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KEY FINDINGS

• According to the available data, women are less 
likely than men to have advanced digital skills in 
the majority of reporting countries. 

• While STEM education can provide the foundation 
for advanced digital skills and a career in the tech 
industry, girls in secondary education tend to 
have lower self-efficacy and interests in studying 
STEM subjects as well as lower aspirations for 
STEM careers. 

• Only 35% of women major in STEM subjects 
at higher education; within STEM majors, they 
tend to study natural sciences more than applied 
sciences related to ICT. 

• Multiple pathways have been developed to equip 
girls and women with advanced digital skills, such 
as coding schools, bootcamps, and makerspaces, 
but their effectiveness in enhancing gender 
equality in ICT skills has yet to be assessed. 

2.1 / INTRODUCTION

As ICTs are increasingly ingrained in our everyday 
life, the ability to make use of digital technology 
has become an essential competency in modern 
societies. Despite their potential to empower women, 
ICTs are enmeshed with existing gender inequality, 
hindering women’s participation in the production, 
management, and use of technology. As the previous 
chapter demonstrated, considerable gender gaps 
exist beyond basic access, extending to differential 
utilisation of ICTs by gender. More than ever, it 
becomes critical to ask whether men and women 
have different digital skills not only for accessing and 
using ICTs, but also for creating digital technologies, 
ICT services, and contents. Further, where gender 
gaps exist, it is important to examine whether women 
and girls have access to equitable education and 
relevant trainings to obtain adequate digital skills 
for thriving in the ICT-driven future on par with men. 
Such understanding will be valuable to achieve the 
UN’s Sustainable Development Goals 4 and 5, which 
emphasise (among other goals) inclusive technical, 
vocational, and higher education for all, including 
women and the marginalised (Box 2.1). Examining 
the current contour of our knowledge on gender 
equality in digital skills, this chapter explores the 
question: What is the current status of gender equality 
in digital skills beyond ICT literacy, and what are the 
opportunities for girls and women to participate in 
cultivating advanced digital skills? 

Box 2.1
Women’s Digital Skills and the SDGs

2.1.1 /  WHY IS IT IMPORTANT FOR 
WOMEN TO HAVE EQUAL DIGITAL 
SKILLS?

Gender gaps in digital skills can have significant 
ramifications for women’s participation in the digital 
society, especially as we face the so-called 4th Industrial 
Revolution. Approaching the 2020s, we must expect 
seismic changes driven by emerging technologies such 
as artificial intelligence, robotics, internet of things, and 
biometrics, to mention a few. These new technologies 
will digitise, automate, and interconnect our everyday 
functioning across all sectors, in a way that changes 
how we live, work, and learn (Schwab, 2017). Like other 
technical revolutions, these changes will come with 
several challenges affecting the lives of both women 
and men, and in some regards it may strike women 
harder than men. 

One foreseeable change is the reconfiguration of 
jobs. By 2020, it is expected that more than 7.1 
million jobs will be displaced due to automation and 
disintermediation, according to a forecast by the World 
Economic Forum (WEF, 2016). Most of the estimated 
job loss (4.7 million) will come from office and 
administrative jobs, of which women perform a larger 
share, in most countries. The 4th Industrial Revolution 
will also create 2.1 million new jobs — mostly relating 
to computing, mathematics, architecture, and 
engineering (0.7 million). Yet the current participation of 
women in these booming fields, as discussed in detail 
in Chapter 3, is low and problematic. 
Indeed, despite growing job demands for skilled ICT 
workers, there is a shortage of women equipped with 
advanced digital skills ( Box 2.2). The gender gap in 

Education and training are critical to cultivating digital 
skills for both men and women. The 2020 Agenda 
for Sustainable Development Goals underscores the 
inclusive and equitable education and lifelong learning 
(SDG 4) and gender equality and empowerment of girls 
and women (SDG 5). It sets specific targets including: 

Target 4.3: ensure equal access for all women and men 
to affordable quality technical, vocational and tertiary 
education including university 
 
Target 4.4: substantially increase the number of youth 
and adults who have relevant skills, including technical 
and vocational skills, for employment, decent jobs and 
entrepreneurship

Target 4b: substantially expand the number of 
scholarships available to developing countries…for 
enrolment in higher education, including vocational 
training and ICT, technical, engineering and scientific 
programmes in developed and developing countries  
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digital skills is most notable in high-level digital skills, 
and in many countries it is widening due to persistently 
low numbers of young women studying ICT-related 
majors at tertiary-level and beyond. If this trend 
persists, we may continue living in a world driven by 
technologies that are mostly designed, produced, and 
managed by men. 

2.1.2 / MEASURING GENDER EQUALITY 
IN DIGITAL SKILLS

Assessing the state of gender equality in digital skills 
begins with defining digital skills. Until recently, digital 
skills were understood as more or less equivalent 
to digital literacy or basic skills to access ICTs. 
International organisations such as the International 
Telecommunication Union (ITU) as well as many 
national governments usually measure digital skills 
by the range of activities one can perform on a PC 

or the internet. Although these data are increasingly 
sex-disaggregated, this techno-specific approach 
has drawbacks. It requires a constant update of its 
definition and measurement, in response to rapid 
technological change. Moreover, just as literacy only 
asks whether one can read rather than what one reads, 
this literacy-oriented approach fails to capture the 
breadth and depth of digital skills related to a variety of 
ICT activities. 

Recognising these limits, researchers have made 
efforts to reconceptualise digital skills as a multifaceted 
concept (Box 2.3). Cutting across the various 
frameworks, digital skills are commonly classified into 
three types: basic skills to access ICTs; intermediate 
skills to use ICTs as effective digital citizens; and 
high-level skills to create ICTs and participate in 
the ICT industry. Yet, beyond the basic skills, these 
emerging frameworks have not yet been extensively 
discussed or agreed on at the international level. 
Globally comparable data are rare, as researchers 
are still developing new methodologies to measure 
the comprehensive dimensions of digital skills 
beyond ICT literacy. Furthermore, these frameworks 
are often designed for a general populace, without 
acknowledging the issues of global inequalities of 
income, race, and gender. Differential needs and 
contextual barriers associated with women and social 
minorities are not yet fully reflected in these early 
efforts. It is essential to begin a global dialogue on how 
digital skills can be reframed in consideration of women 
and social minorities, before these frameworks are fully 
established. To do so, we need more evidence-based 
research to understand the current gender gaps in 
digital skills and to what extent women and minorities 
are discouraged from acquiring and utilising more-than-
literacy digital skills.

The job demand for skilled-ICT workers is expected 
to grow fast, as ICTs permeate all industry sectors 
including manufacturing, transport, healthcare, 
banking, retail, energy, military, farming, education, 
and so on. In Europe, it is forecasted that 9 out of 10 
jobs will require some kinds of digital skills in the future 
(European Commission, 2017), while the shortage of 
skilled workers in the ICT sector will double — from 
373,000 in 2015, to 756,000 by 2020 (European 
Parliament, 2017). In the U.S., it is projected that 
employment in computer-specific jobs will grow 13% 
by 2016, faster than all other occupations. Besides the 
growing quantity of demand, the quality and types of 
ICT skills required by industry are also changing (see 
Chapter 13). Certain skills are already in high demand, 
including expertise in software development, cloud 
computing, big data, and information security. Other 
high employment areas may include mobile app/
web development, data science, cybersecurity, and 
emerging technologies, such as machine learning, 
artificial intelligence, and augmented reality. Despite 
the growing demand, however, the share of women 
equipped with such ICT skills is low. The data from 
OECD countries show that just 1.4% of female workers 
have jobs developing, maintaining, or operating ICT 
systems, compared to 5.5% of male workers (OECD, 
2017). Moreover, the current gap is expected to get 
worse, with the stagnating female participation to 
STEM education in many developed countries. 

