
Abstract

The underrepresentation of females in STEM �ields has been a long-standing concern, varying in 
magnitude and reasons, in different socio-economic and cultural contexts. Despite growing academic 
interest in investigating females’ underrepresentation in STEM education, little is known about how 
school-level dynamics in�luence females’ motivation and participation in STEM careers ultimately. The 
present study aims to provide a systematic review and thematic synthesis of the research on STEM 
education at the school level in the domain of social science that examines the underrepresentation 
of females. The study employs systematic review and thematic scrutiny to: understand the key 
characteristics of research studies in the �ield of STEM school education; identify the key themes of 
research work in the �ield of STEM school education; and identify the research gap and propose potential 
future research areas. The Scopus database was searched using a set of Boolean keywords, and after 
thorough screening based on the inclusion and exclusion criteria, a total of 212 articles were identi�ied 
and retrieved for analysis. The selected articles were thoroughly reviewed for recurrent patterns and 
themes. The study contributes to providing a comprehensive understanding of global research trends, 
key themes and proposes future research directions in the context of the underrepresentation of females 
in STEM education at the school level. The �indings inform educators, practitioners and policymakers in 
cultivating the equal representation of females in STEM education.
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pipeline and glass ceiling in STEM, which contrib-
ute to attrition of women at different stages of 
education and career. The underrepresentation 
diminishes the opportunities for women to enter 
into high-paying jobs (Patrick et al. 2009, Hsieh 
et al. 2017), leads to the generation of untapped 
resources, that could meet the need for a skilled 
labor force (Roue, 2014), affects the economic 
development of the countries and women them-
selves (Rowan and Lynch, 2011, Niño-Cortés et 
al. 2023), negatively affects the self-development 
and self-attainment of females and risks losing a 
potential labor force in the �ield of science (He 

Introduction

The underrepresentation of women in STEM (sci-
ence, technology, engineering and mathematics) 
is an enduring issue. It has been argued that the 
underrepresentation of women in STEM leads to 
an absence of requisite diversity in the workforce 
(Patrick et al. 2009; Yabas et al. 2022; Chiang 
et al. 2023). Addressing underrepresentation of 
women in STEM is vital to achieving sustainable 
development goals (SDGs) (Mérida-Serrano et al. 
2020; Wang et al. 2023; Buenestado-Fernendaz 
2023). Besides, substantial literature has exam-
ined the socio-economic implications of the leaky 
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et al. 2019). It has been argued that there is an 
increasing demand for STEM professionals in 
the global marketplace (Patall et al. 2018) and 
that women make up a large proportion of the 
workforce, and thus, they have to be trained to be 
competitive and integrated in the global economy 
(Etim & Gindeel, 2015). The existing literature 
has shown that it is important to address the 
issue of the underrepresentation of women in 
STEM and the leaky pipeline at the school lev-
el. For instance, Ergün (2019), who conducted 
a study at a middle school level in Turkey, has 
argued that STEM career goals are taken during 
middle school years. In another study based in 
the context of the United States, Simpkins et al. 
(2015) argued that high school is a signi�icant 
point in the STEM trajectory because gender dis-
parities in occupational pursuits start emerging 
from the level of high school. However, there is 
paucity of research analysing STEM education 
at the school level in the context of India. For 
instance, Sahoo and Klasen (2021), who have 
conducted their study using nationally longitu-
dinal data from India, have shown that girls are 
twenty per cent less likely than boys to opt for 
science and commerce streams than humanities 
at the senior secondary level. It indicates gen-
der differences in the �ield of STEM, early at the 
school level.

Rationale
Recently, increasingly scholarly attention has 
been directed towards the underrepresentation 
of women in STEM education and the workforce. 
There is noticeable research in the domain of 
higher education, the scienti�ic community, and 
the STEM workforce with regard to this lop-
sided representation of women, but the con-
text of school education has not received much 
academic attention. Given that several research 
studies have documented that the formation and 
development of science identity and gender dif-
ferences in the context of STEM education often 
begins at the school level, it becomes imperative 
to develop a comprehensive understanding of the 
role of gender within school-based educational 
contexts. It becomes essential to addressing sys-
temic challenges at later stages of education.
The present study attempts to address this re-
search gap. It aims to offer an overview by em-
ploying thematic analysis and providing an in-
depth understanding of the key research trends 
in the �ield of STEM school education, and pro-
vides future research directions. Table 1 presents 
a list of review papers published in the domain of 
STEM school education. However, it is notewor-
thy that none of these adopts a thematic analysis 
approach to examine the underrepresentation of 
females in STEM education within school settings.

Table I: List of review papers published in the domain of STEM school education

Title of the 
paper

Authors Year of 
Publica-

tion

Databases 
referred

Dura-
tion

Num-
ber of 

records 
re-

viewed

Type of 
Study

Focus

Systematic re-
view: The im-
pact of peda-
gogy on equity 
in science edu-
cation in rural 
schools

Jalak, J. T., & 
Nasri, N. M. 

2019  Google Scholar, 
ERIC and SAGE

10 years 
(2009-
2018)

10 Systematic 
literature 
review

p e d a g o g i -
cal impact 
on equity 
in science 
education 
in rural 
schools

STEM initia-
tives matter: 
Results from a 
systematic re-

Prieto-Ro-
driguez, E., 
Sincock, K., 
& Black

2020 EBSCO 
Proquest
Scopus 
Web of Science

39 years 
(1980-
2018)

32 Systematic 
literature 
review

S T E M - r e -
lated inter-
v e n t i o n s , 
Secondary
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Title of the 
paper

Authors Year of 
Publica-

tion

Databases 
referred

Dura-
tion

Num-
ber of 

records 
re-

viewed

Type of 
Study

Focus

view of second-
ary school in-
terventions for 
girls

more, K. school edu-
cation

M o t i v a t i o n a l 
factors that in-
�luence student 
science achieve-
ment: A system-
atic literature 
review of TIMSS 
studies

Zhang, F., & 
Bae, C. L. 

