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Women and STEM in Europe and Central Asia*

Introduction

In the last decades, developed economies have witnessed significant declines in wages for low-skill workers,
increases in employment in high-skill occupations, rapid diffusion of new technology, and expanding
offshoring opportunities (Acemoglu & Autor, 2011). Labor markets in developed countries have reallocated
labor from manual to cognitive jobs and from routine to non-routine work (Hardy, Keister & Lewandowski,
2015; Goérka et al. 2017). Overall, workers are now required to do more complex tasks than before. In a
changing labor market, education systems should impart the right skills, ideally both foundational ones and
additional skills that will be amenable to adaptation and re-training to match with job opportunities. This is
even more important in the ECA region given the context of the increasing share of older people who will
depend on today’s generation of children when they join the working age population.

Women’s access to and progress in what is generally referred to as ‘STEM fields’ of science, technology,
engineering, and mathematics are topics that have been growing in significance in recent years (UNESCO,
2017; OECD, 2018). This is because (i) educational attainment and labor market outcomes have traditionally
been unfavorable for women, but as women make strides in education, those gains are yet to be fully
reflected in the labor market, representing an important missed opportunity (Hill, et al., 2011, Plantenga
and Doneva, 2015); (ii) STEM occupations have been on the rise as people who are employed in fields
related to technology and innovation play key roles in the growth, stability and global relevance of their
economies in the world (Fayer, 2017; Hanson and Slaughter, 2016; OECD, 2018; World Economic Forum,
2018). In addition, people in STEM fields are well paid with better job security ad many STEM occupations
have been predicted to grow faster than the average rate for other occupations (Lacey & Wright, 2009;
National Science Board, 2010).

Technological change that replaces routine work is estimated to have created more than 23 million jobs
across Europe from 1999 to 2016 - almost half of the total increase in employment (World Bank, 2019).
Evidence from Europe suggests technology is replacing workers in some jobs, but it also raises the demand
for labor and leads to the creation of jobs in the technology sector (Gregory et al.,, 2016). Digital
technologies also promote inclusion by boosting employment and earnings for women and men in the ICT
sector or ICT occupations. ICT jobs pay well and can generate additional jobs through consumption and
production spillovers. The median hourly earnings in the ICT sector and in ICT occupations are 1.5 times
higher than in urban non-ICT sectors or non-ICT occupations in developing countries (World Bank, 2016).
The higher pay reflects a workforce that is better educated than average and also reflects the relative
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scarcity of ICT workers in some countries, driving up the skill premium. These high-paying jobs create more
demand and new jobs outside ICT as well. In the United States and Turkey, one job in the high-tech industry
generates an average of 3 to 5 additional jobs elsewhere in the local economy. All this being said, the gender
gap is still large, with men 2.7 times more likely than women to work in the sector and 7.6 times more likely
to be in ICT occupations (World Bank, 2016).

STEM professions have also been dubbed as the jobs of the future since innovation is mostly derived from
advances in STEM-related disciplines. Employees of STEM occupations help drive innovation and
competitiveness by generating new ideas and building new companies with these new ideas (Schlenker,
2015). Recent empirical research has documented that inventors are more likely to be educated in STEM
fields compared to the average individual (Jung and Ejermo, 2014; Aghion et al., 2016; Bell et al., 2016;
Akcigit, Grigsby and Nicholas, 2017). One specific example is in the United States where STEM workers are
more likely to apply for, receive, and commercialize patents than non-STEM workers (Thomasian, 2011).

STEM jobs are leading occupations for innovation and growth; therefore, they are in high demand but with
low supply. According to a recent note from CEDEFOP, across the European Union, the top skill shortage
occupations are ICT professionals, medical doctors, and STEM professionals (CEDEFOP, 2016). The report
indicates that demand for ICT professionals is on the rise because almost every economic sector needs
their skills, which are becoming more ubiquitous in the modern economy. Despite this, the supply of ICT
and STEM graduates from upper-secondary and higher education is insufficient to meet this demand. In
Europe (including Serbia and Turkey), the share of STEM tertiary students has increased from about 23%
to 31% between 2013 and 2017, and the share of female students among those enrolled in STEM moved
from 31% to 35% in the same period (source: Eurostat), an increase from the 22% observed in terms of
STEM enrolment in 2006-2012. Demographic patterns will lead to STEM shortages if these trends persist:
while high numbers of current STEM workers are approaching retirement, there will be relatively fewer
young people to move through the education system towards labor markets with STEM skills (Dobson,
2013). The level of demand is such that some countries such as Bulgaria and Poland suffer from a STEM
‘brain drain” as professionals emigrate for better jobs in countries like Germany and the UK (Shapiro et al.,
2015).

