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Abstract
In recent times women have been making their way 
into engineering, one of the most booming fields in-
ternationally. However, women enrollment in these 
careers in Mexico has grown slowly, only about 30 
% of the total student population enrolled in an en-
gineering related program are women. For the pur-
poses of this research, a survey was applied to the 
students of three universities in the northwest region 
of Mexico conformed a STEAM network aiming to 
promote enrollment, retention and gender equal-
ity on STEM careers, in order to present the out-
come about their motivation for this career choice. 
As well as the future performance model of female 
students enrolled in engineering degrees. Findings 
have shown that there is no female model to follow, 
so it is proposed to include a Science, Technology, 
Engineering, Arts and Mathematics (STEAM) model 
in the Schools of Engineering to increase preference 
and enrollment of women in this area of knowledge.

Keywords: Engineering, gender, STEM teaching, 
Role models.

Resumen
En los últimos tiempos, las mujeres se han estado 
abriendo camino hacia la ingeniería, uno de los 
campos más florecientes a nivel internacional. Sin 
embargo, la inscripción de mujeres en estas carre-
ras en México ha crecido lentamente, solo alrede-
dor del 30% de la población estudiantil inscrita en 
un programa relacionado con la ingeniería son mu-
jeres. Para los fines de esta investigación, se aplicó 
una encuesta a los estudiantes de tres universida-
des de la región noroeste de México conformando 
una red STEAM con el objetivo de promover la ins-
cripción, la retención y la igualdad de género en las 
carreras STEM, con el fin de presentar el resultado 
sobre su motivación para esta elección de carrera. 
Además del futuro modelo de desempeño de las 
alumnas matriculadas en carreras de ingeniería. Los 
hallazgos han demostrado que no hay un modelo 
femenino a seguir, por lo que se propone incluir un 
modelo de Ciencia, Tecnología, Ingeniería, Artes y 
Matemáticas (STEAM) en las escuelas de ingeniería 
para aumentar la preferencia y la inscripción de mu-
jeres en esta área de conocimiento.

Scientific and technological ReSeaRch aRticle

1. Universidad Autónoma de Baja California México. México. amparo@uabc.edu.mx  

https://doi.org/10.14483/23448350.14526
mailto:amparo@uabc.edu.mx


STEAM as a tool to encourage engineering studies

OliverOs-ruiz, M., A.

Revista Científica • ISSN 0124-2253 • e-ISSN 2344-2350 • mayo-agosto • Bogotá-Colombia • N. 35(2) • pp. 158-166
[ 159 ]

Palabras clave: ingeniería, género, enseñanza STEM, 
modelos a seguir.

Resumo
Nos últimos tempos, as mulheres estão abrindo cami-
nho na engenharia, um dos campos mais florescen-
tes internacionalmente. No entanto, a matrícula de 
mulheres nas carreiras no México tem crescido lenta-
mente, somente um 30% da população estudantil ma-
triculada em um programa relacionado à engenharia 
são mulheres. Para os propósitos desta pesquisa, um 
questionário foi aplicado aos estudantes de três uni-
versidades na região noroeste do México formando 
uma rede STEAM com o objetivo de promover matrí-
cula, retenção e igualdade de gênero em cursos STEM, 
a fim de apresentar o resultado sobre sua motivação 
para essa escolha de carreira. Além do modelo de de-
sempenho futuro dos alunos matriculados em carreiras 
de engenharia. Os resultados mostraram que não exis-
te um modelo feminino a seguir, por isso propõe-se in-
cluir um modelo de Ciência, Tecnologia, Engenharia, 
Artes e Matemática (STEAM) em escolas de engenharia 
para aumentar a preferência e a inscrição de mulheres 
nesta área de conhecimento.
Palavras-chaves: engenharia, gênero, ensino STEM, 
modelos.