2020 P s y c I N F O 
( A m e r i c a n 
Psychological 
Associat ion) , 
A c a d e m i c 
Search Com-
plete (EBSCO-
host), Web of 
Science (Core 
C o l l e c t i o n ) , 
ERIC (Educa-
tion Resources 
I n f o r m a t i o n 
Center), and 
EBSCO (Educa-
tion Research 
Complete)

10 years 
(2011- 
2020)

15 Systematic 
literature 
review

Students’ 
science 
achieve-
ment, 
School 
education

The role of par-
ent’s beliefs in 
students’ moti-
vation, achieve-
ment, and 
choices in the 
STEM domain: 
a review and 
directions for 
future research

Šimunović, 
M., & 
Babarović, T. 

2020 Web of Science, 
E d u c a t i o n a l 
Research In-
formation Cen-
ter [ERIC], Sci-
ence Direct, 
and Google 
Scholar

- 54 Compre-
hensive 
review
(Thematic 
analysis)

Parent-
child 
interaction 
in STEM

Gender gaps 
in science: sys-
tematic review 
of the main ex-
planations and 
research agen-
da

Tomassini , 
C. 

2021 Web of Science 34 years 
(1985-
2018)

53 Systematic 
review

S t u d e n t s ’ 
STEM per-
formances, 
S t u d e n t s ’ 
S T E M 
l e a r n i n g 
e x p e r i -
ences, and 
s t u d e n t s ’ 
STEM occu-
pational ex-
pectations 
at school 
level 
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Title of the 
paper

Authors Year of 
Publica-

tion

Databases 
referred

Dura-
tion

Num-
ber of 

records 
re-

viewed

Type of 
Study

Focus

Gendered dif-
ferences versus 
doing gender”: 
a systematic 
review on the 
role of gender 
in CSCL

Kube, D., 
W e i d l i c h , 
J., Jivet, I., 
Kreijns, K., 
& Drachsler, 
H. 

2022 S c i e n c e D i -
rect (Elsevier), 
SAGE, and 
SpringerLink

17 years 
(2005-
2021)

27 Systematic 
literature 
review

Impact of 
Computer 
supported 
col labora-
tive learn-
ing in STEM 
education 
on gender 
equality

A review of ICT-
enabled learn-
ing for school-
girls in Asia and 
its impacts on 
education eq-
uity

Liang, M., 
Lim, C. P., 
Park, J., & 
Mendoza, N. 
B. 

2022 Education Re-
sources Infor-
mation Centre 
(ERIC), JSTOR 
Archive Com-
p l i m e n t a r y 
Collection, Sco-
pus and Web of 
Science

12 years 
(2010-
2021)

30 Systematic 
literature 
review

Equity in 
school edu-
cation, ICT-
e n a b l e d 
learning

A systematic 
review of the 
factors affecting 
girls’ participa-
tion in science, 
technology, en-
gineering, and 
m a t h e m a t i c s 
subjects

M s a m b wa , 
M. M., Dan-
iel, K., Li-
anyu, C., & 
Fute, A. 

2023 Web of Science, 
Scopus, EB-
SCO-host, and 
Google Scholar

11 years 
(2013-
2023)

165 Systematic 
literature 
review

E n v i r o n -
mental, be-
h a v i o r a l 
and per-
sonal fac-
tors partici-
pation in 
STEM sub-
jects

I n t e r v e n -
tions for gen-
der equal-
ity in STEM 
education: A 
meta-analysis

Yu, W., He, 
J., Luo, J., & 
Shu, X. 

2024 ERIC, IEEE, 
JSTOR, Pro-
Q u e s t - E d u -
cation, SAGE 
Journals, Sco-
pus, Springer 
Link, Taylor & 
Francis, Web 
of Science, and 
Wiley Online 
Library

16 years 
(2007-
2022)

23 Systematic 
literature 
review

D i f f e r e n t 
forms of in-
terventions 
for gender 
equality in 
STEM edu-
cation

A Systematic 
Review of Re-
search on Gen-
der Diversity in 
STEM Educa-
tion

Hong, C. N. 
T., Thu, H. L. 
T., Huy, V. N., 
& Le Thi, B. 

2024 Scopus 11 years 
(2013-
2023)

42 Systematic
literature 
review

R e s e a r c h 
on gender 
diversity in 
STEM edu-
cation

Source: Compiled by the author
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A number of systematic and comprehensive re-
views have been conducted over the past decade 
to examine various dimensions of gender dis-
parities and interventions within STEM educa-
tion at the school level. Jalak and Nasri (2019), 
in their systematic literature review spanning a 
decade (2009-2018), explored the pedagogical 
impacts on equity in science education in rural 
schools by analyzing ten studies sourced from 
Google Scholar, ERIC, and SAGE databases. Simi-
larly, Prieto-Rodriguez, Sincock, and Blackmore 
(2020) conducted a systematic review over a 39-
year period (1980-2018), examining 32 records 
from major databases such as EBSCO, ProQuest, 
Scopus, and Web of Science. Their study focused 
speci�ically on STEM-related interventions tar-
geted at secondary school girls. Zhang and Bae 
(2020) analyzed 15 studies published between 
2011 and 2020 to investigate motivational fac-
tors in�luencing student achievement in science 
education, drawing on multiple databases includ-
ing PsycINFO, ERIC, and Web of Science. Anoth-
er signi�icant contribution is by Šimunović and 
Babarović (2020), who carried out a comprehen-
sive thematic review of 54 studies to explore the 
role of parental beliefs in students’ motivation, 
achievement, and decision-making in STEM do-
mains. Tomassini (2021) conducted a systematic 
review over a 34-year span (1985-2018), review-
ing 53 studies from the Web of Science to assess 
gender gaps in science education, focusing on 
academic performance, learning experiences, and 
occupational aspirations among school students.
In a more recent study, Kube et al. (2022) re-
viewed 27 articles published between 2005 
and 2021 from databases such as ScienceDirect, 
SAGE, and SpringerLink, analyzing how comput-
er-supported collaborative learning (CSCL) in 
STEM settings impacts gender dynamics. Liang 
et al. (2022) focused on ICT-enabled learning for 
schoolgirls in Asia, systematically reviewing 30 
studies from 2010 to 2021 using sources such 
as ERIC, JSTOR, Scopus, and Web of Science to 
understand its in�luence on educational equity. 
Msambwa et al. (2023) provided one of the most 
extensive reviews by analyzing 165 articles pub-