STEM-derived skills such as analytical thinking, problem-solving, ability to draw conclusions from research,
and data-driven decision making can also be used to succeed in a variety of jobs, and are thus flexible in
their use in a variety of settings, including management occupations (Deming and Noray, 2018). Increased
technology use in the workplace means that more and more workers will end up needing the critical
thinking and technical skills that come with STEM training. If the relevance and importance of STEM
professions or skills continue to garner attention as an impetus for innovation and growth, an increasing
number of jobs will require technical and specialized STEM knowledge. Many countries are looking to invest
in creating a STEM proficient workforce to be competitive (Hill, et al., 2011; Rothwell, 2013). Here, it is
crucial to make sure that relevant policies are in place to encourage interested women and men to pursue
STEM degrees and make sure there are no barriers to entry for these degrees and professions later on. This
could start from early years of schooling and continue with a transition from school to work as well as
having opportunities in work life such as equal pay and promotions.



Gender segregation in occupations and education streams is inefficient, whether it is men and women are
equal with respect to characteristics such as ability, in which case specialization gains derived from it will
depend only on the extent of the market and the trade-off between short term gains and long-term losses
(for example, if large gaps in income are derived from such specialization); and if we assume women and
men have an equal distribution of talent, and what drives specialization are preferences, but such
preferences are made in a social and normative environment that is not free of constraints (Plantenga and
Doneva, 2015). Gender segregation thus implies a misallocation of talent across occupations with effects
on productivity and welfare (Adda, et al., 2017). Based on a recent study, if women held digital jobs as
frequently as men did, gains for European GDP each year would amount to 9 billion EUR (European
Commission, 2013). In times of aging societies and shrinking labor forces, and in the context of economies
that are increasingly knowledge-driven, the quantity and quality of workers in the key industries
encompassed within the STEM category become especially critical for future growth and welfare
(Schlenker, 2015). In the EU context, the capitalization of the potential and talent of women are needed to
achieve the employment target set in the Europe 2020 strategy (Paniscu and Mladen, 2015). The lack of
gender diversity within particular science disciplines is bound to hamper creativity, competitiveness, and
the quality of output (Sikora and Pokropek, 2012).

But before jumping on the STEM promotion bandwagon, we need to further examine where gender
differences come from, whether they are indeed negative for women, and to identify what exactly we are
referring to when talking about STEM and women. While, on the surface, there seems to be a consensus
of the areas covered in STEM; in practice, the definition of the areas of study, occupations, or economic
sectors included varies. Such variation is important when it comes to understanding gender differences and
the value of studying or working in STEM.

Irrespective of the definition - which we will discuss in the next paragraphs- as an approach in education,
STEM adds value, regardless of further career choices. Teaching science and mathematics from
kindergarten through higher education is one of the leading interdisciplinary education paradigms of today
and plays a key role in transforming knowledge into innovative and valuable products (UNESCO, 2017).
STEM education has the potential to contribute to economic development by helping raise creative and
productive individuals equipped with the relevant new technology skills and promote innovative mindsets
(National Research Council, 2011).

When it comes to tertiary education, STEM streams of study are closely linked to future job opportunities.
An important question related to what happens with STEM in primary and secondary education is, why
female students are not choosing a STEM career. To date, most research on this subject has focused on the
reasons behind women being “left out” of STEM fields (Hill, et al., 2011), but and less have looked at why
women choose not to enter STEM careers (Stoet and Geary, 2018). Although overall, the number of women
in STEM fields has gone up globally in recent years, systematic gender differences remain, which are then
reflected in the labor market, where we see fewer women working in STEM occupations, and even in STEM
sectors (Hill et al., 2011; OECD, 2018). A recent OECD study found that in the developed world, women
account for just 25 percent of graduates in information and communications technology, and 24 percent
in engineering (OECD, 2018). Most of the 3.9 billion people in the world who are offline are women; in



Africa, only 12 percent of women are online and in the developing world, women’s access to the internet
is 25 percent below that of men (UNESCO, 2017).