Box 2.2 
Women’s ICT leadership and the SDGs
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To facilitate our understanding of gender equality in di-
gital skills, this chapter provides an analysis of available 
sex-disaggregated data on certain aspects of digital 
skills (Box 2.4)1. First we summarise existing data on 
basic digital skills and advanced ICT skills. We then take 
a closer look at women’s current participation in ICT 
and science, technology, engineering, and mathematics 
(STEM) education, as a proxy for gender equality in the 
general pathways to high-level digital skills. Finally, we 
explore recent developments in creating alternative 
pathways to cultivate women’s high-level skills, such 
as coding education, massive open online courses 
(MOOCs), and hackerspaces or makerspaces.

1 There are several different approaches to collect data on digital skills. 
First, standardised tests can provide the most accurate assessment 
of one’s skills, but such measures are costly and difficult to expand in 
scale. Most available data on digital skills are collected via self-reported 
surveys which individuals assess one’s level of knowledge in performing 
a range of ICT-based activities. For high-level digital skills, it is often 
estimated via proxies such as qualifications obtained from educational 
or training programs relevant to ICT specialisation, or in some cases, 
occupations or salaries to indicate the economic returns of having a 
certain level of digital skills. In many countries, the status of gender 
equality in high-level digital skills is often measured by comparing the 
number of female and male students who enrolled or graduated in 
STEM majors at tertiary-level education.

Definitions of digital skills need to be constantly 
updated in response to rapid technological change. 
The type of skills required to participate meaningfully 
in today’s digital economy are very different from a 
decade ago, and various organisations have adopted 
different ways of defining digital skills. 
The United Nations (2017) refers to digital skills as 
“a range of different abilities, many of which are not 
only ‘skills’ per se, but a combination of behaviours, 
expertise, know-how, work habits, character traits, 
dispositions and critical understandings”. 
OECD (2016) categorises digital skills into three groups: 
‘ICT complementary skills’ for everyday uses; ‘ICT 
generic skills’ for work; and ‘ICT specialist skills’ to 
develop technology. 
The Broadband Commission (2017) defines digital skills 
as “a range of different abilities, many of which are not 
only ‘skills’ per se, but a combination of behaviours, 
expertise, know-how, work habits, character traits, 
dispositions and critical understandings”. They also 
conceptualise digital skills as a “gradual continuum” 
from basic functional skills to high-level skills, with a 
range of intermediate skills existing in between. 
The European Commission recently developed 
the “Digital Competence Framework for Citizens” 
which identifies and describes key areas of digital 
competence, providing a conceptual reference model 
for Europe. In the EC framework, digital skills comprise 
five core skills: (i) information and data literacy; (ii) 
communication and collaboration — interacting 
through digital technologies; (iii) digital content 
creation; (iv) safety; and (v) problem solving. Translating 
this concept into a measurable standard, Eurostat has 
developed a digital skills composite indicator, based 
on selected activities related to individuals’ internet 
or software use in four specific areas (information, 
communication, problem solving, and software skills). 
ITU (2018) also suggest five different skills for youth 
employment, including basic skills for using ICTs, 
advanced skills for developing ICTs, mid-level skills 
for producing content, soft skills for collaborating, 
and digital entrepreneurship skills for doing business. 
According to ITU, basic digital skills refer to effective 
use of technology including (for example) web search, 
online communication, use of professional platforms, 
and digital financial services. Intermediate skills refer to 
skills needed to perform work-related functions, such as 
graphic design and digital marketing; while advanced 
skills refer to skills that are necessary to create, manage, 
and test ICTs, including coding.
Another useful way of examining digital skills is to see 
it as part of a continuum across three levels: basic, 
intermediate, and advanced. The Decent Jobs for 
Youth Initiative, under the lead of the International 
Labour Organisation, adds to these three types of skills 
soft skills and digital entrepreneurship skills, as essential 
to succeed in the digital economy. 

 Current status of Gender Equality in Digital Skills 
- Basic Digital Skills
- Intermediate Skills
- Advanced Skills: Programming Skills 

Gender Gaps in Pathways to Develop Digital Skills: 
STEM Education 
- Secondary Education
 a.Gender Gap in STEM participation and performance 
 b.Gender Gap in STEM motivation, confidence and  
 aspiration    

- Higher Education
 a.STEM Participation
 b.Within STEM Gender Gap
 c. Global STEM and Gender Gap    

Alternative Pathways to Develop Digital Skills  
- Introductory Computing Education
- Coding Bootcamp 
- MOOC
- Maker/Hackerspace  

Box 2.3
Global efforts to redefine digital skills

Box 2.4
Aspects of Gender Equality in Digital Skills 
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2.2 / BASIC DIGITAL SKILLS

Basic digital skills are the minimum foundational skills 
required to function effectively in the digital economy; 
they are an integral part of higher-level digital skills. 
Understanding the issue at this level could provide 

insights to shape policy proposals with a broader 
impact. It is also the area where initial work has been 
done to operationalise and measure the concept, and 
where gender disaggregated data are available. As part 
of the World IT Database, the ITU has collated nine 
indicators of digital skills (Figure 2.1).

Figure 2.1
Aspects of Gender Equality in Digital Skills 

ITU’s data on digital skills provide a starting point to 
assess the gender divide on basic digital skills. Of the 
nine available indicators, we select eight skills that can 
be classified as basic digital skills to examine the gen-
der divide in these areas. Complete data are reprodu-
ced in Appendix C.

Table 2.1 provides a broad summary of data on the per-
centage of women with the relevant ICT skills clustered 
by region and skills type. We note that for countries in 
Africa and the Americas where data are available, the 
percentage for all eight skills categories falls below 
50%. The types of skills with the highest reported 
percentage of women in those regions are copying 
or moving a file or folder (42.2%) and using copy and 
paste tools to duplicate or move information within a 
document (42.1%). The skill with the lowest percentage 
in those regions is creating an electronic presentation 
(0.1%), followed by using basic arithmetic formula in a 
spreadsheet (1.4%). 

In Asia and Europe, there can be extreme variations 
within the region, even when on average more than 
50% of women are reported able to perform a particu-
lar skill. In Asia, for example, 89% of women in Brunei 
are able to copy or move a file or folder, compared to 
only 3% in Pakistan. In Europe, while 68% of women in 
Netherlands can find, download, install, and configure 
software, only 2% of women from Russia are reportedly 
able to perform the same task. 
Where data are available for the eight basic skill ca-
tegories, in most countries men outperform women; 
in 35 countries there is no skill area where women 
outperform men (as illustrated below in Figure 2.8). In 
14 countries, women outperform men in one or two 
skills; in two countries, women outperform men in three 

to four skills; and in two countries, women outperform 
men in five or more skills areas. 