lished over 11 years (2013-2023) from platforms 
like Scopus, Web of Science, and Google Scholar, 
to examine environmental, behavioral, and per-
sonal factors in�luencing girls’ participation in 
STEM subjects. Yu et al. (2024) conducted a me-
ta-analysis of 23 studies over a 16-year period 
(2007-2022), addressing various interventions 
aimed at promoting gender equality in STEM ed-
ucation by sourcing data from 11 major academic 
databases. Finally, Hong et al. (2024) undertook 
a systematic review of 42 articles from Scopus 
(2013-2023), focusing broadly on research trends 
related to gender diversity in STEM education.
The examination of extant literature in the do-
main indicates that despite of growing body of 
literature, there remains a critical gap in stud-
ies that systematically examine the underrepre-
sentation of girls in STEM education, speci�ically 
within school-based contexts, using a thematic 
analysis approach. It underscores the need for 
comprehensive, in-depth, and contextual research 
in this domain.
The study formulates the following research ob-
jectives and corresponding research questions:
Objective

• Understand the current pattern of research 
studies in the �ield of STEM school education

• Identifying the key themes of research work 
in the �ield of STEM school education

• Identifying the research gap and proposing 
potential future research areas

Research Questions

• What are the current global trends in re-
search studies in the �ield of STEM school 
education?

• What are the key themes of research work 
in the �ield of STEM school education?

• What research gaps exist in current research 
on STEM school education and what are po-
tential future research areas?

Methodology

The present study aims to comprehend the cur-
rent body of research addressing gender disparity 
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and underrepresentation in STEM education at 
school level. For this, the study adopts a thematic 
analysis approach and uncover the major themes 
and document research gaps.
Data Source and Search Strategy

To ensure the comprehensive coverage of peer-
reviewed and high-quality academic literature, 
the Scopus database was selected as the primary 
source for data. The database is widely recog-
nized for indexing standard academic research 
documents and using it also ensured reproduc-

ibility and methodological transparency of the 
present review study.
The literature search was conducted using a 
set of relevant keywords in the Boolean system 
(STEM, Gender, School, Education, disparity) and 
their possible synonyms. By adding identi�ied 
NOT words, the results were further �iltered in 
alignment with research objectives and a focus 
on STEM education at the school level and the un-
derrepresentation of females. Table 2 presents a 
complete list of words incorporated in the query 
string for the present study.

Table II: The query string employed for the present study

Article Title, 
abstract, Key-
words

“School” AND “STEM” OR “Science” OR “Mathematics” OR “Math” OR “Technology” 
AND “Primary” OR “Middle” OR “Secondary” OR “post-secondary” OR “higher sec-
ondary” AND “women” OR “girls” OR “gender” OR “female” OR “Men” OR “Boy*” AND 

“Underrepresentation” OR “disparity” OR “gender Gap” OR “differenc*” OR “Segrega-
tion” OR “participation” OR “equality” OR “equity” OR “inclusive” OR “Gap”

NOT words “Higher education” OR “Cyberbullying” OR “Agriculture” OR “PhD” OR “Medical” OR 
“Clinic*” OR “Medicine” OR “University” OR “Physical Education” OR “Health” OR 
“Physical activity” OR “Dental Education” OR “Covid-19”

Inclusion and Exclusion Criteria

A total of 1496 records published after 2009 were 
retrieved, as the publication trend has shown a 
signi�icant increase since then. All records were 
then screened for their relevance based on the 
inclusion and exclusion criteria mentioned in Ta-

ble 3, through their titles, abstracts, and keywords. 
Thereafter, a full-text screening of the remaining ar-
ticles was conducted, and references were screened 
to identify relevant records; a total of 212 articles 
were �inally included for the present study. The 
following criteria were used to screen the articles:

Table III: Inclusion and Exclusion Criteria

Criterion Inclusion Exclusion
Type of docu-
ment

Peer-reviewed Journal Articles Doctoral theses, student projects, confer-
ence proceedings, reports

Type of study Empirical Studies based on primary 
data

Review studies, opinion pieces, or any 
other

Language English Language Other than the English language
Domain Social Sciences Other than Social Sciences
Duration Studies published after 2009 Before 2009
Theme and 
focus of the 
document

Address the underrepresentation of fe-
males in STEM education at the School 
level within the school settings

Do not address the underrepresentation 
of females in STEM education at the School 
level within the school settings

Data Analysis

To address the �irst research question, a pre-
liminary scrutiny was conducted to understand 

the current global trend of research studies in 
STEM education at the school level concerning 
gender disparity. To answer the second research 
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question, the selected articles were reviewed and 
analysed using a thematic analysis approach as 
outlined by Braun and Clarke (2006). The author 
read the article to fully understand the context 
and the content. Recurring ideas were jotted 
down and, overarching themes started emerg-
ing. The themes were then named appropriately, 
and the analysis was written.

Findings

RQ1: What are the current global trends in 
research studies in the fi eld of STEM school 
education?

Geopolitical and Geographical Contexts: Figure 
1 depicts the geographical context of the studies 
included in the present research. Most of the work 
on STEM education at school levels has been car-
ried out in the American and European contexts. 
In the articles that have been reviewed, around 40 
percent of the studies are situated in the Ameri-
can context, 28 percent of the articles are situated 
in the European context, 20 percent of the articles 
are based in the Asian context, 5 percent of works 
are based in the Australian context, 5 percent of 
the work is based in the African context, 1 percent 
work based in the Latin American context, and 1 
percent from the Middle Eastern context. Among 
the literature that has emerged from the Asian 
context, most of the works are based in China, 
Hong Kong, Indonesia and Turkey.

