
Despite significant improvements made in recent decades, education is not universally available and 
gender inequalities are widespread, often at the expense of girls. Complex and inter-related socio-
cultural and economic factors affect not only girls’ opportunities to go to school but also the quality 
of education they will receive, the studies they will follow and ultimately their career and life paths. 
A major concern is girls’ low participation and achievement in science, technology, engineering and 
mathematics (STEM) education.

STEM underpin the 2030 Agenda for Sustainable Development, and STEM education can provide 
learners with the knowledge, skills, attitudes and behaviours required for inclusive and sustainable 
societies. Leaving out girls and women from STEM education and professions not only deprives them 
the opportunity to contribute to and benefit from STEM but also perpetuates the gender gap and 
wider social and economic inequalities. 

This report aims to ‘crack the code’ by deciphering the factors that hinder and facilitate girls’ and 
women’s participation, achievement and continuation in STEM education and, in particular, what 
the education sector can do to promote girls’ and women’s interest in and engagement with STEM 
education and ultimately STEM careers. It is intended as a resource for education stakeholders and 
others working to promote gender equality. 
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UNESCO Education Sector
Education is UNESCO’s top priority because it is a 
basic human right and the foundation on which to 
build peace and drive sustainable development. 
UNESCO is the United Nations’ specialized agency for 
education and the Education Sector provides global 
and regional leadership in education, strengthens 
national education systems and responds to 
contemporary global challenges through education 
with a special focus on gender equality and Africa.

The Global Education 2030 Agenda
UNESCO, as the United Nations’ specialized agency 
for education, is entrusted to lead and coordinate 
the Education 2030 Agenda, which is part of a global 
movement to eradicate poverty through 17 Sustainable 
Development Goals by 2030. Education, essential to 
achieve all of these goals, has its own dedicated Goal 4, 
which aims to “ensure inclusive and equitable quality 
education and promote lifelong learning opportunities for 
all.”  The Education 2030 Framework for Action provides 
guidance for the implementation of this ambitious goal 
and commitments.
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Foreword

Only 17 women have won a Nobel Prize in physics, chemistry or medicine since Marie Curie in 1903, compared to 572 men.

Today, only 28% of all of the world’s researchers are women. 

Such huge disparities, such deep inequality, do not happen by chance. 

Too many girls are held back by discrimination, biases, social norms and expectations that influence the quality  
of education they receive and the subjects they study. 

Girls’ under-representation in science, technology, engineering and mathematics (STEM) education is deep rooted  
and puts a detrimental brake on progress towards sustainable development.  

We need to understand the drivers behind this situation in order to reverse these trends. Cracking the code: Girls’ 
and women’s education in science, technology, engineering and mathematics provides a global snapshot of this under-
representation, the factors behind it and examples of how to improve the interest, engagement and  
achievement of girls in these fields.  

Both education and gender equality are an integral part of the 2030 Agenda for Sustainable Development, adopted  
by the United Nations General Assembly in 2015, as distinct Sustainable Development Goals (SDGs) but also as catalysts 
for the achievement of all other SDGs. 

Science, technology and innovation are also key to the SDGs: in how we address the impact of climate change, in how  
we increase food security, improve healthcare, manage limited freshwater resources and protect our biodiversity. 

Girls and women are key players in crafting solutions to improve lives and generate inclusive green growth that benefits 
all. They are the greatest untapped population to become the next generations of STEM professionals – we must invest  
in their talent.

This matters for human rights, for inclusion, for sustainable development.

We need to understand and target the particular obstacles that keep female students away from STEM. We need to 
stimulate interest from the earliest years, to combat stereotypes, to train teachers to encourage girls to pursue STEM 
careers, to develop curricula that are gender-sensitive, to mentor girls and young women and change mindsets.

In 2016, Member States adopted a decision on the role of UNESCO in encouraging girls and women to be leaders in 
STEM, including arts and design. This report directly responds to this request. It is also a contribution to UNESCO’s Global 
Partnership for Girls’ and Women’s Education which promotes gender equality to, in and through education. 

By providing evidence and examples from research and practice, this report is a solid reference for policy-makers, 
practitioners and other stakeholders to engage more girls in STEM education. 

Most of all, this report has been written for girls and women around the world. It champions their right to a quality 
education, and a better life and better future. 

Irina Bokova
UNESCO Director-General
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Despite significant improvements in recent decades, 
education is not universally available and gender 
inequalities persist. A major concern in many countries 
is not only limited numbers of girls going to school, but 
also limited educational pathways for those that step 
into the classroom. This includes, more specifically,  
how to address the lower participation and learning 
achievement of girls in science, technology, engineering 
and mathematics (STEM) education. 

STEM underpins the 2030 Agenda for Sustainable 
Development, and STEM education can provide learners 
with the knowledge, skills, attitudes and behaviours 
required for inclusive and sustainable societies. Leaving  
out girls and women in STEM education and careers is a  
loss for all. 

This report aims to ‘crack the code’, or to decipher the 
factors that hinder or facilitate girls’ and women’s 
participation, achievement and continuation in STEM 
education, and what can be done by the education  
sector to promote girls’ and women’s interest in, and 
engagement with, STEM. 

Gender differences in STEM education participation at the 
expense of girls are already visible in early childhood care 
and education (ECCE) and become more visible at higher 
levels of education. Girls appear to lose interest in STEM 
subjects with age, and lower levels of participation are 
already seen in advanced studies at secondary level. By 
higher education, women represent only 35% of all 
students enrolled in STEM-related fields of study. Gender 
differences also exist in STEM disciplines, with the lowest 
female enrolment observed in information, communication 
and technology (ICT); engineering, manufacturing and 
construction; and natural science, mathematics and 
statistics. Women leave STEM disciplines in disproporti-
onate numbers during their higher education studies, in 
their transition to the world of work and even during their 
career cycle.

Cross-national studies of learning achievement 
(measuring knowledge acquisition or knowledge 
application) from more than 120 countries and dependent 
territories present a complex picture. In middle- to 
high-income countries for which trend data are available, 
data gaps to girls’ disadvantage are closing, particularly in 
science. In addition, in countries where girls do better 
than boys on curriculum-based assessments, their score 
difference can be up to three times higher than when 

Executive summary

boys do better. There are significant regional differences, 
however. For example, girls outperform boys in many 
countries in Asia while the score difference between boys 
and girls in science achievement is particularly strong in 
the Arab States, with girls significantly outperforming 
boys. 

More countries demonstrate gender differences to boys’ 
advantage in mathematics achievement, with boys’ score 
differentials as compared to those of girls often increasing 
between early and late primary education. Regional 
differences exist also in mathematics; girls are particularly 
disadvantaged in Latin America and sub-Saharan Africa. 
Differences also exist between assessments that measure 
learning against the curriculum-based compared to those 
that measure students’ ability to apply knowledge and 
skills to different situations. Boys performed better in 
two-thirds of the 70 countries measuring applied learning  
in math at age 15. 

Education systems and schools 
play a central role in determining 
girls’ interest in STEM subjects and 
in providing equal opportunities to 
access and benefit from quality  
STEM education. 

Research on biological factors, including brain structure 
and development, genetics, neuroscience and hormones, 
shows that the gender gap in STEM is not the result of 
sex differences in these factors or in innate ability. Rather, 
findings suggest that learning is underpinned by neuro- 
plasticity, the capacity of the brain to expand and form new 
connections, and that education performance, including 
in STEM subjects, is influenced by experience and can be 
improved through targeted interventions. Spatial and 
language skills, especially written language, are positively 
correlated with performance in mathematics and can be 
improved with practice, irrespective of sex, especially 
during the earlier years of life. 

Cracking the code: Girls’ and women’s education in science, technology, engineering and mathematics (STEM)
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These findings highlight the need to look at other factors 
to explain gender differences in STEM. Studies suggest 
that girls’ disadvantage in STEM is the result of the 
interaction of a range of factors embedded in both the 
socialisation and learning processes. These include social, 
cultural and gender norms, which influence the way girls 
and boys are brought up, learn and interact with parents, 
family, friends, teachers and the wider community, and 
which shape their identity, beliefs, behaviour and choices. 
Self-selection bias, when girls and women chose not to 
pursue STEM studies or careers, appears to play a key 
role. However, this ‘choice’ is an outcome of the 
socialisation process and stereotypes that are both 
explicitly and implicitly passed on to girls from a young 
age. Girls are often brought up to believe that STEM are 
‘masculine’ topics and that female ability in this field is 
innately inferior to that of males. This can undermine 
girls’ confidence, interest and willingness to engage in 
STEM subjects. 

Evidence shows that girls’ self-efficacy and attitudes related 
to STEM are strongly influenced by their immediate family 
environment, especially parents, but also the wider social 
context. Parents’ own beliefs, attitudes and expectations are 
themselves influenced by gender stereotypes, which can 
cause differential treatment of girls and boys in care, play 
and learning experiences. Mothers, more than fathers, 
appear to have a greater influence on their daughters’ 
education and career choices, possibly due to their role-
model function. Parents with higher socio-economic status 
and higher educational qualifications tend to have more 
positive attitudes towards STEM education for girls than 
parents with lower socio-economic status and education, of 
immigrant status and ethnic minority background or single 
parents. Media representations of women, and the status of 
gender equality in society also has an important influence, 
as it influences the expectations and status of women, 
including in STEM careers. 

Education systems and schools play a central role in 
determining girls’ interest in STEM subjects and in 
providing equal opportunities to access and benefit 
from quality STEM education. Teachers, learning 
contents, materials and equipment, assessment 
methods and tools, the overall learning environment 
and the socialisation process in school, are all critical to 
ensuring girls’ interest in and engagement with STEM 
studies and, ultimately, STEM careers. 

Teaching quality and specialisation in STEM subjects are 
essential for good quality STEM education. The sex of 
STEM teachers appears to make a difference too. Female 
STEM teachers have a positive influence on girls’ 
performance and engagement with further STEM studies 
and careers. Girls also appear to perform better when 
teaching strategies take into consideration their learning 
needs, and when teachers have high expectations of 
them in STEM subjects and treat them equally. In contrast, 
girls’ learning experience in STEM is compromised when 
teachers hold stereotypical beliefs about sex-based STEM 
ability or treat boys and girls unequally in the classroom.   

Learning contents and materials also impact on girls’ 
performance in STEM. Curricula that are gender-balanced 
and take account of girls’ interests, for example, linking 
abstract concepts with real-life situations, can help 
increase girls’ interest in STEM. Evidence also suggests 
that hands-on activities, for example in laboratories, can 
enhance girls’ interest. In view of the increasing role of 
information, communication and technologies (ICT) in 
the STEM workplace, more attention is needed to ensure 
that girls have equal opportunities to quality ICT 
education, addressing stereotypes therein.   

Assessment contents, tools and processes can affect girls’ 
learning outcomes in STEM subjects. Psychological 
reactions to competition or testing, such as mathematics 
anxiety, which is more common among female learners, 
and teachers’ own biases, may further compromise girls’ 
performance. Like all aspects of education, the way STEM 
learning is assessed needs to be free from gender bias. 

Supportive learning environments can increase girls’ 
self-confidence and self-efficacy in STEM. Exposure to 
real-world learning opportunities, such as through 
extra-curricular activities, field trips, camps and 
apprenticeships, can help inspire and retain girls’ interest. 
Mentoring appears to be particularly beneficial for girls, 
enhancing their confidence and motivation and 
improving their understanding of STEM careers.

Getting more girls and women into STEM education and 
careers requires holistic and integrated responses that 
reach across sectors and that engage girls and women in 
identifying solutions to persistent challenges.  Doing so 
moves us all towards gender equality in education where 
women and men, girls and boys can participate fully, 
develop meaningfully, and create a more inclusive, 
equitable and sustainable world. 
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The 2030 Agenda for Sustainable Development,1 
adopted by the United Nations (UN) General Assembly 
in September 2015, calls for a new vision to address the 
environmental, social and economic concerns facing 
the world today. The Agenda includes 17 Sustainable 
Development Goals (SDGs), including SDG 4 on education 
and SDG 5 on gender equality. 

UNESCO recognises that achieving the 2030 Agenda 
requires the cultivation of transformative, innovative 
and creative thinking and skills, and competent and 
empowered citizens.2 For education to achieve its 
potential, urgent changes are needed. This includes steps 
to eliminate persistent disparities in education access 
and achievement, to improve educational quality, and to 
provide learners with the knowledge, skills, attitudes and 
behaviours to ensure inclusive and sustainable societies. 

Science, technology, engineering and mathematics (STEM) 
education has a vital role to play in this transformation 
as it underpins the 2030 Agenda (Box 1). Advances in 
STEM have already brought about improvements in many 
aspects of life, such as health, agriculture, infrastructure 
and renewable energy. STEM education is also key for 
preparing students for the world of work, enabling entry 
into in-demand STEM careers of tomorrow. 

Introduction

STEM education and the 2030 Sustainable Development Agenda 

Box 1: STEM in international 
commitments and agendas 
STEM and innovation feature prominently in 
the 2030 Sustainable Development Agenda. 
They are also a means to achieve other SDGs, 
such as ending hunger and tackling climate 
change.3  Of particular relevance to this 
report are SDG 4, on inclusive and equitable 
quality education and lifelong learning, and 
SDG 5, on gender equality and girls’ and 
women’s empowerment. These SDGs include 
specific targets for countries to enhance 
access to STEM education and technologies, 
and to reduce gender disparities. The 
Incheon Declaration and Framework for 
Action4 for the implementation of SDG 4 
notes that the focus on quality and 
innovation “will require strengthening 
STEM” and “particular attention should be 
given to providing girls and women with 
scholarships to study in the STEM fields.” The 
Addis Ababa Action Agenda5, which provides 
a global framework for financing sustainable 
development, calls on countries to “scale 
up investment in science, technology, 
engineering and mathematics education...
ensuring equal access for women and girls”.

Introduction 
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Ensuring girls and women have equal access to STEM 
education and ultimately STEM careers is an imperative 
from the human rights, scientific, and development 
perspectives. From a human rights perspective, all 
people are equal and should have equal opportunities, 
including to study and work in the field of their choice. 
From a scientific perspective, the inclusion of women 
promotes scientific excellence and boosts the quality 
of STEM outcomes, as diverse perspectives aggregate 
creativity, reduce potential biases, and promote more 
robust knowledge and solutions.6-8 Women have 
already demonstrated their abilities in STEM fields, 
having contributed, for example, to advancements 
in the prevention of cholera and cancer, expanded 
understanding of brain development and stem cells, and 
other discoveries.9 Maximizing the catalytic role of STEM 
requires drawing on the widest pool of talent to promote 
excellence and leaving out women is a loss for all.10  

From a development perspective, gender inequalities 
in STEM education and employment perpetuate existing 
gender inequalities in status and income. Gender equality in 
STEM will ensure that boys and girls, men and women will 
be able to acquire skills and opportunities to contribute 
to and benefit equally from the benefits and assets 
associated with STEM.11 

The gender gap in STEM education participation and 
achievement has been the subject of extensive research 
over many decades.12-14 While gender differences in 
science and mathematics achievement appear to have 
decreased in recent years in many countries, as shown in 
large-scale cross-national surveys,15,16  they have not been 
eliminated.17,18  Moreover, while more women are entering 
the STEM workforce than ever before, women are still 
significantly under-represented in STEM occupations in 
many countries.19-22

Ra
w

pi
xe

l.c
om

/s
hu

tt
er

st
oc

k.
co

m

Why focus on girls’ and women’s education in STEM? 

Cracking the code: Girls’ and women’s education in science, technology, engineering and mathematics (STEM)

15



This report is part of UNESCO’s efforts to promote gender 
equality23 and empower girls and women through 
education. It is also a direct response to UNESCO’s 
Member States decision calling on UNESCO to further 
encourage girls and women to be leaders in STEM, 
including arts and design.24 

The report is intended to stimulate debate and inform 
STEM policies and programmes at global, regional 
and national levels. Specifically, it aims to: i) document 
the status of girls’ and women’s participation, learning 
achievement, and progression in STEM education; ii) ‘crack 
the code’, i.e., decipher the factors that contribute to girls’ 
and women’s participation, achievement and progression 
in STEM education; and, iii) identify interventions that 
promote girls’ and women’s interest in and engagement 
with STEM studies.  

The first section presents statistics on girls’ and women’s 
participation and achievement in STEM subjects at 
different levels of education. The second section provides 
an ecological model to identify individual-, family-, school- 
and societal-level factors influencing girls’ participation, 
achievement and progression in STEM education. 
The third section identifies interventions that can be 
undertaken at these different levels of the ecological 
model, including promising examples from around the 
globe. The final section includes conclusions and a set  
of key recommendations.  

The report is based on a desk review of national data, 
peer-reviewed literature, results of standardised cross-
national surveys (Annex 1) and other sources. It also draws 
on an experts meeting held in Paris in 2016 and an expert 
peer review process. 

It will be a useful resource for education sector stakeholders 
in Ministries of Education, Science and Labour, especially 
decision-makers and planners, curriculum developers,  
and practitioners and institutions providing STEM 
education, including teachers and teacher training 
institutions. It is also expected to be useful for civil society 
practitioners, including NGOs engaging girls in STEM,  
and others with an interest in this field, including 
employers in STEM sectors. 

There are several limitations to this report. First, while 
it includes data from more than 120 countries and 
dependent territories, the depth and comparability 
of information is limited. Regional, sub-regional or 
national variations might exist that have not been 
captured. Moreover, there are limited evaluations or 
published studies on programme experience outside 
of the US, indicating a gap in more diversified cultural 
contexts. Second, the review drew largely on materials 
published in English, therefore research and programme 
experience published in other languages may have been 
missed. Third, some of the research accessed identified 
contradicting conclusions regarding the factors 
affecting girls’ participation in STEM education, making 
definitive observations difficult. There is a need for further 
research and factor analysis that consider differences by 
context, age, socio-economic, geographical or cultural 
background, and other related variables. Finally, research 
on the effect of various biological factors on human 
behaviour, including educational performance, is still in  
its initial stages with preliminary or inconclusive findings. 
As such, UNESCO sees this report as a living document 
that can be updated as further research is made available. 

What is the purpose of this report?
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1. Current status of girls  
and women in STEM 
education



This section provides an overview of girls’ and 
women’s access, participation, and learning 
achievement in STEM education at primary, secondary 
and higher education levels. Cross-national and 

Figure 1: Enrolment rate* of female students,  
by level of education, world average
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Girls’ enrolment in education is increasing globally,  especially in higher 
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200 countries and dependent territories.

Figure 2: Girls’ gross enrolment ratio* from primary to higher 
education in 2014, world and regional averages
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1. Current status of girls and women  
in STEM education

Girls’ and women’s participation in STEM education needs 
to be considered in the context of their overall access to, 
and participation in, education. While access to education 
for girls and young women has globally improved, 
important disparities persist both among and within 
regions and countries. 

Significant progress has been made with respect to girls’ 
participation in education in recent decades. Trends 
show a small but consistent increase in female students’ 
enrolment rates at all levels of education since 2000 
(Figure 1). Globally, in 2014, gender parity was achieved in 
primary, lower secondary and upper secondary education. 
Significant progress has been made in higher education, 
where the enrolment of female students almost doubled 
between 2000 and 2014, with young women constituting 
the majority of students at Bachelor’s and Master’s degree 
levels globally. However, the percentage of female students 
who continue with doctoral degrees drops by more than 
7% compared to those enrolled at Master’s level.25 
Despite the positive global trends, there are significant 
disparities across regions and countries, and among 
specific groups within countries. The global achievement 

of gender parity in access to primary education, for 
example, masks important disparities in many regions 
and countries.26 In secondary education, gender 
disparities are more diverse, with considerable regional 
differences. For example, more boys than girls complete 
lower and upper secondary education in South and West 
Asia, sub-Saharan Africa and the Arab States (Figure 2), 
while the opposite is true in Latin America and the 
Caribbean.27 

Despite gains in access, socio-economic, cultural and other 
obstacles still prevent female learners from completing or 
benefiting fully from good quality education of their choice 
in many settings. These barriers increase in adolescence, 
when gender roles for girls become more entrenched and 
gender discrimination more pronounced. Barriers include 
household and care responsibilities, early marriages and 
pregnancies, cultural norms that prioritise boys’ education, 
inadequate school sanitation facilities, parental concerns 
about girls’ safety on the way to and from school, and 
school-related gender-based violence.28,29 Adolescent girls 
from rural or disadvantaged areas are at a higher risk of 
educational exclusion.25 

1.1 Overall education trends: access, participation and progression 

regional surveys reveal gender differences in 
STEM fields of study and learning achievement, 
particularly at higher levels of education and in 
specific subjects.  

Data source: UIS 201525 Data source: UIS 201525
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1.2 Participation and progression in STEM education

Figure 3:  Percentage of students that take advanced courses in mathematics and physics, by sex, Grade 12

This section considers girls’ participation, subject choice, and 
progression in STEM education. Gender differences in STEM 
education, are present at all levels of education. In many 
parts of the world, the gender gap is to the disadvantage 
of girls, but in certain contexts and subjects, the gender 
gap is in their favour. Gender differences in STEM education 
participation are more apparent as soon as subject selection 
becomes available, usually in upper secondary education, 
and become worse as the level of education increases.

Children can be exposed to learning opportunities in science 
and mathematics from a young age, including during ECCE.30,31  
While all children at this age should have equal opportunity to 
instruction and educational play opportunities, some studies 
have found differential access to boys’ advantage.32,33 Early 
educational experiences have been found to have a positive 
effect on students’ choice of mathematics and science courses 
later as well as their career aspirations.30,31,34,35

In primary education, science and mathematics are part of the 
core curriculum globally and it is expected that both girls and 
boys have the same exposure to these subjects, although the 
amount of time differs widely between regions and countries.36 
In many contexts, sex-role stereotyping is reinforced at this age 
range.34 Teachers have been found to evaluate girls’ ability in 
mathematics at a lower rate than boys’ ability, even when they 
are performing at similar levels.38,39 

The gender gap in STEM participation becomes more apparent 
in lower secondary education. This is when specialisation 
begins and students make choices about which subjects to 
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study.40-42 Furthermore, in many contexts, girls appear to 
lose interest in STEM subjects with age and more than boys 
do.6 A study in the United Kingdom (UK)  found that, at age 
10-11 years, boys and girls were almost equally engaged with 
STEM, with 75% of boys and 72% of girls reporting that they 
learned interesting things in science. By the age of 18, this 
proportion fell to 33% for boys and 19% for girls, as measured 
by participation in STEM advanced studies. Here, boys began 
dropping out of STEM subjects as they approached their 
advanced level studies, whereas girls decided to drop out 
much earlier in secondary school.43 A longitudinal study with 
Swedish youth also found that their career aspirations were 
largely formed by age 13, and that it would be progressively 
more difficult to engage students in science after that age.44 

Those who have studied STEM subjects at advanced levels in 
upper secondary are more likely to move on to STEM-related 
degree programmes in higher education.21 Regardless of 
the level of studies, exposure to STEM and intentions do 
not always guarantee the continuation of STEM studies. 
For example, girls may consider not to choose educational 
pathways that lead to occupations where few women are 
employed or to occupations perceived to be difficult to 
combine with family life.45 

Although global comparable data on subject selection 
in secondary education is limited,46 data from the Trends 
in International Mathematics and Science Study (TIMSS) 
Advanced 201518 show that in most countries, the majority  
of students taking advanced courses in both mathematics 
and physics were boys (Figure 3). 

Data source: TIMSS Advanced 201518
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STEM
-related fields

A clear gendered pattern emerges in higher education. 
Male students are the majority of those enrolled in 
engineering, manufacturing and construction and 
information and communication technology studies, 
and to a lesser extent in other disciplines (Figure 4). 
Female students are the majority in education, arts, 

Figure 5: Distribution of female students enrolled in higher education, by field of study, world average 

health, welfare, humanities, social sciences, journalism, 
business and law fields. Women now account for 
a higher proportion of students studying natural 
sciences, mathematics and statistics than men, due  
to significant increases in enrolments between 2000 
and 2015.25 

Only around 30% of all female students select STEM-related fields in higher education.
110 countries and dependent territories.

Figure 4: Share of female and male students enrolled in higher education, by field of study, global average

Significant gender differences in higher education enrolments by fields of study. 
115 countries and dependent territories. 
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Within the female student population in higher 
education globally, only around 30% choose STEM-
related fields of study (Figure 5). Differences are 
observed by disciplines. Female students’ enrolment 

is particularly low in ICT (3%), natural science, 
mathematics and statistics (5%) and engineering, 
manufacturing and construction (8%); the highest is in 
health and welfare (15%) studies. 

Data source: UIS 2014-201625

Data source: UIS 2014-201625
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Global averages mask significant regional and country 
differences. For instance, the proportion of female 
students enrolled in natural science, mathematics and 
statistics studies ranges significantly, from 16% in Côte 
d’Ivoire to 86% in Bahrain (Figure 6). High proportions 

Figure 6: Percentage of female students enrolled in natural science, mathematics and statistics programmes in higher education  
in different parts of the world 

Figure 7: Percentage of female students enrolled in engineering, manufacturing and construction programmes in higher 
education in different parts of the world
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of female students are enrolled in engineering, 
manufacturing and construction in South-East Asia, 
the Arab States, and some European countries, while 
lower proportions are found in sub-Saharan Africa, 
North America and Europe (Figure 7).47 
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Not only is female participation in STEM education and 
employment low, the attrition rate is particularly high. 
Women leave STEM disciplines in disproportionate 
numbers during their studies, during transition to the 
world of work and even during their career cycle.11 For 
example, a US study showed a gap between students’ 
intentions to study science and engineering and those 
graduating with degrees in these subjects (Figure 8).  
A large gender gap was observed in science, with more 
girls opting out than boys, while boys and girls seemed 

Figure 8: First-year students’ intentions and final degrees 
in engineering and science, by sex, National Science 
Foundation

Figure 9: Percentage of students who expect to work in 
science-related occupations and their level of proficiency  
in science, 15-year-olds
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Figure 10: Student expectations on science careers, by sub-field of study, out of those who choose science careers, 15-year-olds 
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Most 15 year-old girls intending to pursue science careers expect to work as health professionals. 
35 OECD countries.

to change their mind about engineering at similar rates. 
Similar findings were observed in a study of engineering 
undergraduates in the Republic of Korea.48

PISA 2015 also found that, in OECD countries, higher 
levels of science achievement were associated with 
higher expectations to work in science-related fields 
(Figure 9). For example, more than 39% of the top-
performing girls have career expectations in science, 
compared to 15% among the lowest performers.17

Overall, PISA 2015 found no gender difference in 
science-related career expectations, with 24% of 
girls and 25% of boys in the 35 participating OECD 
countries expecting a career in science. However, 
differences in career aspirations were observed 
within science-related fields. For example, girls were 

three times more likely than boys to see themselves 
working in health professions, while boys were 
twice as likely as girls to see themselves working 
in engineering (Figure 10).17, 50  This is in line with 
the enrolment statistics within STEM-related fields 
presented earlier. 