If women are less likely to show interest in STEM, to aspire, and to engage in STEM degrees; and even when
engaging in the sector, they are less likely to be found working in STEM occupations or in a STEM-focused
company, then it is not surprising that men continue to dominate STEM. And with that, it also comes that
men are also more prominent at the upper levels of STEM professions and pay scales (Hill et al., 2011), as
well as those more likely to get a job into these occupations and sectors.

Beyond the acronym: What do we mean by ‘STEM’?

In simple terms, STEM is an abbreviation for science, technology, engineering, and mathematics; but what
exactly is included in such definition? From a review of many definitions (Brown, 2012; Koonce et al., 2012;
Siekmann and Korbel, 2016), when referring to STEM, different people and institutions might be referring
to different things. It is unclear whether it refers only to fields of study, and what the main differentiating
element is among such fields of study (e.g. whether life sciences are part of STEM or not). When it relates
to economic activity, what constitutes a STEM occupation or job is complex as a STEM job could be less
about mirroring the STEM field of study, and more about the use of STEM knowledge in the main tasks of
any job. In this scenario, STEM can refer to many different things. There has been considerable debate on
what occupations to include in the STEM field as well as what types of jobs within STEM fields count
(Deming and Noray, 2018; GAO, 2014; Grinis, 2017; Siekman and Korbel, 2016). Mostly, the discussion is
centered around a few occupational groups such as educators (i.e. science and math teachers), healthcare
professionals (nurses and doctors), and social scientists (psychologists and economists) as to whether or
not they belong in the STEM category (Deming and Noray, 2018; GAO, 2014).? An additional question that
comes to mind would be the inclusion of administrative workers that work in STEM fields such as IT and
scientific research (Smith and White, 2018).

Such discussions are not gender neutral. If we look at the share of women and men in education or health,
we will find that a large share of teachers, regardless of subject, are women. According to the OECD, around
97% of pre-primary schoolteachers, 82% of primary school teachers, and 63% of secondary school teachers
are women (OECD, 2017). Similarly, women dominate the nursing profession. According to WHO Europe,
in almost all countries in Europe, over 90% of nurses and midwives are female (WHO, 2017). These job
trends also imply corresponding gender differences in education such as having more women in education
and nursing programs of tertiary education institutions. However, it is not the aim of this report to solve
what should or should not be included in the definition of STEM. For this report, when we talk about STEM
we will refer to professional and technical occupations and study streams in the areas of life and physical

2 For example, in the US the National Science Foundation includes in STEM fields psychology, economics, sociology
and political science



sciences,® computer science, mathematics and engineering, a ‘narrow’ operational STEM definition that
can be used across different countries,* in line with some existing conventions.”

A framework to look at gender and STEM

The interest in gender segregation in STEM, as in other sectors, arises mainly from the role segregation
plays in gender inequality in the labor markets. Gender differences in productivity and earnings are
systematic and persistent as women exhibit lower average productivity and earn lower wages than men
across the board. These differences have been documented in both developed and developing countries,
and although they have declined over time (primarily as a result of the reduction in the education gap),
they remain significant (Blau and Kahn, 2016). Another form of segregation is self-selection into specific
occupations. This is the notion that because of care and other responsibilities, women are more likely than
men to choose an occupation that offers more flexibility and that do not require large or continual
investments in skills. These tend to be occupations where the returns to skills and experience are lower
and, other things equal, so are wages (Akerlof and Kranton, 2000: Gorlich and de Grip 2009). Although the
effects of such segregation are not always negative for women, in many instances, segregation constrains
women’s employment choices and their access to higher-level jobs, while facilitating the undervaluation of
female-dominated occupations (Burchell et al., 2014). Moreover, when examined closely, as will be done
in the upcoming sections of this report, the disproportionately lower shares of women in STEM do not
appear to be associated with issues of performance or ability but rather with preferences and aspirations
(Schlenker, 2015). This is a similar trend as to why men are not encountered in care-related professions as
frequently as women - which is a subject that has been associated with the societal worth of these
‘feminine’ professions.® Preferences and aspirations barriers can also affect men, but they add to already
existing tasks or preferences for women such as caring for children or needing flexibility in one’s job. In
addition, preferences and aspirations of not only employees and students, but also of employers,
educators, and society as a whole can exacerbate this gender segregation further.

