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ABSTRACT

If one wants to close the gender gap in STEM, girls need to start STEM courses. The stereotypical
socialization does not lead girls in the direction of science and technology. And although the influence of
parents does decrease with age it is often still present in the initial choice of study. Therefore, this study
explores the role of the parents on girls’ choice for a career in STEM. Qualitative individual semi-structured
interviews with parents of girls in the last grade of primary education were conducted. Results show that
specific characteristics of the parents can possibly have a positive influence on their children’s school career
and choice for STEM.
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INTRODUCTION

Several countries, including Belgium, are faced with a lack of students and skilled professionals in the STEM-
tield. This problem will become even more acute in the coming years, due to an increasing number of technicians,
engineers, and scientists who will retire and need to be replaced. This shortage could hinder economic growth and
the further development of the knowledge society (e.g., Van den Berghe and De Martelaere, 2012). One of the
causes of this shortage in STEM-professionals is the gender gap in STEM (Hammond et al., 2020).

Although gitls are just as talented (e.g., Blickenstaff, 2005; Ceci and Williams, 2010; Eddy and Brownell, 2016),
they are remarkably less likely than boys to choose a discipline in different domains of science, technology,
engineering and mathematics (STEM) (Dasgupta and Stout, 2014; Hammond et al., 2020). Girls are already less
interested in a future in STEM than boys, when they are just twelve years old (Denessen et al., 2015). This untapped
potential talent is a waste on a personal, social, and economic level (Van den Hurk et al., 2019).

A student who chooses her/his courses based on strengths will not only have a better chance of success but
will also be a richer and better addition to the work field. Especially in times of STEM shortages, a society cannot
afford to leave this much professional talent behind. To cope with current global challenges (e.g., viruses, climate
change, artificial intelligence) new answers and insights are required, and most likely a different approach of these
challenges. Gender equality within STEM (science, technology, engineering and mathematics) can be a solution as
it can bring more diverse perspectives, talent and insight into the field.

On top of this it leads to missed opportunities for economies and an inefficient allocation of labor and talent
(Hammond et al., 2020).

In the academic year 2019-2020, there were hardly any girls (5%) in vocational STEM education in Flanders
(Vlaamse overheid, 2019). Gitls are also underrepresented in most STEM disciplines in higher education, in 2019-
2020 less than one in five students in engineering and technology was a girl (AHOVOKS, 2020).
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The reasons for this dropout of girls in STEM courses and careers are multifaceted and sometimes difficult to
trace. Cultural and social beliefs, policies, school systems, economic and work-related developments all, directly
and indirectly, influence student behavior. Other possible causes of this so-called STEM-gap are the lower self-
image of girls within STEM subjects, a learning environment that does not stimulate enough, the lack of female
role models and the stereotypical image of only white men and ‘geeks’ who seem to fit within STEM professions
(e.g., Boe et al., 2011; Ceci and Williams, 2010; Eccles, 2007; Watt, 20006). For these reasons, gitls and women often
do not feel at home in a STEM-related study (Cheryan et al., 2009; Murphy, Steele and Gross, 2007; Stout et al.,
2011).

The low representation of girls in STEM, and more specifically in technology, is a common and certainly not
recent phenomenon (Chesky and Goldstein, 2018; Eccles and Jacobs, 1986; Rosenwald, 2006). Over the past 30
years, researchers have dedicated themselves to studying these differences in career choice (Wang, 2012). Many
initiatives and measures already taken were found to be ineffective in addressing this problem. As there is no single
cause for the underrepresentation of girls and women in STEM and technology directions and professions, it has
become clear that there is no one-size-fits-all solution to solve this problem.

A variety of factors seems to contribute to the lack of interest from girls and women in studies and careers in
STEM fields. Following Eccles” (1983) expectancy—value theory we could distinguish three major components,
psychological factors, biological factors and socialization factors such as the influence of school and teachers, peers
and family. These socialization factors have an influence on the development of self-beliefs, goals, interests, and
values (Wang and Degol, 2013), and are therefore relevant for further investigation.