Fig. I: Geographical Context of the 
Included Studies

Most of the studies are based in the urban con-
text (Barkatsas et al., 2009; Wade-Jaimes et al., 
2021). There are few studies that talk about the 
rural context (Gudyanga et al., 2016; Zhang et 
al., 2021) we intend to understand and very few 
articles that talk about the suburban context 
(Gok, 2021).
Type of Study

Out of the papers that have been reviewed, 
around 64 percent of the studies have used 
quantitative research methods, 19 percent of the 
studies have used mixed methods and 17 per-
cent of the studies have used qualitative research 
methods. In the quantitative studies undertaken, 
survey questionnaires are the most commonly 
used research tools. Qualitative studies have pre-
dominantly used semi-structured interviews and 
focus group discussions. In the mixed-methods 
studies, both surveys, focus group discussions 
and semi-structured interviews have been used.

Theoretical Frameworks

Many quantitative studies have utilized the social 
cognitive theory (SCT) given by Albert Bandura 
(1986) to understand perseverance in STEM, 
intrinsic motivation and extrinsic motivation, 
self-ef�icacy and STEM career interests (Ng & 
Chu, 2021). SCT emphasizes that learning and 
motivation to learn are shaped by a dynamic in-
tersection of personal factors and environmental 
in�luences. Most of the quantitative studies as 
well as a few qualitative studies have used the so-
cial cognitive career theory (SCCT) to understand 
self-ef�icacy in STEM, professional commitment, 
persistence in STEM, STEM career aspirations, in-
tentions to pursue STEM, beliefs and attitudes to-
wards STEM and self (Ober et al., 2024; Wang et 
al., 2023) SCCT provides a nuanced framework to 
understand how individuals develop educational 
and career interests and make choices based on 
self-ef�icacy beliefs, outcome expectations and 
personal goals. Apart from that, the Situated 
Expectancy Value Theory and Expectancy Value 
Theory have also been used in many quantita-
tive studies to talk about the concept of STEM 
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career preferences or STEM career intentions. A 
few of the quantitative studies have also used 
self-determination theory to understand the mo-
tivational aspect of the students. Intersectionality 
theory (Erete et al., 2021) and critical race theory 
are the theoretical frameworks for many of the 
qualitative studies which seek to understand the 
experiences of female students from racial and 
ethnic minority backgrounds. Feminist theories 
have been used in some of the studies.
Level of School Education Studied

Out of the studies reviewed, most of the stud-
ies are based on the middle school or secondary 
school level. Figure 2 demonstrates that around 
56 per cent of studies have taken the middle 
school level into consideration, 38 per cent of 
studies are situated at the high school level, and 
24 per cent of studies have talked about primary 
school levels. There were a few studies which 
included participants from more than one level 
of schooling (Høgheim & Reber, 2019)

Fig. II: Level of School Education Studied

RQ2: What are the key themes of research 
work in the fi eld of STEM school education?

Table 4 presents �indings from the thematic 
analysis of the included articles. It represents the 
major themes identi�ied in the current body of 
research concerning the underrepresentation of 
females in STEM education within school-based 
educational contexts:

Table IV: Key themes and sub-themes identi�ied

Theme Theme title Sub-themes
Theme I Attitudes Towards Gender Differences • Attitudes of Students

• Attitudes of Teachers and Educators
• Attitudes of Parents and Community

Theme II Interventions to Achieve Gender 
Equity

Pedagogical Interventions:
• Curriculum-based (e.g., Engineering for 

Sustainable Communities)
• Teacher training
• Project-based learning
Informal Science Learning:
• Science camps
• Role model mentoring
• Outreach programs

Theme III Performance and Gender Differences • Teacher support & gender
• Parental support & occupation
• Socioeconomic and cultural factors

representation of women in STEM. The dimension 
of attitude can be approached from three main 
aspects, that is, from the perspectives of the stu-
dents, teachers and educators, and parents.

Theme I: Attitudes towards Gender Differences 
in STEM School Education

Attitude is one of the important dimensions which 
needs to be studied to address the issue of under-
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ing a negative attitude towards STEM, there are 
a few studies that have discussed the positive 
attitude of female students towards STEM. For 
instance, Aini et al. (2019), who conducted their 
study among primary and middle school students, 
have shown that female students have a more 
positive attitude towards science than male stu-
dents. A similar picture has also been depicted by 
Liu et al. (2014) in the context of Chinese society 
among middle and high school students, where 
it has been seen that girls �ind science dif�icult 
and they believe that boys are more capable of 
doing science. In the context of Greece, Barkat-
sas et al. (2009) have argued that boys have a 
more positive attitude towards mathematics and 
the use of technology in learning mathematics 
as compared to girls. Niño-Cortés et al. (2023) 
who have conducted their study among the sec-
ondary education students in Spain have shown 
that boys report higher digital competence (DC) 
perception and attitude than girls. The authors 
have mentioned in their study that despite DC 
getting improved in both the genders over the 
course of time, the attitude of girls towards dig-
ital technology (DT) worsened and they had a 
poor DC self-perception by the time they reached 
upper secondary level. The study mentions that 
the lack of female role models, lack of recognition 
of equal career opportunities and associating the 
use of DT with social attributes of masculinity 
lead to a negative attitude of girls towards tech-
nology. While most of the studies have attempted 
to look into the gender differences in attitude 
with respect to one of the disciplines within 
STEM, Else-Quest et al. (2013), who have con-
ducted their study among tenth grade students 
of public schools, have looked into the gender 
differences in science attitude and mathematics 
attitude. The study mentions that while male 
adolescents report greater math self-concept and 
expectations for success while female adolescents 
report greater science value. This study uses the 
theoretical framework of expectancy-value the-
ory. While most of the studies have mentioned 
that boys have more positive attitude towards 
science, the study on Indonesia conducted by 

