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Abstract 

The under-representation of females in science, technology, engineering and 
mathematics (STEM) is a key educational issue which warrants discussion. This paper 
explores the gender gap in STEM education from a psychological perspective, drawing 
on Social Learning Theory and Social Identity Theory to explain the phenomenon. This 
paper highlights that same-sex STEM role models are an important source of learning 
which are missing from many females’ early experiences. However, it is concluded 
that the in-group male prototype and unwelcoming social environments found in STEM 
education, threaten females’ social identity and significantly impact on persistence in 
STEM education. In evaluating interventions to encourage female participation in 
STEM education, it is recommended that future intervention targets both male and 
female students and focuses on mixed-gender environments to reflect the reality of 
studying STEM subjects. 
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Introduction 

There is a persistent and significant gender gap within the subjects of science, 
technology, engineering and mathematics (STEM), with recent statistics revealing that 
females make up just 22% of the United Kingdom’s core STEM workforce (WISE, 
2018a). Furthermore, STEM subject statistics display that while females represent 
48% of GCSE STEM subject entries and outperform males in most GCSE STEM 
subjects (WISE, 2018b), females represent just 24% of core STEM subject graduates 
(WISE, 2018c). The educational statistics suggest that the gender disparity in STEM 
fields manifests in education with the number of females studying STEM subjects 
decreasing the higher the level of education.  

The absence of females in STEM subjects and subsequently in the STEM workforce 
is concerning both for the individual and society, impacting global competitiveness, 
social justice and inclusion (Greenfield et al., 2002).  Hunt et al. (2016) highlight the 
economic benefits of closing workforce gender gaps, proposing that if the gaps are 
narrowed, 150 billion pounds could be added to the UK GDP forecast by 2025. In 
addition, Hunt et al. (2016) estimates that 35% of the increase in UK GDP could come 
from females securing careers in more productive fields such as those within STEM. 
Consequently, there is a strong rationale for identifying how to address the gender gap 
and effectively encourage more females to study STEM subjects.  

From a psychological perspective, this short practical piece explores, and attempts to 
explain why fewer females elect to study STEM as they progress through the 
education system, an issue that is often referred to as the leaking STEM pipeline 
(Blickenstaff, 2006; Hurk, Meelissen and Langen, 2019). Two key psychological 
theories, Social Learning Theory (Bandura, Ross and Ross, 1961) and Social Identity 
Theory (Tajfel, 1982), will be drawn upon to provide an explanation for the 
phenomenon. A critical evaluation of interventions that have been used to encourage 
more females to study STEM to date will also be discussed. 

Social Learning Theory 

Social Learning Theory offers an explanation as to why females do not elect to study 
STEM, placing emphasis on two key factors, the reinforcement of stereotypical gender 
roles and the influence of same-sex role models (Bandura, Ross and Ross, 1961; 
Perry and Bussey, 1979). Social Learning Theory (Bandura, Ross and Ross, 1961) 
suggests that gender identity is a set of learned behaviours which are formed through 
observing and imitating role models. In developing sex roles and gender identity it has 
been found that children are more likely to imitate the behaviour of a same-sex role 
model (Perry and Bussey, 1979). Furthermore, children can receive reinforcement for 
their imitation of same-sex role models, this can be vicariously as the child imitates 
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behaviour which they observe being rewarded or directly through praise and 
acceptance (Helgeson, 2016). Thus, females imitate female role models, experiencing 
both vicarious and direct reinforcement for the imitated behaviour, which forms their 
gender identity.  