At the country level, more men than women reported 
having a specific digital skill in the majority of countries 
across Africa, Americas, Asia (Table 2.2), and Europe 
(Table 2.3). Tables 2.2 and 2.3 show that not all coun-
tries with a high percentage of men and women repor-
ting ability for a specific skill would necessarily have a 
low difference in ability, as in Bahrain (see Appendix 
C). Statistics cannot tell a complete story: the issues 
underlying the disadvantages faced by women and girls 
may be very different in different countries. Furthermo-
re, self-reported data may not be completely reliable, 
as multiple studies find that males tend to overestimate 
their digital skills while females do the opposite (see 
Section 2.5.1.2, Attitudes about STEM education).

The reported or perceived low ability of women in basic 
digital skills should be a cause for concern. If women 
and girls are disadvantaged at the level of basic skills, 
we can expect to see greater gender digital divides in 
higher ICT skills and ICT leadership.
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Table 2.1
Percentage of women with ICT skills by region

Source: ITU WTI Database, 2017.

Note: Red –low percentage reporting ability to perform the specific skill 
(bottom quintile). Purple – high percentage reporting ability to perform 
the skill (top quintile). Color range: red, pink, gray, lavender, purple.
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Table 2.2
Difference in percentages between males and females 
on different aspects of digital skills in Africa, the 
Americas and Asia

Note: Red – low percentage reporting ability to perform the specific skill 
(bottom quintile). Purple – high percentage reporting ability to perform 
the skill (top quintile). Color range: red, pink, gray, lavender, purple. 

Figure 2.2
Number of countries with greater percentage of skilled 
women than men, per number of skills

Source: ITU WTI Database, 2017.
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Table 2.3
Difference in percentages between males and females 
on different aspects of digital skills (Europe)

Note: Red – low percentage reporting ability to perform the specific skill 
(bottom quintile). Purple – high percentage reporting ability to perform 
the skill (top quintile). Color range: red, pink, gray, lavender, purple. 
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2.3/ INTERMEDIATE 
DIGITAL SKILLS 

Beyond basic skills, there is currently no globally 
comparable data that, comprehensively measure 
the multiple dimensions of digital skills, due to the 
absence of internationally agreed definitions and 
methodologies. Some recent data may provide 
snapshots of the gender gap in intermediate digital 
skills. 

Studies show that 90% of Wikipedia contributors 
and 69% of Wikipedia readers are male (Wikipedia 
Foundation, 2011; Glott, et. al, 2010; Economist, 2018). 
Although social media is more popular among women 

than men in most advanced countries, far fewer 
women in developing countries use it (Pew Research, 
2018), possibly reflecting a lack of intermediate skills 
(such as downloading an app). The Pew survey of 39 
countries found a large gender gap favouring men in 
social media use in Tunisia, Ghana, India, Kenya, and 
Senegal (Figure 2.3). Similarly, fewer women overall 
use mobile finance services than men (see Chapter 1). 
This evidence on differential use of ICTs by gender 
indicates a possible gender gap in intermediate skills 
in everyday ICT uses. 

Figure 2.3
Gender divide in social media use

Source: Pew Research, 2018.
Note: Percentage of adults who use social networking sites

Assessing the gender gaps in intermediate 
digital skills is conceptually and methodologically 
challenging. With a vast range of everyday digital 
activities performed on multiple ICTs, it is difficult 
to measure overall skill gaps. Moreover, differential 
uses of ICTs by gender may reflect different levels 
of motivation, social influence, enabling contexts, or 
structural barriers. Finally, most of the data on online 
activities is held by private firms and rarely disclosed 
fully. Thus, it is difficult to assess how many women 
have the skills (or have already begun) to sell products 
on Amazon or Alibaba, view or post videos on 
YouTube, or install anti-virus software. 

Beginning in 2014, the European Commission (EC) 
started to collect data from its 28 member-states 
on more comprehensive dimensions of digital 

skills. Reflecting the new framework for “Digital 
Competence Framework for Citizens”, it measures 
digital skills in four different categories: information, 
communication, problem-solving, and software skills 
(Table 2.4). Compared to the ITU data on basic skills, 
a greater variety of digital activities are included, such 
as seeking information, using social media, uploading 
contents, using online learning, selling online, and 
writing a code. (Note that each of these categories 
may include a range of skill levels, from basic to 
advanced; the EC survey relies on individuals’ self-
reports). 
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Table 2.4
European Commission comprehensive digital skills

Source: European Commission, 2015.

Figure 2.4
Gender difference in overall digital skills and by age

Source: Eurostat, 2017.

In the EC findings, a sex-disaggregated analysis 
shows no gender gap in basic digital skills. However, 
slightly more men (31%) than women (27%) reported 
having “above basic” digital skills (Figure 2.4). 
Among those with “above basic skills”, the gender 
gap increases with age. Except the young group 

(i.e., teens and young adults), moderate gender gaps 
exist disfavouring women: among the adult group, 4 
percentage points, and among elders (over 55 years 
old), 5 percentage points.
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Figure 2.5
Gender difference among those with above digital skills 
by skill types (Europe

Source: Eurostat, 2017.

Figure 2.6
Gender difference among those with above digital skills 
by skill types (Europe

Source: OECD, 2017

The group with “above basic” digital skills shows 
some variation by specific skill types. There are only 
minimum differences between men and women in 
information and communication skills. However, more 
men than women have higher skills in both problem-
solving and software skills, by 7 percentage points 

(Figure 2.5). This finding indicates that European 
women are generally less skilled than men in handling 
computer or mobile applications, managing data, 
using the internet for business and learning, or 
creating software and digital content. 

The OECD’s Survey of Adult Skills (PIAAC) also 
provides sex-disaggregated data on applied ICT skills 
(OECD, 2016b). Along with literacy and numeracy, it 
assesses the ability to solve problems in technology-
rich environments, which require integrated skill-sets 
of digital competency and cognitive abilities such 
as acquiring, evaluating, and organising information 
from ICTs. While the digital skills data from the EC 
and ITU are measured by self-reported surveys, the 
PIAAC uses a standardised test based on role-playing 
scenarios. “Acting” as a job seeker, the respondent 
is given multiple tasks such as: using a search engine 
to find a job agency, evaluating the information, 
registering, and bookmarking the page. 

The OECD’s sex-disaggregated data on problem-
solving skills shows moderate gender differences 
overall (Figures 2.6). In the lower level groups (Level 1 
and below), women predominate slightly, while in the 
higher score groups (Level 2 and 3) there are slightly 
more men. The country breakdown of the highest-level 
group shows a larger (but still moderate) gender gap 
among the countries with stronger economies, such as 
Japan (5.1 points), UK (3.7), Ireland (3.1), Netherlands 
(3.1), and Germany (2.7) (Figure 2.7). 
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Figure 2.7
Gender gap in Level 3 ICT-based problem-solving skills 
(OECD countries)

Source: OECD Survey of Adult Skills, 2016.

The data on the advanced economies of Europe and 
OECD countries suggest — in the absence of global 
data — that the gender gap becomes greater (in 
favour of men) in higher-level skills. In the following 
section, we examine the sex-disaggregated data 
on programming skills and data sciences, as two 
examples of high-level digital skills.