Attitudes of Students: It is imperative to look 
at the perspectives, attitudes and beliefs of the 
students. It is because the attitude of the students 
has a direct bearing on their performance. Sa-
rouphim and Chartouny (2017) conducted their 
study among secondary school students who 
were in seventh to ninth grades in four private 
schools in Lebanon. The authors have attempted 
to look into the gender differences in attitude 
towards mathematics and mathematics achieve-
ment among students. The Attitudes Toward 
Mathematics (ATM) scale was used for the study. 
In this study, it has been seen that there were 
no gender differences in mathematics achieve-
ment or attitude towards mathematics among 
the students. While this study mentioned that 
there were no gender differences in attitude 
towards science between male and female stu-
dents, �indings from other studies portray a dif-
ferent picture. For instance, Wan and Lee (2017), 
who have conducted a quantitative study among 
secondary school students in Hong Kong, have 
argued that male students have a more positive 
attitude towards science than female students. 
In this study, attitude towards science has been 
approached in terms of �ive dimensions-self-con-
cept in science, enjoyment in science, learning 
science in and outside the classroom and future 
participation. Sáinz and López-Sáez (2010), who 
conducted their study among secondary school 
students in rural areas of Spain, have argued that 
female students have a lower positive computer 
attitude than male students. Some studies have 
also looked into the motivation of the students 
in STEM. For instance, Koul et al. (2023), who 
conducted their study among secondary students 
in Australia, have shown that girls are undermo-
tivated about their STEM projects as compared 
to boys. In the context of Hong Kong, Oon et al. 
(2020) have shown that female students have 
a lesser liking towards physics than male stu-
dents. Lee and Yuan (2010) have also shown that 
girls exhibit less enjoyment and pride and more 
anxiety, shame and hopelessness in the case of 
studying mathematics than boys. While the ma-
jority of the studies have talked about girls hav-
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Susilawati et al. (2022) among secondary school 
students have shown that girls have a more posi-
tive attitude towards science than boys. In the 
context of Sudan, Etim and Gindeel (2015), who 
have conducted a study on female students of 
secondary schools, have shown that girls have 
a high interest in mathematics and science and 
reported to achieve high scores in teacher made 
tests and assignments. Michael and Alsup (2016) 
have mentioned about lower attitude towards 
engineering and technology among female stu-
dents due to lower self-esteem and lower engi-
neering and technology identity in the context 
of the United States. Another study on middle 
school students in the United States by Ober et 
al. (2024) has argued that female and underrep-
resented minority (URM) students had a lower 
interest towards computer programming at the 
initial period. Kalali (2019), who has conducted 
the study among secondary school students in 
France has argued that despite most of the fe-
male students agreeing that science is an impor-
tant discipline, they believe that science is not 
meant for them. Uitto (2014), who has carried 
out the study among upper secondary students 
in the context of Finland, has argued that the 
orientation of students towards science-related 
careers is in�luenced by social persuasions, self-
ef�icacy beliefs and attitude towards science and 
mathematics and that girls are more oriented to-
wards biology-related careers. Gok (2021), who 
conducted the study in Turkey among second-
ary school students, found that the attitude and 
motivation values toward STEM of the female stu-
dents in metropolitan areas, according to grade 
levels, were lower than the STEM values of the 
male students.
Attitudes of Teachers and Educators: Sarou-
phim and Chartouny (2017), who have conducted 
their study in Lebanon, have also looked into the 
beliefs and perceptions of the teachers on the 
abilities of their students. For the purpose of the 
study, the teachers have been interviewed out-
side class hours. The authors showed that despite 
there being no differences between the attitudes 
and achievements of the female and male stu-

dents in mathematics, the teachers believed that 
mathematics was a masculine domain and they 
attributed the success of the boys to their abili-
ties and the success of the girls to their efforts. 
In this study, the authors also mentioned how 
the beliefs and perceptions of the teachers also 
shaped their classroom interactions with their 
male and female students. Whether it was in the 
form of reprimands or in the form of one-on-one 
interaction, it was seen that the teachers used to 
have twice the interaction with the male students 
as compared to the female students. That there is 
a gendered interaction between teachers and fe-
male and male students has also been highlighted 
by Oon et al. (2020), who have conducted their 
study among secondary school students in Hong 
Kong. The female students who were part of the 
study reported that they received less recognition 
and attention from the physics teachers. Houtte 
(2025) investigated the impact of the sex compo-
sition of the school and the subject being taught 
on the difference in teacher-perceived boys’ and 
girls’ teachability.
Attitudes of Parents and Community: It is also 
important to take into consideration the beliefs 
and attitudes of the parents. Many studies have 
shown that the beliefs and attitudes of the par-
ents shape the attitude of their children towards 
science. For instance, Wan and Lee (2017) and 
Chang et al. (2009) have argued that parents be-
lieve that science is more important for boys and 
that boys are more competent in doing science. 
Sáinz and López-Sáez (2010) have also shown 
that the occupation of the mother can also in�lu-
ence the computer attitude among boys. It has 
been seen that the boys whose mothers are em-
ployed outside the home have a more positive 
computer attitude than the boys whose mothers 
are unemployed.
Attitude towards STEM shapes the learning out-
comes and achievement of the students. While 
most of the studies have shown that girls have 
a lower or negative attitude towards STEM as 
compared to boys, few studies have also pointed 
out that there is no gender difference between 
the STEM attitude of male and female students 
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or that girls have a positive or higher attitude 
towards STEM as compared to boys. Thus, it 
shows that attitude is not biologically deter-
mined. Attitude towards STEM is socio-culturally 
determined. It is interesting to note that most of 
the studies have talked about attitudes towards 
STEM among secondary school students. While 
middle school years are generally considered to 
be formative years among students, we have to 
keep in mind that gendered socialization starts 
right from the time a child is born. Thus, attitudes 
towards STEM start taking shape from childhood 
itself. Therefore, future research on STEM atti-
tudes needs to be undertaken among children at 
the primary or elementary school level. It would 
help the policymakers to develop effective inter-
ventions to improve the attitude towards STEM 
among female students from a very early age.
Theme II: Interventions to attain gender equity 
in STEM School Education