From previous studies (Wang and Degol, 2013; Eccles et al., 1990) we know parental influence has a significant
impact on children’s study choices. Therefore, this study will focus on parental influence on girls’decision for a
STEM domain when starting secondary education, in their own words.

Parental Influence

The influence of parents does decrease with age but is often still present in the initial choice of study options
in higher education. Research has shown that teenagers are also usually open to the opinion of their parents (Van
den Berghe and De Martelaere, 2012). On top of this, in regions where the vast majority of students are financially
dependent on their parents during their studies, parents can even prevent their son or daughter from following a
specific course of study.

Jacobs et al. (2006) have also shown that the professional expectations of 15-year-olds are significantly related
to their parents’ expectations. A study by David et al. (2003) showed that boys ‘allow’ their parents less to interfere
with school, while girls are more open to talk about school and choice of study with their parents. Another study
(Van Langen et al., 2006) found that girls’ choice of math and science was influenced by their family background,
whereas the study choices of boys were not. In any case, the influence of the parents on the choice of study is
greater than that of teachers and friends. Hauttekeete (2007) says three out of four young people indicated that
their parents had influenced their choice of study.

As youngsters under 12 spend a lot of time at home, and their parents are still a larger influence than their
peers, the home life consists of several aspects that directly or indirectly influence the interests or disinterest of
girls. It is the most important setting outside of the school in shaping student motivational beliefs (Wigfield et al.,
2006; Xie and Shauman, 2003). From childhood, cultural influences often unconsciously reinforce traditional role
patterns. Parents influence the academic motivation, achievement, and educational and career interests of their
children through the home environments they create, the values they endorse, and the experiences they provide

(Spera, 2005).

Parents’ education and profession

From an early age, children form an image of what a scientist or engineer should look like. If they do not
recognize themselves in this, their motivation decreases (Blickenstaff, 2005). Regulatly bringing female and
counter-stereotypical role models into the classroom has a positive influence on girls’ and boys’ attitudes towards
women in STEM (Galdi et al., 2014; McGuire et al., 2020; Shin et al., 2016). People need multiple and mutually
reinforcing examples to see counter-stereotypes as evidence of trends (Miller et al., 2014; Richards and Hewstone,
2001). The use of female role models can also improve that important feeling of belonging in STEM (Blickenstaff,
2005). The most effective role models are those with a similar background to the participants; this similarity can
encourage girls to imagine they might one day end up in those positions (Zirkel, 2002).

Sjaastad (2012) found that teachers and parents were the main source of inspiration for Norwegian university
students” STEM-related educational choice. Parents who engaged in STEM themselves were models for their
children making the STEM-related choices familiar to them.
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A large-scale quantitative study (Ardies et al., 2015a) showed how when mothers have a technological job, their
children, both male and female students, are more likely to pursue a technological career. This effect is not stronger
for female than for male students. Having a parent in a STEM profession increased a child’s chances of majoring
and working in STEM, this effect was greater for girls (between 10-17%). Moreover, gitls with mothers with a
STEM profession were 7% more likely to work in the ‘hard sciences’ (Cheng et al., 2017), which is comparable to
the results of Ardies and colleagues (2015c). Mothers who obtained a higher education degree have a significant
negative effect on the technological career ambitions of students (Ardies et al., 2015c). Maternal role models and
growth mindsets can help close the gender gap.

Toys and leisure

Boys and gitls are often encouraged by parents to play stereotypical male and female games that are consistent
with their gender (Kollmayer et al., 2018), but boys and girls also prefer different types of toys themselves (Hines,
2015). Caplan and Caplan (1994) have argued that many stereotypical male toys and activities encourage the
practice and development of spatial skills, while traditional female play enhances other culturally valued attributes
such as communication and collaboration.

On average, girls play less with spatial toys than boys (Jirout and Newcombe, 2015), so they have fewer
opportunities to practice these skills. Even if the effect of differential exercise of spatial skills provides only a
modest initial benefit for boys, the effect may increase as children enter adolescence and start to select leisure
activities and hobbies that they enjoy and are skilled at performing.