Data source: US, 201349

Data source: PISA 2015 (OECD countries)17

Data source: PISA 2015 (OECD countries)17
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Figure 11: Proportion of women and men in higher education 
and research, world average

Gender gap widens significantly among science researchers.
226 countries.
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• Gender differences in STEM education participation at the expense of girls begin as early as ECCE in  
science- and math-related play, and are more visible at higher levels of education. 

• Girls appear to lose interest in STEM subjects with age, particularly between early and late adolescence.  
This lowered interest affects participation in advanced studies at secondary-level.

• Gender gaps in STEM education participation become more obvious in higher education. Female students 
represent only 35% of all students enrolled in STEM-related fields of study at this level globally. Differences 
are also observed by disciplines, with female enrolment lowest in engineering, manufacturing and 
construction, natural science, mathematics and statistics and ICT fields.

• Significant regional and country differences in female representation in STEM studies can be observed, 
suggesting the presence of contextual factors affecting girls’ and women’s engagement in these fields. 

• Women leave STEM disciplines in disproportionate numbers during their higher education studies, in  
their transition to the world of work and even in their career cycle.

UNESCO’s STEM and Gender Advancement (SAGA) 
project has found that the gender gap in science widens 
significantly in the transition from Bachelor’s to post-
graduate levels (e.g. Master’s or Doctorate levels) and  
into research and careers (Figure 11). The highest level  
of attrition can be found at post-doctoral level as women 
do not take up careers in their fields of study, despite 
the large amount of time invested in education prior to 
employment.11

There are many factors that influence women’s transition 
into STEM careers, including perceived compatibility 
of certain STEM fields with female identity, family 
obligations, the working environment and conditions. 
While acknowledging the importance of these factors for 
female participation in STEM careers, this is beyond the 
scope of this review, which focuses on education. The key 
factors that influence female students’ participation and 
achievement in STEM subjects are presented and analysed 
in the second section of this report.  

Key messages

Data source: UNESCO 2008-201411
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Data from national education assessments and regional 
and international surveys can be used to understand 
learning achievement in STEM subjects, in particular 
science and mathematics at primary and secondary 
education levels. This section presents data on girls’ 
learning achievement in science, mathematics, 
and computer and information literacy, drawing 
on international and regional surveys from more than 
120 countries and dependent territories (Annex 1). Data 
are presented by subject and level of education, including 
assessments of trends over time, where available. 

Data from regional and international surveys reveal gender 
differences in STEM learning outcomes. In contrast to 
the data on participation in STEM-related fields of study, 
which clearly show a lower participation rate for female 
students, data on learning achievement based on sex vary 
significantly across studies, either in favour of boys or in 
favour of girls, making it difficult to identify gender patterns. 
This suggests contextual factors that affect girls’ and boys’ 
learning achievement in STEM differently. These differences 
can also be attributed to data collection methodologies 
used in each study (e.g, geographical coverage and context, 
students’ age, subject and content assessed, assessment 
methodologies applied, or other).  

Primary education
Global comparative data on achievement in science at 
primary education level is limited. Results are available 
for 47 countries participating in TIMSS 2015 for Grade 4 
students, and 15 Latin American countries participating 
in the Third Regional Comparative and Explanatory Study 
(TERCE) 2013 in Latin America and the Caribbean for 
Grade 6 students. There are significant data gaps for sub-
Saharan Africa, Central Asia, and South and West Asia.  

Data from TIMSS 2015 in science achievement in Grade 
4 show no gender differences in more than half of the 
participating countries (Figure 12). In the remaining 
countries, gender differences are equally split either to 
boys’ or girls’ advantage. Where girls outperform boys, the 
average score difference is significantly higher (24 points) 
than where boys outperform girls (8 points). 

Figure 12: Gender difference in science achievement, Grade 4

Notes: Average score difference is calculated as average 
achievement score points of boys minus that of girls, or vice-versa.  
See Annex 1 for participating countries and dependent territories. 
47 countries and dependent territories.
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Significant regional and national variations can be observed 
in science achievement (Figure 13, includes mathematics). 
The largest score difference in boys’  favour was observed 
in the Republic of Korea (11 points), with a similar pattern 
in other countries in Asia and also in Europe. The largest 
difference in girls’  favour was in Saudi Arabia (79 points), 
with a similar pattern observed in other countries in the 
Arab States. The reasons behind this difference merit 
further research. For example, gaps in learning outcomes at 
the expense of boys have also been found in other subjects 

in secondary education in the Arab States,51 with young 
women in this region seeking and succeeding in higher 
education at higher rates than young men, suggesting 
greater engagement overall with education.52,53 Another 
possible interpretation could be that the single-sex learning 
environments present in the region allow greater time for 
teacher interaction and opportunities for inquiry for girls. 
Targeted qualitative studies would be able to shed more 
light into such a wide gender score differential in STEM 
achievement in this region.  

Figure 13: Distribution of score difference in science and mathematics achievement between girls and boys in primary  
education, Grade 4

Larger score differentials are observed where girls outperform boys in science and mathematics in Grade 4, particularly in the Arab States.
47 countries and dependent territories in science and 49 countries and dependent territories in mathematics.
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Trend data from a smaller subset of 17 TIMSS participating 
countries demonstrate that patterns of earlier gender 
disadvantage at the expense of girls appear to be closing 
between 1995 and 2015 (Figure 14). Among these 
trend countries, Cyprus, the Czech Republic, Japan, the 
Netherlands, New Zealand, Norway and the US show 
the largest improvements in girls’ science achievement 
during this period. 

Data on science achievement among Grade 6 students 
from the TERCE 2013 study show statistically significant 

Figure 14: 20-year trends in science achievement, Grade 4

gender differences in science achievement in eight of 
the 15 participating Latin American countries, with the 
gender advantage shared equally. In Argentina, Chile, 
Paraguay, Panama this was in girls’  favour, and in Costa 
Rica, Guatemala, Nicaragua and Peru in boys’  favour 
(Figure 15). Factors provided to explain this difference 
include parental expectations, mothers’ education, 
teacher practices, student retention, reading habits and 
study time.54 As in the Arab States, girls in Latin America 
also stand an equal or better chance than boys overall in 
continuing to the upper grades of primary school.55 

Notes: Average score difference is calculated as average achievement 
score points of boys minus that of girls. Score differentials are not 
available when girls outperform boys. Countries and dependent 
territories for which trend data are available: Australia, Cyprus, 
Czechia, England (U. K.), Hong Kong (China), Hungary, Iran, Isl. Rep., 
Ireland, Japan, Rep. of Korea, Netherlands, New Zealand, Norway, 
Portugal, Singapore, Slovenia, and the United States. 

Figure 15: Science achievement score difference between 
girls and boys, Grade 6

Gender differences in science achievement in Latin America in Grade 6.
*Note: Nuevo León is one of the 32 Federal Entities of Mexico. 
15 countries. 

Secondary education
A larger body of data is available to examine gender 
disparities in science achievement at secondary 
education levels. In addition to the 39 countries 
with TIMSS 2015 data for Grade 8, data are available 
for 70 countries participating in the Programme for 
International Student Assessment (PISA) 2015, for 
slightly older student cohorts (aged 15). As in the case 
of primary education, data about science achievement 
in secondary education are limited for sub-Saharan 
Africa, Central Asia, and South and West Asia.

TIMSS 2015 finds similar proportions of countries with  
no gender difference in achievement in Grade 8 as in 
Grade 4. However, in Grade 8 girls outperform boys  
in a larger proportion of countries, again with a larger 
average score differential (28 points compared to  
11 points for boys) (Figure 16). 

Figure 16: Gender difference in science achievement, Grade 8

Notes: Average score difference is calculated as average achievement 
score points of boys minus that of girls, or vice-versa. See Annex 1 for 
participating countries and dependent territories.
39 countries and dependent territories.
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As in the case of Grade 4, regional differences 
are observed in Grade 8, with the largest score 
difference in science achievement in girls’  favour, 
again observed in Saudi Arabia (55 points) and in 
other countries in the Arab States (Figure 17, includes 
mathematics).

Figure 17: Distribution of score difference in science and mathematics achievement between girls and boys in secondary 
education, Grade 8
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Girls outperform boys in both science and mathematics in secondary education in Grade 8.
39 countries and dependent territories. 

The findings from PISA 2015 and TIMSS 2015 
cannot be directly compared, as their measurement 
parameters are not the same. TIMSS measures 
learning achievement against the curriculum, while 
PISA focuses less on curriculum content and more on 
applying knowledge and skills in different situations.  

Data source: TIMSS 201516
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A country participating in both studies could therefore 
have different findings. Additionally, there are differences 
in the number and profile of participating countries 
(income, region), and the age of students (PISA focuses on 
15-year-olds, TIMSS focuses on Grade 8, corresponding to 
12-13-year-olds). 

Results from 70 countries participating in PISA 2015 
reveal a mixed picture. In about 1 in 3 participating 
countries, there are no gender differences (34%) in 
science achievement. In the remaining countries, the 
gender gap is shared almost equally either in boys’  
(34%) or girls’ (31%) favour (Figure 18). 

Regional score differentials found in PISA are less 
marked than those observed in TIMSS. The largest 
score differentials in girls’  favour are observed again in 
countries in the Arab States (see Figure 19, page 29).  While 
countries participating in both surveys generally show 
similar findings in terms of overall gender differences in 
favour or at the expense of girls, some differences can be 
observed. 

Figure 18: Gender difference in science achievement, 
15-year-olds

Notes: Average score difference is not available for the full sample of 
participating countries and dependent territories. See Annex 1 for 
participating countries and dependent territories.

% countries where males score higher
(24/70 countries and dependent territories)

% countries with no gender di�erence in achievement 
(24/70 countries and dependent territories)

% countries where females score higher
(22/70 countries and dependent territories)

31%34%

34%

Data source: PISA 201517 
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Figure 19: Distribution of score difference in science and mathematics achievement among 15-year-old girls and boys
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Figure 21: 20-year trends in science achievement, Grade 8

Figure 22: 9-year trends in science achievement, 15-year-olds

Some additional observations can be made on findings 
from TIMSS and PISA as relates to boys’ and girls’ science 
achievement. First, TIMSS 2015 found that girls tend to do 
significantly better in certain content domains than boys, 
including biology at primary and secondary levels, and 
chemistry at secondary education level. Boys’ advantage 
is smaller in other content areas (e.g. physics and earth 
sciences) (Figure 20). Second, the PISA 2015 study found 
that boys comprised the majority of ‘top performers’ in 
science in 33 countries. These students are judged to be 
sufficiently skilled in and knowledgeable about science to 
creatively and autonomously apply their knowledge and 
skills to a wide variety of situations, including unfamiliar 
ones. Finland was the only participating country with 
more girls than boys among top performers in science in 
PISA 2015.17

Finally, both PISA and TIMSS have trend data available 
for secondary education, although at different time 
scales and with different sets of countries. Significant 
changes can be seen in Grade 8 in the 17 countries 
that participated in both the 1995 and the TIMSS 2015 
survey (Figure 21). The gender disadvantage at the 
expense of girls has been significantly reduced in most 
countries, with only a 2 point score differential between 
boys and girls remaining in just three countries. 
Nevertheless, girls did not outperform boys in any of the 
17 countries in 2015. 

Figure 20: Female and male student achievement in science 
sub-topics in primary and secondary education, Grades 4 
and 8

Gender differences in  science sub-topics topics at primary and  
secondary education.
Note:  ‘Life science’ in primary education =  ‘Biology’  in Secondary 
Education, while ‘Physical science’ in primary education =  ‘Chemistry’ 
and ‘Physics’ in SE.
47 countries and dependent territories at primary level and 39 
countries and  dependent territories at secondary level.
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(24/35 countries and dependent territories)

% countries where females score higher
(4/35  countries and dependent territories)

2006 2015

% countries where males score higher
(7/35  countries and dependent territories)

69% 43%
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11% 11%

% countries where females score higher
(4/35 countries and dependent territories)
% countries where males score higher
(15/35 countries and dependent territories)
% countries with no gender di�erence
(16/35 countries and dependent territories)

Notes: Average score difference is calculated as average achievement 
score points of boys minus that of girls. Countries and dependent 
territories for which trend data are available: Australia, England (U. K.), 
Hong Kong (China), Hungary, Iran, Isl. Rep., Ireland, Japan, Rep. of Korea, 
Lithuania, New Zealand, Norway, Russian Fed., Singapore, Slovenia, 
Sweden, and the United States.

Notes: Average score difference is calculated as average achievement 
score points of boys minus that of girls. Score differentials are not 
available when girls outperform boys. Countries and dependent 
territories for which trend data are available: Australia, Austria, Belgium, 
Canada, Chile, Czechia, Denmark, Estonia, Finland, France, Germany, 
Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Rep. of Korea, 
Latvia, Luxembourg, Mexico, Netherlands, New Zealand, Norway, 
Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, 
United Kingdom and the United States.

Among the Organization for Economic Cooperation and 
Development (OECD) trend countries participating in PISA 
2006 and 2015, the number of countries where boys scored 
higher than girls in science doubled. However, the score 
differential remains low, at only 4 points (Figure 22) and 
girls scored higher in a similar proportion of countries.
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Figure 24: 20-year trends in mathematics achievement, 
Grade 4

1995 2015
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Figure 23: Gender difference in mathematics achievement, 
Grade 4

Primary education 
There is a larger body of evidence on mathematics 
achievement in primary education than for science. 
This includes 49 countries in TIMSS 2015 for Grade 
4 students, 15 countries in Latin America in TERCE 
2013 for Grade 3 and 6 students, 10 countries from 
West and Central Africa in the Programme d’Analyse 
des Systèmes Educatifs des Pays de la Conférences 
des Ministres de l’Education des Pays Francophones 
(PASEC) 2014, and 15 countries in Eastern and Southern 
Africa in the Southern and Eastern African Consortium 
for Monitoring Educational Quality (SACMEQ) 2007. 
Significant gaps remain in our understanding of the 
situation in primary education in Central Asia, and 
South and West Asia due to lack of data.

Compared to science, data on mathematics in 
primary education from TIMSS 2015 show a larger 
proportion of countries where boys score higher 
than girls. However, average score differences show 
similar trends with more significant score differentials 
in countries where girls score higher than boys (Figure 
23). There are similar regional patterns, with again 
the largest score differential observed in Saudi Arabia, 
among Arab States (see Figure 17, page 27). Where girls 
outperform boys in mathematics, average differences 
are lower than in science achievement. 
 
Trend data from a smaller subset of countries (17) 
demonstrate slight improvements in reducing 
gendered differences in learning achievement between 
TIMSS 1995 and 2015, including reductions in average 
score differentials between boys and girls (Figure 24).  
However, in several countries and territories, including 
Australia, Hong Kong (China) and Portugal, the gender 
gap in achievement widened during this period at the 
expense of girls.  

1.3.2 Mathematics achievement

49 countries and dependent territories           

Notes: Average score difference is calculated as average 
achievement score points of boys minus that of girls. Countries and 
dependent territories for which trend data are available: Australia, 
Cyprus, Czechia, England (U. K.), Hong Kong (China), Hungary, Iran, 
Isl. Rep., Ireland, Japan, Rep. of Korea, Netherlands, New Zealand, 
Norway, Portugal, Singapore, Slovenia, and the United States.
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Data source: TIMSS 201516
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Figure 25: Average score difference in mathematics achievement between girls and boys, Grades 3 and 6

Data on mathematics achievement in the 15 Latin 
American countries participating in TERCE 2013 find a 
mixed picture in mathematics achievement in Grade 3, 
with statistically significant advantages in achievement 
in girls’  favour in five countries (Figure 25).  

Girls do better than boys in mathematics in most Latin American countries in Grade 3 but lose their advantage by Grade 6. 
*Note: Nuevo León is one of the 32 Federal Entities of Mexico
15 countries. 

Gender differences emerge significantly in boys’ 
favour in the large majority of participating countries. 
Researchers suggest that socio-cultural factors may 
play a role56 such as cultural values, gender beliefs, 
bias and stereotypes.  
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A very different picture emerges in the 10 Francophone 
African countries participating in PASEC 2014 (Grade 
2 and Grade 6). Here, boys’ advantage in mathematics 
achievement is present in the majority of countries in both 
early and late primary education, with score differentials 
increasing in some countries between levels and decreasing 
in others (Figure 26). Burundi is an outlier, with significant 
differences in scores in girls’  favour at late primary by a 
wide margin, meriting further attention as to the factors 

of success. Girls’ disadvantage in STEM-related subjects 
in sub-Saharan Africa cannot be disassociated with the 
wider socio-economic and cultural obstacles girls face in 
education in general in this region, such as poverty, early 
marriage, sexual abuse at school, or social norms valuing 
boys education more. Furthermore, the overall education 
quality remains a challenge for Francophone African 
countries and does not always respond to girls’ learning 
needs.57   

Figure 26: Average score difference in mathematics achievement between girls and boys, early and late primary education, 
Grades 2 and 6
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In Southern and Eastern Africa, data from the SACMEQ 
III 2007 study (latest available) finds boys’ advantage in 
mathematics in the majority of countries, and little change 
between the 2000 and 2007 studies. The largest differences 

in achievement in 2007 were observed in the Seychelles, 
where girls outperformed boys by 32 points, and in the 
United Republic of Tanzania, where boys outperformed girls 
by 31 points (Figure 27). 

Figure 27: Average score difference in mathematics achievement between girls and boys, Grade 6
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Figure 28: Gender difference in mathematics achievement, 
Grade 8

Secondary education 
Data on gender disparities in mathematics achievement  
at secondary education levels is available from 39 countries 
participating in TIMSS 2015 for Grade 8, and 70 countries 
participating in PISA 2015 among slightly older cohorts  
(15-year-olds). Data are limited for sub-Saharan Africa, 
Central Asia, and South and West Asia. Regional surveys 
providing data for primary education level mathematics  
for certain countries do not cover secondary education.

TIMSS 2015 found a smaller proportion of countries 
with gender differences in mathematics achievement 
at secondary level than at primary level (Figure 28), 
and a larger proportion of countries for which gender 
disadvantage was in girls’  favour. As is the case for  
primary education, regional differences are observed 
(see Figure 17, page 27) with the largest difference in 
mathematics achievement in girls’  favour observed in 
Oman (45 points). Smaller score differentials are seen, 
overall, in mathematics than in science.

Note: Average score difference is calculated as average achievement 
score points of boys minus that of girls, or vice-versa. See Annex 1 for 
participating countries and dependent territories.
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Figure 29:  Average score difference in advanced mathematics and science achievement between girls and boys, Grade 12
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In TIMSS Advanced 2015, boys had higher achievement in 
mathematics than girls in seven out of the nine participating 
countries (Figure 29). Only two countries, Italy and Lebanon, 
had no statistically significant difference between boys’ 
and girls’ achievement. Similarly, in physics, boys had 
higher achievement than girls in all the TIMSS Advanced 

2015 countries, except Lebanon, where girls did better 
than boys. It is critical to promote positive formative 
experiences at this age, to stimulate girls’ interest and 
engagement with STEM fields, such as, for example, by 
raising awareness about STEM employment possibilities 
and prospects. 

Where gender differences exist in mathematics 
achievement, they are more likely to be in boys’  favour 
in PISA 2015 participating countries (Figure 30). This is a 
much different picture than in science achievement (see 
Figure 15, page 26) where a more mixed pattern emerged. 
Fewer regional patterns can also be observed  
in mathematics achievement (see Figure 19, page 29. )
Some additional observations can be made on TIMSS 2015 

Figure 30: Gender difference in mathematics achievement, 
15-year-olds

Figure 31:  Girls’ and boys’ achievement in  
mathematics sub-topics in primary and secondary 
education, Grades 4 and 8

findings as they relate to boys’ and girls’ mathematics 
achievement. TIMSS 2015 found that girls tend to do 
better in certain content domains while boys perform 
better in others. For example, in Grade 8, boys have higher 
achievement scores in the sub-topic ‘number’ and girls do 
better in ‘algebra’ and ‘geometry’ (Figure 31). Figure 32, on 
page 35, presents the number of countries where gender 
differences were observed in sub-topics. 

Note: Average score difference is calculated as average achievement 
score points of boys minus that of girls. Score differentials are not 
available when girls outperform boys. See Annex 1 for participating 
countries and dependent territories.
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Figure 32: Gender difference in achievement in the content 
domains in mathematics, in secondary education, Grade 8
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Secondary education 
Both TIMSS and PISA have trend data available for 
mathematics in secondary education, although at 
different time scales, with different sets of countries, and 
different measurement parameters. There is limited change 
in gender difference in mathematics achievement in the 
16 countries participating in both the 1995 and 2015 
TIMSS surveys (Figure 33), as compared to differences in 
science achievement trends (Figure 14, on page 26). In 
the 2015 TIMSS, three countries closed gender gaps in 
score differentials (Iran, Islamic Republic of, Japan and 
the Republic of Korea), but three countries (Hungary, 
the Russian Federation and Sweden) developed gender 
advantage in boys’  favour. In TIMSS 2015, girls outperformed 
boys in only one country, Singapore, where there was no 
gender difference in mathematics achievement in 1995. 
Some improvements were made in closing the gender 
gap in mathematics achievement among OECD countries 
participating in PISA 2003 and 2015 (Figure 34). However 
score differentials remain in boys’  favour in the majority of 
the participating countries. 

Figure 33: 20-year trends in mathematics achievement, 
Grade 8
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Slovenia, Sweden, and the United States. 

Figure 34: 12-year trends in mathematics achievement, 
15-year-olds
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1.3.3. Computer and information 
literacy achievement 

Not only is ICT a distinct STEM career path, it is also 
increasingly used as a working tool in STEM education 
and careers.59 It is estimated that by 2020, 98% of STEM-
related jobs will require ICT skills and there will be 
around 1 million vacant posts in computing because 
of a lack of skilled personnel.60 Women are significantly 
under-represented in ICT, accounting for only 3% of ICT 
graduates globally. In Europe, only 29 out of 1,000 female 
graduates have a degree in computing in 2015, and only 
four went on to have ICT careers.20  

The only international assessment of students’ 
achievement in computer and information literacy 
available is the International Computer and Information 
Literacy Study (ICILS), which was developed by IEA. To-
date it has been implemented only once, in 2013, among 
Grade 8 students in 14 countries. The survey sheds light 
on the contexts and outcomes of ICT-related education 
programmes, and the role of schools and teachers in 
supporting students’ computer and information  
literacy achievement. 

ICILS 2013 found that in Grade 8, girls scored better 
than boys in all participating countries in computer 
and information literacy, with an average difference 
of 18 points. However, their perceived self-efficacy in 
advanced ICT skills was significantly lower (Figure 35). For 
example, in the Republic of Korea where the highest score 
differential (38 points) was observed in favour of girls, 
girls’ self-efficacy was lower than boys’ by 3 points.61 

ICILS 2018 is in the pipeline, and will enable countries 
participating in the previous cycle to monitor changes over 
time in computer and information literacy achievement 
and teaching and learning contexts, and new countries to 
participate. ICILS 2018 will also report on the computational 
thinking domain, understood as the process of working out 
exactly how computers can help us solve problems.62

Figure 35: Average score difference between girls’ and boys’ 
achievement in computer and information literacy and self-
efficacy in advanced ICT skills, Grade 8
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• Data on gender differences in learning achievement present a complex picture, depending on what is measured 
(subject, knowledge acquisition against knowledge application), the level of education/age of students, and 
geographic location. 

• Overall, there is a positive trend in terms of closing the gender gap in STEM-related learning achievement 
in girls’ favour, but significant regional variations exist. For example, where data are available in Africa, and, 
Latin America and the Caribbean, the gender gap is largely in favour of boys in mathematics achievement in 
secondary education. In contrast, in the Arab States, girls perform better than boys in both subjects in primary 
and secondary education. As with the data on participation, national and regional variations in data on learning 
achievement suggest the presence of contextual factors affecting girls’ and women’s engagement in these fields.

• Girls’ achievement seems to be stronger in science than mathematics and where girls do better than boys, the 
score differential is up to three times higher, than where boys do better. Girls tend to outperform boys in certain 
sub-topics such as ‘biology’ and ‘chemistry’ but do less well in ‘physics’ and ‘earth science’.  

• Impressive improvements have been observed over time in reducing the gender gap in science in secondary 
education among TIMSS trend countries. 14 out of 17 participating countries had no gender gap in science 
in 2015, compared to only one in 1995. However, the limited number of countries does not allow for the 
generalization of these findings. 

• The gender gap is slightly bigger in mathematics but improvements over time in girls’  favour are also observed 
in certain countries, despite the important regional variations and the overall gender gap in boys’  favour. Gender 
differences are observed within mathematic sub-topics with girls outperforming boys in topics such as ‘algebra’ 
and ‘geometry’ but doing less well in ‘number’. 

• Girls’ performance is stronger in assessments that measure knowledge acquisition than those measuring 
knowledge application. This difference might suggest that although girls’ knowledge in science has increased, 
they might need to work more on the application of their knowledge and skills in these fields. 

• Country coverage in terms of data availability is quite limited while data is collected at different frequency and 
against different variables in the existing studies. There are large gaps in our knowledge of the situation in 
low- and middle-income countries in sub-Saharan Africa, Central Asia, and South and West Asia, particularly at 
secondary level. There is a need for a broader set of internationally comparative data that covers more countries 
across all regions.
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2. Factors influencing girls’  
and women’s participation, 
progression and achievement  
in STEM education



There are multiple and overlapping factors which 
influence girls’ and women’s participation, achievement 
and progression in STEM studies and careers, all of which 
interact in complex ways. In order to better explain these 
factors and understand the interrelations among them, 
this section suggests an ecological framework  which 
compiles and presents these factors at the individual, 
family, institutional and societal levels (Figure 36): 40-42, 63-66

• Individual level: biological factors that may influence 
individuals’ abilities, skills, and behaviour such as 
brain structure and function, hormones, genetics, and 
cognitive traits like spatial and linguistic skills. It also 
considers psychological factors, including self-efficacy, 
interest and motivation. 

• Family and peer level: parental beliefs and 
expectations, parental education and socio-
economic status, and other household factors,  
as well as peer influences.

• School level: factors within the learning 
environment, including teachers’ profile, experience, 
beliefs and expectations, curricula, learning materials 
and resources, teaching strategies and student-
teacher interactions, assessment practices and the 
overall school environment. 

• Societal level: social and cultural norms related  
to gender equality, and gender stereotypes  
in the media. 

Figure 36: Ecological framework of factors influencing girls’ and women’s participation, achievement and progression  
in STEM studies

2. Factors influencing girls’ and women’s 
participation, progression and achievement  
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2.1.1 Biological factors 
Many studies have considered the biological factors that 
underpin learning, cognitive ability and behaviour. This 
section presents key findings in these areas relating to 
STEM studies.  