If women are not taking part in STEM-related education, they are underinvesting in their productivity. Any
and all education can indeed make individuals more productive through increased skills (Duflo, Dupas &
Kremer, 2017), and higher-skilled individuals are more employable, productive, and extend their labor
market participation over their lifetime (Hanushek & Zhang, 2006). However, the foundational skills related

3 Medical professionals such as doctors and nurses were not included in the realm of STEM for this report. They were
also excluded in the analyses involving PISA and LFS data. For PISA analysis, we included “life science professional and
technicians” but left out “medical doctors” and “nurses and midwives.” For LFS analysis, we included “science and
engineering professionals and associate professionals” and “ICT professionals and associate professionals” but left
out “health professionals and associate health professionals.”

4 See Annex for ILO’s International Standard Classification of Occupations (ISCO).

>See for example Eurostat Indicators on Human Resources in Science and Technology
(https://ec.europa.eu/eurostat/web/science-technology-innovation/data/database)

6 Akerlof and Kranton (2000), Goldin (2013), Block, K., Croft, A. and Schmader, T., (2018).



to STEM appear to be of growing importance, particularly as flexibility, problem-solving, and other skills
grow in importance over technical skills. International research (Acosta and Muller, 2018; Cunningham and
Villasefior, 2014; Zlatko and Ajwad, 2014; World Bank, 2019) has identified three dimensions of skills that
matter for good employment outcomes and economic growth: cognitive skills, such as literacy, numeracy,
creative and critical thinking or problem-solving (the last three strongly associated with STEM-related
education); socio-emotional skills and behavioral traits, such as conscientiousness, grit or openness to
experience (again features associated with STEM); and job-specific technical skills, such as the ability to
work as an engineer. Cognitive and socio-emotional skills formation starts early in a person’s life, providing
the necessary foundation for the subsequent acquisition of technical skills, largely in the education system,
as well as in the workplace. Investment in such skills depend on many factors, from aspirations to having
the correct and relevant information.

In a graphic manner (diagram 1), we will create a storyline that there are STEM pathways, and these are
formed early in life. A girl or boy’s interest and performance in math and science during school years will
be one part of their aspirations formation, which is also bound by exposure to role models and the views
of parents and peers. Whether those aspirations transfer into entry and graduation of a STEM-related field
of study will also be related to performance. Graduating from a STEM-related field of study will partly
influence whether labor-market participation is in a STEM occupation, and/or a STEM-intensive sector. All
these processes and decisions along the way will be influenced by information on STEM jobs and their
characteristics, and information on their returns that will be weighed against other choices and preferences
such as flexibility, time, or earnings.

Diagram 1: STEM life-cycle of an individual
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Taking this as a starting point, this report looks at: (i) how, and if, gender differences in STEM are present
in Europe and Central Asia (ECA), and if so, what we can make of them; (ii) what might be the reasons of
why women may or may not be engaged in STEM from education to the labor market; (iii) the mechanisms
behind the pathways, as earlier barriers will make it more difficult to transition into STEM when initially
choosing to be out — this transition is not always as challenging for non-STEM pathways. For women,
barriers start earlier, are more salient, and choices and preferences shaped by peers seem to be stronger.
Men’s barriers in terms of roles do not condition them out of STEM pathways but out of careers that require
a lower investment in time and effort.

Thus, this report is an exploratory one. We explore if there are differences between men and women in
outcomes such as grades, enrolment, employment, and income. And then we explore the factors
associated with those differences.

Despite the attention that this topic is getting, this report also notes that there is a lack of clarity on
definitions as well as patchy and incomplete data that affects our ability to make comparisons, follow
trends, and contextualize a lot of the observed situations. We aim to cover as many countries in the region
as possible, but this has not always been feasible. Hence, in some cases, a sub-set of countries, or specific
country-cases are used.

To address these questions, the report is organized into three chapters. The first one looks at education -
including STEM content and fields of study that are within the education realm. The second one follows
women into the labor market and looks at employment and wages in STEM sectors and for STEM
occupations. The final section looks at policies, from the many initiatives and efforts in place to promote
women’s participation in STEM, with a focus on those that have documented results.

10



Education and STEM Relationship in ECA

The discussion on gender gaps in STEM education is not only about which programs men and women
choose in tertiary education, but also about differences in performance in STEM-related education fields.
There has been a major long-term international trend towards girls getting better results in school, and
women being more likely to go to university than men, and ECA is no exception. Across ECA 70 percent of
female and 66 percent of male students enroll in tertiary education,” but women enroll in STEM-related
fields in lower numbers, and, prior to tertiary education, they appear to, on average, underperform their
male peers in STEM-related subjects in school, at least on the aggregate level. These differences are also
relevant for those who don’t reach tertiary education and stay at the vocational or secondary education
level, as the learning of STEM skills is as important as those who specialize in them in higher education.