The usefulness of Social Learning Theory (Bandura, Ross and Ross, 1961) in 
explaining the STEM subject gender gap is demonstrated in research confirming that 
parents’ model and reinforce gender roles for children. Croft et al. (2014) investigated 
how observed gender differences in parental domestic labour impacted children’s 
future aspirations. They found that mothers’ gender role beliefs predicted their 
daughters’ gender role beliefs and when families had a more egalitarian approach to 
domestic labour, daughters were more interested in less stereotypical occupations. 
Moreover, research from Leaper (2002) observed parent-child pairs playing with 
stereotypical toys and found that parents displayed lower levels of affiliation and 
assertion when playing with stereotypical masculine toys with their daughters and 
stereotypical feminine toys with their sons. Both Croft et al.’s (2014) and Leaper’s 
(2002) research demonstrates that parents model gender roles and reinforce gender 
behaviour through interactions with their children. This highlights the usefulness of 
Social Learning Theory in considering why females do not elect to study STEM 
subjects, suggesting that if parents fail to model and reinforce positive behaviours and 
attitudes concerning STEM subjects, females will not learn that engagement in them 
is appropriate behaviour for their gender.  

Social Learning Theory explains why females do not elect to study STEM subjects 
through its identification of the importance of same-sex role models (Perry and 
Bussey, 1979). The underrepresentation of females in the STEM workforce (WISE, 
2018a) highlights that there are limited same-sex role models for females to learn that 
engagement in STEM subjects is acceptable behaviour for their gender. Furthermore, 
RS components (2019) analysis of teacher gender within the top UK universities found 
that females make up just 16% of the maths teaching faculty and 17% of the science 
teaching faculty, demonstrating a clear lack of female role models in higher education. 
The influence of female teachers on female students subject choice has been 
examined, Bottia et al. (2015) found that female students who attended high schools 
with higher numbers of female STEM teachers were more likely to major in a STEM 
subject at college. Similarly, Herrmann et al. (2016) found interaction with a female 
role model in STEM study resulted in lower female withdrawal rates. O’Brien et al. 
(2017) also highlight the significance of female role models, finding that girls’ interests 
in STEM subjects can be positively influenced by as little as one day’s exposure to a 
female role model, and when girls are encouraged to explore why they favour female 
role models, the positive impact can be increased further. This research demonstrates 
that Social Learning Theory can explain why females may not elect to study STEM 
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subjects; due to a lack of same-sex role models and the reinforcement of stereotypical 
gendered behaviour.  

Despite the strong evidence supporting Social Learning Theory and its application to 
the gender gap in STEM subjects, others have suggested alternative explanations. 
For example, Lewis et al. (2016) argue that STEM studying involves complex social 
environments, therefore, the impact of female belonging in STEM social contexts on 
their persistence to study STEM subjects needs to be considered. These findings are 
strengthened with further research demonstrating that female students’ self-esteem 
and a sense of belonging in STEM subjects are significant factors that influence 
females’ decisions to continue studying STEM subjects (McPherson, Banchefsky and 
Park, 2018). Furthermore, Lewis et al. (2017) and Rainy et al. (2018) found that 
females displayed lower levels of self-esteem and a sense of belonging in STEM fields 
than males, which predicted their intent to pursue STEM study. 

Social Learning Theory cannot fully explain why females do not elect to study STEM 
subjects as they progress through education. Females do not just passively observe 
and imitate role models, there are other influences, like their beliefs, belongingness 
and self-esteem which are all impacted by the social environments in which they study 
(e.g. Lewis et al., 2016; Lewis et al., 2017; Rainy et al., 2018). The expectation that 
learners are passive and the lack of acknowledgement of cognitive processes are 
critiques echoed in the literature, demonstrating limitations in using Social Learning 
Theory as a singular explanation for gender disparity in STEM subjects (Ó Siochrú, 
2018). 

Social Identity Theory 

Social Identity Theory (Tajfel, 1982) is an alternative theory to explain why females do 
not elect to study STEM subjects as they progress through the education system. It 
considers females’ experiences within STEM study environments and highlights that 
females may not have positive STEM study experiences due to the impact of social 
group processes within STEM subjects. Social Identity Theory argues that social 
categorisation leads to the formation of in-groups and out-groups and membership to 
a group forms a person’s social identity, which defines what it means to be part of the 
group and holds information of expected norms, values and attitudes of an in-group 
prototype (Tajfel, 1982).  