Brain structure and function
Neuroscience research has demonstrated some 
differences in brain structure and functions between men 
and women;67 however, few reliable differences have been 
found between boys’ and girls’ brains relevant to learning 
or education.68  For example, studies have found that the 
basic brain mechanisms of learning and memory do not 
differ between men and women. Similarly, studies on the 
neural basis of learning have not found that boys and 
girls master calculation or other academic skills differently 
and that no difference in brain composition can explain 
gender differences in mathematics achievement.40 

Other evidence suggests that there are no or only 
small differences in boys’ and girls’ cognitive abilities, 
communication and personality variables.69-71 Studies using 
functional magnetic resonance imaging (MRI) may help 
expand understanding of neuroprocessing, but results are 
not conclusive to support differences in abilities based on 
different brain structures or functions by sex.72 Girls and 
boys appear to develop equally well in early cognitive 
skills that relate to quantitative thinking and knowledge of 
objects in the environment.71,73  These findings suggest that 
there are more differences in basic cognitive, emotional 
and self-regulatory abilities among individuals within each 
sex than between men and women.  

Research highlights the malleability of the brain and 
the importance of environmental influences in the 
learning process.40 Evidence from neuroscience shows 
that neuroplasticity – the brain’s ability to create new 
connections – is the foundation of any kind of learning 
and that the brain is more malleable during childhood 
than at any other stage in life.74 Furthermore, children 
who are aware of brain neuroplasticity and who are told 
that their performance can improve by working hard have 
higher test scores.68 In addition, students who believe that 
their abilities can be changed are more open to learning 
new material, mastering more difficult content and 
responding to challenges with increased effort.75

Language and spatial skills 
Research on the cognitive predictors of STEM learning 
in children suggests that written language (awareness 
of phonetics, knowledge of letters and vocabulary) 
and spatial skills (ability to understand problems that 
relate to physical spaces, shapes, and forms) can predict 
competence in mathematics.76 For example, children with 
stronger written language and spatial skills have stronger 

competence in mathematics in Grade 1 and advance more 
rapidly over time. Spatial ability also appears to predict 
STEM careers.77 

Boys are considered to have better spatial skills than 
girls, but this is probably due to the family environment 
which provides boys with greater opportunities to 
practice these skills.78 Although not all studies on this 
topic confirm sex-based variations in language and 
spatial skills,76 researchers support that linguistic, spatial 
and number skills – as with other cognitive abilities – are 
flexible and can be significantly improved through early 
experiences.76,79

2.1 Individual-level factors

Genetics 
Genetic studies have found that cognitive skills, including 
education performance, are influenced by genetic 
factors.80,81 There is no evidence of genetic differences in 
cognitive ability between the sexes, however, and genetic 
influences are neither deterministic nor static. They are 
influenced by, and interact with, environmental factors. 
In particular, the family, classroom or the wider education 
system, may determine the extent to which genes 
influence cognitive ability.80,81 

The number and combination of genetic factors,81 as well 
as the way in which the environment interacts with each 
individual’s genetic types, may cause different patterns 
in motivation, learning, ability and achievement.82 Genes 
may also be manifested differently, depending on an 
individual’s environment and developmental stage, and 
their influence tends to become stronger with age.81 
Furthermore, the same genes, so called ‘generalist genes’, 
affect different abilities. This means that genes associated 
with one learning ability, such as reading, are very likely 
to be associated with other learning abilities, for example, 
mathematics.80 This contradicts the stereotype that ‘girls 
are good in reading and boys are good at math’. 
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Key messages

Hormones
Research on the role of hormones on brain development 
shows that increased pre-natal exposure of girls 
to testosterone affects their post-natal behaviour. 
This includes, for example, showing a preference for 
objects that move in space, or expressing physical 
aggression rather than empathy, which is related to 
lower exposure to testosterone.83,84 Although higher 
exposure to testosterone has not been found to influence 

• No differences are observed in the neural mechanism of learning based on sex. While some sex differences 
may be observed in certain biological functions, they have little or no influence on academic ability, including 
in STEM subjects.  

• Genetic factors may influence academic ability but research suggests that differences in cognitive ability are 
likely to be larger among individuals than between men and women and that genetic ability interacts with, 
and is highly influenced by, the environment. 

• Neuroplasticity – the brain’s ability to create new connections – is the foundation of any kind of learning. The 
brain is more malleable during childhood than at any other stage in life. Children who are aware that cognitive 
ability can improve with practice perform better. 

• Stronger written language and spatial skills are associated with higher ability in mathematics. These skills are 
flexible and can be influenced by targeted interventions, especially during early childhood.

• Hormones affect human behaviour but more research is needed to conclude how pre-natal hormonal 
exposure and hormone changes during adolescence might affect cognitive ability and behaviour. 

mathematical or spatial abilities,83 some suggest it 
can influence girls’ likelihood of choosing careers 
considered ‘typically male’ and which require risk-taking 
and competition.85 Other research finds girls who have 
earlier menarche lean more towards STEM subjects in 
higher education.86 Additional research is needed to 
confirm the role of hormones and early menarche in the 
pursuit of STEM studies.

2.  Factors influencing girls’ and women’s participation, progression and achievement in STEM education

42



2.1.2 Psychological factors

Girls’ decisions about their studies and careers are 
influenced to a great extent by psychological factors, 
which affect their engagement, interest, learning, 
motivation, persistence and commitment in STEM. 

PISA 2015 reports that engagement in science is 
determined by two factors – the way that girls and boys 
perceive themselves, i.e. what they are good at and what 
is good for them, and their attitudes towards science, i.e. 
if they think science is important, enjoyable and useful.17 
Both factors are closely linked to the social environment 
and the socialisation process rather than to innate, 
biological factors. This section presents key findings on 
psychological factors that impact on girls’ STEM studies 
and career aspirations. 

Self-perception, stereotypes and STEM identities
A significant amount of research has focused on the need 
to develop girls’ science and mathematics identities and 
self-perceptions of their potential in STEM studies and 
professions.87-89 Self-selection bias is considered to be the 
major reason for girls opting out of STEM,90-93 as girls often 
do not consider STEM professions to be compatible with 
their gender. 

Studies have shown that stereotyped ideas about gender 
roles develop early in life, even in families promoting gender 
equality.94 For example, it is found that girls and boys often 
have different toy preferences by the end of the first year of 
their lives, they understand gender stereotypes and want 
to behave like others of the same sex by as early as age 
two, and they learn to adjust their behaviour according to 
internalised gender stereotypes by age four. 

Gender stereotypes about STEM are prevalent throughout 
the socialisation process, during which girls learn and 
develop gender roles. There are two predominant 
stereotypes with relation to gender and STEM – ‘boys are 
better at maths and science than girls’ and ‘science and 
engineering careers are masculine domains’.91 

Gender stereotypes about perceived higher-level 
intellectual ability among boys in general, and specifically 
in mathematics and science, are acquired early. A recent 
US study found that stereotypes associating high-
level intellectual capacity and ‘genius’ with males are 
internalised by children as young as six years old.95 Other 
studies have found that the belief that men are better 
than women at mathematics negatively influences girls’ 
career aspirations and learning achievement from an early 
age.95-97 Women have been found to be under-represented  
in fields where it is believed that innate talent is the 
main requirement for success and where women are 
stereotyped as not possessing this talent.98-101

Explicit or implicit gender stereotypes that 
communicate the idea that STEM studies and careers 
are male-dominated can negatively affect girls’ interest, 
engagement and achievement in STEM and discourage 
them from pursuing STEM careers.91,94,102,103  When asked to 
draw or describe STEM professionals, many studies have 
found adolescents have gender-stereotyped perceptions 
of scientists as being a male (as well as unattractive, 
socially awkward, and middle-aged/elderly).104-108 The For 
Girls in Science programme of the L’Oréal Foundation in 
France (see Box 11) also found that students in secondary 
education held stereotypical views about science studies 
and professions.109 Many identified science subjects to be 
masculine, demanding innate ability, and isolated, and 
women in science studies and professions unattractive in 
appearance.  

Even if girls do not endorse these stereotypes themselves, 
knowing that people in their immediate environment 
hold such beliefs can undermine girls’ confidence and, 
consequently, their performance and intention to pursue 
STEM careers.91,110,111 

The need for belonging and identifying with the study 
field one pursues is also found to lead to better outcomes 
and engagement, but females report finding it more 
difficult to identify with STEM than males, and some feel 
their academic identity in STEM is incompatible with 
their gender identity.64,112 For instance, a longitudinal UK 
study found that it was not ‘thinkable’ for girls, especially 
for those from lower socio-economic backgrounds and 
minority groups, to imagine themselves within the 
‘masculine’ world of science.66 The need for belonging 
also appears to lead many girls into programmes with a 
more supportive academic climate.113 Lack of support, 
encouragement and reinforcement is detrimental to girls’ 
intention to study STEM.114
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Self-efficacy 
Self-efficacy affects STEM education outcomes and 
aspirations for STEM careers, as well as performance.115-118 
PISA 2012 found that it led to a performance difference 
of 49 score points in mathematics and 37 score points in 
science – the equivalent of half to one additional school 
year.119 PISA 2015 confirmed that girls have lower self-
efficacy in science and mathematics than boys (Figure 
37), a difference that has remained largely unchanged 
since 2006. Gender differences in science self-efficacy in 
boys’  favour were particularly large in Denmark, France, 
Germany, Iceland and Sweden. Girls who assimilate 
gender stereotypes have lower levels of self-efficacy  
and confidence in their ability than boys.120,121 

Figure 37: Percentage of students who reported that ‘they could easily do’ certain tasks in science, 15-year-olds

Figure 38: Self-efficacy and science achievement among top-performing students, 15-year-olds

PISA 2015 also reported that there is a relationship 
between the gender gap in science self-efficacy 
and the gender gap in science performance, 
particularly among high-achieving students 
(Figure 38). In countries where the 10% top-
performing boys score significantly above the 10% 
top-performing girls in science, there tends to be a 
larger gender gap in self-efficacy in boys’  favour.17 
Although moderate, this correlation suggests that 
differences in self-efficacy can explain some of 
the variation in science performance observed 
across countries. It also suggests that awareness of 
differences in science performance may influence 
self-efficacy. 
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Studies examining girls’ self-efficacy in ICT, including 
ICILS, have found lower levels of confidence among 
girls even in contexts where they are outperforming 
boys. A study in Viet Nam found that girls enter ICT 
with the perception that programming is difficult, 
but upon overcoming this perception, they improve 
in programming and often outperform boys.122  More 
attention is needed to attract more girls in ICT and to 
dilute girls’ anxiety and misconceptions about sex-based 
ability in these fields. 

Interest, engagement, motivation  
and enjoyment
Interest plays an important role in girls’ engagement in 
STEM at school, their subject choices in higher education 
and their career plans. A meta-analysis of gender 
differences in occupational interests, synthesising more 
than 40 years of evidence, suggests that interest plays 
a critical role in gender differences in occupational 
choices.63 The study showed that consistently over time 
and across age groups, men prefer working with things 
and women prefer working with people. As already 
presented earlier in this report, girls’ interest in STEM 
is closely linked with their perception of self-efficacy 
and performance and is heavily influenced by their 
social context, including parents’ expectations,17 their 
female peers,120,123 stereotype threat,91,94,124 and the 
media.106 Further explored in the next section, interest 
is also influenced by girls’ overall learning experience 
in school,26 especially at earlier grades,125  including 
the influence of STEM teachers121,120,127 and their 
teaching strategies,119,125,128 the curriculum125 as well as 
opportunities for practice129 and exposure to role models 
and mentorship opportunities.130 No innate factors 
were found to influence girls’ interest in STEM although, 
as presented earlier, emerging research on hormones 
suggests that girls’ pre-natal exposure to androgens 
might affect their behaviour and career preference.83-86 
Further research is needed however to be able to 
understand if, how, and to which extent, this affects  
girls’ interest in STEM careers.    

Some studies found that female students reported 
more negative science attitudes and lower perceived 
competence than male students131 and that their career 
aspirations in science could be predicted by their 
knowledge and attitudes towards mathematics, science 

and engineering.132 Other studies found that, in upper 
secondary education, boys showed greater interest in 
engineering and girls showed greater interest in health 
and medicine,132 and that boys had greater technology-
related career goals than girls.133  Research among 
adolescents in North American and European countries 
has found that boys are somewhat more likely than girls, 
on average, to value mathematics, physical sciences, 
computers and technology.134 

Motivation is important for increasing students’ 
participation in STEM. Systematic review of studies 
targeting students’ motivation showed that certain 
interventions had positive effects on both motivation 
and academic outcomes, for example, targeting 
students’ beliefs about value, interest, or intrinsic 
motivation or how to deal with success or failure.135 

It was also suggested that women may benefit more 
from such interventions as they are more affected by 
gender stereotypes about their abilities in these fields. 
On the other hand, women who have firmly internalized 
such stereotypes might be less receptive to motivation 
interventions.

Enjoying learning science and performance in 
science are also positively related to expectations of 
future careers in this field. PISA 2015 found that boys 
enjoy science more than girls in the majority of the 
participating countries (29 of 47). The differences in 
boys’  favour were particularly wide in Taiwan Province 
of China, France, Germany, Japan and the Republic 
of Korea. Girls were more likely than boys to report 
enjoying and being interested in science in only 18 of 
the 47 countries, particularly in Jordan and The former 
Yugoslav Republic of Macedonia. The relationship 
with enjoyment is stronger among higher-achieving 
students. 

Socio-economic status also matters as more 
advantaged students are more likely to expect a 
career in science, even among students with the same 
enjoyment of learning science. These psychological 
factors need to be taken into consideration in 
interventions targeting girls since improving 
girls’ confidence and self-belief can boost their 
achievements and increase their preference for study 
and career choices in STEM.  
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Key messages
• Self-selection bias is the major reason for girls opting out of STEM. However, this ‘choice’ is influenced heavily 

by the socialisation process and stereotyped ideas about gender roles, including stereotypes about gender  
and STEM. 

• Gender stereotypes that communicate the idea that STEM studies and careers are male domains can 
negatively affect girls’ interest, engagement and achievement in STEM and discourage them from pursuing 
STEM careers. Girls who assimilate such stereotypes have lower levels of self-efficacy and confidence in their 
ability than boys. Self-efficacy affects both STEM education outcomes and aspirations for STEM careers to a 
considerable extent.

• Not all girls are deterred by gender stereotypes. Those who have a strong sense of self-efficacy in 
mathematics or science are more likely to perform well and to choose related studies and careers.

• Interest, which is linked to self-efficacy, and a sense of belonging play an important role in girls’ engagement 
in STEM at school, their subject choices in higher education and their career plans. Some studies have shown 
that girls appear to lose interest in STEM subjects with age, suggesting that early interventions are needed 
to sustain girls’ interest in these fields. 
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Parents, the wider family, and peer groups play an 
important role in shaping girls’ attitudes towards STEM, in 
encouraging or discouraging them from pursuing STEM-
related studies and careers, as do other factors related 
to a child’s household environment and assets. Parental 
and family beliefs and expectations about STEM are 
themselves influenced by their education level, socio-
economic status, ethnicity and wider social norms.  

Parental beliefs and expectations
Parents with traditional expectations of gender roles 
reinforce gendered behaviours and attitudes in 
children.136 Differential treatment of girls and boys can 
reinforce negative stereotypes about gender and ability 
in STEM, deterring girls from these fields.137 For example, 
in some contexts, parents have lower expectations of 
girls’ ability in mathematics and place less value in girls’ 
participation in science and mathematics.138-140

Parents also have a strong influence on the career 
choices of their children through the home environment, 
experiences and support they provide.139,141,142 Some 
research suggests that girls’ career choices are more 
influenced by their parents’ expectations, whereas 
boys’ career choices are more influenced by their own 
interests.17 Parental beliefs, especially those of mothers, 
influence girls’ beliefs about their ability and, hence, 
their education achievements and career options.143,144 

Mothers have been found to have a significantly stronger 
influence on their daughters’ decisions to study STEM 
than on their sons’ decisions in a number of settings.17,145 

Parents’ education and profession
The presence of family members with STEM careers has 
been shown to influence girls’ pursuit of STEM studies.146 
Parents in STEM fields are likely to familiarise girls with 
STEM careers in ways that other role models cannot,  
and debunk the perception that STEM occupations  
are difficult to combine with family life.45 Studies have  
shown that women scientists more frequently 
have parents who are scientists than their male 
colleagues.102,139

Parents’ education is also an important factor. Many 
studies in industrialised countries have shown that 
children of more highly educated parents take more 
mathematics and science courses in upper secondary 
education and perform better.17,147,148 In OECD countries, 

girls’ science performance appears to be more 
strongly associated with mothers’ higher educational 
qualifications, and boys’ with their fathers’ (Figure 39). 
Other studies comparing the multiple influences on 
children’s mathematics achievement have found that 
mothers’ education has the largest effect.149,150   

Figure 39: Average score difference in science achievement 
between male and female students with parents  
with higher education qualifications, 15-year-olds

Parents, especially mothers, with higher education qualifications 
positively influence girls’ achievement in science.
35 OECD countries.
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2.2 Family- and peer-level factors 

Household assets and support
Higher socio-economic status has also been shown to be 
associated with higher scores in mathematics for both 
boys and girls. PISA 2015 found that a one-unit increase 
in the PISA Index of Economic, Social and Cultural Status 
resulted in an increase of 38 score points in science and 
37 in mathematics.17 This may be related to parents 
providing additional learning support at school and 
at home, with higher academic expectations, and less 
conventional beliefs about gender roles and career paths 
in these settings.139 

Children’s interest and achievement in STEM can also 
be reinforced through parents’ provisions for access 
to instructional support, including private tutoring. In 
Singapore, the top-performing country in TIMSS 2015 in 
both mathematics and science in Grade 8, 42% of parents 
reported engaging private tutors to support their child’s 
mathematics studies.151 A UNESCO study in Cambodia, 
Indonesia, Malaysia, Mongolia, Nepal, the Republic of 
Korea and Viet Nam found that more girls received private 
tutoring than boys across all subjects, including those 
related to STEM.152 

Data source: PISA 2015 (OECD countries)17
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Access to other learning materials and instructional 
support can also spark and maintain interest in STEM 
studies and affect achievement. For example, students 
who regularly use a computer or tablet at home have 
been found to perform better in science at secondary 
level, regardless of their sex (Figure 40). 

Other family characteristics
Girls’ experiences in STEM are also shaped by a number 
of factors related to the broader socio-cultural context 
of the family. Ethnicity, the language used at home, 
immigrant status and family structure may also have 
an influence on girls’ participation and performance in 
STEM. For example, in a US study comparing Caucasian 
and Latino children, Caucasian boys were more likely to 
report that their parents were supportive and engaging 
than Latino boys, Latina and Caucasian girls, with the 
language and education of the parents playing an 
important role.154 

Some studies have found that children of immigrant 
parents and of single parents are more academically 
disadvantaged.139,155 PISA 2015 found that, in the majority 
of the 35 participating countries, first-generation and 
second-generation immigrant students tend to perform 
worse than their non-immigrant peers, although in 
some contexts, for example, Macao (China), Qatar and 
the United Arab Emirates, they outperformed them. 
However, despite lower performance, immigrant 
students are 50% more likely than non-immigrant 
students with the same science scores to expect to 
have a science-related career. No significant gender 
differences were observed, suggesting that these results 
were applicable to both boys and girls. 

Peer influence 
Girls’ confidence, motivation and feeling of belonging 
are affected by the ‘peer climate’ in STEM education.65 
Peer relationships influence children’s beliefs, behaviours, 
academic achievement and motivation, especially 
during adolescence.90,156 Students with friends that value 
academic achievement are themselves more likely to 
value mathematics and science.157-160 Similarly, girls might 
be discouraged from taking STEM subjects if their peers 
and immediate environment view these subjects as 
inappropriate for women.90,161 Female peers, in particular, 
can significantly predict girls’ interest and confidence in 
both mathematics and science.120,123,163,164 For example, 
a US study found that girls’ decisions to take advanced 
mathematics and physics courses were influenced by  
how well their female friends did in these subjects the 
year before.65

Girls’ use of computers at home can positively affect their achievement in 
science in Grade 8.
42 countries and dependent territories. 

Figure 40: Percentage of girls using computers at home and 
their science achievement scores,  Grade 8
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Lack of interest reported by girls in STEM studies in 
different settings is often believed to be linked to 
inequitable access to, and experience with, STEM-related 
educational activities at home and in other settings.153 
PISA 2012 reported that boys were more likely than 
girls to participate in science-related activities outside 
school, such as watching television programmes about 
science, visiting websites about science topics, or reading 
science articles in newspapers or magazines.119 Families 
with limited resources may not have the funds, time 
or connections to promote mathematics and science 
learning for their children. This has been documented 
as a factor affecting girls’ participation in engineering 
programmes in the Republic of Korea and the US, among 
other settings.48,113

Data source:  TIMSS 2011165

2.  Factors influencing girls’ and women’s participation, progression and achievement in STEM education

48



Key messages
• Parents, including their beliefs and expectations, play an important role in shaping girls’ attitudes towards, 

and interest in, STEM studies. Parents with traditional beliefs about gender roles and who treat girls and 
boys unequally can reinforce negative stereotypes about gender and ability in STEM. 

• Parents can also have a strong influence on girls’ STEM participation and learning achievement through the 
family values, environment, experiences and encouragement that they provide. Some research finds that 
parents’ expectations, in particular the mother’s expectations, have more influence on the higher education 
and career choices of girls than those of boys. 

• Higher socio-economic status and parental educational qualifications are associated with higher scores in 
mathematics and science for both girls and boys. Girls’ science performance appears to be more strongly 
associated with mothers’ higher educational qualifications, and boys’ with their fathers’. Family members 
with STEM careers can also influence girls’ STEM engagement. 

• The broader socio-cultural context of the family can also play a role. Factors such as ethnicity, the language 
used at home, immigrant status and family structure may also have an influence on girls’ participation and 
performance in STEM.

• Peers can also impact on girls’ motivation and feeling of belonging in STEM education. Influence of female 
peers is a significant predictor of girls’ interest and confidence in mathematics and science.
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This section considers school-related factors that affect 
girls’ participation, achievement and progression in STEM 
subjects. This includes the environment within which 
STEM education takes place, teachers, teaching strategies, 
the curriculum and learning materials, and assessments. 

Teachers 
The quality of teachers, including their subject expertise 
and pedagogical competence, can significantly influence 
girls’ participation and learning achievement in STEM. 
Teachers’ attitudes, beliefs and behaviours, as well as their 
interaction with students, can also affect girls’ choice of 
future study and careers. Teachers’ sex is also an influential 
factor, as female teachers can serve as role models for girls. 

Teaching quality and subject expertise 
The quality of teachers is considered to be the single most 
important in-school factor, at primary and secondary 
levels, in determining students’ overall academic 
achievement.164 In a meta-analysis of research in the US, 
students’ higher achievement in science and mathematics 
was found to be related to teachers with more teaching 
experience, more confidence in science and mathematics 
teaching and higher overall career satisfaction.165 In 
Poland, students attending a school with low teacher 
quality were 25% more likely to have a low math score 
and 34% to have a low science score, compared to 
students attending a school with high teacher quality.166 
Subject expertise is a key element of teaching quality.167 
There are shortages of STEM-specialised teachers in many 
contexts, particularly in remote and rural communities. 
This affects the quality of STEM instruction for all learners.6 

While most of the research on teacher quality does not 
examine gender differences, some studies have found 
that teachers may have a particular influence on girls’ 
participation and engagement in STEM education. For 
example, teachers were the only significant predictor of 
girls’ interest and confidence in science (Grades 6-12) in 
one US study, compared to the influence of family, place 
of residence, ethnicity and extra-curricular involvement  
in STEM.126 

While good teaching can have a positive effect on STEM 
education, poor teaching can have the opposite effect. 
For example, in one US online study among youth aged 
15 to 18, girls interested in pursuing a career in STEM were 
four times more likely than boys with similar aspirations 
to believe that their teachers were not preparing them 

well enough in STEM subjects.168 Another study at a large 
engineering school in the US reported that poor teaching 
and advice was one of the three factors that significantly 
influenced students’ decision, both males and females, to 
drop out of engineering.169 

Investing in teacher training and professional development 
is critical for enhancing girls’  interest and participation in 
STEM education.167,170 It is insufficient alone, however, and 
needs to be matched with interventions that address other 
contextual factors and disadvantages facing girls.

Female teachers
The employment of female teachers has been associated 
with improved educational experiences and enhanced 
learning outcomes for girls in different contexts, across 
different subjects.171 Female teachers have been found 
to positively influence girls’ perceptions, interest and 
confidence in STEM subjects120 as well as their  STEM 
career aspirations.127,172 The UNESCO 2016 GEM report 
found that girls do better in introductory mathematics 
and science courses and are more likely to follow STEM 
careers when taught by female teachers.2 Similarly, TIMSS 
2011 data shows a clear link between female teachers 
and girls’ performance in mathematics in Grade 8 (Figure 
41).167 Female teachers can positively influence girls’ 
education in STEM by dispelling myths about sex-based, 
innate abilities among boys, and by acting as role models 
for girls.125, 127,173,174  They may also be more sensitized and 
have more positive attitudes towards gender equality in 
the classroom than their male colleagues, as found in a 
study in Spain.175 

2.3 School-level factors

Figure 41: Percentage of female teachers and average 
achievement of female students in mathematics, Grade 8
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Female teachers positively affect girls’ performance in mathematics in 
Grade 8.
42 countries and territories. Data source:  TIMSS 2011165
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Not all studies establish a clear correlation between 
female teachers and girls’ STEM performance, indicating 
that other factors play a role.176,177  These include 
specialisation, access to professional development and 
support, the age of teachers and learners, the broader 
learning environment and socio-economic context, as 
found in a study in Norway.176 Nevertheless, even studies 
that did not establish a clear relationship between the 
presence of female teachers and girls’ performance in 
STEM found that female teachers seem to have a positive 
influence on both girls and boys.

Figure 43: Percentage of female and male teachers in secondary education and girls enrolled in engineering, manufacturing  
and construction in higher education

Figure 42: Percentage of students that are taught by female teachers specialized in science and mathematics in primary and 
secondary education, Grades 4 and 8

Analysis of available data from 78 countries also shows 
a positive correlation between the presence of female 
teachers in secondary school and girls’ enrolment in 
engineering, manufacturing and construction in higher 
education but a negative correlation with male teachers 
(Figure 43). The same correlation was not observed for 
science in higher education, suggesting that gender 

stereotyping might be less of an issue for science than for 
engineering, manufacturing and construction, which are 
traditionally considered to be more masculine subjects. It  
may also be due to the fact that female teachers are more 
likely to specialise in science than mathematics at both 
primary and secondary levels, as noted earlier, or the presence 
of other factors influencing girls’ enrolment in science.