It is important to remember that education policy is multi-faceted in all countries. There are many layers
and phases of education in an individual’s life span. While analyzing education policy in any context, one
needs to think of access, quality, and outcomes. Various indicators can tell different parts of the story on
education such as enrollment, graduation rates, and student performance. In this chapter, all of these
indicators will be visited but the focus will be on student performance and outcomes as there is more
comparable data to explore across ECA countries and it tells a more complete story in the STEM context.

The gender gap in math and science performance has been attributed, as the gender gap in STEM has, to
a number of different factors such as biological differences or pre-dispositions (Berenbaum, Bryk & Beltz,
2012; Blakemore, Berenbaum & Liben, 2009; Halpern, 2012), cultural and social norms (Andreescu et al.,
2008; Ceci et al., 2009; Gevrek et al., 2018; Hartung et al., 2005; Low et al., 2005), parents” and teachers’
behavior and expectations (Beilock et al., 2010; Gunderson et al., 2012), and self-confidence (Ellis, Fosdick
& Rasmussen, 2016; OECD, 2016b), among others. Looking at these potential explanations matters to
assess what we see as gender gaps in areas of study in tertiary education, understanding whether there is
a path that starts earlier -in primary or secondary education- where girls and boys differ in their results
and/or interest in math and science. We start this chapter by exploring deeper the differences between
boys and girls in terms of performance in math and science, as these differences might be telling about
what we observe later in career choices. Following that, we’ll look at the gender distribution in tertiary
enrolment, partly as an outcome of the difference in performance and interest in math and science shown
during the school years.?

7WDI, 2017, gross enrollment ratio for ECA countries excluding high income.

88 To try and answer these questions we use two key international datasets on performance that are comparable
between different countries and over time. These datasets are PISA (Programme for International Student
Assessment) and TIMMS (Trends in International Mathematics and Science Study). PISA is a triennial international
survey that aims to evaluate education systems worldwide by testing the skills and knowledge of 15-year-old students.
TIMSS is a series of international assessments of the mathematics and science knowledge of 4th grade and 8th grade
students around the world. [2] For TIMMS, we use the 2015 round. For PISA we focus on the last two waves as they
had as a special focus science (2015) and math (2012), and in addition to the test scores, we also look at results from
students, parents, teachers, and school principals surveys to complement to understand how different factors play a
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Academic performance: Are girls worse than boys at math and science?

The existence of gender gaps in test scores has been documented in the relevant literature for a wide range
of countries following standardized assessments such as PISA and TIMMS. In particular, the lower
performance of girls relative to boys in math is seen as the main reason why women are under-represented
in STEM.

Time trends of TIMSS from the last 20 years show that performance differences in favor of boys in
mathematics and science have been reduced, especially in science and especially at the eighth grade as
girls also started performing well in these subjects (Mullis, et al., 2016). In 1995, boys in most countries (15
of 26) performed better than girls in math and science — and this difference was much more pronounced
in science. In 2015, boys performed better in only three of these 15 countries. For ECA countries, TIMSS
2015 results in mathematics achievement show that there are no salient differences between boys and
girls, either in 4th grade or in 8th grade. Boys have an advantage in 4th grade in Croatia, which is statistically
significant, and in 8th grade in Russian Federation, also significant. But girls also have a slight advantage in
8th grade in Kazakhstan and Turkey, although not statistically significant (Figure 1).

Overall, short-term trends show increasing advantage for girls in science achievement, while 20-year trends
show a great reduction in boys’ historical advantage in science (Mullis, et al., 2016b). This trend seems to
resonate also in the ECA countries that took part in the latest TIMSS assessment. TIMSS 2015 science results
show close to no gender differences in science achievement in 4th or 8th grade in ECA. Girls outperform
boys in 4th grade in Bulgaria and Kazakhstan, which is statistically significant, and in 8th grade in Turkey,
which is also significant (Figure 2).