Introduction

The low rate of young people enrolled in the ar-
eas of Science, Technology, Engineering and Math-
ematics (STEM) is a major international challenge. 
In studies of global innovation, mainly tertiary edu-
cation, the STEM fields have been identified as a 
critical determinant in the level of innovation Pruitt, 
S.L. (2014). In the case of Mexico according to the 
National Association of Universities and Institutions 
of Higher Education (Anuies, 2013), only 30 % of 
women opt for a STEM career, the objective of this 
work is to determine data to understand the factors 
that define the motivation of women of STEM ca-
reers in three public universities: Autonomous Uni-
versity of Baja California, Polytechnic University of 
Baja California and University of Sonora Estate.

Young people and their interest in studying

A number of researches point to some gender dif-
ferences in the choice of higher education studies 
Holman et al., 2018). The published studies on this 
subject offer numerous explanations and adopt di-
verse methodological approaches, but the common 
factors to be taken into consideration are social, eco-
nomic, ethnic context; family context; gender issues; 
influence of schools and quality of teaching; inter-
ests and aptitudes for science (Ellis et al.. 2016. Lit-
erature in this field has highlighted the influence of 
the family context on the motivation of the student's 
education and progress, and the importance of posi-
tive relationships between parents and children as a 
fundamental element for the adaptation and success 
in the educational context (Munk, 2011).

The underrepresentation of women

An investigation by (Cheryan et al..,2017), sum-
marizes the reasons for the underrepresentation of 
women in the STEM area: biological differences 
between men and women, lack of scientific prepa-
ration of teachers, poor attitude of women towards 
science as a consequence of a lack of positive ex-
periences since childhood, the absence of female 
role models to follow in the areas of science and 
engineering, irrelevant curricula for women, peda-
gogy of science teaching favoring male students, 
"cold environments" for women in science classes; 
cultural pressure on women to adjust to traditional 
gender roles and an inherent view of the mascu-
line world in scientific epistemology.

Progress of women in engineering

According to the National Science Foundation, 
National Center for Science and Engineering Statis-
tics 2017; (NSF) in the United States, women's par-
ticipation in undergraduate degrees has increased 
gradually from 1970 to 2013, from 43 % to 57 %. 
While in the case of Mexico, it was possible to in-
crease from 16 % to 49 %, and the same happens 
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careers that traditionally have not been considered 
suitable for them (Duarte et al.., 2011). However, 
a gender gap persists in engineering career choic-
es. In figure 2, according to OECD 2015, only one 
in five students who graduated in the engineering 
fields were women. The lack of gender equality in 
these areas is oriented to the absence of role mod-
els of women scientists and engineers in education 
(Blickenstaff, 2005).

The importance of women scientists as 
role models

Several studies claim that fewer women than men 
decide to enter careers in STEM areas   (Hill et al., 
2010). However, female students have shown bet-
ter overall performance compared to their male 
counterparts (Rincón and George-Jackson, 2016). 
One way to encourage women to study in the 
STEM area is to show them role models of suc-
cessful women in those areas (Lockwood, 2006). 
It is increasingly accepted that female role models 
are effective in inspiring girls like the books of the 
National Academy of Science and "Adventures of 
Women in Science" (Cheryan et al., 2011)

STEM as a tool to encourage engineering 
studies

With the aim of promoting the insertion of women 
in the productive sector as a fundamental element 
for economic development, the OECD establishes 
educational policies for Latin America based on 
the STEAM model. In this manner, combines many 
different types of content that accentuate the edu-
cational strategies with the aim of motivating and 
avoiding desertion of women in engineering, be-
sides, to understand the complex world, adopt the 
current signatures, acquire knowledge, experience, 
and to become leaders of their societies and nations. 

Strategies include internship programs in com-
panies for the practical application of knowledge 
acquired in school, implementation of experiential 
workshops, critical reading, debates, discussion 

at the postgraduate level. The enrollment of wom-
en studying in the STEM area shows a significant 
increase from 28 % in 1970 to 50 % in 2015. The 
results show that women in the United States have 
reached a percentage close to or greater than 50 
%, as an indicator of the progress in the inclusion 
of women and an increase in diversity.