Despite their overall positive influence on STEM outcomes, 
few countries have significant proportions of female 
teachers with specialisation in science and mathematics 
(Figure 42). Female teachers are more likely to specialise in 
science than mathematics at both primary and secondary 
levels, but there are significant variations between countries. 
For example, a UNESCO study found that in secondary 
education, 90% of chemistry and biology teachers and 75% 
of mathematics, physics and ICT teachers in Mongolia were 
women, whereas only 20% of science teachers and 10% of 
mathematics teachers in Nepal were women.154 

Few countries have significant proportions of female teachers with specialization in science and mathematics in Grades 4 and 8.
Grade 4: 50 countries and dependent territories, and Grade 8: 42 countries and dependent territories.
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Teachers’ perceptions  
Teachers’ beliefs and attitudes, as well as their behaviour 
and expectations of both themselves and their students, 
including perceived ability, appear to have a profound 
effect on girls’ academic interest and performance in  
STEM subjects. 

Teachers’ perceptions of sex-based ability can create an 
unequal environment in the classroom, and dissuade 
girls from pursuing STEM studies.39,48,178 In Latin America, 
TERCE 2013 found that 8% - 20% of mathematics teachers 
in Grade 6 believed that mathematics is easier for boys 
to learn and that lower teacher expectations for girls had 
an impact on classroom interactions.179 Similarly, a review 
of studies in the US found that teachers’ expectations 
of ability in mathematics are often gender-biased 
and can influence girls’ attitudes and performance in 
mathematics.145,180  Teachers also had stereotypical views 
about other subjects, for example, about who is or can 
become an engineer,176 and girls were less likely than  
boys to receive encouragement from teachers in  
physics lessons.182 

Teachers can communicate messages about their 
attitudes without being aware of doing so or recognising 
that their attitudes might be biased. For example, a recent 
study in the United Kingdom and Ireland found that 
57% of teachers held subconscious gender stereotypes 
in relation to STEM.183  Teachers can pass on gender 
stereotypes to their students through instruction, as 
was found in a study of public schools in Switzerland.184 
Gender stereotypes can also intersect with and exacerbate 
other factors, such as girls’ ethnicity.185 For example, 
studies report that beliefs held by teachers, as well as by 
students, influenced mathematics outcomes for girls of 
African-American origin.186,187 

Female teachers’ perceptions of their own competence 
in teaching science and mathematics have a powerful 
effect on girls, and appear to decrease at higher levels of 
education. Studies have found that while female teachers 
are more confident than their male colleagues at primary 
school level, their confidence decreases significantly by 
secondary school.167 Teachers’ self-efficacy (as measured 
by levels of math or science ‘anxiety’) has been correlated 
to lower learning achievement and higher reported belief 
by girls that boys are innately better at math.118,188 Similar 
effects have not been found for boys, which may be 
because girls are more influenced by same-sex teachers 
or because boys have greater confidence in their ability in 
mathematics.118 

Teaching strategies 
Effective teaching practices can cultivate a constructive 
learning environment that motivates and engages 
girls.40  TIMSS 2011 found that the way in which the 
curriculum is taught in primary and lower secondary 
education significantly affects students’ opportunities to 
learn mathematics and science.167 PISA 2012 found that 
where teachers used cognitive-activation strategies in 
mathematics, which encourage students to think and 
reflect, use their own procedures to solve a problem, 
explore multiple solutions, learn from mistakes, ask for 
explanations and apply learning in different contexts, 
performance in mathematics improved.119 

In order to improve girls’ performance, the teaching 
strategies within the classroom need to change,189 to 
support female learners differently. Specific teaching 
strategies have been shown to particularly help girls 
and to reduce the gender gap in STEM achievement, 
while being beneficial for all students. These include, 
for example, student-centred, inquiry-based and 
participatory strategies, as well as strategies that improve 
girls’ self-confidence and take account of their specific 
interests and learning styles.119,125,128 

Teacher-student interactions
Studies show that interactions between teachers and 
students influence girls’ engagement, self-confidence, 
performance and persistence in STEM studies.176,190 
Teacher interaction with students may create an unequal 
environment and reinforce gender stereotypes.178 
Classroom observations in some contexts have shown 
that girls have less instructional and discussion time, ask 
fewer questions, and receive less praise than boys.126,191 

This was found in one study in Asia, where 65% of all 
student-teacher interactions in mathematics classes 
were with boys, and 61% were with boys in science.154 
Differences were observed in the way girls and boys 
were treated in the classroom depending on the location 

The quality of teachers, including their 
subject expertise and pedagogical 
competence, can significantly influence 
girls’ participation and learning 
achievement in STEM. 
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of the school. For example, in Nepal and Viet Nam, boys 
were more confident and received more teacher support 
in urban areas. In rural areas, however, girls received 
more teacher support and demonstrated higher levels 
of participation and confidence in both mathematics 
and science. There is no analysis behind this observation, 
which could be attributed to factors ranging from closer 
teacher-student relations in smaller rural communities 
to targeted programmes to promote gender equality in 
rural areas. 

Furthermore, the way in which teachers manage social 
relationships and peer interaction within the classroom 
may encourage or hinder engagement in classroom 
activities.192 Special attention must be paid to ensuring 
equitable and positive interactions between students. 
Collaborative group work is considered as an effective 
way to create positive attitudes toward instruction, boost 
achievement and self-esteem.193 It can also create a 
more comfortable atmosphere for girls to ask questions, 
participate in activities and interact with teachers.125 
In some settings, girls appear to prefer collaborative 
learning environments than competitive or individual 
work.129 However, on other occasions, group work can 
disadvantage girls and advantage boys.194 For example, 
some studies have found boys may take leadership 
roles, argue and defend their views while girls may 
take stereotypical, secondary and more passive roles,193 
have less opportunity to speak in groups and avoid 
confrontation with their peers.194 It is therefore important 
that teachers are aware of, and can manage, gender 
dynamics in classroom interactions, between teachers and 
students and among students themselves. 

Curricula and learning materials 
Other school factors that influence the learning process 
and girls’ participation and performance in STEM include 
the curriculum, textbooks and other learning materials, as 
well as access to equipment and resources.

Textbooks and learning materials
The way male and female characters are represented in 
school textbooks conveys explicit and implicit messages 
to both boys and girls about male and female roles and 
abilities in STEM.195 Such messages can reinforce gender 
stereotypes, and discourage girls from pursuing STEM 
careers.196 Textbooks often fail to show female STEM 
professionals or, if they do, they often use language and 
images that portray women in subordinate roles, for 
example male doctors but female nurses.  

A recent review by UNESCO of over 110 national 
curriculum frameworks in primary and secondary 
education in 78 countries found that many mathematics 
and science textbooks and learning materials conveyed 
gender bias.197 For example, in India, more than 50% of 
the illustrations in mathematics and science textbooks at 
primary level portrayed only male characters, while just 
6% showed only female ones. In mathematics textbooks, 
only men were depicted in commercial, occupational and 
marketing situations and no women were depicted as 
engineers, executives or merchants. In Indonesia, a Grade 
7 science textbook only shows boys engaging in science 
(Figure 44), while in Cambodia, an illustration of the 
central nervous system in a Grade 9 textbook attributes 
more active and creative brain functions, such as thinking 
and exercising, to men, and more passive ones, such as 
smelling a flower or tasting food, to women (Figure 45).154 
Gendered curricula perpetuate gender bias and curb girls’ 
future career aspirations.198

Figure 44: Indonesian science textbook depicts only boys  
in science, Grade 7152

Figure 45: Cambodian textbook illustration associates more 
active and creative brain functions to men, Grade 9152
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Improving girls’ interest and achievement in STEM 
requires ensuring that the curriculum125 accommodates 
girls’ perspectives and avoids gender stereotypes.128 
PISA 2015 found that girls were more likely to be 
interested in how science can help prevent disease, 
whereas boys were more interested in topics such as 
energy or motion.17 Nevertheless, many of the traditional 
STEM topics are more closely aligned to the interests of 
boys.193 STEM curricula and textbooks need to consider 
girls’ experience, learning style and interests. However, 
caution is needed when adapting curricula to try to 
attract girls to STEM subjects, as some researchers 
argue that changing curricula to reflect typical girls’ and 
boys’ interests may contribute to reinforcing gender 
stereotypes and reproducing the gender differences that 
the changes were intended to overcome.199

More demanding mathematics and science curricula appear 
to have a positive effect on girls’ decisions to pursue STEM 
fields in higher education.200 A strong upper secondary 
school curriculum in mathematics and science, providing 

opportunities for authentic learning experiences, can 
counteract the effects of negative gender steoretyping, 
which discourages girls’ engagement in STEM fields. At the 
same time, STEM subjects and careers are often perceived 
as too difficult or as requiring more effort than students 
are willing to make.135 It is therefore important to ensure a 
balanced curriculum in order not to deter students. 

STEM equipment, materials and resources
The availability of equipment, materials and resources 
is essential to stimulate students’ interest, and enhance 
learning, in STEM subjects. Access to resources for 
scientific experiments, in particular, has been associated 
with girls’ achievement in science and interest in science 
subjects.154 For example, in Cambodia, science laboratories 
were found to have a positive impact on student 
participation and helped to overcome preconceived 
beliefs about girls’ low abilities in science. TIMSS 2011 
found a positive correlation between the availability of 
science laboratories and girls’ and boys’ achievement in 
science (Figure 46 for girls’ results). 

Figure 46: Percentage of girls attending schools with a 
science laboratory and their achievement in science in 
secondary education, Grade 8
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Females’ achievement in science increases with the presence of a science 
laboratory, Grade 8.
42 countries and dependent territories

Ensuring that there are enough materials for every 
student and avoiding competition over access to 
resources is also extremely important. For example, in 
some schools in Africa, a single mathematics textbook 
can be shared by three pupils on average.201 This not 
only hinders learning but also increases the risk of boys 
monopolising the material and girls being observers.193 
In Slovenia, the lowest achieving girls were those with 
the least opportunity to conduct experiments during 
chemistry lessons.202  iS
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Data source:  TIMSS 2011165
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Virtual laboratories and ICT- based materials can 
be another source for learning and practice. Virtual 
experiments have been found to be equivalent to 
laboratory experiments in influencing students’ attitudes 
and performance,203 and could be used as alternative 
where physical laboratories are lacking. UNESCO 
microscience kits can also offer a cost effective alternative 
where laboratories are not available.204 

The way computer science is taught and where, also 
affects girls’ interest in STEM subjects and careers. 
Studies have shown that girls showed less interest when 
introductory computer science was taught in a traditional 
computer science classroom than when it was taught 
in a classroom that portrayed a new image of computer 
science, where they felt they belonged.205 Opportunities 
to interact with technology has also been found to affect 
interest in science among both boys and girls.206 Broader 
actions are also needed to close the digital divide, and 
expand access broadly to ICT for all learners. Particular 
attention is needed to close gender disparities in 
technology access, confidence and use (see Figure 31  
on page 34).45 

Finally, apprenticeship programmes and other training 
opportunities are a common feature of technical and 
vocational education and training (TVET) programmes, 
and can provide students with STEM-related learning 
and skills opportunities. Research in Viet Nam found that 
TVET institutions tend to reproduce the gender biases 
of the wider economy, channelling boys and girls into 
gender-stereotypical training opportunities.207 Another 
study found that gender differences in upper secondary 
students’ selection of physics courses reflected the 
gendered context of the local labour force.208 The study 
also suggested that ensuring relevant and stimulating 
apprenticeship and learning opportunities, including 
in settings with more women in STEM occupations, 
may challenge societal gender stereotypes and assist in 
retaining girls in STEM studies. 

Assessment
Performance in STEM-related assessments is not only 
influenced by students’ cognitive skills but also by other 
non-cognitive factors, including assessment procedures 
and tools, teacher and student perceptions about ability, 
and psychological factors, including motivation and 
anxiety about testing, especially testing of mathematics.  

Assessment procedures and tools
Gender differences in achievement scores in STEM 
subjects can be influenced by assessment procedures, 
including the construction of assessment tools and the 
way assessments are administered. Some studies have 

found that boys are more likely to perform better in 
multiple-choice mathematics assessments or standardised 
tests than girls.195,209,210  The root causes for this are unclear, 
but have been attributed to boys’ greater propensity for 
risk-taking and guessing on exams, compared to girls211 
and to differential response to competition.212

The way assessments are administered can also influence 
girls’ outcomes. Girls have been found to have better 
mathematics scores in classroom tests, attributed to the 
social aspect of the classroom,213 and perform slightly 
better in course work and ‘essay-type’ assessments.195 
PISA 2012 found that boys tend to do better in 
mathematics assessments using computer-based rather 
than paper-based formats, attributed to ‘spatial reasoning’ 
skills acquired through computer use, including through 
video games.119 However, other studies have shown mixed 
results in computer-based tests, for example, in Canada, 
suggesting that performance may be context-specific.214 

The content of assessments are also important, as 
evidenced by the differential findings in TIMSS as 
compared to PISA. Again, while results are not directly 
comparable even in countries participating in the 
same surveys due to different sampling parameters, 
time frames, and ages, the gender differences to boys’ 
advantage are much larger in PISA where students 
are assessed on applied knowledge and skills. PISA 
2012 found that girls do better when they work on 
mathematical or scientific problems that are similar to 
those typically encountered in school. However, when 
required to ‘think like scientists’, girls underperform 
considerably compared to boys.  

Gender differences have also been observed in the 
way teachers mark boys and girls.195 In one study of 
Israeli primary students, girls outscored boys in math 
exams when graded anonymously, but boys outscored 
girls when graded by teachers who knew their names. 
Researchers concluded that the teachers overestimated 
boys’ abilities and underestimated girls’, impacting 
girls’ enrolments in advanced level math class in upper 
secondary, and ongoing studies.215 Gendered assessment 
procedures, were also confirmed in other settings. For 
example in the European Union, female students tended 
to be marked down and male students marked up. This 
has led some countries to conceal the name and sex of 
the student during examination marking.195 
Psychological factors and perceptions about ability
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Key messages

As mentioned earlier, gender stereotypes and girls’ own 
perceptions about their abilities can affect performance. 
When confronted with gender stereotypes about their 
abilities, girls tend to underperform, as evidenced by a 
US study. Here, women with equally strong backgrounds 
and ability in mathematics as men scored lower when the 
stereotype ‘women are bad at mathematics’ was present, 
and scored equal to men when it was removed.216 Girls 
with higher motivation to do well in tests seem to be 
more influenced by gender stereotyping about ability.212 

Girls’ and teachers’ anxiety about mathematics and 
assessments can also have a negative impact on their 
performance. Girls reported stronger feelings of tension and 
anxiety related to performance in mathematics than boys in 
many studies,119,140,218  and are more likely to suffer from test 
anxiety than boys.218 The effect of mathematics anxiety has 
been associated with a decline in performance of 34 score 
points – equivalent to almost one year of school.119 It can 

also drive students away from mathematics and, as a result, 
from STEM studies and career.219  Teachers’ own math 
anxiety has been found to affect students’ achievement, 
with more math anxiety among teachers lowering girls’ 
scores in one study (a similar pattern was not found for 
male students).118

Other studies have demonstrated that assessment 
performance can be improved if these psychological 
factors are addressed. For example, in a study among 
British secondary school children, girls showed higher 
levels of mathematics anxiety but performed equally 
well as boys.220 Experiments in the US suggest that 
exposing adult women to female role models who are 
high achievers in mathematics or are perceived to be 
mathematics experts can improve women’s performance 
in mathematics tests; however, this effect has not been 
tested in younger girls.75 
Decisions about what fields of study or employment are 

• Qualified teachers with specialisation in science and mathematics can positively influence girls’ 
performance and engagement with STEM education and their interest in pursuing STEM careers. Female 
STEM teachers appear to have stronger benefits for girls, possibly by acting as role models and by helping 
to dispel stereotypes about sex-based STEM ability.

• Teachers’ beliefs, attitudes, behaviours and interactions with students can enhance or undermine an equal 
learning environment for girls and boys in STEM subjects. Attention to gender dynamics in the classroom 
and school environment is therefore critical. 

• Curricula and learning materials play an important role in promoting girls’ interest and engagement in 
STEM subjects. Positive images and text about women and girls, topics that are of interest to both girls and 
boys, and opportunities for inquiry and practice are essential. 

• Opportunities for real-life experiences with STEM, including hands-on practice, apprenticeships, career 
counselling and mentoring can expand girls’ understanding of STEM studies and professions and maintain 
interest.

• Assessment processes and tools that are gender-biased or include gender stereotypes may negatively 
affect girls’ performance in STEM. Girls’ learning outcomes in STEM can also be compromised by 
psychological factors such as mathematics or test anxiety and stereotype threat about their ability in STEM.
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considered possible or appropriate for men and women 
are deeply embedded in the socialization process. Societal 
and cultural norms, broader measures of gender equality, 
policies and legislation, and mass media are important 
influences. 

Gender equality and wider societal and cultural norms 
Girls’ participation and achievement in STEM education 
have been found to be positively correlated to more 
gender-equal societies, where women and girls have 
access to education, decent work, and representation 
in political and economic decision-making processes. 
For example, studies have found that girls tend to have 
more positive attitudes towards, confidence about, and 
achievement in, mathematics in these settings, and the 
gender gap in achievement between boys and girls is 
smaller.40,42 Analysis of PISA mathematics test scores found 
similar results for both mean level and high achievers, 
even when the analysis was controlled for economic 
development.221 Positive correlation has also been 
found between girls’ endorsement of gender equality 
and their motivation in science and math, perhaps 
due to girls’ stronger resistance to gender stereotypes 
in these settings.64  This does not mean, however, that 
higher learning achievement in STEM for girls cannot be 
observed in countries with lower gender equality index.  

Conversely, gender inequalities in wider society as well as 

2.4 Societal-level factors

gender-based violence in and on the way to school,217 can 
prevent girls from accessing education, including in STEM 
fields. A recent study in Pakistan found that patriarchal 
values affected girls’ perceptions about their own ability 
and aspirations in math and science.223  The threat of sexual 
harassment in public spaces also prevented girls from going 
to the market to buy materials for school STEM projects. 

Policies and legislation 
Policies and legislation can bring about sustainable 
change, prioritize and institutionalise girls’ and women’s 
participation in STEM education and careers. These 
can be specific policy measures focusing on STEM 
education, such as building the capacities of teachers, or 
aiming to motivate girls to select STEM subjects. Policies 
and legislation promoting gender equality and equal 
treatment, gender mainstreaming and specific measures 
for the advancement of women are also important as 
they can help change social norms and practices, which 
consequently affect girls’ study and career choices. For 
example, Malaysia has enacted many STEM-related 
policies and legislation, reflecting the high priority 
attached to the issue.224
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Key messages

Mass and social media 
Mass media play an important role in the socialisation 
process, influencing opinions, interests and behaviours. 
Gender stereotypes portrayed in the media are 
internalised by children and adults and affect the way 
they see themselves and others.225-227

Gender stereotypes in mass media can influence girls’ 
perceptions of their abilities in STEM and their career 
aspirations for STEM fields.102, 228-230 Media images of 
STEM professionals may be particularly salient for girls 
during adolescence as they actively consider future 
professional identities and options.230 For example, 
some studies have found that when women are shown 
television advertisements that allege sex-based abilities 
in math, they report being less interested in majoring in 
or pursuing careers involving technical or quantitative 
skills.231 Other studies have found that gendered 
stereotypes in the media of certain academic fields, such 
computer science, can negatively influence women’s 
interest in pursuing these fields.106 

• Cultural and social norms influence girls’ perceptions about their abilities, role in society and 
career and life aspirations.  

• The degree of gender equality in wider society influences girls’ participation and performance in 
STEM. In countries with greater gender equality, girls tend to have more positive attitudes and 
confidence about mathematics and the gender gap in achievement in the subject is smaller.

• Targeted measures to promote gender equality, such as gender mainstreaming legislation 
or policies such as quotas, financial incentives or other, can increase girls’ and women’s 
participation in STEM education and careers.

• Gender stereotypes portrayed in the media are internalised by children and adults and affect 
the way they see themselves and others. Media can perpetuate or challenge gender stereotypes 
about STEM abilities and careers.

Gender stereotypes on social media platforms can also 
have a harmful effect. For instance, a recent study of 
Latin American social media users found that gender 
stereotypes and negative messages about STEM were 
prevalent and often transmitted by girls and young 
women themselves.232 Female social media users were 
more likely than male users to post or support posts 
promoting negative views about STEM subjects, especially 
mathematics. In this study, 75% of all self-mocking 
mathematics messages were posted by girls. One-third of 
students’ social media shares about women and girls in 
STEM were sexist.

Decisions about what fields of study 
or employment are considered 
possible or appropriate for men and 
women are deeply embedded in the 
socialization process.
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3. Interventions that help 
increase girls’ and women’s 
interest in, and engagement 
with, STEM education
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The ecological framework presented in the previous 
section demonstrates that there is no single factor that 
alone can influence girls’ and women’s participation, 
achievement and progression in STEM education. 
Positive outcomes are the result of interactions among 
factors at the individual, family, school and societal 
levels, and demand engagement from stakeholders at 
each of these levels. 

Recognising that broader efforts are needed to combat 
gender discrimination and advance gender equality 
in society, this section focuses on what the education 
sector can do to make an impact. It provides examples of 
interventions from around the world, presented by the 
four levels of the ecological model: 

• Individual level: interventions to build children’s spatial 
skills, self-efficacy, interest and motivation among girls 
to pursue STEM studies and careers; 

• Family and peer level: interventions to engage parents 
and families to address misconceptions about sex-
based, innate abilities, to expand understanding of STEM 
educational opportunities and careers, and to connect 
families to educational advisers to build STEM pathways, 
as well as peer support;

• School level: interventions to address teachers’ 
perceptions and capacity, to develop and deliver 
gender-responsive curricula, to implement gender-
neutral assessments; 

• Societal level: interventions to social and cultural 
norms related to gender equality, gender stereotypes in 
the media, and policies and legislation. 

3. Interventions that help increase girls’ and 
women’s interest in, and engagement with,  
STEM education
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Building linguistic, spatial and number skills  
from an early age
Linguistic, spatial and number skills strongly predict 
later achievement in STEM.233 As with other cognitive 
abilities, these skills are flexible and highly influenced by 
instruction and practice and can be significantly improved 
through early experiences.76,79  For instance, a study in 
India found that spatial skills interact with culture and 
that providing equal education and changing the way 
girls are treated at home has a positive influence on their 
spatial skills.78 Parents and ECCE development centres can 
help with early interventions by providing opportunities 
for practice, for example, through playful learning, such 
as block play.234 Parental engagement and activities to 
extend school learning into the home and other settings 
can also be promoted. 

Developing positive STEM identities 
Girls need support to develop positive math and science 
identities, belief in their abilities and a sense of belonging 
in STEM studies and careers.66,235  This can be done by 
increasing girls’ exposure to STEM experiences155, 236 such 

3.1 Individual-level interventions

Box 2: Discover! United Kingdom 
Discover! is an informal learning intervention designed to stimulate the imagination and interest of girls in Year 
8 (age 12) and Year 9 (age 13) in secondary schools. It offers participants an opportunity to ‘try-on’ a variety of 
occupational roles in single-sex interactive workshops led by same-sex tutors. Girls are encouraged to play and 
act as scientists. With Discover! girls have the opportunity to explore new career opportunities. The Discover! 
Saturday Club received national recognition twice at the WISE Partnership Awards. An evaluation of the 
programme found that informal and experiential learning spaces can strengthen learners’ interest in STEM and 
their ability to visualise their future as STEM professionals.   
For more information: http://www.careerswales.com/prof/server.php?show=nav.7497 

as the one featured in Box 2. Even brief interactions have 
been found to shape student beliefs about their potential 
for success in STEM. For example, in Israel, a programme 
called Mind the Gap! organized school visits to Google, 
annual tech conferences and provided access to female 
engineers to discuss careers in computer science and 
technology.237 The programme was found to impact on 
girls’ choice of computer science as a high school major.238 

Establishing links to role models 
The presence of female role models in STEM subjects can 
mitigate negative stereotypes about sex-based ability and 
offer girls an authentic understanding of STEM careers.91,240 

Role models can also enhance girls’ and women’s self-
perceptions and attitudes toward STEM, as well as their 
motivation to pursue STEM careers.64 This contact can 
begin as early as primary education, and continue through 
secondary and tertiary levels and into career entry. In 
Nigeria, role models were found to assist in retaining girls 
in STEM at all levels of education.241 Role models can be 
older students, professionals in STEM academic, business 
and research environments. 
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The expansion of ‘STEM clinics’ and camps, such as the 
ones featured in Box 3, can encourage girls’ engagement 
through access to role models. For STEM role models to  
be effective, girls should be able to identify with them.173  
If girls believe that the success of role models is beyond 
their reach, they may feel threatened rather than 
motivated. This may distance girls from the role models’ 
field. A US study found that the presence of same-sex role 
models has a far bigger impact on women than on men.64

Building self-confidence and self-efficacy 
Girls with stronger self-confidence and belief in their 
capacities in STEM perform better at school and have 
better chances to pursue STEM careers.125 For example, 
a study showed that when girls were told that their 
cognitive ability can increase with learning and practice, 
they performed better in mathematics tests and were 
more likely to be interested in future mathematics 
studies.91 Opportunities for practice in areas like 
engineering, in particular, can also increase girls’ self-
efficacy and interest.129 Box 4 presents examples of 
programmes aiming to build girls’  ICT skills to become 
innovators in computer technology.  

Box 3: Science, Technology and 
Mathematics Education (STME) 
Clinics, Ghana 
The first Science, Technology and Mathematics 
Education (STME) Clinic was established by 
the Ghana Education Service in 1987 to help 
improve girls’ enrolment and achievement 
in related subjects in secondary and higher 
education institutions. STME Clinics now exist 
in different locations, bringing together girls 
from secondary educational institutions for 
short-term intensive intervention programmes 
with female scientists. These scientists act as role 
models, providing an opportunity to change 
any negative perceptions girls might have about 
women scientists.  This initiatives is helping to 
bridge the gender gap in the field of science 
and technology and maximize the potential of 
Ghanaian women in these fields. 
For more information:  
http://on.unesco.org/2sGbkZd

Box 4: Developing girls’ coding skills 
Girls Can Code | Afghanistan
This intensive programme, approved by the Ministry of Education and integrated in the public school 
curriculum, aims to empower and encourage girls to follow careers in computer science.  In addition to 
coding, the programme also offers networking opportunities, connecting girls with mentors and internship 
opportunities, as well as further educational opportunities in computer science, including in higher education 
programmes. For more information: http://womanity.org/programs/afghanistan/ 

@IndianGirlsCode |India 
This is a social initiative that provides free coding and robotics programmes for young underprivileged girls in 
India. It inspires girls to be innovators in the field of computer science and technology and helps them learn to 
code and innovate by creating real-world applications for real-world problems. 
For more information: http://www.robotixedu.com/indiangirlscode.aspx?AspxAutoDetectCookieSupport=1 

Girls Who Code | US
This is a non-profit organization that aims to educate, empower and equip adolescent girls with skills and 
resources to pursue opportunities in technology and engineering. Training is delivered through free after-
school clubs or intensive summer programmes. More than 10,000 girls have participated in the programme, of 
which many are now studying for computer science degrees at top US universities.
For more information: https://girlswhocode.com/
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Box 5: Motivating and empowering girls through STEM Camps, Kenya
UNESCO together with the Government of Kenya, the National Commission for Science, Technology and 
Innovation (NACOSTI) and the University of Nairobi organize annual Scientific Camps of Excellence for 
Mentoring Girls in STEM. The aim of the camps is to demystify science, to inspire girls to embrace the sciences, 
and to nurture them as future STEM professionals and leaders. 