2.4 / ADVANCED SKILLS: 
PROGRAMMING 

ITU’s World ICT Development Indicator database 
includes one advanced digital skill — “write a 
computer program using a specialised programming 
language”. The data covers 49 countries; it is based 
on self-reported surveys and is sex-disaggregated. 
On average, only 3.5% of women in the reporting 
countries can write a computer program, as compared 
to 7.8% of men. At the country level, the share of 
females who used programming skills in the last 
year was higher than average in Brunei Darussalam 
(17%), Iceland (12%), Bahrain (11%), Denmark (9%), 
and Greece (6%), but lower than the average in most 

reporting countries. Figure 2.8 presents the difference 
in programming skills between men and women by 
country. Interestingly, the percentage gap is wider 
among advanced economies in Scandinavia and 
Western Europe, such as Luxembourg (12.7), Iceland 
(11.9), Norway (10.9), Sweden (10.6), Denmark (10.4), 
and Belgium (10.2); it is much smaller in less advanced 
or developing countries such as Qatar (-1.0), Brunei 
Darussalam (0), Zimbabwe (0.3), Egypt (0,4), Iran 
(0.5), Romania (0.8), and Russia (0.9). Similar patterns 
will also be seen in the following section on STEM 
education, at the secondary and tertiary levels. 
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Figure 2.8
Gender gap in programming skills by country

Source: ITU WTID Database, 2017.

2.5 / PATHWAYS TO 
DEVELOP DIGITAL SKILLS: 
STEM EDUCATION 

The gender gap in digital skills is more pronounced 
in the high-level skills required to create ICT 
software, hardware, and content — and this critical 
skills gap is closely related to gender imbalance in 
employment and leadership in the ICT and tech 
industry. Higher education in STEM and ICT is often 
seen as a pathway to acquiring the high-level digital 
skills required for ICT, science, and technology 
professions. (See Chapter 12 for discussion of the 
role of educational institutions.) For instance, most 
senior software developer positions require a college 
or graduate degree in computing disciplines, while 
system engineers or robotics designers would 
need at least some STEM education at the tertiary 
level. This pathway is more than a standard college 
education; described as a “STEM pipeline”, it involves 
early education, secondary school specialisation, 
undergraduate major, and a master’s or Ph.D. degree.

2.5.1 / SECONDARY EDUCATION

Girls’ and women’s participation in education has 
made significant progress in the last two decades. 
According to UNESCO’s school enrolment data in 
2015, global average figures show gender parity in 
both primary and secondary education, although 
the gender gap persists in some regions, including 
sub-Saharan Africa and Western Asia. The number of 
countries reporting gender parity in both primary and 
secondary education has almost doubled, from 36 in 
2000 to 62 in 2015 (UNESCO, 2015). As illustrated in 
Figures 2.9 and 2.10, the available data shows that the 
learning gap between boys and girls is also closing 
in many countries (UNESCO, 2017). Still, considerable 
gender differences exist in students’ level of interest 
in STEM subjects and motivation for STEM careers. 
However, caution is needed when interpreting global 
data due to the limited data availability, particularly 
from developing countries, and due to the complex 
variation that may exist within a region or country. 
Also, there is a lack of globally comparable data 
relating to the drivers and barriers of achievement, 
beyond school enrolment and test scores.
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Figure 2.9
Percentage of grade 12 female students taking 
advanced math or physics courses

Source: TIMSS Advanced, 2015

2.5.1.1 / Participation and achievement 

Several studies suggest that early exposure to STEM 
subjects is critical in students’ decision to specialise 
in higher education and future careers (Kermani & 
Aldemir, 2015; Lee, et al., 2011). In most countries, 
math and sciences are part of the core national 
curriculum for all primary and secondary students, so 
educational exposure to STEM subjects is more or less 
similar for boys and girls at the primary and lower-
secondary level. The gender gap in STEM participation 
begins to be more noticeable in lower secondary 
education, when students start to make choices for 

subject specialisation (UNESCO, 2017; Spearman & 
Watt, 2013). A survey of young women in 12 European 
countries shows that girls become interested in STEM 
between the ages of 11 and 12 (Microsoft, 2017). With 
a lack of sex-disaggregated data on students’ selection 
of specialisation courses, it is hard to confirm whether 
gender gaps exist at that stage. Among the very few 
available data, the Trends in International Mathematics 
and Science Study (TIMSS) Advanced 2015 shows that 
more boys than girls take advanced math or physics in 
Grade 12 (Figure 2.8); note that the data is limited to 
only nine countries (IEA, 2016; UNESCO, 2017).
 

Internationally standardised test scores show only 
marginal differences between girls and boys in lower 
secondary education. According to the Programme 
for International Student Assessment (PISA) data 
published in 2015, at age 15 girls outperform boys 
by almost 27 points in reading, but they slightly 
underperform in math and science, by 8 and 4 points 
(Figure 2.10). Similar patterns are found in TIMSS 
scores and other regional education data, according 
to a study by UNESCO (2017). 
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Figure 2.10
Gender difference in student performances at grade 8 
(total scores)

Source: TIMSS Advanced, 2015

Figure 2.11
Number of countries with gender gaps in science and 
math scores in 2015)

Source:TIMMS, 2017. 

Figure 2.11 shows that close to or more than half 
of the countries studied in TIMSS 2015 showed no 
gender difference in math and science performance. 
For Grade 8 science, a substantially larger number of 
countries reported girls scoring higher than boys.
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Although the TIMSS 2015 data is based on less than 
50 countries and covers only a few least developed 
countries, the participating countries are relatively 
diverse and regionally proportionate. It can provide 
a useful outline of gender gaps in student STEM 
performance in different social, economic, and 
political contexts. Math score differences by gender 
and country (Figure 2.12) show regional contrasts. 
Several European countries (Italy, Croatia, Spain, 

Slovakia, Portugal, Netherlands, and Denmark) 
showed a conventional gender gap, with boys scoring 
higher in math than girls. In contrast, countries in 
Western Asia (Saudi Arabia, Oman, Jordan, Bahrain, 
and Kuwait) show girls performing better than in math 
boys. This pattern of country variation will be re-
visited in the following section on gender and STEM in 
higher education. 

Figure 2.12
Gender differences by countries in math scores at 
grade 4

Source: TIMSS, 2015

2.5.1.2 / Attitudes about STEM education

Beyond the gender gaps in school enrolment or test 
results, several studies suggest that considerable 
gender differences exist in relation to students’ 
attitudes and perceptions. Such attitudinal or 
psychological differences may include an internalised 
belief in their ability in STEM, their interest and 
motivation to study STEM subjects, and an aspiration 
to pursue a career in STEM. Given the lack of 
internationally comparable data measuring these 
psychological factors, we can only glimpse the picture 
by using psychometric indicators of the PISA data, 
coupled with a few small-scale surveys with limited 
geographic coverage.

Confidence. Significantly, girls tend to be less 
confident than boys about STEM subjects. Several 
studies have found that self-concept (a belief in one’s 
abilities) and self-efficacy (a belief that one can do a 
certain task) affect successful learning and advancement 
(Pajares & Miller, 1994; Bandura, et al., 2001; MacPhee, 
et al., 2013). Notably, girls tend to have less self-
confidence in math and sciences and feel more anxious 
than boys about their ability to solve problems in those 
subjects (OECD, 2015). Figure 2.13 shows that girls 
in OECD countries have much lower self-confidence 
in math and sciences than boys. Similarly, in a survey 
of 7,411 students in Vancouver, female students had 
lower self-perceived ability than males relating to STEM 
subjects including computer science, engineering and 
physics and gave lower estimates of their computer 
skills (Chan, et. al., 2001).
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Interest. Girls are reported to be less interested than 
boys in STEM subjects. Studies show that girls tend 
to lose interest in STEM earlier than boys do, often 
during their adolescence and before they choose a 
specialisation (UNESCO, 2017). A survey of 11,500 
girls in 12 European countries shows differences by 
age2. As shown in Figure 2.14, girls’ average interest 
in STEM peaked at 12 and continued to decrease until 
17 and 19, when they would usually make decisions on 
majors in higher education (Microsoft, 2017).