STEM subjects are studied predominantly by males and therefore, males fit a 
stereotypical prototype of a STEM student. Females may not categorise themselves 
as part of the in-group in STEM environments, suggesting that building a STEM 
identity is a challenge for females. Nosek, Banaji and Greenwald (2002a) found that 
social identity can prevent female engagement in STEM subjects, due to the conflict 
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between multiple social identities. They found that females struggled to identify with 
both their female social group and a maths social group, due to stereotypical 
associations between maths and males and their female social identity. 

Dasgupta and Spout’s (2014) research exploring females’ sense of belonging and self-
esteem in STEM study evidences the significant impact of a male STEM in-group 
prototype on females’ intentions to study a STEM subject. They found that a key barrier 
to females’ STEM interest in emerging adulthood was feeling like a misfit in STEM 
classes. There are various explanations for why females may feel like a misfit when 
studying STEM subjects. Good, Rattan and Dweck’s (2012) research, explains that 
sense of belonging and self-esteem in mathematics study is hindered in females due 
to a combination of believing that mathematics ability is fixed and the stereotypical 
belief that women are less able than men at mathematics. This research demonstrates 
the usefulness of Social Identity Theory in explaining why females may not elect to 
study STEM, underlining that females do not identify with the STEM in-group due to 
the STEM in-group prototype being stereotypically viewed as male. A lack of STEM 
identity can result in a lower sense of belonging and self-esteem, both of which are 
identified in the literature as influencing females’ decisions to study STEM (Lewis et 
al., 2017; Rainy et al., 2018).   

Females decisions to study STEM subjects are not only influenced by explicit 
stereotypical beliefs, there is research evidencing that gender stereotyping is apparent 
on an unconscious level in both males and females (Nosek et al., 2002b; Hill, Corbett 
and Rose, 2010). Van Aalderen-Smeets and Walma Van der Molen (2018) argue that 
whilst some females explicitly reject the stereotype that females are less able than 
males in STEM subjects, it may be still held on an unconscious level and thus influence 
their decisions to study STEM subjects. Nosek et al., (2002a) found that female college 
students’ negative attitudes towards STEM subjects were related to their implicit 
stereotypical views that STEM subjects are male. Research which specifically 
explores the impact of implicit, gender-science stereotypes on the career decisions of 
female students, found that those with stronger implicit gender-stereotypes held 
weaker science career aspirations (Cundiff et al., 2013). The research discussed 
demonstrates that the influence of gender stereotypes on females decisions to study 
STEM subjects is a complex area and intervention to encourage females to study 
STEM subjects should not rely on self-report methods alone, unconscious bias must 
be acknowledged. However, approaches to eliminating unconscious bias remain in 
debate with concerns that unconscious-bias training may have a negative impact, 
there is a demand for further research in this area (Devlin, 2018).  

Social Identity Theory states that the self-esteem derived from social group 
membership motivates individuals to strengthen their membership. Group 
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membership can be strengthened by exaggerating the differences between the in-
group and out-group, which includes negative stereotyping and the exclusion of those 
who do not meet the in-group prototype (Hogg and Vaughan, 2011). Therefore, Social 
Identity Theory importantly considers the influence of social inter-group behaviours 
and the influence of in-group behaviour on out-groups is supported in literature. For 
example, Riegle-Crumb and Morton (2017) found that females in STEM study are 
exposed to male peers with strong gender and STEM stereotypes, resulting in females 
not electing to study STEM subjects at college. Similarly, Leaper and Brown (2008) 
documented that female students experience sexist comments from their male peers 
about their STEM abilities. The negative impact of experiencing sexism in STEM study 
is established in Logel et al.’s (2009) research which found that interactions with males 
who held strong gender stereotypes and behaved in sexist ways in engineering study 
resulted in females experiencing social identity threat.  

Social identity threat is an important concept to consider as it highlights that when 
negative evaluations are made about social groups, members feel threatened (Mavor, 
Platow and Bizumic, 2017).  When investigating the impact of social identity threat in 
more depth, Major and O’Brien (2005) argued that it results in individuals disengaging 
self-esteem from threatening fields. Therefore, research demonstrates that the male 
in-groups in STEM subjects draw on stereotypes and evaluate females negatively as 
a social group, which threatens females’ social identity, resulting in their lack of self-
esteem and consequently removal from the study of STEM subjects.  