Parental attitudes and gender-stereotypes

A largescale survey (n=2197) into the mastery of the attainment targets for technology in the first stage of
Flemish secondary education also examined students’ interest in technology, among other things (Ardies et al.,
2015c). The parental attitude towards technology was also questioned. The attitude of the parents towards
technology was positively related to both the performance and the interest of the students. However, the
relationship between parents’ attitude and interest is less pronounced for girls than for boys (Willem et al., 2019).

Already over 30 years ago Eccles and colleagues (1986; 1990) found that mothers” gender stereotypes about
math ability affected their perception of their children’s skills. If mothers thought gender stereotypically about girls
and STEM, their rating of their daughter’s ability was lower than would have been predicted by the teacher’s ability
rating. In particular, Eccles and Jacobs (1986) found that maternal beliefs had a greater impact on children attending
additional math courses than their children’s actual performance. They concluded; “these data suggest that the
stereotypes of parents by sex are a major cause of gender differences in students’ attitudes towards mathematics.”
(Eccles and Jacob, 1986).

How parents think (positively or negatively) about STEM affects their children’s math skills and performance
in STEM. Cheng, Koptic, and Zamorro (2017) found that this effect influences girls twice as much as boys.
Science-oriented professions are still, stereotypically, seen as male (e.g., Struyf et al., 2017). This might be one of
the reasons for the fact that women perceive STEM domains as a hobby, in contrast of a possible future job (Van
Houte et al., 2013).

Acknowledging all of the above findings in the literature we wish to further explore the role of the parents on
girls’ choice for a career in STEM.

METHODOLOGY

The present study extends existing work related to parental influences on gendered STEM study choices by
determining parental characteristics and their relationship to the process of the daughtet’s decision making for a
STEM course in secondary education. We held individual interviews with parents of gitls in the last grade of
primary education who already subscribed for a future study course in secondary education. For the planning of
the interview, the interview itself, its transcription and analysis, the guidelines described in Cohen, Manion and
Morrison (2007) were followed. We chose an informal conversational interview where questions emerge from the
immediate context and are asked in the natural course of things. This method increases the salience and relevance
of questions (Patton, 1980).

In Flanders students are free to choose any type of course when they are transferring from primary to secondary
education at age 12. Next to the general courses which all students receive in secondary education (math, sport,
biology, language, etc.), schools offer different ‘packages’ of courses from which students have to choose one.
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Participants

Participants are parents of girls from 6™ grade (age = 12) who have opted for a course of study in secondary
education. They were recruited after they filled in a short initial questionnaire about the choice of study of their
daughter and their own professional background. We made two subgroups of gitls: those who chose a STEM
course (4) and girls who did not choose a STEM course (5). We strived for similarities in family situation among
both groups. All parents interviewed are in a traditional heterosexual relationship. Different family compositions
are included. Some girls have only brothers, only sisters, both siblings or are only children.

For this research we opted for an equal spread of girls that have chosen cither a ‘STEM-package’ (science,
technology...) or a ‘non-STEM package’ (e.g., classic or modern language, art, extra spott...).

Interviews and Data-analysis

The interviews were conducted at the parents’ home. In most cases, both parents were present, once only the
mother and once the daughter was also present at the conversation. General questions were asked at the beginning,
such as the level of education and the current profession of the parents. Afterwards, open questions were asked,
to deepen our understanding about family characteristics and attitudes, with the interviewer recording the answers.

The authors analyzed the data using the steps of thematic analysis to identify, analyze and report patterns in the
data (Howitt and Cramer, 2008). The interviews were analyzed by adding codes to the answers on the interview.
All authors independently worked through the data and labeled “units of meaning” as codes. After this we
collaboratively grouped similar codes into thematic categories, which became our codebook for systemically
combing through the data (Howitt and Cramer, 2008). We distinguished (1) parental characteristics like parents’
educational level and profession; (2) family characteristics such as toys present in the house and leisure activities
and (3) parental attitudes and gender roles in the family, including how household tasks are divided between the
parents. Of course, we also measured the extent to which the girls chose a STEM-related study.