During these one-week camps, girls share experiences with STEM university students, carry out science 
experiments and industry visits, build life skills, and discuss career choices. The camps are also linked to 
gender-responsive teacher training, and build partnerships with ministries and institutions, the private sector, 
and science-focused industries. To monitor performance and assess impact, an online tracking system has 
been developed which follows girls up to university level. 

The Ministry of Education sees the programme as an important tool for inspiring girls to embrace science 
subjects, and has incorporated the camps into its workplan. It has also identified model STEM schools in each 
county. The United Nations Country Team in Kenya also identified the programme as a “best practice” and 
produced a documentary about it. Success is attributed to effective partnerships between key stakeholders in 
the education and STEM fields, a focus on learners and the STEM learning and working environments. 
For more information:  http://on.unesco.org/2uTmfPF 
Video: Unlocking the Potential of Girls - STEM (UNESCO):  https://goo.gl/7WEMA1

Increasing girls’ motivation
Improving girls’ motivation is critical for increasing their 
participation in STEM. A systematic review of studies 
targeting students’ motivation showed that certain 
interventions had positive effects on both motivation and 
academic outcomes.137 It was also suggested that women 

may benefit more from such interventions as they are 
more affected by gender stereotypes about their ability 
in this field. On the other hand, women who have firmly 
internalized such stereotypes might be less receptive to 
motivation interventions. An example of an initiative to 
improve girls’ motivation is featured in Box 5. 
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Laying the foundations for early learning and interest 
Engaging parents, as the primary caretakers of children, 
and the wider family is critical to opening doors to STEM 
studies and careers for girls. Family engagement in the 
mathematics education of young children (aged 3-8) has 
been found to have a positive effect on learning, and can 
be facilitated through parental involvement in school 
activities, school outreach, and other channels.243 Research 
has found that when parents play an active role in their 
children’s learning, children achieve greater academic 
success, regardless of socioeconomic status, ethnicity, or 
the parents’ own level of education.244,245 

Countering common misconceptions
From early childhood into adulthood, many girls and 
women receive overt or subtle messages, particularly 
from parents, that STEM studies and careers are not for 
them. Schools and universities can provide parents with 
information about STEM educational opportunities and 
careers, and connect them to educational advisors who 
can counter common misconceptions about careers 
in STEM. In Zimbabwe, awareness-raising campaigns 

Improving system-level challenges
Education-system level improvements in recent decades 
have positively impacted on the quality of STEM education 
delivered in school classrooms, benefiting both boys and 
girls (Box 6). The education sector can take other steps at 
the policy-level and within schools to build girls’ interest, 
confidence, engagement and career aspirations in STEM. 

Recruiting male and female teachers
Sector planners need to address shortages in qualified 
teachers for science and mathematics, and their deployment 
to rural and remote areas. As there is evidence in some 
settings that female teachers can have a differential impact on 
female students’ pursuit of STEM studies, and careers, some 
countries (Austria, Belgium, Lithuania, Switzerland, Israel, 
the Netherlands, Sweden, and the United Kingdom) have 
prioritised or identified as important the recruitment of more 
female STEM teachers.249 

Box 6: Education-system level 
improvements 
IEA found that the overall improvement in 
educational achievement in science and 
mathematics observed over a twenty-year 
period (1995-2015) in TIMSS was accompanied 
by a number of education system-level 
improvements.  These include:
• improved school environments (e.g. safer schools)
• better educated teachers and more efforts to 

support teachers’ professional development
• improved teacher attitudes towards their 

capacity to deliver mathematics and science
• higher teacher satisfaction with their careers
• more positive student attitudes about 

mathematics and science
• more engaging instructions by teachers (as 

reported by students)
• smaller mathematics and science classes 
• better curriculum coverage 
For more information: Mullis V.S, I., O. Martin, 
M., and Loveless, T. 2016. 20 Years of TIMSS: 
International Trends in Mathematics and Science 
Achievement, Curriculum, and Instruction. Boston, 
International Association for the Evaluation of 
Educational Achievement (IEA)16 

3.2 Family- and peer-level interventions

3.3 School-level interventions

have been organized to address parents’ perceptions, 
along with broader quality improvements to STEM 
education.246 

Promoting parent-child dialogue
Parents can support their children’s preparation and 
motivation146 and can play an active role in motivating girls to 
engage in STEM, if given the proper support.247 An experiment 
in the US provided parents with materials, through brochures 
and a website, which focused on the usefulness of STEM 
courses.248  The intervention, which was designed to increase 
communication between parents and their adolescent 
children about the value of mathematics and science, 
improved mothers’ perceptions of the value of STEM studies 
and stimulated parent-child conversations. This relatively 
simple intervention resulted in students taking, on average, 
nearly one semester more of science and mathematics in the 
last two years of high school, compared with the group that 
did not receive the intervention. The intervention was found 
to be most effective in increasing STEM course-taking for 
high-achieving daughters and low-achieving sons; however,  
it did not help low-achieving daughters. 
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Building teachers’ capacities 
Teachers need to understand the factors impacting 
on girls’ interests to participate and continue in 
STEM education, and to have access to professional 
development that enhances gender-responsive STEM 

Box 7:  Building teacher capacity 
The TeachHer Initiative 
TeachHer is an innovative global public-private partnership, launched in June 2016 by UNESCO, the Costa 
Rican First Lady, Mercedes Peñas Domingo, and U.S. former Second Lady Dr Jill Biden. It aims to help close 
the gender gap in science, technology, engineering, arts and design, and mathematics (STEAM) curricula 
and careers for young women. Using UNESCO’s network of training institutes, TeachHer is creating a Master 
Corps of champion educators capable of delivering state-of-the-art curricula in these subjects and building 
local support networks. During the 2016 pilot phase, 160 educators from six African and eight Central 
American and Caribbean countries participated in week-long regional training workshops organised by the 
US Mission to UNESCO with support from UNESCO Field Offices, Cluster Offices and the UNESCO International 
Institute for Capacity-Building in Africa (IICBA). During the workshops, government officials and national 
partners were exposed to practical methods for creating gender-responsive lesson plans and engaging and 
inspiring adolescent girls to pursue these subjects and related careers. Countries were encouraged to create 
national and local TeachHer action plans. TeachHer also emphasises the importance of after-school clubs and 
related activities for girls, and the creation of local networks to support dedicated champions – educators, 
administrators, and their students.   
For more information: https://unesco.usmission.gov/teachher/ 
STEAM in a Box toolkit: https://1drv.ms/f/s!ArvnsTeqGHgehcx8_Sf33JhjJeNaEQ

The Mathematics and Science Education Improvement Centre, Ethiopia 
The Mathematics and Science Education Improvement Centre in Ethiopia has been catalytic in improving 
girls’ performance in science and mathematics. Recent studies confirm that there are no significant differences 
between females and males in mathematics achievement anymore. This has been achieved thanks to in-
service teacher training which significantly improved teachers’ capacities and teaching skills. The Centre was 
established by the Ministry of Education, as part of its Education Sector Development Strategy. It aims to 
develop science-based education as a way of promoting growth and the transformation of the country. The 
Government is also raising awareness among families about the importance of girls’ education, especially in 
mathematics and science. The Centre is now focusing on other STEM topics and has developed a strategic 
science, technology and mathematics education policy. 
For more information: http://www.moe.gov.et/en/directorate-6

pedagogy.  A range of initiatives are being implemented 
to strengthen STEM teachers’ capacity to be more gender-
responsive in their teaching practice and classroom 
management.16,91,119,250 Examples of such initiatives are 
provided in Box 7. 
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Strengthening teaching practices
Effective teaching practices can help to promote 
girls’ motivation and engagement in STEM.40,251  Many 
female scientists report that experience with science 
in the early grades of schooling, such as through 
science projects and investigations, was important 
in developing a lasting interest and encouraging 
them to choose careers in science.125 A meta-analysis 
identified five strategies that improve students’ 
achievement, attitudes and interest in STEM subjects and 
careers: context-based; inquiry-based; ICT-enriched; 
collaborative learning and use of extra-curricular 
activities.250 These strategies can be combined with more 
targeted ones which have been found to work best for 
girls, including: 91,125,135,194,252,253

• Building a ‘science identity’ among girls by conveying 
messages that science is for everyone, using gender-
neutral language, projecting examples of women  
in science and avoiding classroom hierarchies  
favouring boys.  

• Involving girls in hands-on activities that are writing-
intensive and inquiry-based, with adequate time to 
complete, revise and discuss. 

• Providing diverse school experiences that match the 
different interests of students within science. This 
can include hands-on laboratory and design-based 
learning to increase girls’ science and technological 
confidence and active classroom interactions that 
value students’ points of view. 

• Allowing more time and experience with computers  
for girls to help increase their technological 
confidence. One study showed that more girls 
than boys perceived computers as useful tools for 
conducting science investigation, graphing and 
organizing data. 

• Providing girls with out-of-school academic activities 
and homework as well as exposure to role models, for 
example, through direct meetings, videos or success 
stories.

Such teaching strategies are more effective in an 
environment where students are encouraged to take 
risks193 and are allowed to make mistakes, which forces  
the brain to grow by thinking about what went 
wrong.254  Box 8 presents examples of initiatives. 

Box 8: Teaching strategies to engage girls 
Ark of Inquiry
Funded by the European Commission and led by UNESCO in collaboration with partners from 12 countries, 
this joint project aims to engage students from age 7 to 18 in science through “new science classrooms”. These 
classrooms provide more challenging, authentic and higher-order learning experiences and more opportunities  
for pupils to participate in scientific practices and tasks. This is done through inquiry-based learning activities 
including reading scientific publications; formulating problems, inquiry questions or hypotheses; planning and 
conducting observations or experiments; analyzing collected data; and making conclusions or generalizations.  
The project is based on different pedagogical scenarios aiming to empower girls in the science classroom.  
A checklist for teachers has also been developed on how to engage and empower girls in science. 
For more information: http://www.arkofinquiry.eu/ 

Encourage girls in mathematics and science subjects – A Practice Guide
The Practice Guide, produced by the US Department of Education’s Institute of Education Studies provides five 
evidence-based recommendations for teachers to encourage girls to pursue mathematics and science studies and 
careers:  
1. Teach girls that academic abilities are expandable and improvable to enhance their confidence in their 

abilities. 
2. Provide girls with prescriptive feedback about their performance, focusing on the process of learning, the 

strategies used during learning and the effort made. 
3. Expose girls to female role models to challenge negative stereotypes and promote positive beliefs about  

their abilities. 
4. Create a classroom environment that sparks curiosity and fosters long-term interest through project-based 

learning, innovative tasks and technology. 
5. Provide opportunities for girls to engage in spatial skills training.
For more information: Halpern, D., Aronson, J., Reimer, N., Simpkins, S., Star, J. and Wentzel, K. 2007. 
Encouraging Girls in Math and Science (NCER 2007-2003). Washington DC, National Center for Education 
Research, Institute of Education Sciences, US Department of Education75
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Promoting a safe and inclusive learning environment 
The learning environment can enhance or undermine 
STEM education for girls. Irrespective of their sex, students 
have higher levels of self-efficacy and self-motivation in 
supportive learning environments.255,256 For example, a 
study found that schools which are supportive of girls in 
STEM have been shown to reduce the gender gap in STEM 
by 25% or more and with a sustainable impact.200 Two 
school characteristics in particular have been found to 
play an important role: a strong science and mathematics 
curriculum and opportunities for concrete experiences 
and gender-integrated extra-curricular activities. These 
have been found to mitigate the effects of stereotyping 
about sex-based STEM ability. Also, a European 
Commission report found that students’ informal 
interaction within the school environment was the most 
influential part of their socialisation as males or females, 
and argues that this aspect of the school culture needs to 
be challenged if things are to change.195  

Cultivating learning beyond school walls
The learning environment also extends beyond the 
classroom. Workplaces, museums, exhibitions, urban 
settings and the natural world, all offer opportunities 
for learning257 and for cultivating girls’ interest in STEM. 
Informal science education, often provided by museums 
or science centres, can also provide opportunities to 
improve science skills, counter negative stereotypes, 
increase understanding and value of science, use 

science tools and equipment, and increase girls’ feelings 
of success and achievement.  For example, in the UK 
there has been considerable investment in science 
engagement and education activities in science centres, 
museums, science festivals, and other environments.6 
Camps and field trips can encourage girls’ interest 
in STEM by providing them with real-world learning 
opportunities.258 A recent study found that student 
attitudes towards, and interest in, science improved 
after a five-day camp held on a university campus where 
students engaged with STEM professionals in hands-on 
problem-based learning activities.259 As found in one 
study, outreach summer programmes were successful in 
inspiring girls to pursue science and pre-engineering in 
lower and upper secondary education and to consider 
STEM careers.260 

Strengthening STEM curricula
Research suggests that STEM curricula are more 
appealing to girls if they have a strong conceptual 
framework, are contextualised and relevant to real-
world situations.125,253,261,262  Curricula are also more 
likely to interest girls if they provide varied experience, 
which integrates social and scientific issues, provides 
opportunities for genuine inquiry, involves real-world 
experience, as well as opportunities for experimentation, 
practice, reflection and conceptualisation.263 Box 9 below 
presents an initiative aiming to strengthen STEM curricula 
for girls. 

Box 9: Strengthening STEM curricula for girls, Cambodia, Kenya, Nigeria and 
Viet Nam  
UNESCO’s IBE is partnering with the Malaysian Government on South-South cooperation to promote 
gender-responsive STEM education in Cambodia, Kenya, Nigeria and Viet Nam. Malaysia, where 
women attain 57% of science degrees and 50% of computer science degrees, brings expertise and 
successful experience in promoting the participation of girls and women in STEM. The initiative 
aims to mainstream gender in educational policies, plans, STEM curricula and teaching, through 
the development of country-contextualized gender-sensitive guidelines on curricula, pedagogy, 
assessment and teacher training. A Resource Pack for Gender Responsive STEM Education has been 
developed which provides practical guidance and can be used as a training tool.
For more information: http://unesdoc.unesco.org/images/0025/002505/250567e.pdf 

Cracking the code: Girls’ and women’s education in science, technology, engineering and mathematics (STEM)

67



Removing gender bias from learning materials 
Curriculum designers can create content and resources 
suited to the learning styles and preferences of girls as well 
as boys, and remove gender bias from textbooks and other 
learning materials. Mexico, for example, has undertaken an 
analysis from a gender equality perspective of its primary 
education textbooks, developed a manual to incorporate 
gender equality in curriculum and teaching materials, and 
revised its materials to demonstrate similar capacities and 
equal opportunities in text and illustrations.264 As curriculum 
revision can be a lengthy exercise,  teachers also need the 
knowledge and ability to critically analyse and eliminate 
possible gender stereotypes present in existing teaching 
materials, and to avoid such stereotyping when interacting 
with students.

Box 10: Career and guidance counselling   
How career counsellors can increase girls’ STEM motivation and engagement 
An Australian study made the following recommendations for career counsellors to help increase girls’ 
motivation and engagement in STEM:  
• Start STEM career development early, at primary school, before girls lose interest and disengage 
• Collaborate with those that have a strong influence on girls’ decisions to pursue or not to pursue STEM, such 

as parents, siblings, peers and teachers
• Provide diverse images of STEM professionals, for example, on career posters, in publications and online resources,  

to challenge the stereotype of the male scientist
• Use role models and mentors to develop in-school programmes so that girls are in contact with practising 

female STEM professionals
• Promote targeted work experience and out-of-school programmes, such as internships
• Engage with parents and families, providing them with information about STEM professions
• Target specific groups, including high-performing and disadvantaged girls
• Advocate for change in male-dominated workplaces, so that they can attract more women
For more information: Broadley, K. 2015. Entrenched gendered pathways in science, technology, engineering 
and mathematics: Engaging girls through collaborative career development. Australian Journal of Career 
Development, Vol. 24, No. 1, pp. 27-38. DOI: 10.1177/1038416214559548266

UNESCO training module on science career guidance and counselling
UNESCO has produced a training module on science career guidance and counselling for teacher trainers, 
education and career advisors, head teachers and teachers. The module covers training and supporting 
teachers, career guidance and career guidance activities, science and mathematics teacher training and 
teaching. It aims to assist countries to promote a positive image of women in science careers, provide girls with 
clear information about science careers and counter gender stereotypes, and ensure that teachers and career 
advisors have the tools required to meet the needs of female learners.
For more information: UNESCO. 2007. Girls into Science: A training Module. Paris, UNESCO. 

Facilitating access to gender-responsive career 
counselling
Gender-responsive counselling and guidance is critical 
to supporting non-stereotypical education and career 
pathways and retaining girls in STEM fields.265-267 For 
example, WomEng, a non-profit organization in South Africa, 
has developed booklets with information on educational 
institutions offering engineering programmes, scholarship 
opportunities, and frequently asked questions about careers 
in engineering for secondary school girls.268 Such materials, 
coupled with access to advisors who are familiar with STEM 
studies and careers, can engender interest and encourage 
girls to choose STEM careers. These should be attractive to 
girls and address common perceptions among girls about 
a mismatch between their abilities and interests and STEM 
career paths.6,266,267 Examples of career counselling are 
featured in Box 10. 
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Linking girls to mentorship opportunities
Mentorship programmes have been found to improve 
girls’ and women’s participation and confidence in STEM 
studies and careers. A US study found that, at lower 
secondary level, girls who were mentored by female 
role models during summer activities showed greater 
interest in science and mathematics when introduced 
to potential STEM career opportunities.132 Another 
US study, which looked at an after-school mentoring 
programme, found a significant link between the quality 
of the mentoring relationship and girls’ confidence 
in mathematics.270 A study in Denmark, which looked 
at the reasons for choosing a career in engineering, 
found that men were more influenced by intrinsic and 
financial reasons but women were far more influenced 
by mentoring.41

Mentoring needs to take a broad perspective. Rather 
than focusing only on achievement and career choice, 
mentors can also help girls acquire knowledge to 
improve their learning and career options, including 

Box 11: L’Oréal Foundation - For Girls and For Women in Science Programmes 
L’Oréal Foundation has two programmes supporting girls’ and women’s engagement in science. The For 
Women in Science Programme is a partnership with UNESCO, which honours and rewards women scientists 
and showcases their work. The For Girls in Science programme aims to encourage girls to participate in 
science education and careers. It is a partnership between the L’Oréal Foundation, the French Ministry of 
National Education and the Ministry of Higher Education and Research. 100 ‘Science Ambassadors’, of whom 
40 are L’Oréal-UNESCO Prize winners, intervene in classes, serving as role models to deconstruct prejudices 
about women in science and to share their passion for their work. To-date, some 30,000 students have 
been reached. In 2015, 75% of the 2,000 participating students reported being ‘more interested in scientific 
careers’ after the intervention, compared to 46% at the outset. This private sector-government partnership 
is creating intergenerational links and building France’s female scientific cadre.  
For more information: http://www.forwomeninscience.com
Facebook: http://www.facebook.com/forwomeninscience/
Twitter: http://twitter.com/4womeninscience 

information about materials and strategies, goal-setting 
and opportunities for learning, networking and meeting 
others interested in STEM.271 Mentors can also help girls 
learn how to improve their self-confidence, self-esteem and 
motivation, how to deal with bias, and how to overcome 
anxiety about assessments. They can also provide guidance 
about financial resources, such as scholarships, special 
programmes, networks and job opportunities and link girls 
with other girls and women who share a similar socio-
economic or ethnic background and who have faced similar 
obstacles in their STEM careers.113 

Expanding access to scholarships and fellowships 
Scholarships and fellowships reserved for female students and 
researchers have been established in some countries in areas, 
such as engineering, where women are significantly under-
represented. These can be provided by higher education 
institutions, the private sector, government, or other sources. 
In France a range of opportunities are available to women 
to enhance their engagement in STEM education and 
employment (Box 11). 
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Policies and legislation 
Legislation, quotas, financial incentives and other policies 
can play a significant role in increasing girls’ and women’s 
participation in STEM education and careers. For example, in 
France, the Ministry of National Education, Higher Education 
and Research has enacted legislation to encourage the 
diversification of girls’ professional choices.6 This measure, 
combined with private sector engagement from L’Oréal and 
other partners (Box 11), is steering more women into STEM 
careers. In Germany, the Government developed a High-Tech 
Strategy and a National Pact for Women in STEM Careers, 
aiming to address gender disparities in STEM education 
and employment.272 Other policy levers, including targets, 
quotas, and financial incentives can also be made available 
throughout secondary or tertiary education or to enhance 
entry into the STEM workforce. For example, in 2016, the 
Australian Prime Minster announced that 8 million Australian 
dollars would be invested in projects to inspire girls and 
women to study STEM.273   

3.4 Societal level interventions
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Promoting positive images of women in  
STEM through the media 
Media engagement and efforts are needed to promote 
more gender-diverse representations of STEM 
occupations, and to challenge stereotypes about sex-
based abilities.227 Children should also have access to 
media literacy education programmes that enable them 
to critically assess media messages, to moderate harmful 
influences, and to engage with digital technologies.274 
Social media can also be used to dismantle stereotypes 
and initiate conversations about gender equality in STEM.  

Building partnerships
Partnerships across sectors and advocacy can direct attention 
to gaps in engaging girls in STEM, and to labour market needs 
for STEM. This can include initiatives that involve partnerships 
between educational institutions (e.g., schools, teacher 
training institutions, universities, and technical and vocational 
education and training centres), research institutions, the 
private sector, (companies and professional associations), 
and other sectors. In the UK, the WISE campaign275 has been 
working for more than 30 years to inspire girls and women 
to study and build careers in STEM. WISE works with various 
partners such as businesses, schools, young people and their 
parents to offer a range of activities such as a blog of inspiring 
women, a workshop and other learning materials which can 
be taken into schools and colleges, and discovery workshops 
for girls, parents and teachers. 
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Despite unprecedented progress in expanding access to 
education, gender equality in education remains elusive. 
More girls are in school today than ever before but 
gender-based discrimination, social and cultural norms 
and other factors prevent them from equal opportunities 
to complete and benefit from an education of their choice. 

Low female participation in STEM studies and 
consequently STEM careers has been a concern voiced 
by countries around the globe. STEM prevail over every 
aspect of our lives and are catalytic for the achievement 
of the 2030 Agenda for Sustainable Development, 
underpinning solutions to existing and emerging 
challenges. It is crucial for women and girls to have equal 
opportunities to contribute to, and benefit from, STEM. 

Multiple and overlapping factors influence girls’ and 
women’s interest in, and engagement with, STEM, all of 
which interact in complex ways. Girls’ disadvantage is 
not based on cognitive ability, but in the socialisation 
and learning processes within which girls are raised 
and which shape their identity, beliefs, behaviours and 
choices. ‘Cracking the code’ to decipher these factors is 
critical to creating more learning pathways for girls and 
women in STEM. 

Getting more girls and women into STEM education and 
careers requires holistic and integrated responses that 
reach across sectors and that engage girls and women in 
identifying solutions to persistent challenges. This requires 
political will, strengthened capacity and investments 
to spark girls’ interest and cultivate their aspirations to 
pursue further STEM studies, and ultimately STEM careers. 
Internationally comparable data are also needed on a 
larger scale to ensure evidence-informed planning and 
policymaking, as well as further documentation of the 
effectiveness and impact of interventions.

Recognizing that broader efforts are needed to combat 
gender discrimination and advance gender equality 
in society, this report focuses on the crucial role of the 
education sector.  System-level changes are needed to 
improve the quality of STEM education to take account 
of the specific learning needs of girls. Engaging girls in 
STEM from an early age and ensuring that their overall 
education experience – the teaching and learning process, 
contents and environment – are gender-responsive and 
free from gender discrimination and stereotypes, are also 
important. 