In the case of Mexico according to ANUIES, in 
2013 (women constituted 49 % of bachelor de-
grees and 46 % of P.H. D’s in all fields. In the STEM 
areas, women represent 30 % of the undergraduate 
and 28 % of postgraduate populations. Compared 
to 1970 with 13 % of undergraduates and 7 % in 
postgraduates. There are few women who excel in 
the areas of science and technology according to 
the National Council of Science and Technology 
(Conacyt, 2012), 8.245 women and 15.072 men 
are registered in the National System of Research-
ers (SNI). This situation could be a consequence 
of family structure; in Mexico according to the 
Organization for Cooperation and Development 
(OECD, 2015), 34 % of children said that their par-
ents expect them get jobs related to the STEM area, 
while only 13 % of women expressed that their 
parents expect them to work in these areas.

In the report of the first National Meeting of 
Young People in Engineering in November of 2015, 
regarding the presence of women in engineering, it 
was pointed out that there is still taboo-based gen-
der discrimination such as women's intellectual in-
capacity given the greater male presence and that 
this limits the opportunities in the labor market. “It 
is not a matter of equity if not equality”, it was set-
tled, and the government is also urged to invest in 
a program of motivation for science and technol-
ogy from the lower levels of education. 

The OECD report, "The ABC of Gender in Edu-
cation," shows progress in gender equality in mem-
ber countries. In some disciplines, women have 
gained more ground than men. 56 % of univer-
sity students in OECD countries are women and, 
according to various studies, women have dem-
onstrated better performance, motivation, disci-
pline, as well as a varied use of study strategies, in 
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tables, critical thinking, science fairs and com-
petitions, clubs and research networks, as well as 
workshops and talks of successful mentors in the 
STEM areas.

 A step further is the teaching of Science and Art 
in an integrated manner, to be able to manage sub-
jects of universal culture. Figure 1, with STEAM at 
its center, illustrates its competent experts and their 
activities that improve the wisdom, understanding, 
and knowledge of the students.

Methodology

To reach the objectives of this study, a question-
naire was applied to 426 enrolled women out of 
a total of 1421 students on STEM careers from the 
three universities, in order to investigate intraper-
sonal and interpersonal factors that may influence 
the choice of STEM courses, the questionnaire Rel-
evance of Science Education questionnaire (ROSE-
Q) was applied; this instrument is composed of 
closed questions (Schreiner and Sjoberg, 2004). 
For the purposes of this paper, 5 questions were 
selected to investigate the experiences of learning 
in school, the inspiration for the choice of career, 
as well as the future expectations of employment.

For the processing of the information obtained 
from the questionnaires we used the SPSS software, 

a statistical package for data analysis with applica-
tion in social and economic sciences research.

Results

Results showed the career choice profile through 
the students' responses to some of the items in the 
ROSE-Q, which raises the importance of the exist-
ing personal beliefs, the importance of people and 
future employment expectations. 

When students were asked about their decision 
to pursue a career in engineering, they provided 
their opinions, most of which are linked to family, 
cultural background and particular aspirations.

Question 1. What motivated you to choose 
your career? 

38% of students stated that their choice for engi-
neering was informed, as they investigated the dif-
ferent courses of the program and the graduation 
profile. In addition, 18% chose their career based 
on job opportunities and activities in the field of 
work and it is surprising to find that for 25% of 
them, engineering was not their first choice, but 
they started a career in engineering, convinced by 
these opportunities. Only 19% stated that their en-
gineering inclination was due to their preference 

Figure 1. Activities of the experts that improve the wisdom, understanding, and knowledge of the students.
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and mastery of mathematics. Being skilled in math-
ematics has always been a major incentive to study 
engineering; currently STEM represents a platform 
that encompasses science and technology with the 
study of mathematics.

Question 2. How influential the following 
people were on your career choice? 