The answers of the parents in these different categories were divided into a table to determine similarities and
differences between the answers. Different respondents were presented in the columns, as we put the different
categories in the rows. By doing so we obtained a clear picture of the different answers per category and a short
summary of the answers of the respondents could be made per category. These summaries are shown below.

RESULTS

Parent Influence

Parents’ education and profession

We examined whether the educational level of the parents had an influence on whether or not girls chose a
STEM course in secondary education. We first looked at the mother’s level of education. Here we see that both
with the girls who chose STEM and those who did not, the majority of the mothers had a degree of higher
education.

Concerning the father’s level of education, we found that the majority of the fathers from the girls who chose
STEM did not attend higher education. In the other group we see the opposite. Here the majority of fathers have
a degree in higher education.

In the interview, parents themselves often made the link with their profession. For example, a parent of a girl
who chose a STEM direction replied: “Because of our profession (veterinarian and chemistry process operator)
we both have an interest in STEM.” A parent of a gitl who did not choose a STEM direction replied: “We ourselves
have an interest in technology and science. We express this by using technology in our lessons (parents are
kindergarten teacher and primary school teacher). And we also make a lot of technical things with our daughters.”

Nevertheless, when looking at parents’ profession and the interest in STEM, we found that in our case study
the parents of girls who chose STEM did not necessarily have more interest in STEM than the other parents.

Toys and leisure

We also questioned which leisure activities were offered by the parents which could possibly arouse interest in
STEM. We examined what kinds of toys were offered to their daughters, whether they were technical or non-
technical and how they were or will be played with. We also asked the parents about their gendered ideas of these
toys and whether they think they are something for boys or girls or both. Subsequently we focused on the
participation in extracurricular workshops and the influence of STEM related family trips.
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In both groups the majority of the gitls possessed technical toys. All parents in the group of gitls that opt for a
STEM-course believed that technical toys are suitable for both boys and girls. One of the parents said: “Our
daughter mainly has technical toys such as construction toys. She likes building according to plan.”

All participating parents told us they take their daughters to museums or technological and scientific theme
parks. Therefore, no significant influence was found.

When it comes to participating in an extracurricular STEM workshop, we see that this seems to be related to
the perceived interest of girls in STEM. The majority of girls who chose for a STEM course already participated
in an after-school workshop on STEM. The majority of girls who did not choose a STEM course have never
participated in an after-school workshop on STEM, and if they came in contact with such a workshop it was at a
birthday party of a friend.

Parental attitudes and gender stereotyped thinking

In our study, we examined whether the parents consciously deal with gender expectations and awareness in the
education of their children and whether this has an influence on gitls to choose a STEM direction in secondary
education. Half of the parents of girls who chose STEM did not explicitly provide a gender neutral or conscious
upbringing. The parents who took it into account, in all areas, replied: “Our daughter plays football, is member of
a youth club and mainly wears boys’ clothes.” and “Our daughter plays with football as well as dolls. This has
happened automatically. We are more inclined to be gender neutral in our upbringing, but find it difficult to convey
this. When she was even younger, we bought neutral clothes for her. We ourselves were raised fairly gender-neutral.
For example, the father did ballet and I myself was not a ‘skirt-wearer.”

Almost all parents of the girls who did not choose STEM take gender neutral or conscious upbringing into
account, at least in some areas. These parents specifically name boys or gitls toys: “Her older brothers brought her
into contact with boy toys a lot. Gitl toys were offered, but she was more interested in “neutral” toys.” Or define
their daughter as “girly”. “She used to be more of a ‘girl-gir]”. On the other hand, these parents noted that children
must learn to make their own choices and these choices are not necessarily gender specific.

We also examined the division of roles within the families who participated in the study, because we wanted to
tind out if there could be a link between growing up with more traditional role patterns or with a more progressive
example and whether this has an influence on the choice of girls for a STEM course in secondary education. We
made a subdivision into different, common household tasks and questioned the parents as to which they usually
perform.