To conclude, Social Learning Theory (Bandura, Ross and Ross, 1961) does offer a 
useful explanation as to why females do not elect to study STEM, highlighting that 
positive STEM role models, particularly same-sex role models, are an important 
source of learning which are largely missing from most females’ experiences.  
However, Social Learning Theory may not fully explain the gender disparity in STEM 
subjects because it assumes learner passivity and overlooks cognitive processes and 
the impact of females’ self-esteem and belongingness in STEM study. Consequently, 
Social Identity Theory (Tajfel, 1982) has been identified as offering a stronger 
explanation, as it can account for why females may remove themselves from STEM 
study, highlighting that the social environments in STEM study are not welcoming for 
females due to STEM in-group prototypes being viewed as male. Furthermore, male 
STEM in-group attitudes and behaviours in STEM study environments can threaten 
females’ social identity which reduces self-esteem and a lack of belongingness, 
resulting in females removing themselves from STEM pipelines due to not holding a 
strong STEM identity (Kim, Sinatra and Seyranian, 2018). It is important that females 
can experience group membership and a shared social identity within STEM study to 
support their self-esteem and belongingness and subsequently their decisions to 
remain studying STEM subjects. 
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Interventions 

Growing discussion and investigation into the STEM gender gap in education has 
resulted in the design and implementation of several interventions aimed at 
encouraging female participation and persistence in STEM subjects.  A commonly 
used intervention is the provision of female mentors and leaders used to encourage 
and support female participation in STEM subjects. Dennehy and Dasgupta (2017) 
found that time spent with a female peer mentor increased female retention in 
engineering and Latu et al. (2013) suggest that successful female leaders can 
empower female students. However, both studies focus on an intervention for 
individual female students. Others, such as Lewis, Sekaquaptewa and Meadows 
(2019) critique an individualised approach, highlighting that STEM education contains 
high levels of group work and if both interventions and the approaches used to 
measure impact are individualised, then the significant influence of group work is 
disregarded. 

Single-sex STEM workshops where females can experience STEM subjects without 
males is another key intervention used to encourage female interest and persistence 
in STEM study. Watermeyer (2012) measured the impact of a single-sex workshop on 
females’ interest in STEM study and found that after the workshop 38% of female high 
school students found their interest in STEM subjects increased. However, some of 
the females did report negative feelings towards this single-sex programme, 
suggesting that it was sexist and that males should have also been able to participate. 
Legewie and DiPrete (2014) support this finding and highlight that single-sex 
extracurricular activities can reinforce and add to gender inequality in STEM subjects, 
as they model and demonstrate gender segregation to students. 

Van Den Hurk, Meelissen and Van Langen’s (2019) meta-review highlights that 
research on interventions to encourage interest and persistence of females in STEM 
subjects, focus on approaches aimed at only females. However, the importance of 
group work and female belonging in mixed gender STEM social groups highlights that 
this prevalent intervention approach may be problematic. The statistics demonstrate 
that the higher in education students progress the more male dominated STEM 
subjects become (WISE, 2018c), therefore, students need interventions which reflect 
the reality of studying a STEM subject and supporting them to build their social identity 
within a mixed-gender STEM groups. 

Furthermore, interventions need to target both male and female students. For 
example, Lewis, Sekaquaptewa and Meadows (2019) provided mixed gender groups 
of students with a video which modelled STEM group work in a way that challenged 
STEM stereotypical roles. This study importantly used an approach which not only 
targeted female minorities in STEM subjects but provided an intervention designed to 
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change the behaviour of the whole group including males. The application of both 
Social Learning Theory and Social Identity Theory to the current gender disparity in 
STEM subjects, along with an evaluation of current interventions suggests that further 
research and intervention design which considers female belonging, and self-esteem 
in STEM social contexts is required to support female interest and persistence in 
STEM subjects. 
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