4. Looking forward
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Ecological framework levels Individual 
level Family level School level Societal level

Stakeholders Students Parents Peers Policy- 
makers Teachers Private 

sector Media

Ensure early care, play, and learning opportunities

Cultivate girls’ interest, confidence, and engagement  
in STEM from an early age 

Avoid discrimination in care, play and recreational experiences

Build children’s spatial skills and self-efficacy in science and math

Provide good quality, inclusive and gender-responsive STEM education

Mainstream gender equality in STEM education laws and policies 

Hire and train male and female STEM-specialized teachers in gender-
responsive pedagogy and classroom management

Remove stereotypes and biases in STEM textbooks and learning 
materials and expand opportunities for inquiry-based learning

Create safe and inclusive STEM learning environments 

Provide authentic opportunities for STEM learning and practice inside 
and outside the classroom 

Expand access to mentoring, apprenticeship and career counselling  
to improve orientation on STEM studies and careers

Facilitate contact with female role models

Provide incentives (scholarships, fellowships) in areas where girls/
women are significantly under-represented 

Address social and cultural norms and practices impeding on STEM participation, learning achievement and progression

Mainstream gender equality in public policies and programmes  
across sectors, including education, social, labour

Reach out to and engage parents to counter common misconceptions 
about STEM education and encourage dialogue

Challenge discriminatory social and cultural norms and practices 

Raise awareness about the importance of STEM and women’s 
achievements 

Expand access to media literacy to promote critical thinking, help 
recognize gender stereotypes in the media, and promote positive 
representation of women in STEM

Promote and facilitate multi-sectoral collaboration and partnerships 

Looking forward, the education sector can take steps at all levels, defined in the ecological framework presented in this 
report, to create sustainable change. This includes the following priority actions: 
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Acronyms

CABA Ciudad Autonoma de Buenos Aires (Buenos Aires, Argentina) 

ECCE Early childhood care and education 

ECOSOC United Nations Economic and Social Council

GEM Global Education Monitoring Report 

IBE UNESCO International Bureau of Education 

ICILS International Computer and Information Literacy Study

ICT Information and communication technology

IEA  International Association for the Evaluation of Educational Achievement

IICBA UNESCO International Institute of Capacity-Building in Africa

MOE Ministry of Education 

MRI Magnetic resonance imaging

NACOSTI National Commission for Science, Technology and Innovation (Kenya)

NGO Non-governmental organization

OECD  Organisation for Economic Co-operation and Development

PASEC Programme d’Analyse des Systèmes Educatifs des Pays de la Conférences des Ministres  
 de l’Education des Pays Francophones

PISA Programme for International Student Assessment

SACMEQ Southern and Eastern African Consortium for Monitoring Educational Quality 

SAGA STEM and Gender Advancement 

SAR Special administrative region

SDG Sustainable Development Goal 

STEAM Science, Technology, Engineering, Arts/Design, and Mathematics

STEM Science, Technology, Engineering and Mathematics 

TERCE Third Regional Comparative and Explanatory Study (Latin America)

TIMSS Trends in International Mathematics and Science Study

TfYR The former Yugloslav Republic (Macedonia)  

TVET Technical and Vocational Education and Training

UN United Nations

UNESCO United Nations Educational, Scientific and Cultural Organization 

UIS UNESCO Institute for Statistics

UK United Kingdom 

US United States 
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Studies TIMSS  
2015

TIMSS 
ADVANCED 

2015
TIMSS  
2011 

PISA  
2015

PISA  
2012

ICILS  
2013

SACMEQ 
2007

TERCE  
2013

PASEC 
2014

Grade/Student age 4th
grade

8th 
grade

4th
grade

8th 
grade

15-year- 
olds

15-year- 
olds

8th 
grade

6th 
grade

3rd & 6th 
grades

2nd & 6th 
grades

Annex 1: Participation in standardized cross-national surveys
PARTICIPATION

Albania + +
Bulgaria + + +
Croatia + + + + +
Czech Republic + + + + +
Estonia + +
Hungary + + + + + +
Latvia + +
Lithuania + + + + + + +
Montenegro + +
Poland + + + + +
Romania + + + +
Republic of Moldova +
Russian Federation + + + + + + + +
Serbia + + +
Slovakia + + + + +
Slovenia + + + + + + + +
TfYR Macedonia + +
Turkey + + + + + + +
Ukraine +

Austria + + +
Belgium + +
Belgium + +
Canada + + + +
Cyprus + + +
Denmark + + + + +***
Finland + + + + +
France + + + +
Germany + + + + +
Greece + +
Iceland + +
Ireland + + + + +
Israel + + + +
Italy + + + + + + +
Kosovo* +
Liechtenstein +
Luxembourg + +
Malta + + +
Netherlands + + + + +***
Northern Ireland (United Kingdom) + +
Norway + + + + + + + +
Portugal + + + + +
Spain + + + +
Sweden + + + + + + +
Switzerland + + +***
United Kingdom + + + + + +
United States + + + + + + +

Iran, Islamic Republic of + + + +

Armenia + +
Azerbaijan +
Georgia + + + + +
Kazakhstan + + + + + +

Central Asia

Australia + + + + + + +
China + +
Taiwan Province of China + + + + + +
Hong Kong, China + + + + + + +***
Indonesia + + + +
Japan + + + + + +
Macao, China + +
Malaysia + + + +
New Zealand + + + + + +
Republic of Korea + + + + + + +
Singapore + + + + + +
Thailand + + + + + +
Viet Nam + +

East Asia and Pacific

North America and Western Europe

South and West Asia

Algeria +
Bahrain + + + +
Egypt +
Jordan + + + + +
Kuwait + + +
Lebanon + + + +
Morocco + + + +
Oman + + + +
Palestine +
Qatar + + + + + +
Saudi Arabia + + + +
Syrian Arab Republic +
Tunisia + + + +
United Arab Emirates + + + + + +
Yemen +

Arab States

Central and Eastern Europe



Brazil + + +
Cuidad Autonoma de Buenos Aires 
(Argentina) + + +*** +

Chile + + + + + + + +
Colombia + + +
Costa Rica + + +
Dominican Republic + +
Ecuador +
Guatemala +
Honduras + + +
Mexico + + +
Nicaragua +
Panama +
Paraguay +
Peru + + +
Trinidad and Tobago +
Uruguay + + +

Studies TIMSS  
2015

TIMSS 
ADVANED

TIMSS  
2011 

PISA  
2015

PISA  
2012

ICILS  
2013

SACMEQ 
2007

TERCE  
2013

PASEC 
2014

Grade/Student age 4th
grade

8th 
grade

4th
grade

8th 
grade

15-year- 
olds

15-year- 
olds

8th 
grade

6th 
grade

3rd & 6th 
grades

2nd & 6th 
grades

PARTICIPATION

Angola +*
Benin +
Botswana + + + +
Burkina Faso +
Burundi +
Cameroon +
Chad +
Congo +
Côte d'Ivoire +
Ghana +
Kenya +
Lesotho +
Malawi +
Mauritius +
Mozambique +
Namibia +
Niger +
Senegal +
Seychelles +
South Africa + + + +
Swaziland +
Togo  +
Uganda +
United Republic of Tanzania +
Zambia +
Zanzibar (United Republic of Tanzania) +
Zimbabwe +

Latin America and the  Caribbean

Sub-Saharan Africa

*Angola participated in the SACMEQ IV project as an observer with a view to becoming a full member
**References to Kosovo shall be understood to be in the context of the UN Security Council resolution 1244 (1999)
*** Countries not meeting sampling requirements (ICILS) 



1 UN. 2016. Transforming our World: the 2030 Agenda for Sustainable Development. A/RES/70/1. New York, United Nations. 

2 UNESCO. 2016. Global Education Monitoring Report 2016: Education for People and Planet: Creating Sustainable Futures For All. Paris, UNESCO. 

3 Science and innovation underpin the achievement of all 17 SDGs, including for example SDG 9, ‘Build resilient infrastructure, promote inclusive and sustainable 
industrialization and foster innovation’, directly addresses science and innovation. SDG 2 on ending hunger refers specifically to investment in ‘agricultural 
research’; SDG 3 on ensuring healthy lives calls for ‘research and development of vaccines and medicines’; and SDG 7 on use of affordable, reliable and 
sustainable energy calls for ‘international cooperation to facilitate access to clean energy research and technology’. SDG 4 on inclusive and quality education 
and lifelong learning includes a target to “expand globally the number of scholarships available to developing countries...for enrolment in higher education, 
including…information and communications technology, technical, engineering and scientific programmes”, while SDG5 on achieving gender equality and SDG 
4 on inclusive and equitable quality education includes a target to expand scholarships for enrolment in higher education information and communications 
technology, technical engineering and science. SDG 5 on gender equality also has a target to enhance the use of ICT to promote women’s empowerment.

4 UNESCO. 2016. Incheon Declaration. Education 2030: Towards Inclusive and Equitable Quality Education and Lifelong Learning for All. Paris, UNESCO. 

5 UN. 2015. Addis Ababa Action Agenda of the Third International Conference on Financing for Development. New York, United Nations. 

6 Marginson, S., Tytler, R., Freeman, B. and Roberts, K. 2013. STEM: Country Comparisons. Report for the Australian Council of Learned Academies (ACOLA).  
Melbourne, ACOLA. 

7 Lee, H. and Pollitzer, E. 2016. Gender in Science and Innovation as Component of Inclusive Socioeconomic Growth. A Gender Summit® Report. London, Portia Ltd. 

8 European Commission. 2012. Meta-analysis of Gender and Science Research. Luxemburg, European Union.

9 Svitil, K. A. 2002. The 50 Most Important Women in Science. Discover Magazine. http://discovermagazine.com/2002/nov/feat50 (Accessed 31 May 2017.)

10 Blickenstaff, J. C. 2005. Women and science careers: Leaky pipeline or gender filter? Gender and Education, Vol. 17, No. 4, pp. 369-386. DOI: 
10.1080/09540250500145072.

11 UNESCO. 2017. STEM and Gender Advancement (SAGA). http://www.unesco.org/new/en/natural-sciences/priority-areas/gender-and-science/improving-
measurement-of-gender-equality-in-stem/stem-and-gender-advancement-saga/ (Accessed 1 May 2017.) 

12 Friedman, L. 1989. Mathematics and the gender-gap: A meta-analysis of recent studies on sex-differences in mathematical tasks. Review of Educational Research, 
Vol. 59, No. 2, pp. 185-213. DOI: 10.1037/0033-2909.107.2.13910.3102/00346543059002185.

13 Hyde, J. S., Fennema, E. and Lamon, S. J. 1990. Gender differences in mathematics performance: A meta-analysis. Psychological Bulletin, Vol. 107, No. 2,  
pp. 139-155. DOI: 10.1037/0033-2909.107.2.139.

14 Becker, B. J. 1989. Gender and science achievement: a reanalysis of studies from two meta-analyses. Journal of Research in Science Teaching, Vol. 26, No. 2,  
pp. 141-169. DOI: 10.1002/tea.3660260206.

15 Hyde, J. S., Lindberg, S. M., Linn, M. C., Ellis, A. B., Williams, C. C. 2008. Gender similarities characterize math performance. Science, Vol. 321, No. 5888, pp. 494-495. 
DOI: 10.1126/science.1160364.

16 Mullis, I. V. S., Martin, M. O. and Loveless, T. 2016. 20 Years of TIMSS. International Trends in Mathematics and Science Achievement, Curriculum and Instruction. 
Boston, IEA. 

17 OECD. 2016. PISA 2015 Results (Volume I): Excellence and Equity in Education. Paris, Organization for Economic Co-operation and Development.

18 Mullis, I. V. S., Martin, M. O., Foy, P. and Hooper, M. 2016. TIMSS Advanced 2015 International Results in Advanced Mathematics and Physics. Retrieved from Boston 
College, TIMSS & PIRLS International Study Center website: http://timssandpirls.bc.edu/timss2015/international-results/advanced/ (Accessed 2 June 2017.) 

19 NSF. 2013. Women, Minorities, and Persons with Disabilities in Science and Engineering. Washington DC, National Science Foundation.

20 ILO. 2016. Women at Work: Trends 2016. Geneva, International Labour Office. 

21 Deloitte. 2016. Women in STEM. Technology, Career Pathways and the Gender Pay Gap. London, Deloitte.

22 Ceci, S. J., Ginther, D. K., Kahn, S. and Williams, W. M. 2014. Women in academic science: A changing landscape. Psychological Science in the Public Interest, Vol. 15, 
No. 3, pp. 75-141. DOI: 10.1177/1529100614541236.

23 UNESCO. 2014. Priority Gender Equality Action Plan 2014-2021. Paris, UNESCO.

24 UNESCO. 2016. Decisions Adopted By the Executive Board at its 199th Session. Paris, UNESCO.

25 UIS. 2016. UIS Data Centre. Montreal, UNESCO Institute of Statistics. http://data.uis.unesco.org/ (Accessed 12 June 2017.) The Figures 6 and 7 were developed 
using software developed by StatSilk. StatSilk. 2016. StatPlanet: Interactive Data Visualization and Mapping Software. https://www.statsilk.com/

26 UNESCO. 2016. Gender Review. Creating Sustainable Futures for All. Global Education Monitoring Report. Paris, UNESCO.

27 UIS. 2016. Leaving No One Behind: How Far on the Way to Universal Primary and Secondary Education? Paris, UNESCO Institute for Statistics. 

28 UNESCO. 2017. School Violence and Bullying. A Global Report. Paris, UNESCO. 

29 UNESCO. 2012. From Access to Equality: Empowering Girls and Women through Literacy and Secondary Education. Paris, UNESCO.

30 Lee, J., Moon, S. and Hega, R. L. 2011. Mathematics skills in early childhood: Exploring gender and ethnic patterns. Child Indicators Research, Vol. 4, No. 3,  
pp. 353-368. DOI: 10.1007/s12187-010-9088-9.

31 Kermani, H. and Aldemir, J. 2015. Preparing children for success: Integrating science, math, and technology in early childhood classroom. Journal Early Child 
Development and Care, Vol. 185, No. 9, pp. 1504-1527. DOI: 10.1080/03004430.2015.1007371.

32 Simpson, A. and Linder, S. M. 2016. The indirect effect of children’s gender on early childhood educators’ mathematical talk. Teaching and Teacher Education,  
Vol. 54, pp. 44-53. DOI: 10.1016/j.tate.2015.11.011. 

33 Fleer, M. 2007. Gender issues in early childhood science and technology education in Australia. International Journal of Science Education, Vol. 12, pp. 355-367. 
DOI: 10.1080/0950069900120403.

34 Maltese, A. V. and Tai, R. H. 2010. Eyeballs in the fridge: sources of early interest in science. International Journal of Science Education, Vol. 32, No. 5, pp. 669-685. 
DOI: 10.1080/09500690902792385. 

35 Alexander, J., Johnson, K. and Kelley, K. 2012. Longitudinal analysis of the relations between opportunities to learn about science and the development of 
interests related to science. Science Education, Vol. 96, No. 5, pp. 763-786. DOI: 10.1002/sce.21018.

36 See for example, analyses of instructional time allocations by region in primary and secondary education in: UNESCO. 2009. UNESCO World Report. Investing in 
Cultural Diversity and Intercultural Dialogue. Paris. UNESCO; UIS. 2012. Primary School Curricula on Reading and Mathematics in Developing Countries. Montreal, 
UNESCO Institute for Statistics.

Endnotes

78

http://discovermagazine.com/2002/nov/feat50
http://www.unesco.org/new/en/natural-sciences/priority-areas/gender-and-science/improving-measuremen
http://www.unesco.org/new/en/natural-sciences/priority-areas/gender-and-science/improving-measuremen
http://timssandpirls.bc.edu/timss2015/international-results/advanced/
http://data.uis.unesco.org/


37 Kerkhoven, A. H., Russo, P., Land-Zandstra, A. M., Saxena, A. and Rodenburg, F. J. 2016. Gender stereotypes in science education resources: A visual content 
analysis. PLOS ONE, Vol. 11, No. 11, e0165037. DOI:10.1371/journal.pone.0165037.

38 Dickhauser, O. and Meyer, U. 2006. Gender difference in young children’s math ability attributions. Psychological Science, Vol. 48, No. 1, pp. 3-16. 

39 Lohbeck, A., Grube D. and Moschner B. 2017. Academic self-concept and causal attributions for success and failure amongst elementary school children. 
International Journal of Early Years Education, Vol. 25, No. 2, pp. 190-203. DOI: 10.1080/09669760.2017.1301806.

40 Spearman, J. and Watt, H. M. G. 2013. Perception shapes experience: The influence of actual and perceived classroom environment dimensions on girls’ 
motivations for science. Learning Environment Research, Vol. 16, No. 217, pp. 217-238. DOI: 10.1007/s10984-013-9129-7.

41 Kolmos, A., Mejlgaard, N., Haase, S. and Holgaard, J. E. 2013. Motivational factors, gender and engineering education. European Journal of Engineering 
Education, Vol. 38, No. 3, pp. 340-358. DOI: 10.1080/03043797.2013.794198.

42 McDaniel, A. 2015. The role of cultural contexts in explaining cross-national gender gaps in STEM Expectations. European Sociological Review, Vol. 32, No. 1, 
pp. 122-133. DOI: 10.1093/esr/jcv078.

43 A.T.Kerney and YourLife. 2016. Tough Choices: The Real Reasons A-level Students are Steering Clear of Science and Maths. A.T.Kerney. https://www.atkearney.com/
documents/10192/7390617/Tough+Choices.pdf/a7408b93-248c-4b97-ac1e-b66db4645471 (Accessed 12 June 2017.)

44 Lindahl, B. 2007. A longitudinal study of students’ attitudes towards science and choice of career. Paper presented at the 80th session of the International 
Conference of the National Association for Research in Science Teaching, New Orleans, LA. Cited in: Tytler, R. 2014. Attitudes, Identities and Aspirations 
towards Science. N. G. Lederman and S. K. Abell (eds), Handbook of Research on Science Education, Vol. 2. New York, Routledge, p.91.

45 OECD. 2016. Skills for a Digital World. 2016 Ministerial Meeting on the Digital Economy. Paris, Organization for Economic Co-operation and Development. 

46 Kamens, D., Meyer, J. and Benavot, A. 1996. Worldwide patterns in academic secondary education curricula. Comparative Education Review, Vol. 40, No. 2,  
pp. 116-138. 

47 Andorra reported a 100% rate of female student participation, however this is likely to be based on a very low absolute number. Of note is that two years 
before the reported rate was <10% (UIS).

48 Youn, J. T. and Choi, S. A. 2016. Factor analysis for women in engineering education program to increase the retention rate of female engineering students. 
International Journal of Applied Engineering Research, Vol. 11, No. 8, pp. 5657-5663. 

49 National Science Board. 2014. Science and Engineering Indicators 2014. Arlington VA, National Science Foundation (NSB 14-01).

50 OECD. 2017. What Kind of Careers in Science Do 15-year-old Boys and Girls Expect for Themselves? PISA in Focus No.69. Paris, Organization for Economic Co-
operation and Development. 

51 UNESCO. 2015. Regional overview: The Arab States. Education for All Global Monitoring Report 2015. Paris, UNESCO. 

52 Jalbout, M. 2015. Unlocking the Potential of Educated Arab Women. Brookings Blog. https://www.brookings.edu/blog/education-plus-
development/2015/03/12/unlocking-the-potential-of-educated-arab-women/ (Accessed 7 June 2017.)

53 Jalbout, M. 2015. International Women’s Day: Why Educating Girls Should be a Priority for the Arab States. Brookings Blog. https://www.brookings.edu/blog/
education-plus-development/2015/03/06/international-womens-day-why-educating-girls-should-be-a-priority-for-arab-states/ (Accessed 7 June 2017.)

54 UNESCO. 2016. TERCE InSight. What is Behind Gender Inequality in Learning Achievements? Santiago, UNESCO.

55 UNESCO. 2015. Regional Overview: Latin America and the Caribbean. Education for All Global Monitoring Report 2015. Paris, UNESCO. 

56 UNESCO. 2016. Gender Inequality in Learning Achievement in Primary Education. What can TERCE Tell us? Santiago, UNESCO.

57 PASEC. 2015. PASEC 2014: Education System Performance in Francophone Sub-Saharan Africa. Dakar, CONFEMEN. 

58 Saito, M. 2011. Trends in the Magnitude and Direction of Gender Differences in Learning Ooutcomes. Paris, SACMEQ.

59 UNESCO. 2015. Mobile Technology for Girls’ Education and STEM. http://www.unescobkk.org/education/ict/online-resources/databases/ict-in-education-
database/item/article/mobile-technology-for-girls-education-and-stem-by-mark-west/ (Accessed 1 June 2017.) 

60 Kazimzade, G. 2016. ICT in Education - Science, Technology, Engineering and Mathematics. https://www.linkedin.com/pulse/ict-education-science-technology-
engineering-gunay-kazimzade (Accessed 1 June 2017.)

61 Fraillon, J., Ainley, J., Schulz, W., Friedman, T. and Gebhardt, E. 2014. Preparing for Life in a Digital Age. The IEA International Computer and Information Literacy 
Study (ICILS) Report. Melbourne, ICILS and Springer Open. Participating countries: Canada (Alberta), Chile, Denmark, Finland, France, Germany, Italy, 
Kazakhstan, the Republic of Korea, Luxembourg, Portugal, Russian Federation (Moscow), Uruguay, and the United States.

62 ACER. IEA International Computer and Information Literacy Study (ICILS). https://icils.acer.org/ (Accessed 2 June 2017.)

63 Su, R., Rounds, J. and Armstrong, P. I. 2009. Men and things, women and people: A meta-analysis of sex differences in interests. Psychological Bulletin, Vol. 135, 
No. 6, pp. 859. DOI: 10.1037/a0017364. 

64 Stout, J. G., Dasgupta, N., Hunsinger, M. and McManus, M. A. 2011. STEMing the tide: Using ingroup experts to inoculate women’s self-concept in science, 
technology, engineering, and mathematics (STEM). Journal of Personality and Social Psychology, Vol. 100, No. 2, pp. 255. DOI: 10.1037/a0021385.

65 Leaper, C., Farkas, T. and Brown, C. S. 2012. Adolescent girls’ experiences and gender-related beliefs in relation to their motivation in math/science and English. 
Journal of Youth and Adolescence, Vol. 41, No. 3, pp. 268-282. DOI: 10.1007/s10964-011-9693-z.

66 Archer, L., Dewitt, J., Osborne, J., Dillon, J., Willis, B. and Wong, B. 2010. “Doing” science versus “Being” a scientist: Examining 10/11-year-old schoolchildren’s 
constructions of science through the lens of identity. Science Education, Vol. 94, No. 4, pp. 617-639. DOI: 10.1002/sce.20399.

67 Ruigrok, A. N. V., Salimi-Khorshidi, G., Lai, M. C., Baron-Cohen, S., Lombardo, M. V., Tait, R. J. and Suckling D. 2014. A meta-analysis of sex differences in human 
brain structure. Neuroscience & Biobehavioral Reviews, Vol. 39, pp. 34-50. DOI: 10.1016/j.neubiorev.2013.12.004.

68 Eliot, L. 2013. Single-sex education and the brain. Sex Roles: A Journal of Research, Vol. 69, No. 7-8, pp. 1-19. DOI: 10.1007/s11199-011-0037-y. 

69 Riegle-Crumb, C., King, B., Grodsky, E. and Muller, C. 2012. The more things change, the more they stay the same? Prior achievement fails to explain gender 
inequality in entry into STEM college majors over time. American Educational Research Journal, Vol. 49, No. 6, pp. 1048-1073. DOI: 10.3102/0002831211435229.

70 Wang, M., Eccles, J. S. and Kenny, S. 2013. Not lack of ability but more choice: Individual and gender differences in choice of careers in science, technology, 
engineering, and mathematics. Psychological Science, Vol. 24, No. 5, pp. 770-775. DOI: 10.1177/0956797612458937. 

71 Hyde, J. S. 2005. The gender similarities hypothesis. American Psychologist, Vol. 60, No. 6, pp. 581-592. DOI: 10.1037/0003-066X.60.6.581.

72 See for example, Shaywitz, B. A, Shaywitz, S. E., Pugh, K. R., Constable, R. T., Skudlarski, P., Fullbright, R. K., Bronen, R. A., Fletcher, J. M., Shankweiler, D. P. 
and Katz, L. 1995. Sex differences in the functional organization of the brain for language. Nature, Vol. 373, No. 6515, pp. 607-609. DOI: 10.1038/373607a0 
and Kaiser, A., Kuenzli, E., Zappatore, D. and Nitsch, C. 2007. On females’ lateral and males’ bilateral activation during language production: A fMRI study. 
International Journal of Psychophysiology, Vol. 63, No. 2, pp. 192-198. DOI: 10.1016/j.ijpsycho.2006.03.008.

73 Halpern, D. F., Benbow, C. P., Geary, D. C.,Gur, R. C., Shibley Hyde, J. and Gernsbacher, M. A. 2007. The science of sex differences in science and mathematics. 
Psychological Science in the Public Interest, Vol. 8, No. 1, pp. 1-51. DOI: 10.1111/j.1529-1006.2007.00032.x.

74 Knudsen, E. I. 2004. Sensitive periods in the development of the brain and behavior. Journal of Cognitive Neuroscience, Vol. 16, No. 8, pp. 1412-1425. DOI: 
10.1162/0898929042304796.

Cracking the code: Girls’ and women’s education in science, technology, engineering and mathematics (STEM)

79

https://www.atkearney.com/documents/10192/7390617/Tough+Choices.pdf/a7408b93-248c-4b97-ac1e-b66db4645471
https://www.atkearney.com/documents/10192/7390617/Tough+Choices.pdf/a7408b93-248c-4b97-ac1e-b66db4645471
https://www.brookings.edu/blog/education-plus-development/2015/03/12/unlocking-the-potential-of-educated-arab-women/
https://www.brookings.edu/blog/education-plus-development/2015/03/12/unlocking-the-potential-of-educated-arab-women/
https://www.brookings.edu/blog/education-plus-development/2015/03/06/international-womens-day-why-educating-girls-should-be-a-priority-for-arab-states/
https://www.brookings.edu/blog/education-plus-development/2015/03/06/international-womens-day-why-educating-girls-should-be-a-priority-for-arab-states/
http://www.unescobkk.org/education/ict/online-resources/databases/ict-in-education-database/item/article/mobile-technology-for-girls-education-and-stem-by-mark-west/
http://www.unescobkk.org/education/ict/online-resources/databases/ict-in-education-database/item/article/mobile-technology-for-girls-education-and-stem-by-mark-west/
https://www.linkedin.com/pulse/ict-education-science-technology-engineering-gunay-kazimzade
https://www.linkedin.com/pulse/ict-education-science-technology-engineering-gunay-kazimzade


75 Halpern, D., Aronson, J., Reimer, N., Simpkins, S., Star, J. and Wentzel, K. 2007. Encouraging Girls in Math and Science (NCER 2007-2003). Washington DC, 
National Center for Education Research, Institute of Education Sciences, US Department of Education.

76 Zhang, X., Koponen, T., Räsänen, P., Aunola, K., Lerkkanen, M. K. and Nurmi, J. E. 2014. Linguistic and spatial skills predict early arithmetic development via 
counting sequence knowledge. Child Development, Vol. 85, No. 3, pp. 1091-1107. DOI: 10.1111/cdev.12173.

77 Wai, J., Lubinski, D. and Benhow, C. P. 2009. Spatial ability for STEM domains: Aligning over 50 Years of cumulative psychological knowledge solidifies its 
importance. Journal of Educational Psychology, Vol. 101, No. 4, pp. 817-835. DOI: 10.1037/a0016127.

78 Hoffman, M., Gneezy, U. and List, J. A. 2011. Nurture affects gender differences in spatial abilities. Proceedings of the National Academy of Sciences of the 
United States of America, Vol. 108, No. 36, pp. 14786-14788. DOI:10.1073/pnas.1015182108.

79 Reilly, D., Neumann, D. L. and Andrews, G. 2016. Gender differences in spatial ability: Implications for STEM education and approaches to reducing the 
gender gap for parents and educators. M.S. Khine (ed.), Visual-Spatial- Ability: Transforming Research into Practice. Switzerland, Springer, pp. 109-124.

80 Kovas, Y., Haworth, C., Dale, P. S. and Plomin, R. 2007. The genetic and environmental origins of learning abilities and disabilities in the early school years. 
Monographs of the Society for Research in Child Development, Vol. 72, No. 3, pp. vii, 1-144. DOI: 10.1111/j.1540-5834.2007.00439.x.

81 Thomas, M. S. C., Kovas, Y., Meaburn, E. and Tolmie, A. 2015. What can the study of genetics offer to educators? International Mind, Brain, and Education 
Society and Wiley Periodicals, Vol. 9, No. 2, pp. 72-80. DOI: 10.1111/mbe.12077.

82 Kovas, Y. and Plomin, R. 2012. Genetics and genomics: Good, bad and ugly. S. Della Sala and M. Anderson (eds), Neuroscience in Education: The Good, the Bad 
and the Ugly. Oxford, Oxford University Press, pp. 155-173.

83 Hines, M. 2006. Prenatal testosterone and gender-related behavior. European Journal of Endocrinology, Vol. 155, pp. 115-121. DOI: 10.1530/eje.1.02236.

