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ABSTRACT
Several recent developments support the enrolment of 
women in STEM fields within educational institutions, 
including: educational institutions’ adoption of policy 
frameworks advocating for increased STEM female 
participation; incentives for funding female STEM 
students; and criteria ensuring gender-sensitive 
institutional admissions. Curriculum design also 
has a role in increasing the representation of skilled 
females in STEM (Reyes, 2011), including viewing the 
humanities as representing critical skillsets relevant 
for STEM curriculum (Savaria & Monteiro, 2017). Such 
approaches also require complementary governance 
frameworks supporting female representation in 
STEM fields. Furthermore, organisations increasingly 
recognise the critical role of humanities in equipping 
the future STEM field workforce; the importance 
of human-centred skill sets has been recognised in 
the inclusion of arts skills into the STEM acronym, 
as STEAM. Today’s workplace requirements include 
creative problem-solving skills as well as human-
centred approaches to STEM challenges, prompting 
a discussion of the role of arts subjects within the 
field (Bequette & Bequette, 2013; Land, 2013). 
This chapter evaluates the role of higher learning 
institutions in improving female representation in 
STEM, by reviewing studies conducted globally 
in the period 2011–2017. It documents the lack of 
female representation in STEM fields and the role of 
new policy frameworks and practices in diversifying 
STEM student populations and workforces. The 
paper reviews lessons learnt from various countries’ 
experiences and provide key recommendations for 
educational institutions to reduce the female student 
enrolment and human resources gap. 

KEY FINDINGS

• The lack of female role models in STEM has been 
cited as a major factor in the low uptake of STEM 
programmes and courses by young girls in both 
elementary and higher educational institutions. 

• The lack of a diverse academic and research STEM 
workforce in educational institutions, particularly 
in management roles, leads to perceptions of 
STEM as a male-dominated domain. Academic 
institutions thus find it difficult to attract and 
retain women both as students and as employees 
in STEM.

• Educational institutions have sought ways to 
improve the participation of women in STEM 
fields through student funding incentives, 
gender-sensitive institutional admission criteria, 
and gender-sensitive curriculum designs. 
These policies all have a role in increasing the 
representation of skilled women in STEM.

INTRODUCTION
The first industrial revolution introduced the use 
of mechanical power, complementing or replacing 
manual human labour to enable efficiency across 
industries; similarly, the second revolutionary industrial 
development, in the twentieth century, brought 
the use of electricity and wired communication. 
A third epoch of industrial change brought large-
scale digitisation and advances in computing; in 
recent decades, further advances have produced a 
digital and cyber revolution that was designated as 
“the fourth Industrial Revolution” at the 2016 World 
Economic Forum (Schwab, 2016). This revolution 
will place major emphasis on skillsets in technology 
and engineering fields, including in areas such as 
robotics and artificial intelligence. Indeed, the fields 
of science, technology, engineering, and mathematics 
(STEM) prominently provide opportunities for young 
graduates to make significant contributions towards 
both economic growth and scientific research.

STEM skills are widely considered an essential skillset, 
particularly in the Global South, which suffers from a 
shortage of engineers, doctors, programmers, etc. 
However, many organisations have come to appreciate 
the importance of arts and human-centred skills in 
these fields. The acronym STEM has thus evolved 
further to include arts, to form the new name, STEAM.
  
Various studies have shown the importance of 
problem-solving inquiry skills such as novelty and 
ingenuity in addressing societal challenges, as 
well as compassion and related human-centred 
attributes; STEM academic programmes often neglect 
these key skills (Bequette & Bequette, 2013; Land, 
2013; Saddiqui & Marcus, 2017). Addressing these 
human-centred skills can support the emphasis on 
equality of opportunity for female students. This 
chapter will examine these and other ways in which 
tertiary institutions play a role in improving female 
representation in STEM fields. 

Institutions of higher learning have always played 
a vital role in encouraging the participation of 
women in the STEM fields, as key gateways to STEM 
employment. The higher education sector still 
struggles to achieve proportionate or even substantial 
representation of the female workforce. As a kind 
of snowball effect, with a disproportionately small 
number of women employed in STEM fields, their 
impact is limited as role models to women students. 
Similarly, higher education generally fails to challenge 
the dominant gender-stereotypical cultures and non-
diverse workplace environments in STEM (Cheryan et 
al., 2016). 