Interventions are a necessary step to address 
the issue of the underrepresentation of women 
in STEM. There are different types of interven-
tions. In this paper, the interventions have been 
categorized into two major types- pedagogical 
interventions and informal science learning in-
terventions. In this review, around eighty-seven 
papers have been included that talk about inter-
ventions. The following paragraphs will discuss 
pedagogical and informal science interventions, 
respectively.
Pedagogical Interventions: From this review, it 
has been seen that more than half of the papers 
are talking about pedagogical interventions. The 
studies that are associated with pedagogical in-
terventions can be further classi�ied into three 
types: curriculum-based interventions, teacher 
training and project-based learning. From the re-
viewed articles, it can be seen that most of the 
pedagogical interventions are at the secondary 
school level. In their micro-video-based ethno-
graphic study on secondary school students in 
the United States, the participation of male and 
female students in small group work in an inte-
grated STEM curriculum-based intervention was 
examined by Wieselmann et al. (2021). In this 

study, the authors have shown that participation 
in single-gender groups was better than mixed-
gender groups because there was more cohesive-
ness and less con�lict. Another study by Koul et al. 
(2023) on the participation in integrated STEM 
projects among secondary school students has 
argued that greater support for the girls through 
feedback on their tasks could have made the in-
tervention more effective.
In the context of Saudi Arabia, Kim and Alghamdi 
(2019) have argued that the reform in the science 
curriculum was brought about. The teachers who 
were interviewed for the study welcomed the re-
form, and it was predicted that it would improve 
the performance of the girls and their scienti�ic 
metacognitive learning orientation. Fung (2020), 
who carried out a study among eighth-grade stu-
dents who participated in a teaching interven-
tion on the use of electricity from two secondary 
schools in Hong Kong, has argued that effective 
group work can reduce the gender and social 
class differences in the science performance of 
students. The author further mentions that a 
gender-balanced and socioeconomically diverse 
arrangement was found to be an important ele-
ment of social group work practice. A study in 
Finland by Nieminen et al. (2013) looked at a 
teaching intervention in the form of interactive 
engagement (IE) with the students at the upper 
secondary level. In this study, the authors have 
argued that both girls and boys bene�ited equally 
from the gender-neutral IE approach. However, 
the gender differences that were present prior to 
the teaching intervention could not be addressed. 
Kurbanoğlu and Nefes (2016), who have conduct-
ed their study among the secondary students in 
Turkey, have shown that context-based questions, 
which are a form of teaching intervention, can 
reduce test anxiety and can improve the perfor-
mance of the students. However, they did not �ind 
any statistically signi�icant difference in terms of 
gender with respect to the intervention.
Another form of pedagogical intervention is 
group learning. Hossain and Tarmizi (2012), who 
conducted their study among secondary school 
students in the rural parts of Bangladesh, argued 
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that the �ifteen-week intervention group learning 
in mathematics was highly effective. In this study, 
it has been seen that the girls bene�itted more 
than the boys and also outperformed them. There 
is a socially prevalent notion that girls are not 
interested in the �ield of engineering. Benavides 
et al. (2023), who conducted their study among 
middle school students in the United States, have 
shown that girls can also develop an interest in 
engineering with the right type of curriculum-
based intervention. The curriculum was based 
on using technology for making a sustainable 
community and was named ‘Engineering for 
Sustainable Communities’ (EfSC). The teachers 
had to undergo professional development before 
the curriculum was implemented. In this study, it 
has been seen that curricular intervention has 
helped the girls to bring forth their embodied 
form of knowledge to their engineering designs 
for the welfare of the community. As they chose 
engineering problems based on their personal ex-
periences, it helped them to perceive themselves 
as an expert in the �ield of engineering. Liu et al. 
(2014), who conducted their study among high 
school students, have mentioned the importance 
of project-based learning in improving STEM self-
ef�icacy among girls. In this study, the authors 
have shown that as the girls could work in prox-
imity with the female role models in engineer-
ing, it helped them enhance their enthusiasm and 
con�idence in engineering. Liccordo et al. (2025) 
conducted a study in schools of Naples (Italy) 
through a project-based learning approach and 
concluded that traditional gender roles and ste-
reotypes persist.
Informal Science Learning Interventions: Be-
sides, the other studies have discussed interven-
tions that can broadly be categorized as informal 
science learning interventions in the form of sci-
ence camps and science clubs, mentoring by role 
models, participation in competitions and such. 
Ayuso et al. (2020), who conducted their study 
in Spain among children from primary school, 
have mentioned an informal science learning 
intervention called ‘A Female Engineer in Every 
School’. This initiative was initiated by a few fe-