 

2 The 12 countries are Belgium, Czech Republic, Finland, France, 
Germany, Italy, Ireland, Netherlands, Poland, Russia, Slovakia, and the 
UK.

A study in the UK found that boys and girls were 
almost equally interested in STEM at the age of 10 and 
11 (75% of boys versus 73% of girls), but the gender 
gap became wider at the age of 18 (33% of boys 
versus 19% of girls) (Kearney, 2016).

Figure 2.13
Gender difference in math self-concept 

Source: OECD PISA, 2012.

Figure 2.14
Changing interest in STEM by age among young 
European females

Source: Microsoft, 2017.



63

Taking Stock: Data and Evidence on Gender Digital Equality PART ONE

Figure 2.15
Popular career choices among OECD students

Source: OECD, PISA 2006 database; OECD, 2015

Aspiration. Girls tend to have less aspiration for 
STEM career. Studies based on the PISA data found 
that, while girls tend to be more ambitious than boys, 
only 5% of girls in OECD countries expected a career 
in computing and engineering when they grew up, 
compared to 18% of boys who wanted to work in these 
fields (Sikora & Pokropek, 2011). The list of popular 
career choices shows a clear difference between boys 

and girls: ICT-related occupations do not appear 
at all in the girls’ list of dream careers, while boys 
highly rank engineers, computer programmers, and 
other ICT-related professions (Figure 2.15). There was 
no OECD country where more girls than boys were 
interested in entering computing and engineering 
careers.

Despite the efforts by many governments to include 
more girls and women in STEM education, this gender 
gap in student’s aspiration in STEM careers seems to 
have persisted over at least the past decade. Initially 
collected in 2006, the data has barely changed in the 
latest survey of OECD countries. According to PISA 
data from 2015, similar percentages of boys (25%) 
and girls (23.9%) are interested in pursuing some type 

of science-related career. Within the science field, 
however, girls are much more inclined to pursue health 
professions (doctors, nurses, and healthcare workers); 
only 0.4% of girls aspire to become ICT professionals, 
compared to 4.8% of boys (Figure 2.16).
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Figure 2.16
Expectation of science careers at age 15, by gender

Source: OECD, 2016

These data indicate that girls at the secondary level 
tend to have lower self-efficacy and lower interest in 
STEM subjects, as well as lower aspiration for STEM 
careers, compared to boys. While STEM education 
at the secondary level creates a critical foundation 
for further developing their high-level digital skills, 

it seems that girls gradually move away from STEM 
studies regardless of their competence and potential. 
Apparently, these gender differences in attitude and 
motivation in STEM can affect their decision to choose 
a college major.

2.5.2 / TECHNICAL AND VOCATIONAL 
EDUCATION AND TRAINING (TVET) 

Instead of following conventional academic curricula, 
some secondary-level students pursue vocational 
training to prepare early careers. While the history 
of vocational education is long, the term TVET 
(technical and vocational education and training) 
was internationally recognised only in 1999. TVET 
has received relatively little attention due to 
underinvestment from governments, poor institutional 
capacity, and low social status of TVET graduates 
(UNESCO, 2015b). While TVET education can also be 

offered in post-secondary, tertiary, and adult life-long 
education, the most common approach is secondary-
level training via public or private vocational schools. 
According to the UNESCO Institute of Statistics (UIS), 
globally around 10% of secondary-level students 
were enrolled in TVET schools in 2016, and the figure 
has remained almost steady since 2000. The share of 
female students in TVET education has hovered around 
45% over the last 15 years (Figure 2.17). Regional 
differences exist: based on available data, participation 
in TVET is higher in Oceania (33.2%) and Europe 
(23.6%) as compared to Asia (9.3%) or Africa (5.6%). 

Figure 2.17
Enrolment in TVET and secondary education (in 
1,000,000)

Source: UIS, 2017
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The OECD data breaks out the gender gap in 
secondary vocational education by specialisation 
(OECD, 2017b). In OECD countries, most upper 
secondary vocational graduates earn a diploma 
with a specialisation in either engineering (33%) 
or business, administration, and law (19%). When 
the sex-disaggregated data is examined, however, 
it shows a considerable gender gap especially in 

engineering, manufacturing, and construction, where 
women represent only 11% of the graduates (Figure 
2.18); with the exception of Brazil and Estonia, the 
OECD countries show fewer than 20% of female 
students graduating with a vocational diploma in that 
specialisation. By contrast, in the health and welfare 
specialisation, 80% of the graduates are women.

Because ICT/computing has not been classified as 
a separate specialisation, we cannot say how many 
women specialise in ICT or high-level digital skills in 
their secondary vocational education. One notable 
case is Mirim Meister Women’s High School in South 
Korea, offering training in digital creation skills such as 
programming, app development, User Interface (UI) 
design, and online content production skills, with 99% 
of graduates starting their careers in the ICT sector.

2.5.3 /  HIGHER EDUCATION IN STEM

Looking at the data for the past 15 years, three 
major trends are identified. First, despite significant 
progress in women’s participation in higher education, 
the percentage of women majoring in STEM studies 
has been remained low across the regions. Second, 
considerable gender-segregation exists even within 
STEM fields, as more women choose to study 
natural sciences rather than computer sciences and 
engineering. Third, notable country-level or regional 

differences exist: the gender gap in STEM tends to 
be larger in countries with higher levels of gender 
equality — a counter-intuitive trend referred to as the 
“gender & STEM paradox” (Stoet & Geary, 2018).

2.5.3.1 / More women in higher 
education — but few in STEM 

According to the UIS data, the global enrolment 
of female students in higher education has almost 
doubled since 2000, and there are now more women 
than men pursuing either bachelor’s degree (53%) 
or master’s degree (54%). The growing female 
participation in tertiary education has become a 
common trend across all regions. Europe showed the 
highest share of female in higher education (53.8%) 
and Asia the lowest (49.8%), as of 2016. Nevertheless, 
as shown in Figure 2.19, the share of women in STEM 
majors has remained low, averaging less than 35% of 
total graduates in STEM in the past decade.

Figure 2.18
Share of females from upper secondary vocational 
programs in OECD countries, 
by field of education 

Source: OECD, 2017.
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Furthermore, regardless of majors, the percentage 
of women proceeding to pursue a doctoral degree 
(45%) is still lower than for men (55%). In low-income 
countries, women constituted only 27% of Ph.D. 
students in 2015, and this has marginally decreased 
over the past 15 years, according to the UIS data. 
As discussed in Chapter 3, this leak in the pipeline 
contributes to the low participation of women in 
research, accounting for only 29% of the world’s 
researchers (UNESCO, 2017).

2.5.3.2 / More women in higher 
education — but few in STEM

As shown in Figure 2.20, women represent the 
majority of students enrolled in education (70%), 
humanities and arts (62%), and social sciences (61%). 
In contrast, the share of women in STEM majors 
is significantly lower, at 36%. Among the STEM 
fields, the distribution of women’s majors is heavily 
skewed towards natural or life sciences (54.8%) and 
much lower in either computer sciences (28.9%) or 
engineering (27.1%).