This chapter presents the following research question 
for evaluation: “What role can higher learning 
institutions play in improving the participation of 
females in STEM fields?”
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THE ROLE OF INSTITUTIONS 
OF HIGHER LEARNING IN 
INCREASING STEM FEMALE 
PARTICIPATION

A range of factors contribute to strongly or 
disproportionately gendered STEM representation in 
higher learning institutions, including the following.
 
Standard STEM academic programmes. Traditional 
STEM offerings tend to focus narrowly on STEM 
majors and electives, with no attention to cultivating 
creativity and human-centred approaches in problem 
inquiry (Taylor & Taylor, 2017). While methods such 
as design thinking and co-design (Bequette & 
Bequette, 2012; Boy, 2013) are finding their way into 
some engineering and computing curriculums, STEM 
programmes’ slowness in adapting means that fewer 
female students take STEM courses. 

Cheryan, Ziegler and Montoya (2017) examined the 
relative prevalence of female students in the U.S. 
in biology, chemistry, and mathematics courses, in 
comparison to their numbers in engineering, computer 
science, and physical sciences courses. In addition to 
a dominating masculine culture, they point to a lack 
of practical opportunities for women in those fields, 
deterring women from enrolling as well as contributing 
to women leaving these programmes. 
   
Pipeline factors. In countries where women’s uptake 
of STEM academic programmes is especially low, 
the decline can be seen at the high-school level, 
when girls’ interest in participating in mathematics 
and science subjects starts to decrease (Ellis et al., 
2016; Shabangu, 2015; UNESCO, 2016a). Increased 
participation in higher learning institutions is unlikely, 
if learners have not acquired prerequisite skills at lower 
educational levels. The absence of primary female 
interaction in schools with the STEM subject field can 
also further affect the uptake of these programmes 
in higher learning institutions (Cheryan et al., 2016). 
While many higher learning institutions have created 
bridging opportunities to enable such learners to 
further their studies, continued focus is needed 
on basic education in mathematics and science. 
Additionally, in the OECD countries and the U.S., the 
cost of higher education puts it out of reach for many 
(Malsen, 2017).  

Role models and stereotyping. In the UK, the Higher 
Education Statistics Agency (2016/2017) found that 
only 25% of professors are women, and only a fraction 
of them hold senior academic positions in STEM fields. 
Similar patterns hold in countries such as South Africa 
and the U.S., indicating a near-absence of women role 
models for students in STEM. More generally, gender 
stereotyping throughout society and the media has 
been identified as a contributing factor affecting the 
uptake of STEM studies in higher education (Wang 
and Degol, 2017). 

Gendered content and programmes. School 
textbooks typically depict males dominating the 
science environment, while providing historical 
examples of men predominantly making significant 
contributions to the STEM field. 

Lack of skilled teachers. To achieve SDG4, quality 
education, UNESCO has estimated the need for over 
69 million teachers (UNESCO, 2016b). This need is 
particularly concentrated in mathematics and science-
related subjects. Universities and vocational training 
institutions have a role to play in producing teachers 
with skills to meet the twenty-first century STEM 
demands, especially in countries where few women 
are engaged in STEM higher-learning institutions. 

High gender equality and low uptake. Women may 
be underrepresented in STEM fields even in countries 
with high gender equality. Nordic countries that 
rank high in terms of gender equality were shown to 
have some of the lowest numbers of STEM female 
graduates in the world (Sossamon, 2018). Access 
to opportunities does not always mean guaranteed 
uptake of STEM subjects by young women. The lack of 
female representation in such resource-rich economies 
calls for further investigation into such factors as 
STEM role modelling, pipelining, and academic and 
workplace cultures in contributing to the lack of 
gender representation. 

A UNESCO report on the levels of women’s 
employment in STEM in Asia-Pacific countries found 
wide disparities: Japan at 15% and Korea at 18% of the 
STEM workforce, as compared to Kazakstan at 52% 
and Thailand at 53% (UNESCO, 2016a). Khazakstan 
and Thailand showed the highest participation of 
women in both higher learning institutions and the 
labour force. In the U.S., 14% of engineers are women, 
compared to 45% of mathematicians and 47% of 
employees in life sciences (UNESCO, 2016a). The fact 
that gender-sensitive policies do not always translate 
into increased participation of women in STEM fields 
can also be seen in the low participation levels in 
developed G20 countries compared to those in 
gender-conservative countries such as Algeria, Turkey, 
and the United Arab Emirates. 
The role of higher learning institutions is fundamental 
to educating the labour force in STEM fields as well 
as producing researchers and entrepreneurs. Gender 
awareness needs to be incorporated as a critical factor 
in national science and technology programmes. In 
addition, efforts need to be focused at the local level 
to attain the SDGs (Miroux, 2011).
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IMPACT OF STATE POLICY 
ON HIGHER EDUCATION