male professors at a university in Spain in 2016. 
The professors realised that the initiatives taken 
by high school students to encourage students to 
take up engineering were ineffective because by 
the time students come to the high school level, 
they have already chosen their streams and study 
pathways. As part of the intervention, female en-
gineers, both from academic and industry back-
grounds, visit primary schools so that children 
can see them as role models. Open and interac-
tive workshops are organized so that students 
can work in groups on some technology-related 
projects. This study, however, does not mention 
if the intervention was effective in developing an 
interest in engineering among girls. English et 
al. (2011) conducted their study among middle 
school students in Australia, where they men-
tioned the engineering education program, which 
was introduced to students of seventh, eighth and 
ninth grades. From this intervention, it was seen 
that despite equal opportunities, boys perceived 
themselves to be more successful in science sub-
jects and showed more interest in learning sci-
ence than girls. In the context of Spain, Merayo 
and Ayuso (2023) talk about the Ingenious Pro-
ject that was initiated in 2019 to improve the 
participation of female students from secondary 
school levels in technological vocation.
Teacher training and dissemination of talks and 
experiments were part of the project. Riegle-
Crumb et al. (2023), in their qualitative study, 
have attempted to understand the viewpoints 
of female high school students from differ-
ent racial backgrounds who participated in an 
outreach program in engineering in the United 
States. From this study, it was seen that critical 
self-ef�icacy was mostly present among girls of 
colour and that Asian girls had it the least.
Some studies have also looked at the science 
camps. For instance, Levine et al. (2015) talked 
about an outreach chemistry camp that was 
organized for middle school girls in the United 
States in their study. The intervention was found 
to be successful because post-intervention, the 
girls seemed to be more motivated in pursu-
ing a career in STEM. However, the long-term 
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effect of the intervention has not been looked 
at in this study. Another study from the United 
States by Weavers et al. (2011) on a free one-
week engineering day camp for girls from middle 
school levels has shown that the camp helped 
in reinforcing the already present positive at-
titude and high aspirations towards mathemat-
ics and science within the girls. Todd and Zvoch 
(2017) have mentioned an outreach program 
for girls in science in the United States, which 
included hands-on activities, peer role models, 
peer learning and such within a summer camp. 
Post-intervention data collection showed that the 
middle school girls who participated in the out-
reach program reported higher science af�inities 
as compared to their peer groups who did not. 
In another study, Todd and Zvoch (2019) also 
talked about a cohort-based science summer 
camp among middle school girls in the United 
States and mentioned that the camp gave them a 
space to fail and yet work through their failures 
through support and encouragement. Another 
study by Hughes et al. (2013) in the context of 
the United States has tried to understand if girls 
would perform better in single-sex science camps 
as compared to girls in mixed-gender summer 
camps. In this study, the authors have shown that 
the girls bene�ited equally from both the camps 
and their science identities were strengthened 
through the activities in the science camps.
Reznik et al. (2023) conducted their study among 
female students from elementary and high 
schools in a low-income setting in Brazil who 
participated in some science and mathematics 
projects organized by some universities and re-
search institutes. In this study, the authors have 
argued that the inclusive spaces that the projects 
offered helped the students build interest and 
con�idence and value their own skills. The au-
thors have further argued that the projects be-
came “counter spaces” for these female students 
coming from marginalized backgrounds, where 
they felt included. That counter structures and 
counter spaces could play an important role in 
developing STEM identity among girls coming 
from marginalised socio-economic backgrounds 

has been reiterated in another study by Erete et 
al. (2021) in the context of the United States. In 
this study, the authors have discussed an out-of-
school program, Digital Youth Divas (DYD), which 
was speci�ically designed for Latina girls and girls 
of colour. DYD is a community of peers and men-
tors which emphasises hands-on learning experi-
ences and tries to engage girls in design-based 
engineering and computer science activities. The 
intervention was effective in developing STEM 
identity among female students. While most of 
the interventions were made at the level of mid-
dle schools, few interventions were also brought 
about at the primary school level. For instance, 
Caspi et al. (2023) have discussed an informal 
STEM programme that was designed for primary 
school children. In this study, the authors tried 
to understand the reasons why the students par-
ticipated in speci�ic programmes and their career 
aspirations. From the data that was collected it 
was seen that more boys participated in these 
programmes and that more boys from third and 
fourth grades aspired for a STEM career than 
girls. However, the study emphasizes that par-
ticipation in such informal STEM programmes 
helps in STEM career entry from an early age by 
helping retain the students’ interests in STEM. 
In another study based in the United States, Kim 
(2016) argued that a one-week inquiry-based 
STEM program that was for girls at the middle 
school level was successful in increasing partici-
pants’ positive attitudes toward science, science-
related careers, and content knowledge of select-
ed science concepts. Stevenson et al. (2021), who 
have also conducted their study in the context 
of the United States, have shown in their study 
how an outdoor science education program 
which consisted of hands-on science investiga-
tion, science journaling, nature exploration and 
re�lection, helped the girls to stay engaged with 
science by reducing the effect of culturally pro-
moted disengagement with science. Barksdale et 
al. (2022) have argued that the informal learning 
program on computer science for middle school 
girls from the United States helped them develop 
an interest in computer science and computing 
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perspectives. Levine and DiScenza (2018) have 
also shown that a chemistry outreach program 
for middle school girls organized by a university 
in the United States was successful in improv-
ing the responses of the participants regarding 
the applicability of science and also in improv-
ing their interest in pursuing a career in science. 
While most of the studies have mentioned that 
the interventions undertaken were successful, 
Wade-Jaimes et al. (2022) have shown how the 
STEM club for African-American female students 
at the middle school level, which aimed to create 
an egalitarian space for them failed to make the 
students unlearn the discriminatory practices. 
The students perceived the STEM club activities 
as ‘science-like’ but not ‘real science’.
From the review of the intervention-based stud-
ies, it can be argued that many informal science 
learning interventions have taken place in the 
Global North, especially in the United States. 
There is a lack of literature on interventions from 
the Global South.
Theme III: Performance and Gender 
Differences in STEM School Education

The existing scholarship on STEM has shown 
that there is a gender difference in STEM per-
formance. Globally, there is a growing concern 
over this differential STEM performance among 
male students and female students because it is 
leading to the underrepresentation of women in 
STEM (Else-Quest et al., 2010; Liu et al., 2014).
There are multifarious factors that may in�lu-
ence performances in STEM disciplines. One of 
the factors is the gender of the instructor. Sulli-
van and Bers (2019), who conducted their study 
among elementary school children in the context 
of the United States among the economically dis-
advantaged sections of the society, have shown 
that a female instructor may positively impact 
the learning outcomes of girl children in robot-
ics. Apart from the gender of the instructor or 
the teacher, the social support from the teacher 
also has a positive impact on the learning out-
comes of the students. Ansong et al. (2020), who 
conducted their study among junior high school 
students in Ghana, have argued that support from 