Figure 2.19
Female participation in higher education and STEM 
(2001–2017

Source: UNESCO Institute of Statistics, 2017

Figure 2.20
Percentage of female students among higher education 
students by field of study (2016)

Source: UIS, 2016.
Note: STEM data denote the number of graduates, not total enrolment. 
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The underrepresentation of women in computing 
and engineering seems to be prevalent across the 
regions. In engineering and manufacturing, women 
are less than two-fifths of the total graduates in 103 
out of 105 countries. At the national level, women 
represented only 18% of the graduates in computing 
in U.S. (National Center for Education Statistics, 
2016); they were 26% of the graduates in math and 
computer or information sciences in Canada (Statistics 
Canada, 2017) and EU countries (Eurostat, 2016); 
17% of the graduates in information technology and 
15.6% of engineering majors in Australia (Australian 
Department of Education and Training, 2017); and just 
14% of the engineering graduates in Japan (Ministry of 
Education of Japan, 2016). 

Similarly, fewer women than men graduate with 
computing and other ICT-related majors, in most 
countries. In Europe, 5.7 times more men than women 
graduated from ICT studies in 2015; only 1.2% of 
female graduates chose to major in ICT (European 
Commission, 2018b). The percentage of women 
majoring ICT is also low in OECD countries (19.8%), 
as well as in U.S. (18%), Canada (26%), and Australia 
(17%). The global trend has been downward over the 
past 15 years: the percentage of women enrolled in 
ICT majors dropped from 29.7% in 2000 to 20.2% in 
2013, but began recovering in the past three years 
(UIS, 2017). 

Inequality in education can be exacerbated by the 
intersectionality of factors such as ethnicity, income, 
and urban-rural location. However, such data are 
unavailable except for the U.S., where only small 
percentages of women of colour earned bachelor’s 
degrees in any STEM field: black women at 2.9%, 
Latinas at 3.6%, and Asian women at 4.8% (National 
Centre for Education Statistics, 2016; Aspray, 2016).

Considerable regional and national variation exists 
in categorising the field of education. For instance, 
UIS uses 11 categories, including ICT as a separate 
field, while OECD has more than 20 sub-categories 
but does not list ICT as a separate field of study. 
Eurostat also has 11 categories, with computing as 
a distinct field. Individual countries also may have 
their own categorisations; many classify ICTs as part 
of information sciences, information technology, 
communications, or other science disciplines.

2.5.3.3 / The gender and STEM paradox: 
More gender equality, fewer women in 
STEM

Gender-segregation in fields of study varies between 
developed and developing countries. In fact, the 
gender gap is often larger in more economically 
developed countries (Charles & Bradley, 2009). 
Exceptions are noted in Malaysia, Pakistan, and 
India, where more women than men participate 
in STEM education (Mellström, 2009; Shabib-ul-
Hasan & Mustafa, 2014; Gupta, 2012). More recently, 
researchers have argued that countries that rank 
higher on the Global Gender Gap Index (GGI, 
measured by the World Economic Forum) — that is, 
those making greater progress toward gender equality 
— tend to have fewer women graduated with STEM 
degrees (e.g., Stoet & Geary, 2018). This phenomenon 
has been referred to as the gender paradox in STEM 
education. 
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How should we understand this paradox? Researchers 
interpret that, in countries with higher gender 
inequality, high-paying and more stable STEM 
occupations can be attractive options for women, who 
experience fewer economic opportunities as well as 
higher gender barriers. For instance, studies found 
that computer-related jobs are perceived as women-
friendly and better careers for women than men in 
Malaysia and India (Lagesen, 2008; Varma, 2010).
But this does not explain the persisting small share 
of women studying STEM and ICT majors in more 
developed countries. Even in the wealthier countries 
of OECD, the economic benefits of a STEM career 
are clear: graduates in engineering tend to earn, on 
average, 10% or more than other college graduates, 
while those in education and teacher training earn 
15% less (OECD, 2016c). 

The gender imbalance in fields of study is closely 
related to an individual’s future career and economic 
well-being as well as socio-political participation. 
Women’s individual choices may be influenced by 
socio-cultural factors such as parents, peer-pressure, 
gender-stereotyping of STEM careers, and lack of role 
models and mentoring. As discussed in Chapter 5, 
many of these factors function as gendered barriers 
that discourage women from pursuing studies and 
careers in the STEM field and developing higher-level 
ICT skills to design and create technology.

2.5.4 / ALTERNATIVE PATHWAYS FOR 
HIGH-LEVEL DIGITAL SKILLS

As a metaphor to describe the educational 
requirements to incubate STEM and ICT professionals, 
many educators prefer the term “pathway” to 
“pipeline” (Aspray, 2016) — emphasising that there 
can be multiple pathways to train the necessary digital 
skills rather than a single pipeline. Indeed, there are 
many different occupations in the tech industry, with 
a wide spectrum of qualification and skills that can 
be obtained via various educational and training 
pathways. 

With the increasing relevance of digital skills in 
today’s world, we see more innovative approaches 
to provide STEM education, certainly in relation to 
computing skills. Traditionally, higher education in 
computer sciences or related STEM majors has been 
the conventional pathway to develop students’ skills 
for careers in tech industries. Responding to the 
soaring demands for a skilled ICT workforce, however, 
new approaches advocate that computing education 
should be provided for all, including children and 
youth, rather than only in university classrooms. 
Further, experts argue it is necessary to equip all 
citizens with computational thinking and necessary 
computing skills, as coding skills become a new 
literacy of the 21st century (Rushkoff, 2011; European 
Schoolnet, 2015, 2017)

Innovative initiatives include: introductory computing 
education for national curricula; informal or private 
coding schools; bootcamps; MOOCs; hacker and 
makerspaces. These alternative pathways present 
new possibilities to bring ICT skills training to more 
girls and young women, though as yet there is no 
evidence-based research to assess their impact. 
(Chapter 14 also discusses the promise and pitfalls of 
skills development through on-the-job training at call 
centres.) 

2.5.4.1 / Introductory 
computing education

A growing consensus holds that computing 
education should be an essential part of national 
education. Advocates suggest that, just as schools 
teach children how electricity works or how body’s 
digestive system works, today’s children need to 
learn how computers, networks, and programming 
work, and what they mean to our society. Beyond 
this basic knowledge, “computational thinking” (CT) 
is also a critical competence to develop cognitive 
abilities (decomposition, recognition, abstraction, 
and algorithm) as well as integrated skills in problem-
solving, collaboration, and creativity (Wing, 2006). 

Many governments have implemented or plan to 
integrate computing education in their national 
curriculum; approaches vary from a mandatory 
national curriculum on computational thinking 
to optional basic coding courses. According to a 
study by European Schoolnet (2017), at least 20 
European countries have integrated or are planning 
to adopt computing education in their curricula 
(Figure 2.23)3. Note that their policy documents use 
a variety of terms interchangeably, including coding, 
programming, computational thinking, problem-
solving, and algorithmic thinking. The UK government 
replaced the existing ICT syllabus with computing 
education for students aged 5–16. 