84 Hines, M. 2010. Sex-related variation in human behavior and the brain. Trends in Cognitive Sciences, Vol. 14, No. 10, pp. 448-456. DOI: 10.1016/j.
tics.2010.07.005

85 Sapienza, P., Zingales, L. and Maestripieri, D. 2009. Gender differences in financial risk aversion and career choices are affected by testosterone. Proceedings 
of the National Academy of Science, USA, Vol. 106, No. 36, pp. 15268-15273. DOI: 10.1073/pnas.0907352106.

86 Brenner-Shuman, A. and Waren, W. 2013. Age at menarche and choice of college major: Implications for STEM Majors. Bulletin of Science, Technology & 
Society, Vol. 33, No. 1-2, pp. 28-34. DOI: 10.1177/0270467613508086. 

87 Hazari, Z., Sadler, P. M. and Sonnert, G. 2013. The science identity of college students: Exploring the intersection of gender, race, and ethnicity. Journal of 
College Science Teaching, Vol. 42, No. 5, pp. 82-91. 

88 Hazari, Z., Sonnert, G., Sadler, P. M. and Shanahan, M. C. 2010. Connecting high school physics experiences, outcome expectations, physics identity, and 
physics career choice: A gender study. Journal of Research in Science Teaching, Vol. 47, No. 8, pp. 978-1003. DOI: 10.1002/tea.20363.

89 Herrera, F. A., Hurtado, S., Garcia, G. A. and Gasiewski, J. 2012. A model for redefining STEM identity for talented STEM graduate students. Paper 
presented at the American Educational Research Association Annual Conference, Vancouver, BC. https://www.heri.ucla.edu/nih/downloads/
AERA2012HerreraGraduateSTEMIdentity.pdf (Accessed 23 June 2017.)

90 Barker, L. J. and Aspray, W. 2006. The state of research on girls and IT. J. M. Cohoon and W. Aspray (eds), Women and Information Technology: Research on 
Underrepresentation. London, The MIT Press, pp. 3-54.

91 Hill, C., Corbett, C. and St. Rose, A. 2010. Why So Few Women in Science Technology Engineering and Mathematics. Washington DC, American Association of 
University Women. 

92 Milam, J. 2012. Girls and STEM Education: A Literature Review. Atlanta, Georgia Institute of Technology.

93 Beasley, M. A. and Fischer, M. J. 2012. Why they leave: The impact of stereotype threat on the attrition of women and minorities from science, math and 
engineering majors. Social Psychology of Education, Vol. 15, No. 4, pp. 427-448. DOI: 10.1007/s11218-012-9185-3. 

94 Lippa, R. A. 2005. Gender, nature and nurture, 2nd edn. Mahwah, NJ, Lawrence Erlbaum Associates.

95 Bian, L., Leslie, S. J. and Cimpian, A. 2017. Gender stereotypes about intellectual ability emerge early and influence children’s interests. Science, Vol. 355,  
No. 6323, pp. 389-391. DOI: 10.1126/science.aah6524.

96 Cvencek, D., Meltzoff, A. N. and Greenwald, A. G. 2011. Math-gender stereotypes in elementary school children. Child Development, Vol. 82, No. 3,  
pp. 766-779. DOI: 10.1111/j.1467-8624.2010.01529.x. 

97 Storage, D., Horne, Z., Cimpian, A. and Leslie, S. J. 2016. The frequency of ‘brilliant’ and ‘genius’ in teaching evaluations predicts the representations of women 
and African Americans across fields. PLOS ONE, Vol. 11, No 3, e0150194. DOI: 10.1371/journal.pone.0150194.

98 Leslie, S. J., Cimplan, A., Meyer, M. and Freeland, E. 2015. Expectations of brilliance underlie gender distributions across academic disciplines. Science,  
Vol. 347, No. 6219, pp. 262-265. DOI: 10.1126/science.1261375. 

99 Wigfield, A. and Eccles, J. S. 2000. Expectancy-value theory of motivation. Contemporary Educational Psychology, Vol. 25, pp. 68-81. DOI: 10.1006/
ceps.1999.1015.

100 Galdi, C., Cadinu, M. and Tomasetto, C. 2014. The roots of stereotype threat: When automatic associations disrupt girls’ math performance. Child 
Development, Vol. 85, No. 1, pp. 250-263. DOI: 10.1111/cdev.12128.

101 Spencer, S. J., Steele, C. M. and Quinn, M. 1999. Stereotype threat and women’s math performance. Journal of Experimental Psychology, Vol. 35, No. 1, pp. 4-28. 
DOI: 10.1006/jesp.1998.1373.

102 UNESCO. 2010. Women’s and Girls’ Access to and Participation in Science and Technology. Background paper. Paris, UNESCO and DAW.

103 Guo, J., Parker, P. D., Marsh, H. W. and Morin, A. J. 2015. Achievement, motivation, and educational choices: A longitudinal study of expectancy and value 
using a multiplicative perspective. Developmental Psychology, Vol. 51, No. 8, pp. 1163. DOI: 10.1037/a0039440. 

104 Laubach, T. A., Crofford, G. D. and Marek, E. A. 2012. Exploring native American students’ perceptions of scientists. International Journal of Science Education, 
Vol. 34, pp. 1769-1794. DOI: 10.1080/09500693.2012.689434.

105 Camcı-Erdoğan, S. 2013. Gifted and talented students’ images of scientists. Turkey Journal of Giftedness and Education, Vol. 3, No. 1, pp. 13-37. 

106 Cheryan, S., Plaut, V. C. and Handron, C. 2013. The stereotypical computer scientist: Gendered media representations as a barrier to inclusion for women.  
Sex Roles: A Journal of Research, Vol. 69, No. 1, pp. 58-71. DOI: 10.1007/s11199-013-0296-x. 

107 Christidou, V., Bonoti, F. and Kontopoulou, A. 2016. American and Greek children’s visual images of scientists: Enduring or fading stereotypes? Sciences and 
Education, Vol. 25, No. 5, pp. 497-522. DOI: 10.1007/s11191-016-9832-8.

108 Sainz, M., Meneses, J., Fabregues, S., and Lopez, B. 2016. Adolescents’ gendered portrayals of occupations in the field of information and communication 
technologies. International Journal of Gender, Science, Technology, Vol. 8, No. 2, pp. 181-201. 

109 L’Oréal Foundation France. For Girls in Science programme. L’Oréal. http://fondationloreal.com/categories/for-women-in-science/lang/en  
(Accessed 1 June 2017.)

110 Heaverlo, C. 2011. STEM Development: A study of 6th-12th grade girls’ interest and confidence in mathematics and science. Graduate Theses and 
Dissertations. Iowa State University, USA. 

80

https://www.heri.ucla.edu/nih/downloads/AERA2012HerreraGraduateSTEMIdentity.pdf
https://www.heri.ucla.edu/nih/downloads/AERA2012HerreraGraduateSTEMIdentity.pdf
http://fondationloreal.com/categories/for-women-in-science/lang/en


111 Shapiro, J. R. and Williams, A. M. 2012. The role of stereotype threats in undermining girls’ and women’s performance and interest in STEM fields.  
Sex Roles: A Journal of Research, Vol. 66, No. 3-4, pp. 175-183. DOI: 10.1007/s11199-011-0051-0.

112 Master, A., Cheryan, S. and Meltzoff, A. N. 2014. Reducing adolescent girls’ concerns about STEM stereotypes: When do female teachers matter?  
Revue Internationale de Psychologie Sociale, Vol. 27, No. 3, pp. 79-102. 

113 Bystydzienski, J. M., Eisenhart, M. and Bruning, M. 2015. High school is not too late: Developing girls’ interest and engagement in engineering careers.  
The Career Development Quarterly, Vol. 63, No. 1, pp. 88-95. DOI: 10.1002/j.2161-0045.2015.00097.x. 

114 Starobin, S. S. and Laanan, F. S. 2008. Broadening female participation in science, technology, engineering, and mathematics: Experiences at community 
colleges. New Directions for Community Colleges, Vol. 2008, No. 142, pp. 37-46. DOI: 10.1002/cc.323.

115 Adedokun, O. A., Bessenbacher, A. B., Parker, L. C., Kirkham, L. L. and Burgess, W. D. 2013. Research skills and STEM undergraduate research students’ 
aspirations for research careers: Mediating effects of research self‐efficacy. Journal of Research in Science Teaching, Vol. 50, No. 8, pp. 940-951.  
DOI: 10.1002/tea.21102. 

116 Uitto, A. 2014. Interest, attitudes and self-efficacy beliefs explaining upper-secondary school students’ orientation towards biology-related careers. 
International Journal of Science and Mathematics Education, Vol. 12, No. 6, pp. 1425-1444. DOI: 10.1007/s10763-014-9516-2. 

117 O’Brien, V. 1996. Relationships of mathematics self-efficacy, gender and ethnic identity to adolescents’ math/science carer interests. Dissertation.  
Fordham University, USA. 

118 Beilock, S. L., Gunderson, E. A., Ramirez, G. and Levine, S. C.2010. Female teachers’ math anxiety affects girls’ math achievement. Proceedings of the National 
Academy of Sciences of the United States of America, Vol. 107, No. 5, pp. 1860-1863. DOI: 10.1073/pnas.0910967107.

119 OECD. 2015. The ABC of Gender Equality in Education: Aptitude, Behaviour, Confidence. Paris, Organization for Economic Co-operation and Development. 

120 Rabenberg, T. A. 2013. Middle school girls’ STEM education: Using teacher influences, parent encouragement, peer influences, and self efficacy to predict 
confidence and interest in math and science. Doctoral dissertation, Drake University, USA.

121 Robnett, R. D. 2015. Gender bias in STEM fields: Variation in prevalence and links to STEM self-concept. Psychology of Women Quarterly, Vol. 40, No. 1,  
pp. 65-79. DOI: 0361684315596162. 

122 Shillabeer, A. and Jackson, K. 2013. Gender imbalance in undergraduate IT programs - A Vietnamese perspective. Innovation in Teaching and Learning in 
Information and Computer Sciences, Vol. 12, No. 1, pp. 70-83. DOI: 10.11120/ital.2013.00005. 

123 Dasgupta, N. and Stout, J. G. 2014. Girls and women in science, technology, engineering, and mathematics STEMing the tide and broadening participation 
in STEM careers. Policy Insights from the Behavioral and Brain Sciences, Vol. 1, No. 1, pp. 21-29. DOI: 10.1177/2372732214549471.

124 Guo, J., Parker, P. D., Marsh, H. W., and Morin, A. J. 2015. Achievement, motivation, and educational choices: A longitudinal study of expectancy and value 
using a multiplicative perspective. Developmental Psychology, Vol. 51, No. 8, p. 1163.

125 Baker, D. 2013. What works: Using curriculum and pedagogy to increase girls’ interest and participation in science. Theory into Practice, Vol. 52, No. 1,  
pp. 14-20, DOI: 10.1080/07351690.2013.743760.

126 Heaverlo, C. A., Cooper, R. and Lannan, F. S. 2013. Stem development: Predictors for 6th-12th grade girls’ interest and confidence in science and math. 
Journal of Women and Minorities in Science and Engineering, Vol. 19, No. 2, pp. 121-142. DOI: 10.1615/JWomenMinorScienEng.2013006464.

127 Stearns, E., Bottía, M. C., Davalos, E., Mickelson, R., Moller, S. and Valentino, L. 2016. Demographic characteristics of high school math and science teachers 
and girls’ success in STEM. Social Problems, Vol. 63, No. 1, pp. 87-110. DOI: 10.1093/socpro/spv027.

128 Hughes, R. M., Nzekwe, B. and Molyneaux, K. J. 2013. The single sex debate for girls in science: A comparison between two informal science programs on 
middle school students’ STEM identity formation. Research in Science Education, Vol. 43, No. 5, pp. 1979-2007. DOI: 10.1007/s11165-012-9345-7.

129 Skolnik, J. 2015. Why are girls and women underrepresented in STEM, and what can be done about it? Science & Education, Vol. 24, No. 9-10, pp. 1301-1306. 
DOI: 10.1007/s11191-015-9774-6.

130 Knezek, G., Christensen, R., Tyler-Wood, T. and Gibson, D. 2015. Gender differences in conceptualizations of STEM career interest: Complementary 
perspectives from data mining, multivariate data analysis and multidimensional scaling. Journal of STEM Education, Vol. 16, No. 4, pp. 13-17.

131 Shumow, L. and Schmidt, J. A. 2013. Academic grades and motivation in high school science classrooms among male and female Students: Associations with 
teachers’ characteristics, beliefs and practices. Journal of Education Research, Vol. 7, No. 1, pp. 53-71. 

132 Sadler, P. M., Sonnert, G., Hazari, Z. and Tai, R. 2012. Stability and volatility of STEM career interest in high school: A gender study. Science Education, Vol. 96, 
No. 3, pp. 411-427. DOI: 10.1002/sce.21007.

133 Vaino, T., Vaino, K., Rannikmae, M. and Holbrook, J. 2015. Factors explaining gymnasium students’ technology related career orientations. Journal of Baltic 
Science Education, Vol. 14, No. 6, pp. 706-722.

134 Leaper, C. 2015. Gender and socio-cognitive development. R. M. Lerner (series ed), L. S. Liben and U. Muller (vol. eds), Handbook of Child Psychology and 
Developmental Science, Vol. 2. New York, Wiley, pp. 806-853. 

135 Rosenzweig, E. Q. and Wigfield, A. 2016. STEM motivation interventions for adolescents: A promising start, but further to go. Educational Psychologists,  
Vol. 51, No. 2, pp. 146-163. DOI: 10.1080/00461520.2016.1154792. 

136 Bandura, A. and Bussey, K. 2004. On broadening the cognitive, motivational, and sociostructural scope of theorizing about gender development and 
functioning: Comment on Martin, Ruble, and Szkrybalo (2002). Psychological Bulletin, Vol. 130, No. 5, pp. 691-701. DOI: 10.1037/0033-2909.130.5.691.

137 Wang, M. T. and Degol, J. 2013. Motivational pathways to STEM career choices: Using expectancy-value perspective to understand individual and gender 
differences in STEM fields. Developmental Review, Vol. 33, No. 4, pp. 304-340. DOI: 10.1016/j.dr.2013.08.001.

138 Stoet, G., Bailey, D. H., Moore, A. M. and Geary, D. C. 2016. Countries with higher levels of gender equality show larger national sex differences in 
mathematics anxiety and relatively lower parental mathematics valuation for girls. PLOS ONE, Vol. 11, No. 4, e0153857. DOI: 10.1371/journal.pone.0153857.

139 Tenenbaum, H. R. and Leaper, C. 2003. Parent-child conversations about science: The socialization of gender inequities? Developmental Psychology, Vol. 39, 
No. 1, pp. 34-47.DOI: 10.1037/0012-1649.39.1.34. 

140 Andre, T., Whigham, M., Hendrickson, A. and Chambers, S. 1999. Competency beliefs, positive affect, and gender stereotypes of elementary students 
and their parents about science versus other school subjects. Journal of Research in Science Teaching, Vol. 36, No. 6, pp. 719-747. DOI: 10.1002/(SICI)1098-
2736(199908)36:6<719::AID-TEA8>3.0.CO;2-R. 

141 Hill, N. E. and Tyson, D. F. 2009. Parental involvement in middle school: A meta-analysis of the strategies that promote achievement. Developmental 
Psychology, Vol. 45, No. 3, pp. 740-763. DOI: 10.1037/a0015362.

142 Hyde, J. S., Else-Quest, N., Alibali, M. W., Knuth, E. and Romberg T. 2006. Mathematics in the home: Homework practices and mother-to-child interactions 
doing mathematics. Journal of Mathematical Behaviour, Vol. 25, No. 2, pp. 136-152. DOI: 10.1016/j.jmathb.2006.02.003.

143 Gunderson, E. A., Ramirez, G., Levine, S. C. and Beilock, S. L. 2012. The role of parents and teachers in the development of gender-related math attitudes.  
Sex Roles: A Journal of Research, Vol. 66, No. 3-4, pp. 153-166. DOI: 10.1007/s11199-011-9996-2. 

144 Rozek, C. S., Hyde, J. S., Svoboda, R. C., Hulleman, C. S. and Harackiewicz, J. M. 2015. Gender differences in the effects of a utility-value intervention to help 
parents motivate adolescents in mathematics and science. Journal of Educational Psychology, Vol. 107, No. 1, pp. 195. DOI: 10.1037/a0036981.

Cracking the code: Girls’ and women’s education in science, technology, engineering and mathematics (STEM)

81



145 Buschor, C. B., Berweger, S., Keck Frei, A. and Kappler, C. 2014. Majoring in STEM - What accounts for women’s career decision making? A mixed methods 
study. The Journal of Educational Research, Vol. 107, No. 3, pp. 167-176. DOI: 10.1080/00220671.2013.788989.

146 Tan, E., Calabrese Barton, A., Kang, H. and O’Neill, T. 2013. Desiring a career in STEM-related fields: How middle school girls articulate and negotiate identities-
in-practice in science. Journal of Research in Science Teaching, Vol. 50, No. 10, pp. 1143-1179. DOI: 10.1002/tea.21123.

147 Jodl, K. M., Michael, A., Malanchuk, O., Eccles, J. S. and Sameroff, A. 2001. Parents’ roles in shaping early adolescents’ occupational aspirations.  
Child Development, Vol. 72, pp. 1247-1265. DOI: 10.1111/1467-8624.00345. 

148 Simpkins, S. D., David-Kean, P. and Eccles, J. S. 2006. Math and science motivation: A longitudinal examination of the links between choices and beliefs. 
Developmental Psychology, Vol. 42, No. 1, pp. 70-83. DOI: 10.1037/0012-1649.42.1.

149 Melhuish, E. C., Sylva, K., Sammons, P., Siraj-Blatchford, I., Taggart, B., Phan, M. B. and Malin, A. 2008. Pre-school influences on mathematics achievement. 
Science, Vol. 321, No. 5893, pp. 1161-1162. DOI: 10.1126/science.1158808.

150 Sirin, S. R. 2005. Socio-economic status and academic achievement: A meta-analytic review of research. Review of Educational Research, Vol. 75, No. 3,  
pp. 417-453. DOI: 10.3102/00346543075003417. 

151 ACOLA. 2013. Securing Australia’s Future. STEM: Country Comparisons. Australia, Australian Council of Learned Academies.

152 UNESCO. 2015. A Complex Formula: Girls and Women in Science, Technology, Engineering and Mathematics in Asia. Bangkok, UNESCO.

153 Sammet, K. and Kekelis, L. 2016. Changing the Game for Girls in STEM. Findings on high impact programs and system-building strategies. Techbridge. https://
www.itu.int/en/ITU-D/Digital-Inclusion/Women-and-Girls/Girls-in-ICT-Portal/Documents/changing-the-game-for-girls-in-stem-white-paper.pdf (Accessed 2 
June 2017.)

154 Simpkins, S. D., Price, C. D. and Garcia, K. 2015. Parental support and high school students’ motivation in biology, chemistry, and physics: Understanding 
differences among Latino and Caucasian boys and girls. Journal of Research in Science Teaching, Vol. 52, No. 10, pp. 1386-1407. DOI: 10.1002/tea.21246. 

155 Hampden-Thompson, G. and Johnston, J. 2006. Variation in the Relationship between Nonschool Factors and Student Achievement on International Assessments. 
USA, Institute of Education Sciences, U.S. Department of Education.

156 Nelson, R. M. and DeBacker, T. K. 2008. Achievement motivation in adolescents: the role of peer climate and best friends. Journal of Experimental Education, 
Vol. 76, No. 2, pp. 170-189. 

157 Furrer, C. and Skinner, E. 2003. Sense of relatedness as a factor in children’s academic engagement and performance. Journal of Educational Psychology,  
Vol. 95, No. 1, pp. 148-162. DOI: 10.1037/0022-0663.95.1.148. 

158 Wentzel, K. R., Battle, A., Russell, S. L. and Looney, L. B. 2010. Social supports from teachers and peers as predictors of academic and social motivation. 
Contemporary Educational Psychology, Vol. 35, No. 3, pp. 193-202. DOI: 10.1016/j.cedpsych.2010.03.002.

159 Crosnoe, R., Riegle-Crumb, C., Field, S., Frank, K. and Muller, C. 2008. Peer group contexts of girls’ and boys’ academic experiences. Child Development, Vol. 79, 
No. 1, pp. 139-155. DOI: 10.1111/j.1467-8624.2007.01116.x. 

160 Jones, M. N., Audley-Piotrowski, S. and Kiefer, S. M. 2013. Relationships among adolescents’ perceptions of friends’ behaviours, academic self-concept and 
math performance. Journal of Educational Psychology, Vol. 104, pp. 19-31. 

161 Robnett, R. D. and Leaper, C. 2013. Friendship groups, personal motivation, and gender in relation to high school students’ STEM career interest. Journal of 
Research on Adolescence, Vol. 23, No. 4, pp. 652-664. DOI: 10.1111/jora.12013.

162 Salisbury, J., Rees, G. and Gorard, S. 1999. Accounting for the differential attainment of boys and girls at school. School Leadership & Management, Vol. 19,  
No. 4, pp. 403-426. DOI: 10.1080/13632439968943.

163 Robnett, R. D. 2013. The role of peer support for girls and women in the STEM pipeline: Implications for identity and anticipated retention. International 
Journal of Gender, Science and Technology, Vol. 5, No. 3, pp. 232-253. 

164 OECD. 2005. Teachers Matter: Attracting, Developing and Retaining Effective Teachers. Overview. Paris, Organization for Economic Co-operation and 
Development. 

165 Mullis, I. V. S., Martin, M. O., Foy, P. and Arora, A. 2012. TIMSS 2011 International Results in Mathematics. Chestnut Hill, MA, TIMSS and PIRLS International Study 
Center, Boston College and Martin, M. O., Mullis, I. V. S., Foy, P. and Stanco, G. M. 2012. TIMSS 2011 International Results in Science. Chestnut Hill, MA, TIMSS 
and PIRLS International Study Center, Boston College.

166 Nonoyama-Tarumi, Y. and Willms, J. D. 2013. Paper commissioned for the EFA Global Monitoring Report 2013/4, Teaching and Learning: Achieving quality 
for all. http://unesdoc.unesco.org/images/0022/002259/225953e.pdf (Accessed 4 June 2017.)In this study, teacher quality was defined based on teachers’ 
job satisfaction, their understanding of the school’s curricular goals, their degree of success in using the school’s curriculum, their expectations for student 
achievement, and teacher absenteeism.

167 Jensen, B., Sonnemann, J., Roberts-Hull, K. and Hunter, A. 2016. Beyond PD: Teacher Professional Learning in High-Performing Systems. Washington DC, National 
Center on Education and the Economy.

168 ASQ. 2012. U.S. youth reluctant to pursue STEM careers, ASQ surveys says. Milwaukee, ASQ. http://asq.org/newsroom/news-releases/2012/20120131-stem-
careers-survey.html (Accessed 2 June 2017.)

169 Marra, R.M., Rodgers, K.A., Shen, D. and Bogue, B. 2012. Leaving Engineering: A multi-year single institution study. Journal of Engineering Education, Vol. 101, 
No. 1, pp. 6-27. DOI: 10.1002/j.2168-9830.2012.tb00039.x. 

170 Yoon, K. S., Duncan, T., Lee, S. W. Y., Scarloss, B. and Shapley, K. 2007. Reviewing the Evidence on How Teacher Professional Development Affects Student 
Achievement. Issues & Answers Report, REL 2007-No. 033. Washington DC, U.S. Department of Education, Institute of Education Sciences, National Center for 
Education Evaluation and Regional Assistance, Regional Educational Laboratory Southwest.

171 Unterhalter, E., North A., Arnot, M., Lloyd, C., Moletsane, L., Murphy-Graham, E., Parkes, J. and Saito, M. 2014. Interventions to Enhance Girls’ Education and 
Gender Equality. Education Rigorous Literature Review. London, Department for International Development.

172 Carrell, S. E., Page, M. E. and West, J. E. 2009. Sex and Science: How Professor Gender Perpetuates the Gender Gap. Cambridge, MA, National Bureau of  
Economic Research. 

173 Betz, D. E. and Sekaquaptewa, D. 2012. My fair physicist? Feminine math and science role models demotivate young girls. Social Psychological and Personality 
Science, Vol. 3, No. 6, pp. 738-746. DOI: 10.1177/1948550612440735.

174 Mas, M. A. M. and Alonson, A. V. 2003. Los estudios de género y la enseñanza de las ciencias. Revista de Educación, No. 333, pp. 251-280. 

175 Catalan, A. R., Perez, R. G., Piedra, J. and Vega, L. 2011. Gender culture assessment in education: teachers’ attitudes to gender equality. Revista de Educación, 
Vol. 355, pp. 521-546. DOI: 10.13042/Bordon.2016.68209. 

176 Elstad, E. and Turmo, A. 2009. The influence of the teacher’s sex on high school students’ engagement and achievement in science. International Journal of 
Gender, Science and Technology, Vol. 1, No. 1, pp. 83-104.

177 Mulji, N. 2016. The Role of Teacher Gender on Students’ Academic Performance. Master Thesis. Lund University, Sweden. 

178 Sayman, D. M. 2013. Quinceañeras and Quadratics: Experiences of Latinas in state-supported residential schools of science and math. Journal of Latinos and 
Education, Vol. 12, No. 3, pp. 215-230. DOI: 10.1080/15348431.2013.765805. 

179 UNESCO, 2016. Education Policies: Recommendations in Latin America Based on TERCE. Paris, UNESCO. 

82

https://www.itu.int/en/ITU-D/Digital-Inclusion/Women-and-Girls/Girls-in-ICT-Portal/Documents/changing-the-game-for-girls-in-stem-white-paper.pdf
https://www.itu.int/en/ITU-D/Digital-Inclusion/Women-and-Girls/Girls-in-ICT-Portal/Documents/changing-the-game-for-girls-in-stem-white-paper.pdf
http://unesdoc.unesco.org/images/0022/002259/225953e.pdf
http://asq.org/newsroom/news-releases/2012/20120131-stem-careers-survey.html
http://asq.org/newsroom/news-releases/2012/20120131-stem-careers-survey.html


180 Bigler R. S. 1995. The role of classification skill in moderating environmental influences on children’s gender stereotyping: A study of the functional use of 
gender in the classroom. Child Development, Vol. 66, No. 4, pp. 1072-1087. DOI: 10.2307/1131799. 

181 Yaşar, S., Baker, D., Robinson‐Kurpius, S., Krause, S. and Roberts, C. 2006. Development of a survey to assess K-12 teachers’ perceptions of engineers and 
familiarity with teaching design, engineering, and technology. Journal of Engineering Education, Vol. 95, No. 3, pp. 205-215. DOI: 10.1002/j.2168-9830.2006.
tb00893.x.

182 Mujtaba, T. and Reiss, M. J. 2013. Inequality in Experiences of Physics Education: Secondary School Girls’ and Boys’ Perceptions of Their Physics Education and 
Intentions to Continue with Physics after the Age of Sixteen. London, Institute of Education, University of London. 