teachers is the most important predictor of STEM 
performance. In this study, the authors have tried 
to make a comparison between the performances 
of female and male students and students from 
urban and rural backgrounds. The authors have 
argued that boys and girls have equal capabili-
ties to succeed in STEM subjects. However, the 
performance of the girls worsens over time due 
to the sociocultural context where girls are taught 
to view STEM careers predominantly as a mas-
culine domain. Thus, negative attitudes, low con-
�idence, motivation and interest in science lead 
to poor performance of girls in STEM (Khanyane 
et al., 2016). Awofala (2017), who conducted a 
study among senior secondary school students 
from higher socioeconomic backgrounds in Ni-
geria, has also argued that despite there being 
no signi�icant gender differences in mathemat-
ics pro�iciency among boys and girls, there is 
a signi�icant gender difference between boys 
and girls in terms of mathematics performance, 
where boys perform signi�icantly better than girls. 
Heidari and Rajabi (2017), who conducted their 
study among the students of junior schools in 
Iran, have also shown that male students perform 
better than female students in mathematics.
Moreover, parental support and parental occupa-
tion are the other two factors that impact how 
female children and male children perform in the 
�ield of STEM education. For instance, Hoferichter 
and Raufelder (2019) conducted their study 
among eighth and ninth-grade students in a 
public secondary school in Germany to under-
stand the relationship between parental support 
and their grades obtained in mathematics and 
biology. In this study, it has been seen that the 
performance of boys in mathematics is negatively 
associated with the support from their mothers. 
On the other hand, the achievements of the girls 
are positively bene�ited as a result of their ma-
ternal support.
Few studies have shown that there are differ-
ent factors that affect the performance of male 
and female students differently. Khanyane et al. 
(2016), who conducted a qualitative study in 
secondary school settings in the African coun-
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try Lesotho, have argued that using the English 
language negatively affects the comprehension 
of science, especially among boys. The study has 
also shown that in the case of girls, socioeconom-
ic and cultural factors hinder the time that the 
girls could devote towards their studies.
While most studies have delved into the factors 
that negatively affect the performance of female 
students in STEM disciplines, few studies have 
also talked about girls outperforming boys in 
STEM. For instance, Onoshakpokaiye (2024), who 
conducted a study among secondary students in 
Nigeria, has shown that female students had high 
self-concept and high motivation, which led to 
better mathematics performance as compared 
to male students.
Much work has been conducted on STEM per-
formance globally, especially in the Global North. 
However, there is a lack of literature that may 
have emerged on STEM performance at the 
school level from the Indian context. Jaiswal and 
Choudhuri (2017) conducted their study on sec-
ondary school students in the Indian context. The 
authors have shown how academic self-concept 
in�luences academic achievement among stu-
dents and that there is a difference between the 
academic self-concept of male students and the 
academic self-concept of female students. How-
ever, this study considers academics in general, 
and it does not speci�ically talk about STEM per-
formance.

RQ 3: What research gaps exist in current 
research on STEM school education and what 
are potential future research areas?

There is a dearth of studies on STEM education at 
the level of schools in the Global South, especially 
in the context of India. There is also a lack of lit-
erature on intervention, especially at the primary 
school level. There is thus a need to �ill this gap 
through future research. It has also been seen 
that there is a lack of literature on performance 
from the Global South. Similarly, it has also been 
seen that attitude has been studied mostly among 
secondary school students.

Contextual and Regional Gaps

The Global South remains underrepresented in 
the current STEM education scholarship. There 
is a signi�icant volume of work that has emerged 
from the Global North, research that captures so-
cio-cultural speci�icities, regional disparities, and 
structural inequalities in�luencing girls’ STEM en-
gagement and outcomes in countries like India 
is sparse. Rural contexts are largely overlooked, 
despite the unique socio-cultural, infrastructural, 
and economic challenges that shape girls’ access, 
participation, and success in STEM education. 
This limits the generalizability and applicability 
of �indings across diverse geographies.
Existing studies predominantly focus on sec-
ondary school students, with little attention to 
the primary or elementary level, despite early 
childhood being a formative period for the de-
velopment of science attitudes, identity, and as-
pirations. Interventions and attitudinal studies 
at the middle or high school level may be too 
late to respond to entrenched gendered sociali-
zation. There is an urgent need for longitudinal, 
early-intervention research to understand how 
gendered attitudes towards STEM evolve from 
childhood.
Theoretical and Intersectional Gaps

While psychological theories like social cogni-
tive theory and expectancy-value theory have 
dominated existing studies, frameworks such 
as intersectionality, feminist theory, and social 
capital theory remain underutilized, particularly 
in performance and attitudinal studies. These 
lenses can offer richer insights into how multiple 
dimensions of identity (e.g., gender, class, caste, 
and ethnicity) shape students’ STEM experiences. 
Intersectional analyses are especially lacking in 
studies from India and similar contexts, where 
gender often intersects with rural-urban, caste, 
religion, and socioeconomic status to in�luence 
STEM access and achievement.
Methodological Gaps

A large proportion of existing research uses quan-
titative methods, particularly surveys, to assess 
attitudes and performance. While these are use-
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ful for breadth, they lack depth and contextual 
sensitivity. There is a need for qualitative, eth-
nographic, and longitudinal studies that unpack 
the nuanced experiences and identity formations 
of girls in STEM. Many studies fail to assess the 
long-term effectiveness of interventions, particu-
larly informal STEM learning programs. Follow-
up studies that measure sustained impacts on 
attitudes, self-ef�icacy, and STEM career trajec-
tories are scarce.
Limitations
This thematic review has a few limitations that 
should be kept in view while interpreting the 
�indings. First, this review was limited to research 
articles published in English, which may have led 
to the exclusion of relevant articles published in 
other languages. Second, the literature search for 
this review study was con�ined to a speci�ic da-
tabase, i.e. Scopus; therefore, it might have over-
looked some studies indexed exclusively in other 
databases. Finally, the thematic analysis has been 
derived from the empirical studies in the context 
of STEM education at school levels, which limits 
the ability of this review to draw overarching 
conclusions beyond speci�ic educational contexts.
Conclusion
Science and technology education is widely ac-
knowledged as a pivotal driver of national pro-
gress and holistic development. The issue of gen-
der disparity within STEM education has been a 
longstanding universal concern. Globally, women 
remain signi�icantly underrepresented in STEM 
educational pursuits. There is a dearth of studies 
on STEM education at the level of schools in the 
Global South. There is also a lack of literature 
on intervention, especially at the primary school 
level. There is thus a need to �ill this gap through 
future research. It has also been seen that there 
is a lack of literature on performance from the 
Global South. Similarly, it has also been seen that 
attitude has been studied mostly among second-
ary school students. The equitable inclusion of 
women in STEM domains is imperative not only 
for establishing a gender-equitable society but 
also for promoting female participation in the 
labour market.
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