 
Policies affecting STEM in higher-learning institutions 
differ markedly from one country to another. In OECD 
countries, including Korea and Japan, STEM policies 
are aimed at broadly increasing the workforce to fill 
the demands of mature industries. In the BRIC nations 
(Brazil, Russia, India, and China), STEM policies are 
aimed at generally improving the education system, 
mindful of related socio-welfare issues, alongside 
the specific need to grow STEM industries. Countries 
which have prioritised the STEM sectors, as well as 
increased participation of women and youth in these 
fields, show significant progress as a result of targeted 
strategies of implementation and funding (Marginson 
et al., 2013). 

Education and employment. Women represent 28% 
of personnel in science research and development 
globally (UNESCO, 2018). Tunisia has the highest 
representation of females in STEM research, at 55% of 
the workforce, followed by South Africa at 48%. South 
Africa increased from 43.7% in 2015 by prioritising 
women’s empowerment across all relevant ministries; 
national STEM research centers — the South African 
National Research Foundation and the National 
Department of Science and Technology —prioritise 
women and girls for educational scholarships and 
employment opportunities. The African Union Agenda 
2063 places focus on prioritising STEM education, with 
women as key STEM beneficiaries, both in education 
and business. Rwanda has also experienced a steady 
increase in women’s participation in both primary 
and higher STEM education, owing to Rwanda Vision 
2020, a governmental development programme that 
identifies women as the key beneficiaries of such 
funding increases. 

Language inclusion. Several studies show that 
language can become a barrier in expanding STEM 
education and access to related opportunities. 
Inclusive language policies can therefore enhance 
STEM participation. Kenya supports the use of the 
mother tongue in primary education; China and 
Sweden have programmes designed for minority 
speakers; and Netherlands and Norway have 
programmes targeted to immigrant children.  

Stoet and Geary (2018) used national data on 
secondary and tertiary education to evaluate the 
secondary school performance of females in STEM-
related subject areas, and to evaluate gender 
representation among graduates and identify factors 
behind disparities between countries. They cited 
two key factors affecting female retention in STEM 
education: individual performance in the STEM 
subject areas, and the potential economic benefits 
associated with sought-after STEM skills. The study 
suggested that the greater the potential benefits, 
the more likely women would be to pursue STEM 

education, even in conservative countries. The study 
found notably high STEM graduate representation of 
women in Algeria, at 41%, in contrast to Finland and 
other countries highly ranked in the Global Gender 
Gap Index (Figure 6.1).

INCREASING FEMALE 
REPRESENTATION IN STEM 
EDUCATION

Higher learning institutions can encourage 
participation of women through various approaches, 
such as gender-sensitive funding and gender-focused 
academic programmes. National policies can motivate 
the schools to support girls to enter higher learning 
institutions. This section evaluates some of these 
efforts. 

Mentoring and teacher programmes. The 
2009 “Educate to Innovate” policy in the U.S. led 
funding programmes to focus on increasing STEM 
participation and representation. For example, the 
commitment to increase public-private partnership 
to fund STEM programmes enabled higher learning 
institutions to train over 10,000 STEM teachers (Burke 
& McNeill, 2011). Another initiative was the Bringing 
Up Girls in Science programme, funded by the U.S. 
National Science Foundation — an after-school 
science curriculum for girls that also linked school 
learners with university female mentors. A follow-up 
study found that the participants subsequently had a 
greater understanding and exposure to STEM fields 
(Wood et al., 2011). 

Programmes such as the MIT Women’s Initiative (MIT, 
2018) present examples of partnerships between 
schools and higher learning institutions aimed at 
improving STEM participation. The MIT initiative 
assists teachers to create content tailored towards 
attracting young girls to STEM and helping them 
understand concepts in mathematics and science. 
Participants conduct a series of intriguing experiments 
and hear from university students about their 
experiences, giving them a better understanding of 
the work required for STEM participation.  