183 Accenture. 2017. Accenture Finds Girls’ Take-up of STEM Subjects is Held Back by Stereotypes, Negative Perceptions and Poor Understanding of Career Option. 
https://newsroom.accenture.com/news/accenture-finds-girls-take-up-of-stem-subjects-is-held-back-by-stereotypes-negative-perceptions-and-poor-
understanding-of-career-options.htm (Accessed 1st June 2017.)

184 Keller, C. 2001. Effects of teachers’ stereotyping of mathematics as a male domain. Journal of Social Psychology, Vol. 141, No. 2, pp. 165-173.  
DOI: 10.1080/00224540109600544.

185 Anlezark, A., Lim, P., Semo, R. and Nguyen, N. 2008. From STEM to Leaf: Where are Australia’s Science, Mathematics, Engineering and Technology (STEM) Students 
Heading. Adelaide, National Centre for Vocational and Educational Research. 

186 Campbell, S. L. 2012. For colored girls? Factors that influence teacher recommendations into advanced courses for black girls. Review of Black Political 
Economy, Vol. 39, pp. 389-402. DOI: 10.1007/s12114-012-9139-1. 

187 Pringle R. M., Brkich K. M., Adams T. L., West-Olatunii, C. and Archer-Banks D. A. 2012. Factors influencing elementary teachers’ positioning of African American 
girls as science and mathematics learners. School Science and Mathematics, Vol 112, No. 4, pp. 217-229. DOI: 10.1111/j.1949-8594.2012.00137. 

188 Tobias, S. 1993. Overcoming Math Anxiety. New York, Norton.

189 Schneider, F. W., Coutts, L. M. and Gruman, J. A. 2012. Applied Social Psychology: Understanding and Addressing Social and Practical Problems, 2nd edn. 
Thousand Oaks, CA, Sage Publications, Inc. 

190 Johnson, A. C. 2007. Unintended consequences: How science professors discourage women of color. Science Education, Vol. 91, No. 5, pp. 805-821. 
DOI:10.1002/sce.20208.

191 Sadker, D., Sadker, M. and Zittleman, K. 2009. Still Failing at Fairness: How Gender Bias Cheats Girls and Boys in Schools and What we Can Do about it. New York, 
Scribner.

192 Cappella, E., Kim, H. Y., Neal, J. W. and Jackson, D. R. 2013. Classroom peer relationships and behavioural engagement in elementary school: The role of social 
network equity. American Journal of Community Psychology, Vol. 52, pp. 367-379.DOI: 10.1007/s10464-013-9603-5.

193 Baker, D. 2000. Teaching for Gender Difference. Research Matters - to the Science Teacher. National Association for Research in Science Teaching. https://www.
narst.org/publications/research/gender.cfm (Accessed 30 May 2017.)

194 Leman, P., Skipper, Y., Watling, D. and Rutland, A. 2016. Conceptual change in science is facilitated through peer collaboration for boys but not girls. Child 
Development, Vol. 87, No. 1, pp. 176-183. DOI: 10.1111/cdev.12481. 

195 Eurydice. 2010. Gender Differences in Educational Outcomes: Study on the Measures Taken and the Current Situation in Europe. Brussels, Eurydice.

196 Huyer, S. and Westholm, G.2007. Gender Indicators in Science, Engineering and Technology: An Information Toolkit. Paris, UNESCO. 

197 Benavot, A. 2016. Gender Bias is Rife in Textbooks. World Education Blog. https://gemreportunesco.wordpress.com/2016/03/08/gender-bias-is-rife-in-
textbooks/ (Accessed 8 March 2017.)

198 Fousyia, P. and Musthafa, M. A. 2016. Gender bias in school curriculum curbs girls’ career aspirations. IOSR Journal of Humanities and Social Science, Vol. 21,  
No. 3, pp. 19-22. DOI: 10.9790/0837-2103041922.

199 Sinnes, A. T. and Løken, M. 2014. Gendered education in a gendered world: Looking beyond cosmetic solutions to the gender gap in science. Cultural Studies 
of Science Education, Vol. 9, No.2, pp. 343-364. DOI: 10.1007/s11422-012-9433-z.

200 Legewie, J. and DiPrete, T. A. 2014. The high school environment and the gender gap in science and engineering. Sociology of Education, Vol. 87, No. 4,  
pp. 259-280, DOI: 10.1177/0038040714547770. 

201 Mundy K., Costin, C. and Montoya, S. 2015. No girl left behind - education in Africa. Global Partnership for Education Blog. http://www.globalpartnership.org/
blog/no-girl-left-behind-education-africa (Accessed 7 June 2017.)

202 Pavesic, B. 2008. Science achievement, gender differences, and experimental work in classes in Slovenia as evident in TIMSS studies. Studies in Educational 
Evaluation, Vol. 34, No. 2, pp. 94-104. DOI: 10.1016/j.stueduc.2008.04.005. 

203 Pyatt, K. and Sims, R. 2012. Virtual and physical experimentation in inquiry-based science labs: Attitudes, performance and access. J Science Education and 
Technology, Vol. 21, No. 1, pp. 133-147. DOI: 10.1007/s10956-011-9291-6.

204 UNESCO. Global Microscience Experiments. http://www.unesco.org/new/en/natural-sciences/special-themes/science-education/basic-sciences/microscience/ 
(Accessed 2 June 2017).

205 Master, A., Cheryan, S. and Meltzoff, A. N. 2016. Computing whether she belongs: Stereotypes undermine girls’ interest and sense of belonging in computer 
science. Journal of Educational Psychology, Vol. 108, No. 3, pp. 424. DOI: 10.1037/edu0000061.

206 Swarat, S., Ortony, A. and Revelle, W. 2012. Activity matters: Understanding student interest in school science. Journal of Research in Science Teaching, Vol. 49, 
No. 4, pp. 515-537. DOI: 10.1002/tea.21010.

207 Kabeer, N., Van Anh, T. T. and Manh Loi, V. 2005. Preparing for the Future: Forward-looking Strategies to Promote Gender Equality in Viet Nam. United Nations and 
World Bank Thematic Discussion Paper. Ha Noi, United Nations and World Bank.

208 Riegle‐Crumb, C. and Moore, C. 2014. The gender gap in high school physics: Considering the context of local communities. Social science quarterly, Vol. 95, 
No. 1, pp. 253-268. DOI: 10.1111/ssqu.12022. 

209 Wainer, H. and Steinberg, L. S. 1992. Sex differences in performance on the mathematics section of the scholastic aptitude test: A bidirectional validity study. 
Harvard Educational Review, Vol. 62, No. 3, pp. 323-336. DOI: 10.1002/j.2333-8504.1991.tb01412.x.

210 Mattern, K. D., Patterson, B. F., Kobrin, J. L. 2012. The Validity of SAT Scores in Predicting First-year Mathematics and English Grades. No. 1. New York, the College Board.

211 Byrnes, J., Miller, D. and Schafer, W. 1999. Gender differences in risk taking: A meta-analysis. Psychological Bulletin, Vol. 125, No. 3, pp. 367-383.  
DOI: 10.1037/0033-2909.125.3.367. 

212 Niederle, M. and Vesterlund, L. 2010. Explaining the gender gap in math test scores: The role of competition. Journal of Economic Perspectives, Vol. 24, No. 2, 
pp. 129-44. DOI: 10.1257/jep.24.2.129.

213 Liu, F. 2008. Impact of online discussion on elementary teacher candidates’ anxiety towards teaching mathematics. Education, Vol. 128, No. 4, pp. 614-629. 
Cited in: Knezek, G., Christensen, R., Tyler-Wood, T. and Gibson, D. 2015. Gender differences in conceptualizations of STEM career interest: Complementary 
perspectives from data mining, multivariate data analysis and multidimensional scaling. Journal of STEM Education, Vol. 16, No. 4, pp. 13-17. 

214 Brochu, P., Deussing, M. A., Houme, K. and Chuy, M. 2012. Measuring up: Canadian Results of the OECD PISA Study. The Performance of Canada’s Youth in 
Mathematics, Reading and Science. Toronto, Council of Ministers of Education.

Cracking the code: Girls’ and women’s education in science, technology, engineering and mathematics (STEM)

83

https://newsroom.accenture.com/news/accenture-finds-girls-take-up-of-stem-subjects-is-held-back-by-stereotypes-negative-perceptions-and-poor-understanding-of-career-options.htm
https://newsroom.accenture.com/news/accenture-finds-girls-take-up-of-stem-subjects-is-held-back-by-stereotypes-negative-perceptions-and-poor-understanding-of-career-options.htm
https://www.narst.org/publications/research/gender.cfm
https://www.narst.org/publications/research/gender.cfm
https://gemreportunesco.wordpress.com/2016/03/08/gender-bias-is-rife-in-textbooks/
https://gemreportunesco.wordpress.com/2016/03/08/gender-bias-is-rife-in-textbooks/
http://www.globalpartnership.org/blog/no-girl-left-behind-education-africa
http://www.globalpartnership.org/blog/no-girl-left-behind-education-africa
http://www.unesco.org/new/en/natural-sciences/special-themes/science-education/basic-sciences/microscience/


215 Lavy, V. and Sand, E. 2015. On The Origins of Gender Human Capital Gaps: Short and Long Term Consequences of Teachers’ Stereotypical Biases. NBER Working 
Paper No. 20909. Cambridge, MA, National Bureau of Economic Research.

216 Spencer, S. J., Steele, C. M. and Quinn, D. M. 1999. Stereotype Threat and Women’s Math Performance. Journal of Experimental Social Psychology, Vol. 35, pp. 4-28.

217 Saucerman, J. and Vasquez, K. 2014. Psychological barriers to STEM participation for women over the course of Development. Adultspan Journal, Vol. 13,  
No. 1, pp. 46-64. DOI: 10.1002/j.2161-0029.2014.00025.x.

218 Alam, M. 2013. A study of test anxiety, self-esteem and academic performance among adolescents. IUP Journal of Organizational Behavior, Vol. 12, No. 4,  
pp. 33-43. 

219 Beilock, S. L. and Maloney, E. A. 2015. Math anxiety: a factor in math achievement not to be ignored. Policy Insights from the Behavioral and Brain Sciences,  
Vol. 2, No. 1, pp.4-12. DOI: 10.1177/2372732215601438.

220 Devine, A., Fawcett, K., Szucs, D. and Dowker, A. 2012. Gender differences in mathematics anxiety and the relation to mathematics performance while 
controlling for test anxiety. Behavioral and Brain Functions, Vol. 8, No. 33, pp. 1-9. DOI: 10.1186/1744-9081-8-33. 

221 Guiso, L., Monte, F., Sapienza, P. and Zingales, L. 2008. Culture, gender and math. Science, Vol. 320, pp. 1164-1165. DOI: 10.1126/science.1154094.

222 Archie, T. and Laursen, S. 2013. Summative Report on the Earth Science Women’s Network (ESWN) NSF ADVANCE PAID Award (2009-2013). Colorado, University  
of Colorado Boulder. 

223 Mujtaba, T. and Reiss, M. J. 2015. The Millennium Development Goals Agenda: Constraints of culture, economy and empowerment in influencing the social 
mobility of Pakistani girls on mathematics and science related higher education courses in Universities in Pakistan. Canadian Journal of Science, Mathematics 
and Technology Education, Vol. 15. No. 1, pp. 51-68. DOI: 10.1080/14926156.2014.992556.

224 UNESCO. 2016. Sharing Malaysian Experience in Participation of Girls in STEM Education. Geneva, UNESCO International Bureau of Education. 

225 Bhatt, M., Blakley J., Mohanty, N. and Payne R. 2015. How Media Shapes Perceptions Of Science And Technology For Girls And Women. FEMinc.  
https://s3.amazonaws.com/feminc-website/Reports/femWhitePaperHighResFinal.pdf (Accessed 1 June 2017.)

226 GAPP. 2008. Differences in the Choices of Science Careers. GAPP. http://gapp.sissa.it/UserFiles/File/GAPP-research-report-EU.pdf (Accessed 2 June 2017.) 

227 Steinke, J. 2017. Adolescent girls’ STEM identity formation and media images of STEM professionals: Considering the influence of contextual cues.  
Frontier Psychology. DOI: 10.3389/fpsyg.2017.00716.

228 Steinke, J., Lapinski, M. K., Crocker, N., Zietsman-Thomas, A., Williams, Y., Higdon, S. and Kuchibhotla, S. 2007. Assessing media influences on middle school-
aged children’s perceptions of women in science and engineering using the draw-a-scientist test (DAST). Science Communication, Vol. 29, No. 1, pp. 35-64. 
DOI: 10.1177/1075547007306508.

229 Flicker, E. 2003. Between brains and breasts-women scientists in fiction film: On the marginalization and sexualization of scientific competence.  
Public Understanding of Science, Vol. 12, No. 3, pp. 307-318. DOI: 10.1177/0963662503123009. 

230 Steinke, J. 2016. Cultural representations of gender and science. Portrayals of female scientists and engineers in popular films. Science Communication,  
Vol. 27, No. 1, pp. 27-63. DOI: 10.1177/1075547005278610. 

231 Davies, P. G., Spencer, S. J., Quinn, D. M. and Gerhardstein, R. 2002. Consuming images: How television commercials that elicit stereotype threat can restrain 
women academically and professionally. Personality and Social Psychology Bulletin, Vol. 28, No. 12, pp. 1615-1628. DOI: 10.1177/014616702237644. See 
also, Davies, P. G., Spencer, S. J. and Steele, C. M. 2005. Clearing the air: Identity safety moderates the effects of stereotype threat on women’s leadership 
aspirations. Journal of Personality and Social Psychology, Vol. 88, No. 2. pp. 276-287. DOI: 10.1037/0022-3514.88.2.276.

232 Hadley-Naslund, E. 2017. I’m not Perfect, I’m Pretty. Inter-American Development Bank blogsite https://blogs.iadb.org/educacion/2017/03/06/im-not-perfect-
im-pretty/ (Accessed 1 June 2017.)

233 Uttal, D. H., Meadow, N. G., Tipton, E., Hand, L. L., Alden, A., Warren, C. and Newcombe, N. S. 2013. The malleability of spatial skills: A meta-analysis of training 
studies. Psychological Bulletin, Vol. 139, No. 2, pp. 352-402. DOI: 10.1037/a0028446.

234 McClure, E. R., Guernsey, L., Clements, D. H., Bales, S. N., Nichols, J., Kendall-Taylor, N. and Levine, M. H. 2017. STEM Starts Early: Grounding Science, Technology, 
Engineering, and Math Education in Early Childhood. New York, The Joan Ganz Cooney Center at Sesame Workshop.

235 Brickhouse, N. W., Lowery, P. and Schultz, K. 2000. What kind of a girl does science? The construction of school science identities. Journal of Research in Science 
Teaching, Vol. 37, No. 5, pp. 441-458. DOI: 10.1002/(SICI)1098-2736(200005)37:5<441::AID-TEA4>3.0.CO;2-3. 

236 Girl Scouts of the USA. 2016. How Girl Scout STEM Programs Benefit Girls. A Compilation of Findings From the Girl Scout Research Institute. New York, Girl Scouts 
of the USA.

237 Eidelman, L., Hazzan, O., Lapidot, T., Matias, Y., Raijman, D. and Seglaov M. 2011. Mind the (gender) gap: Can a two-hour visit to a hi-tech company change 
perceptions about computer science? ACM Inroads, Vol. 2, No. 3, pp. 64-70. 

238 Liston, C., Peterson, K. and Ragan, V. 2007. Guide to Promising Practices in Informal Information Technology Education For Girls. Boulder, Colorado, National 
Center for Women & Information Technology (NCWIT).

239 Watermeyer, R. and Stevenson, V. 2010. Discover!ng women in STEM: Girls into science, technology, engineering and maths. International Journal of Gender, 
Science and Technology, Vol. 2, No. 1,  
pp. 25-46. 

240 Liu, Y. H., Lou, S. J. and Shih, R. C. 2014. The investigation of STEM self-efficacy and professional commitment to engineering among female high school 
students. South African Journal of Education, Vol. 34, No. 2, pp. 01-15. DOI: 10.15700/201412071216.

241 Duyilemi, A. 2008. Role modelling as a means of enhancing performance of Nigerian girls in science, technology and mathematics education. International 
Journal of Learning, Vol. 15, No. 3, pp. 227-234. 

242 UNESCO. 2014. Girls’ and Women’s Right to Education. Overview of the measures supporting the Right to education for Girls and Women reported on by Member 
States. Paris, UNESCO. 

243 Van Voorhis, F. L., Maier, M. F., Epstein, J. L. and Lloyd, C. M. 2013. The Impact of Family Involvement on the Education of Children Ages 3 to 8: A Focus on Literacy 
and Math Achievement Outcomes and Social-emotional Skills. MDRC. http://www.mdrc.org/sites/default/files/The_Impact_of_Family_Involvement_FR.pdf 
(Accessed 2 June 2017.)

244 Henderson, A. T. and K. L. Mapp. 2002. A New Wave of Evidence: The Impact of School, Family, and Community Connections on Student Achievement. Texas, 
National center for Family and Community Connections with Schools. 

245 Cotton, K. and Wikelund, K. R. 2001. Parent Involvement in Education. School Improvement Research Series. Portland, Northwest Regional Educational 
Laboratory, US Department of Education.

246 Gadzirayi, C.T., Bongo, P. P., Ruyimbe, O., Bhukuvhani C. and Mucheri T. 2016. Diagnostic Study on Status of STEM Education in Zimbabwe. Binbura, Bindura 
University of Science Education and Higher Life Foundation.

247 Burgard, B. N. 2003. An examination of psychological characteristics and environmental influences of female college students who choose traditional versus 
non-traditional academic majors. S. S. Hines (ed.), Advances in Library Administration and Organization, Vol. 20, Emerald Group Publishing Limited, pp.165-202.

248 Harackiewicz, J. M. Rozek, C. S. Hulleman, C. S. and Hyde, J. S. 2012. Helping parents to motivate adolescents in mathematics and science: An experimental 
test of a utility-value intervention. Psychological Science, Vol. 23. No. 8, pp. 899-906. DOI: 10.1177/0956797611435530.

84

https://s3.amazonaws.com/feminc-website/Reports/femWhitePaperHighResFinal.pdf
http://gapp.sissa.it/UserFiles/File/GAPP-research-report-EU.pdf
https://blogs.iadb.org/educacion/2017/03/06/im-not-perfect-im-pretty/
https://blogs.iadb.org/educacion/2017/03/06/im-not-perfect-im-pretty/
http://www.mdrc.org/sites/default/files/The_Impact_of_Family_Involvement_FR.pdf


249 Kearney, C. 2015. Efforts to Increase Students’ Interest in Pursuing Science, Technology, Engineering and Mathematics Studies and Careers. National Measures taken 
by 30 Countries - 2015 Report. Brussels, European Schoolnet.

250 Savelsbergh, E. R., Prinsa, G.T., Rietbergenb, C., Fechnera, S., Vaessena, B. E., Draijera, J. M. and Bakkera, A. 2016. Effects of innovative science and mathematics 
teaching on student attitudes and achievement: A meta-analytic study. Educational Research Review, Vol. 19, pp. 158-172. DOI: 10.1016/j.edurev.2016.07.003. 

251 Blanco, V. C. 2014. Educación matemática desde una perspectiva feminista. Algunas ideas para aplicar en el aula. Postgraduate work, CSIC, Spain. 

252 Wiest, L. R. 2014. Strategies for Educators to Support Females in STEM. Reno, University of Nevada.

253 IRIS. 2012. Interests and Recruitment in Science. Factors Influencing Recruitment, Retention and Gender Equity in Science, Technology and Mathematics Higher 
Education. http://cordis.europa.eu/result/rcn/54067_en.html (Accessed 23 June 2017.)

254 Boaler, J. 2013. Ability and mathematics: The mindset revolution that is reshaping education. Forum, Vol. 55, No. 1, pp. 143-152. DOI: 10.2304/forum.2013.55.1.143.

255 Bereiter, C. and Scardamalia, M. 1989. Intentional learning as a goal of instruction. L. B. Resnick (Ed.), Knowing, Learning, and Instruction: Essays in Honor of 
Robert Glaser. Hillsdale, Lawrence Erlbaum Associates. pp. 361-392.

256 UNESCO. 2017. Learning Environment. http://www.unesco.org/new/en/education/themes/strengthening-education-systems/quality-framework/core-
resources/learning-environment/ (Accessed 01 June 2017.) 

257 Manninen, J. 2009. Learning Environment Thinking as an Educational Innovation? Finland, Ministry of Education and Culture. http://www.minedu.fi/
euteemavuosi/Ajatuksia/manninen/?lang=en (Accessed 2 June 2017.) 

258 Levine, M., Serio, N., Radaram, B., Chaudhuri, S. and Talbert, W. 2015. Addressing the STEM gender gap by designing and implementing an educational 
outreach chemistry camp for middle school girls. Journal of Chemical Education, Vol. 92, No. 10, pp. 1639-1644. DOI: 10.1021/ed500945g.

259 Mohr-Schroeder, M. J., Jackson, C., Miller, M., Walcott, B., Little, D. L., Speler, L., Schooler, W. and Schroeder D. C. 2014. Developing middle school students’ 
interests in STEM via summer learning experiences. School Science and Mathematics, Vol. 144, No. 6, pp. 291-301. DOI: 10.1111/ssm.12079.

260 Veenstra, C. P. 2012. Best practices for attracting girls to science and engineering careers. ASQ Higher Education Brief, Vol. 5, No. 3. 

261 Howard, T. and Terry, S. C. L. 2011. Culturally responsive pedagogy for African American students: promising programs and practices for enhanced academic 
performance. Teaching Education, Vol. 22, No. 4, pp. 345-362. http://dx.doi.org/10.1080/10476210.2011.608424

262 Hulleman, C. S. and Harackiewicz, J. M. 2009. Promoting interest and performance in high school science classes. Science, Vol. 326, No. 5958, pp. 1410-1412. 
DOI: 10.1126/science.1177067.

263 Lyons, T. 2006. Different countries, same science classes: Students’ experiences of school science in their own words. International Journal of Science Education, 
Vol. 28, No. 6, pp. 591-613. DOI: 10.1080/09500690500339621.

264 Mexico Ministry of Public Education. A.N.D. Manual para incorporar la perspectiva de género en la elaboración de los Libros de Texto Gratuitos y otros materiales 
educativos afines. Mexico City, Mexico Ministry of Public Education.

265 UNESCO. 2009. Gender Issues in Counselling and Guidance in Post-primary Education. Bangkok, UNESCO.

266 Broadley, K. 2015. Entrenched gendered pathways in science, technology, engineering and mathematics: engaging girls through collaborative career 
development. Australian Journal of Career Development, Vol. 24, No. 1, pp. 27-38. DOI: 10.1177/1038416214559548. 

267 AMGEN Foundation. 2016. Students on Stem: More Hands-on, Real-World Experiences. Change the Equation and AMGEN Foundation. http://
changetheequation.org/sites/default/files/CTEq%20Amgen%20Brief_FINAL.pdf (Accessed 01 June 2017.)

268 Women in Engineering. The GirlEng Guide to Becoming an Engineer. http://www.womeng.org/ (Accessed 23 June 2017.)

269 UNESCO. 2007. Girls into Science: A training Module. Paris, UNESCO. 

270 Holmes, S., Redmond, A., Thomas, J. and High, K. 2012. Girls helping girls: assessing the influence of college student mentors in an afterschool engineering 
program. Mentoring & Tutoring: Partnership in Learning, Vol. 20, No. 1, pp. 137-150. DOI: 10.1080/13611267.2012.645604.

271 Stoeger, H., Duan, X., Schirner, S., Greindl, T. and Ziegler, A. 2013. The effectiveness of a one-year online mentoring program for girls in STEM. Computers & 
Education, Vol. 69, pp. 408-418. DOI: 10.1016/j.compedu.2013.07.032.

272 Komm Mach Mint. ”Go MINT” - Putting Successful Ideas into Practice. http://www.komm-mach-mint.de/Komm-mach-MINT/English-Information  
(Accessed 2 June 2017.) 

273 Prime Minister of Australia. 2016. $3.9 Million to Inspire Girls and Women to Study and Pursue Careers in Science, Technology, Engineering and Maths. Prime 
Minister of Australia. https://www.pm.gov.au/media/2016-12-06/39-million-inspire-girls-and-women-study-and-pursue-science-technology-engineering 
(Accessed 2 June 2017.) 

274 UNESCO. 2011. Media and Information Literacy Curriculum for Teachers. Paris, UNESCO.

275 The WISE Campaign for Gender Balance in Science, Technology & Engineering. https://www.wisecampaign.org.uk/ (Accessed 1 June 2017.)

Cracking the code: Girls’ and women’s education in science, technology, engineering and mathematics (STEM)

85

http://cordis.europa.eu/result/rcn/54067_en.html
http://www.unesco.org/new/en/education/themes/strengthening-education-systems/quality-framework/core-resources/learning-environment/
http://www.unesco.org/new/en/education/themes/strengthening-education-systems/quality-framework/core-resources/learning-environment/
http://www.minedu.fi/euteemavuosi/Ajatuksia/manninen/?lang=en
http://www.minedu.fi/euteemavuosi/Ajatuksia/manninen/?lang=en
http://dx.doi.org/10.1080/10476210.2011.608424
http://changetheequation.org/sites/default/files/CTEq%20Amgen%20Brief_FINAL.pdf
http://changetheequation.org/sites/default/files/CTEq%20Amgen%20Brief_FINAL.pdf
http://www.womeng.org/
http://www.komm-mach-mint.de/Komm-mach-MINT/English-Information
https://www.pm.gov.au/media/2016-12-06/39-million-inspire-girls-and-women-study-and-pursue-science-technology-engineering
https://www.wisecampaign.org.uk/


Despite significant improvements made in recent decades, education is not universally available and 
gender inequalities are widespread, often at the expense of girls. Complex and inter-related socio-
cultural and economic factors affect not only girls’ opportunities to go to school but also the quality 
of education they will receive, the studies they will follow and ultimately their career and life paths. 
A major concern is girls’ low participation and achievement in science, technology, engineering and 
mathematics (STEM) education.

STEM underpin the 2030 Agenda for Sustainable Development, and STEM education can provide 
learners with the knowledge, skills, attitudes and behaviours required for inclusive and sustainable 
societies. Leaving out girls and women from STEM education and professions not only deprives them 
the opportunity to contribute to and benefit from STEM but also perpetuates the gender gap and 
wider social and economic inequalities. 

This report aims to ‘crack the code’ by deciphering the factors that hinder and facilitate girls’ and 
women’s participation, achievement and continuation in STEM education and, in particular, what 
the education sector can do to promote girls’ and women’s interest in and engagement with STEM 
education and ultimately STEM careers. It is intended as a resource for education stakeholders and 
others working to promote gender equality. 
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