First, we looked at the more problem-solving tasks like chores in and around the house. There seemed to be
no clear distinction between the families. In half of the families of girls who choose STEM, chores are mainly done
by the father: “I do this because 1 have the most time, because 1 work in shifts.” In one family this is done by both
the mother and father and in one family chores are done by the whole family: “We do this together as a family, the
roles are divided.” In two families of girls who did not choose a STEM course, chores are mainly done by the
mother. In one family mainly by the father, in one family by both mother and father and in the other family this is
done as a joint activity.

Who fixes computer problems in the household seems also to be divided, sometimes the mother takes care of
this (as an ICT-teacher), sometimes the father or external help is sought. Similar results are found when it comes
to repairing a bicycle. Mothers and fathers do this, or this is outsourced. Nevertheless, for the majority of girls who
did not choose STEM, the bicycle is repaired by the father.

Secondly, we asked about at the more daily tasks: For the majority of girls who did not choose a STEM course,
the mother cooks the meal and does the laundry. One family prefers to cook together with the family. The parent
of the latter family replied, “Our daughter loves to cook.” When both mother and father prepare dinner or do the
laundry, their daughters in this study are 50/50 divided over STEM and non-STEM courses.

Choosing for STEM

Finally, we look at the direct influence that parents have on their daughter’s choice process. Earlier research
shows that parents influence the choice of study both directly and indirectly. Young people are open to the opinion
of their parents, and girls in particular would be open to discussing school and study options with them. The
influence of the parents on the choice of study is even greater than that of teachers and friends (David et al., 2003;
Hauttekeette, 2007; Van den Berghe and De Martelaere, 2012).

We noted that the majority of parents whose daughters chose a STEM course said their daughter made this
choice on their own. One girl did this in consultation with the parents. The latter replied: “We consulted on the
basis of all the study options available. We have taken her interests into account.”

In the case of two gitls who did not choose a STEM direction, the choice of study course was made by the
parents. One other girl made this choice alone, and another girl did this in consultation with her parents: “She can
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choose something herself, but she has to start at a high level. We did make the decision together by asking her
what profession she wants to do.”, another girl got a recommendation from her teacher. The parents of the latter
girl replied: “The teacher recommended this to her. We want her to follow a general course for the first 3 years
and afterwards she can choose for herself.”

CONCLUSION AND DISCUSSION

The focus of this study was to determine the parental influence on girls’ decisions to choose a STEM course in
secondary education. As was already known from previous research (e.g., David et al., 2003; Hauttekeette, 2007;
Van den Berghe and De Martelaere, 2012) our study confirms that parents do have an influence on their children’s
school career. By conducting in-depth interviews, we determined specific parental characteristics of girls who chose
STEM and tried to clarify how the decision process ran. All participating girls have a present mother and father
figure and thus have both a female and male role model in their lives. In this study we chose to interview both
parents together. For further research we suggest to explore a different approach where parents are interviewed
separately and the daughter as well. This to overcome socially desirable answers.

In this case study, we first looked at the education and professional characteristics of the parents and their
influence on the decision of their daughter for a course in secondary education. We did not find a relation between
mothers’ level of education and daughters’ choice for a STEM course. However, highly educated fathers in our
respondents seemed to be less inclined to opt for a STEM course for their daughters. The fathers’ profession does
not appear to be a major factor in the choice of study, since some of the participating fathers have a STEM
profession and some do not.

Gitls in our study who chose a STEM course tend to have a mother with a STEM profession, which could
possibly indicate that girls are influenced by the profession of their mother in making a study choice. The
participating girls see their mothers as role-models, which is in line with research from Ardies et al. (2015a) and
Sjaastad (2012).

Most of the participating parents indicated that they were interested in STEM. This was mainly reflected in
their profession, and in the use of home automation, technical gadgets at home, activities during holidays, literature
available, etc. No direct relation was found with the gitls’ choices.