59% of the students have their parent's support. 
The above shows that families are changing their 
ideas of women's traditional role, to whom they 
strongly suggest and support, (Perkrun et al., 2014). 
Women who decided on STEM careers were those 
who grew up in a family environment where the 
parents dedicated themselves to these disciplines 
and could solve their concerns. 29% expressed 
feeling supported by their friends, and the lowest 
percentage was represented by teachers, indicat-
ing the need to strengthen the awareness of faculty 
members towards STEM activities.

Question 3. Is there a female role model 
to follow? 

In the question regarding the existence of a female 
role model to follow (Figure 4), answers showed 

that 75 percent of the women did not have one, 19 
percent said they were motivated by their teachers 
and only 6 percent said they had an engineer in 
their families. For college students, having a role 
model can influence their career choice as well as 
their motivation to keep studying over the course 
of the program (Lockwood, 2006), as well as the 
inspiration for achieving better professional devel-
opment conditions by obtaining a degree in engi-
neering. Having a role model to follow provides 
important additional benefits, especially in wom-
en, influenced by attitudes, achievements, and 
support from others (Henes et al.., 1995).

Question 4. What is your goal?

When 59% of student’s state that their goal by 
studying engineering is to demonstrate that they 
can do it, it becomes clear that most students are 
men and that women struggle to succeed in an ad-
verse environment. In the literature, it is found that 
female engineering students are discouraged by 
strong competition.  (Chesler and Chesler, 2002). 
25% said that their goal was to apply to engineer 
and to do projects and only 8% stated that their 
goal was to become entrepreneurs and to start 
their own companies.

Figure 2. Source: Prepared. 
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Figure 3. Source: Prepared.

Figure 4. Source: Prepared.

Figure 5. Source: Prepared.



STEAM as a tool to encourage engineering studies

OliverOs-ruiz, M., A.

Revista Científica • ISSN 0124-2253 • e-ISSN 2344-2350 • mayo-agosto • Bogotá-Colombia • N. 35(2) • pp. 158-166
[ 164 ]

Question 5. Where would you want to 
work?

50% expressed their desire to work in a compa-
ny. 32% said they wanted to start their own com-
pany. While, 6% expressed interest in research, 
which would imply continuing their education in 
postgraduate programs. Only 6% showed an in-
terest in teaching and 6% for working in a govern-
ment agency. This shows, once again, a change in 
the perception of the role of women, since only 
12% showed interest in employment considered 
more traditional for women as teachers or gov-
ernment employees. According to Cólas and Ji-
ménez (2006), spaces must be created in which 
social practices between genders are transformed 
to avoid gender discrimination in the workplace.

Conclusions

As a conclusion, we observed that women are in-
creasingly informed when choosing a career based 
on future expectations of employment, as well as 
having a greater ability for mathematics.

In the family aspect, there was a greater con-
viction of women's opportunities in the areas of 
science and technology, as the results show that 
families supported them in a large percentage 
when choosing a career in the STEM area.

Seventy-five percent of the students said they 
did not have a female role model to follow, just 
as a small percentage of the students had a fe-
male engineer in their families. According to Hill 
et al., (2010), one of the factors that have inspired 
many women to choose engineering careers is to 
have examples of successful women in this field of 
knowledge. 

Engineering students of the three universities 
have plans to use their knowledge and skills in 
the future to contribute to the development of the 
country Richard et al. (2016).

It is necessary to combine efforts between the 
Secretary of Public Education and the private sec-
tor, to implement programs in schools, that allow 
contact with successful women in science and en-
gineering with the students in order to promote in-
terest on careers in the STEM area and increase the 
number of women enrolled.

Figure 6. Source: Prepared.
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According to Ramírez and Bermúdez (2015), 
there is a lot of work to be done generating infor-
mation from gender studies, and new lines of re-
search are necessary to understand the changes 
between the actors and the new institutional envi-
ronments in higher education in Mexico.

Among the OECD's recommendations for Lat-
in America, it is the necessity to implement STEM 
models with the aim of improving gender differ-
ences and recruiting more talented female students 
in science-related fields as a platform for the eco-
nomic development of countries.
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