A survey by Google and Gallup (2016) reports that 
about 40% of U.S. school principals say their school 
offers computer classes in programming or coding; 
the non-profit College Board introduced a computer 
science exam to their roster of Advanced Placement 
tests. South Korea announced plans to teach 
programming and computational thinking through 
primary, secondary, and high schools beginning in 
2018, while China has introductory computing courses 
at the high school level, with optional subjects such 
as algorithms, multimedia applications, network 
applications, data management, and artificial 

intelligence. 

3These 20 countries include Austria, Belgium, Czech Republic, Switzer-
land, Germany, Estonia, Spain, Finland, France, Hungary, Croatia, Italy, 
Ireland, Lithuania, Malta, Poland, Portugal, Slovakia, UK England, and 
UK Scotland.
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Figure 2.21
Status of computing education in Europe (2016)

Source: UIS, 2017.

However, these movements are mostly very new, 
and there seems to be a lack of policy discussions 
or research on gender participation in introductory 
computing education. The gender barriers within 
current STEM education (Chapter 5) may persist 
despite the new initiatives. In the UK, an evaluation 
study of computing education shows that only 9% 
of girls-only schools offer computing at A-level, 
compared to 44% of boys-only schools and 25% of 
mixed-sex schools (Kemp, et al. 2016). Still needed are 
gender-sensitive computing curricula and institutional 
environments. 

2.5.4.2 / Coding training

A growing number of initiatives aim to provide 
practical coding skills for youth and adults. Although 
they cannot offer the same depth of education as a 
conventional college education, such initiatives can 
be a cost-effective and efficient means of learning 
programming skills. A Stack Overflow survey of 
64,000 global programmers shows that 76.5% of 
the respondents have a bachelor’s degree or higher, 
and about the half (54%) of those with college 
education have studied computer science or software 
engineering. However, 32% of the respondents said 
that formal education was not very important or not 
important at all to their career success. Along with the 
formal education, many also have taken alternative 
pathways, such as online courses (45%), on-the-job 
training (41%), and Hackathon (24%) (Figure 2.24). 
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Figure 2.22
Importance of formal/alternative education for coding 
career

Source: Author’s elaboration, using Stack OverFlow Survey data, 2017.

Coding bootcamp is an intensive training 
programme offering practical programming and 
career development skills. The coding bootcamp 
learning experience is project-based, using lectures, 
collaborative work, and online exercises. There are 
four models, ranging from early education to ready-
to-work (Table 2.5). Bootcamp students are, on 

average, 29 years old, hold a university degree (71%), 
and are male (over 60%) (ITU, 2016). As women make 
up nearly 40 per cent of bootcamp participants, this 
option could contribute to narrowing not only the 
skills gap but also the employment gender gap in the 
technology industry.
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Table 2.5 
Four models of coding bootcamp

Source: Author’s elaboration, using Stack OverFlow Survey data, 2017.

Globally, a growing number of initiatives in coding 
education focus on girls and women. Several 
international organisations and national governments 
promote women’s advanced digital skills and support 
grassroots efforts to provide coding education for 
girls and women, as in Case Study 2.1. The EQUALS 
Global Partnership conducted research in 2016 
to identify initiatives to bridge the gender digital 
divide. The research found 857 gender tech projects 
(as of May 2018), including 143 projects from 70 

organisations in 56 countries that provide coding 
education for girls and women. Another 319 projects 
provide training on digital skills, while others focus 
on awareness (132), capacity building in computing 
(116), networking among women developers (106), and 
mentoring current and future female developers (81) 
(Figure 2.25).

Figure 2.23
Digital Skills Initiatives for women, by 
project types and regions
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Case Study 2.1
#eSkills4Girls – A global initiative to 
promote digital skills for women and girls
Author: Birgit Frank (BMZ) and Vanessa Dreier (GIZ)

In conjunction with Germany’s G20 presidency 2017, 
the German Federal Ministry for Economic Cooperation 
and Development (BMZ) launched the initiative 
#eSkills4Girls to overcome the gender digital divide 
and promote education, skills, and employment for 
girls and women in a digital world, particularly in 
emerging and developing countries. The initiative 
found strong support among G20 member states as 
well as the private sector, civil society, and the general 
public. GIZ, as a federal enterprise, implements 
numerous activities under the initiative, to support the 
German Federal Government in achieving its goals 
in international cooperation, including collaboration 
between governments, private sector, academia and 
civil society organisations.

Project activities include: 

Promoting role models of women and girls in tech. 
Female role models with successful tech careers are 
acknowledged with a study and a video, providing 
an inspiration for young women and girls to discover 
STEM subjects and professions. 

Creating networks to foster learning among 
grassroots programs. 
In May 2017, BMZ brought together over 30 female 
tech leaders from all over Africa, at the #eSkills4Girls 
Africa Meetup, resulting in the #eSkills4Girls network to 
continue the dialogue.

Strategic partnerships with the private sector to 
promote local innovations. 
Since 2015, BMZ is supporting Africa Code Week, 
initiated by the German software company SAP. 
This continent-wide digital literacy initiative involves 
hundreds of schools and teachers, along with 
governments, businesses, and non-profits. In 2018, 
coding workshops in 16 African countries shared a 
curriculum designed for girls and young women.

An online platform to allow knowledge exchange. 
The #eSkills4Girls online platform showcases 32 
flagship projects on digital skills, shares stories about 
female role models, and bundles information about 
studies, data, and events by G20 partners.

Implementation of #eSkills4Girls projects. 
BMZ has expanded its portfolio with new projects and 
a special focus on #eSkills4Girls in Ghana, Rwanda, 
Cameroon, Mozambique and South Africa. In 2019, 
projects will focus on digital skills trainings for women 
and girls, the integration of digital technologies in 
vocational trainings and non-formal education settings, 
and raising awareness for tech careers.

The EQUALS partnership – Advancing gender 
equality in the digital age. 
BMZ together with UNESCO spearheds the Skills 
Coalition of EQUALS, working on improving the data 
base on women’s digital skills, developing principles for 
gender-inclusive digital trainings, and creating a digital 
skills fund for grassroots women leaders and activists to 
scale-up their digital skills projects.
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2.5.4.3 / MOOCs and online learning

Massive Open Online Courses (MOOCs) are a form of 
e-learning, characterised by large enrolments and free 
or low-cost access. Unlike traditional e-learning cour-
ses offered by universities and businesses, students 
can select the courses that interest them and comple-
te them at their own pace, driven by their interests, 
passions, and, in many cases, the desire to develop 
job skills or professional certifications (Glass et al., 
2013; Ho et al., 2015). As early MOOC courses on 
Machine Learning and Artificial Intelligence drew over 
150,000 students to a single course, the emergence 
of MOOCs in 2012 was heralded for their potential 
to “usher in an era of global access” for learners who 
were underserved by traditional educational pathways 
(EDUCAUSE, 2013; Brown & Adler, 2008).

However, in recent years, research has shown that, 
despite the potential for MOOCs to democratise ac-
cess to education to anyone with an internet connec-
tion, there remain wide disparities in the types of lear-
ners who access and complete MOOCs. Early analyses 
suggested that the typical MOOC learner was a white, 
college-educated male, suggesting a potential rich-
get-richer effect — that primarily learners with access 
to higher education were accessing online learning 
resources in the form of MOOCs (Ho et al., 2014). Due 
to the flexibility that MOOCs offer for learning across 
time, place, and context, much has been made of their 
promise in providing alternative pathways to educa-
tion in low-resource areas, particularly for ICT domains 
lacking in local experts. Again, however, research has 
consistently found that learners from less developed 
parts of the world were less likely to enrol in and com-
plete MOOCs (Ho et al., 2014; Kizelcec et al., 2015). 
Obstacles to greater MOOC uptake include access to 
a reliable internet connection and the digital literacy 
needed to access MOOCs (Christensen et al., 2013; 
Garrido et al., 2016), as well as differences in language 
and pedagogical style. Some research suggests that 
facilitating in-person groups of MOOC learners at 
telecentres might mitigate those challenges (Cutrell et 
al., 2015; Madaio et al., 2016; Liyanagunawardena et 
al., 2013).