Children learn about gender roles and gender expectations at a very early age (e.g., Eccles et al., 1990). The
stereotypical role of a woman teaches girls to focus on having and caring for children and family (Konrad et al.,
2000) and according to the male stereotype, boys are expected to focus on their hands and are primarily engaged
in activities that focus on problem-solving thinking (Buck et al., 2002).

Nevertheless, when inquiring parents whether they take into account a gender-neutral or -conscious upbringing,
it is striking that especially the parents of girls who did not opt for a STEM course made a more conscious decision.
Especially parents with girls who have one or more brothers opted for a gender-neutral approach. These gitls
automatically came into more contact with “boy toys” and play along with their brothers. These parents also stated
they wanted children to make their own choices that are not necessarily linked to their sex. This could indicate that
a gender-neutral or conscious education is therefore no guarantee that girls will develop more interest in technical
and scientific professions. In this modern age, most households ate still mostly done by the mother and chores ate
done by the father or in some cases these tasks are shared between both parents (Islam and Asadullah 2018;
Blumberg, 2015). However, there is a slight tendency towards a non-traditional division of labor between the
parents within the group of girls who opt for a STEM direction. This could mean that girls who grow up in a
household with a less traditional chores division look at gender expectations differently and are therefore less
inhibited in their choice for STEM.

Most girls in this case study who did not choose a STEM course did not make this decision alone. It was either
their parents who decided or it was recommended by someone in the school environment. For one of the girls,
the decision was made by the parents because, as they stated, she has autism and a familiar environment with her
friends is important for her well-being. With another girl, the parents want her to follow a more general course for
the first three years, after which she can choose for herself. The other parents want their daughters to start ‘high’,
in a more academic and general course in order to offer them some challenge.

In the group that did choose a STEM-course, the girls more often made the decision more autonomous,
whether in consultation with their parents or environment. They did this mainly based on interest.

Because the majority of girls who did not choose STEM have not chosen themselves, we do not know where
their interests lie and whether they would have chosen a STEM direction in other circumstances. We suggest that
the influence of parents seems to influence the school career and later professional career of gitls. The results of
our case study suggest a link between girls who choose STEM, mothers with a STEM profession, and less
stereotypical gender roles in the household at home. These girls could be more likely to make independent
decisions in their choice of study.
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It is striking how in the group of gitls who chose STEM all parents provided toys for their daughter that are
(stereotypically seen as) for both boys and gitls. The majority of these parents also mainly offered technical toys.
The parents of these girls indicated that their daughters mainly played with science and test boxes, looking for
things themselves to copy and build with construction toys according to plan. Girls in our study who did not
choose a STEM-course were offered toys mainly for girls during their childhood. This is in line with previous
research of Ardies (2015¢) that stated that the presence of construction toys is a predictor of the interest of girls
in technology. As discussed earlier, offering stereotypical male toys can encourage spatial skills development
(Caplan and Caplan, 1994). This spatial learning can be a reason for the increased interest in STEM disciplines.

More than half of the girls in our study who chose a STEM course have previously followed an after-school
workshop compared to a minority of girls who did not choose a STEM direction. They did this on their own
initiative or out of interest in their parents’ profession. This confirms the research by Anderson and Gilbride (2003)
that participation in a program with a STEM focus increases girls’ interest in science and technology. Boeve-De
Pauw and colleagues (2020) also found that even a one-day intervention (visiting technology and science
workshops) can have a positive impact on girls” interest in a STEM career. By focusing more on design and
technology workshops and making them more accessible to girls by letting them develop their own design,
opportunities can be created to make the hard sciences more attractive (Ardies et al., 2015b; Boeve-De Pauw et
al., 2020).

First of all, it is noticeable that all parents who participated in the study come from a white, western and middle-
class background, so there is nothing to conclude about the cultural influence of families on girls’ interest in STEM.
Because of the limited number of respondents in this qualitative study one should be conscious to extrapolate the
conclusions given. Nevertheless, we can conclude that there are a number of aspects which one can focus on to
motivate more girls and their parents to choose a technical or scientific direction.
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