Internationally, such initiatives have grown 
significantly. Developers in Vogue (Ghana) teaches 
young girls software development skills and links 
them to related work opportunities. Girl Hype (South 
Africa) is an entrepreneurship and coding academy 
giving women digital work skills. Feminist Approaches 
to Technology (India) educates young girls in using 
technology to empower themselves, to explore, and 
to develop leadership skills. Levers in Heels (Africa) 
introduces girl students to women in academia 
and STEM professions, and showcases research 
about women in STEM. WomenEng, a women-in-
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Figure 6.1
Percentage of females among STEM graduates, 
by country

Source: Stoet and Geary, 2018, pp. 587.
Note: Y axis = country’s percentage on the Global Gender Gap Index 
(higher percentage is more equal); X axis = country’s percentage of 
female graduates
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engineering organisation, provides engineering 
education programmes in Malawi, Mexico, Brazil, 
South Africa, and Kenya. The programmes are geared 
towards providing fellowships for young women in the 
engineering field, giving them theoretical instruction, 
practical experiences, and mentoring to pursue an 
engineering career. 

Creating a community of female academics. 
Universities in the U.S. have created initiatives, such 
as Empowering Women in Science (Cornell) and 
Engineering Women (University of Minnesota), that 
showcase professional women in STEM research and 
facilitate seminars on positions and compensation 
in STEM (Sportelli, 2016). Cornell now observes an 
equal uptake of engineering programmes by male and 
female students as a result of intensive outreach63. 
Such programmes provide a network, enabling 
women students to become aware of opportunities 
in STEM and fostering relationships between senior 
and junior females in STEM fields. This approach also 
promotes the retention of young women in STEM 
through mentoring opportunities. 

In Kenya, the Women for Science Working Group 
developed out of The Network of African Science 
Academies; it aims to enable a network of women 
in STEM fields, cultivating collaboration and sharing 
experiences among women in related research and 
academic institutions, with the aim of influencing 
priority areas of research. The network’s publications 
showcase the contribution of African women in STEM 
fields. A growing number of awards recognise the 
contribution of women in STEM fields. The United 
Nations “Equals in Tech” Awards includes a skills and 
research category to recognise women in the STEM 
field; the African Union Kwame Nkrumah Awards for 
Scientific Excellence includes a category recognising 
women in STEM fields. 

Funding. There has been a global increase in 
academic funding earmarked for outstanding women 
in STEM, such as the Graca Machel scholarship 
for women from the South African Development 
Community (SADC) region, the Anita Borg Global 
Scholarship, and L’Oréal-UNESCO Fellowships for 
Women in Science. Such initiatives enable talented 
females to pursue studies in STEM fields in prestigious 
academic institutions while growing their research 
expertise.  

A South African example combines government policy 
with government and private sector funding. Ranked 
eighteenth on the World Economic Forum Global 
Gender Index, South Africa adopted targeted policies 
to increase representation of women in the STEM 
fields. Through a public-private partnership between 
the South African National Research Foundation (NRF) 
and the First Rand Foundation of the private banking 
sector, funding is earmarked to enable over 40 women 
in South Africa’s higher learning institutions to focus 
on their research and ultimately to increase the 
number of female professors, particularly in the STEM 
field.

63 https://i100rocks.com/news/025520-cornell-engineering-women/

CONCLUSIONS AND 
FURTHER WORK

Institutions of higher learning play a critical role, 
both in training women as STEM employees and 
entrepreneurs and in conducting research in STEM. 
The lack of female academics in STEM fields means 
that girl students have few role models. Teaching 
and learning resources are rarely gender-sensitive, 
and examples from text books lack diverse gender 
representation. Language barriers can also place 
barriers in the teaching and learning process when 
female students are not first-language speakers of the 
language of instruction. 

Exposure to STEM fields at an early age is a critical 
factor in the uptake of STEM courses. Programmes 
that encourage suitable teaching and learning 
environments for women in STEM have encouraged 
increased female representation across the field. 
Institutional initiatives can be further strengthened 
by national and regional policies as well as funding 
support. Further studies in this area might provide 
longitudinal findings on the success of initiatives from 
primary level through tertiary education to women’s 
employment in STEM fields. Contextual and localised 
Massive Open Online Courses (MOOCs) as well as 
open educational resources can also introduce girls 
to basic STEM skills (ideally through accessible open 
platforms), enabling young women in almost any 
context to access educational resources of high value. 
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