 
In this work, this problem is addressed, giving as a real example the situation found in the School of 
Industrial Engineering of Toledo, where Electrical and Industrial Electronics and Automation 
Engineering degrees can be studied. Several figures that show the evolution of the number of new 
female enrolments, graduated students, and their final marks from 2010 to 2018 have been provided. 
Those data reveal that the percentage of new female students has never reached the 25% except for 
2013 in the electrical specialty, being these values in line with the Spanish average of female students 
in engineering degrees (25%).  

Considering the raised situation, a big challenge is to bridge the gender gap in industrial engineering. 
To do this, different initiatives aiming at, on one hand, motivating young girls to study industrial 
engineering and, on the second hand, empowering the current female students at the EII-To have 
been started. The activities devoted to students of the schools and high schools of the region include: 
i) talks to show them the gender stereotypes that the society has and successful female scientists and 
engineers to take as references, and ii) expositions, games and competitions to encourage the 
students to work as engineers. On the other hand, it will be try to increase the confidence of the 
current female students by showing them real examples of successful female engineers, many of 
them, female engineers graduated in the EII-To.  

As in the academic year 2018/2019, conferences and roundtables with invited female engineers to 
speak about their careers and the problems they find in their jobs because of being women and how to 
solve them, will be organized. In addition, a mentoring network program comprised by female 
engineers from the industries located in Castilla – La Mancha will be developed with the purpose of 
advising and supporting the female students of the EII-To. With these initiatives, an increase of the 
number of new female students in the EII-To in the next years is expected. It is believed that girls need 
to know how fun and challenging the work with the electricity and the electronics is. 
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