If MOOCs represent a possible alternative pathway for 
women’s computer science and STEM education, are 
there gaps in how women around the world participa-
te in and complete MOOCs? Across multiple studies, 
male MOOC learners outnumber female learners by 
nearly 2 to 1, in contrast to traditional distance courses 
and online universities, where female learners outnum-
ber males by a similar ratio (Christensen et al., 2013; 
Dillahunt et al., 2014; Ho et al., 2014; Kizilcec et al., 
2013; Breslow et al., 2013). However, the gender gap 
in MOOC participation may reflect gender gaps in wo-
men’s participation in STEM courses more broadly, as 
discussed earlier in this chapter. In a two-year retros-
pective of all MOOCs offered by Harvard and MIT on 
the MOOC platform edX, Ho et al. (2014) found that 
men outnumber women by five-to-one in CS courses 
and three-to-one in STEM courses, while women re-

presented 40% of learners in the humanities and social 
science courses offered on edX (Ho et al., 2014). Once 
enrolled in MOOCs, however, multiple studies indicate 
that, across domains, female students complete cour-
ses at the same rate as male students (Ho et al. 2014; 
Breslow et al., 2013; Cisel, 2014). Two studies suggest 
that women in developing countries were more likely 
than men to complete a MOOC course (Jiang et al., 
2016; Garrido et al., 2016). 

With the high enrolment rates in MOOCs, there are 
equally high non-completion rates, with many learners 
signing up for free courses and never completing them 
(Ho et al., 2015). However, researchers have argued 
that these course completion rates may be misleading 
indicators of the potential impact of MOOCs. Some 
(Breslow et al., 2013) suggest that learners may stop 
participating at points that are appropriate for them 
individually; while others (Madaio et al., 2016) find that 
MOOC learners in developing countries may have 
different patterns of access than the course designers 
expected (such as downloading MOOC videos to be 
accessed in an offline repository), thus altering the 
definition of what completion looks like.

While much work has been done to develop empirical 
studies to understand who participates in MOOCs 
and how they learn, there remain gaps in obtaining 
comprehensive data that is broadly representative 
across regions and domain areas, as well as gaps in 
the research for understanding the factors that might 
influence learners’ participation and success in lear-
ning with MOOCs. Moving forward, there is a need 
to collect more data to investigate MOOCs’ poten-
tial to provide an alternative pathway for digital skill 
acquisition among women, particularly in developing 
countries contexts with limited access to high-quality 
formal ICT education.

2.5.4.4 /  Hackerspaces and makerspaces

Hackerspaces are work spaces for people with similar 
interests (often in computers, machining, technology, 
and digital art), allowing them to collaborate and share 
knowledge to innovate. Hackerspaces are not rigidly 
defined in order to allow inclusivity, thus resulting 
in a variety of different hackerspaces and formats. 
Hackerspaces are alternatively referred as Hack Labs, 
Makerspaces, Fab Labs, Men’s Sheds, DIY makers, 
and Repair Cafes. Currently 1,407 hackerspaces are 
reported to be in operation, while 2,269 hackerspaces 
are reported globally4. 

Research in 2011 showed that out of a total of 250 sur-
vey respondents, only 10% were women. Fully 85% of 
respondents were based in North America and Europe 
(Moilanen, 2012). Within the hackerspace, men gene-
rally engaged in software and hardware hacking, while 
women were most interested in software develop-
ment. Some of the barriers to women’s participation in 
hackspaces were lack of interest in STEM, finding the 

4 https://wiki.hackerspaces.org/List_of_Hacker_Spaces
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hackerspaces male-dominated and thus intimidating 
or unpleasant, lack of clear outcome goals, and limited 
access to opportunities (Lewis, 2015). While men tend 
to dominate hacker culture, there are hackerspaces 
founded by women. Feminist Hackerspaces offer an 
environment where women are comfortable to learn, 
teach, work, and collaborate. These hackerspaces re-
cognise the struggle of other minorities and are often 
trans- and queer-inclusive spaces. 

As women increasingly participate in hackerspaces, a 
backlash has emerged; female hackers are groped, ha-
rassed, and discriminated against, especially at hacker 
conferences and hackerspaces. Beyond verbal abuse 
and misogynist behaviour, some feminist hackers 
have also received rape and death threats (Toupin, 
2014). Hackerspaces and makerspaces might still be a 
versatile, informal means of improving gender balance 
in STEM as well as coding and digital skills, as part of 
a multipronged strategy for creating informal structu-
res to integrate girls into coding and STEM. Empirical 
studies are needed to explore not only the potential of 
hackerspace, but also possible adverse consequences 
for women and potential solutions. Existing studies 
tend to be qualitative in nature, and focus on hackers-
paces in the western hemisphere. More research may 
point to ways for more women to safely benefit from 
hackerspaces. 

2.6 / CONCLUSION

This chapter examined the status of gender gaps 
in basic, intermediate and advanced digital skills 
by reviewing the available sex-disaggregated 
data on high-level digital skills, as well as women’s 
participation in conventional and alternative STEM 
education. The industry demand for high-level ICT 
skills continues to increase, and many future jobs are 
expected in computing and engineering. However, 
from gender comparisons of the currently available 
data, women are far less equipped with programming 
and advanced digital skills. In developed countries, 
more men than women tend to have advanced skills to 
apply ICT skills for problem-solving or high-level tasks; 
globally, twice as many males as females can write a 
computer programme (8% vs. 4%). 

To resolve these gender gaps, it is critical for more 
women to enter STEM education that provides a 
pathway to develop knowledge and skills to create 
and manage technologies, and to prepare for 
participating in the ICT industry. Nevertheless, the 
participation of girls and young women remains low, in 
STEM education and learning high-level digital skills. 
The analysis found only marginal gender differences 
in students’ STEM performance but considerable 
gender gaps in motivation to study STEM, self-efficacy 
to do well in STEM studies, and aspiration to have a 
career in STEM. The percentage of women studying 
STEM subjects has remained low, hovering around 

35% over the past 15 years. Moreover, most women 
in STEM chose to study natural sciences (56%) rather 
than applied sciences such as computer science 
(29%) or engineering (27%). Ironically, the share of 
women in STEM studies, including ICT majors, is 
lower in countries with higher gender equality: smaller 
percentages of women study ICTs in many European 
or North American countries than in Middle Eastern 
and Asian countries. 

Alternative pathways are emerging to cultivate digital 
skills with more innovative pedagogic approaches: 
introductory computing is increasingly included in 
national educational curricula, and coding bootcamp, 
MOOCs, and makerspaces offer alternative digital 
skills training particularly in the area of coding skills. 
While these new movements seem promising, there is 
still a lack of data and evidence-based research on the 
effectiveness of these alternative pathways for closing 
the gender gap. 
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