PISA, on the other hand, consistently reveals that on average girls underperform boys in math and
outperform them in literacy. However, unpacking these trends reveals a more nuanced story for the case
of ECA. For example, when we look at ECA countries, there are no significant differences by gender in
performance in mathematics and science. Boys’ math scores are above girls’, but the difference is not
statistically significant. Only literacy (or reading) shows a clear significant difference in favor of girls (Figure
3). At the country level, PISA 2015 math scores show a mixed picture of performance across genders. Only
two countries show significant gender differences in math scores: boys perform better than girls in Poland
and girls perform better than boys in Georgia. A similar story is true for science. Although there are no
general significant differences in ECA, a few countries do have gender differences. Girls perform better
than boys in science in the following countries: Latvia, Georgia, North Macedonia, and Albania. However,
all countries in ECA have a significant gender gap in reading performance in favor of girls. (Figure 4 a,b,c).

role in student achievement. The ECA countries in PISA are Albania, Bulgaria, Croatia, North Macedonia, Georgia,
Kazakhstan, Kosovo, Moldova, Montenegro, Poland, Romania, Russian Federation, and Turkey. The latest two waves
were conducted in 2012 and 2015. The ECA countries for TIMMS are Bulgaria, Croatia, Georgia, Kazakhstan, Poland,
Serbia, Russian Federation, and Turkey. The survey has been administered every four years since 1995. The last
international wave of TIMMS was in 2015.

12



When it comes to reading girls score on average 37 points higher than boys on the PISA reading scale- the
equivalent of almost one full year of formal schooling.

Figure 1: TIMSS: Mathematics Achievement
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Figure 2: TIMSS: Science Achievement
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.Figure 3: Mathematics, Science and Reading Scores in ECA
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Figure 4b: Science Scores in ECA Countries

Figure 4c: Reading Scores in ECA Countries

HH HOH

EST
POL

w
7=

=

SVK
GRC

@ Girls @ Boys

LTU

LVA
SVN
MKD

EST
HUN

BGR
MDA

SVK
® \VINE

GEO

SVN
ROU
TUR

Girls @ Boys

ALB

Source: OECD, PISA 2015 database. Y axis values represent scores on the PISA scale.

MDA

LTU
GRC

LVA
BGR
GEO

HOH 1@

MKD @ ®

o

ALB

15



While already interesting in the lack of expected differences between girls and boys, aggregate scores do
not necessarily show the many differences we can observe between girls and boys when it comes to their
math performance. However, proficiency levels, among other metrics, allow seeing how much students
know and if they can apply the information they gain in education into skills (in ‘real life” situations). Here,
we start seeing more noticeable gender differences. Figure 5 shows the percentage of low achievers and
top performers in mathematics by gender. While again there is significant variation between countries and
between boys and girls, a clear pattern emerges, inasmuch as proficiency levels are not very high in ECA, in
countries that perform well (with more students in the top levels), there are fewer boys than girls at low
levels of proficiency, and the reverse, more boys than girls, at higher proficiency levels. For example, for a
top performance country like Poland, where the gender difference in performance favors boys, only 16
percent of boys and 19 percent of girls performed under Level 2 (the minimum level of proficiency), while
14 percent of boys and 10 percent of girls perform at the top two levels. In contrast, 75 percent of boys
and 81 percent of girls performed below Level 2 in Kosovo. In a majority of ECA countries, more than half
of the students who participated in PISA 2015 performed at the minimum proficiency level (level 2). In
Georgia or Albania, where girls outperform boys, the difference is 6 and 4 percentage points respectively.
Overall, a challenge for observing gender differences is that math proficiency levels are not very high in
ECA, except for Poland, the Russian Federation and Hungary.
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As for performance in science, female students seem to have done better on average based on scores only.
In some countries like Croatia, Poland and Russian Federation male students had higher science scores.

16



However, in all remaining ECA countries, girls did better. Almost all ECA countries did worse than the OECD
average scores in science with the exceptions of Poland and the Russian Federation.

The level of proficiency in science is similar to math in terms of top-performing ECA countries. Both Poland
and Russian Federation, have low levels of students below Level 2 (16 and 18 percent respectively for both
boys and girls). On the other hand, in Kosovo, 70 percent of boys and 66 percent of girls performed below
Level 2. In the majority of ECA countries, less than 1 percent of students performed at the top two levels in
terms of science proficiency, and when observed, there is a higher proportion of boys performing at the
top proficiency levels in science. In most countries that do relatively well in science such as Poland, Croatia
and the Russian Federation, boys and girls perform similarly at lower levels, but boys do better at higher
levels. In countries that have worse performance, boys do worse than girls at lower levels and have similar
performance to that of girls in the higher levels. On the reverse side, when it comes to reading proficiency,
there is a higher percentage of boys in the group of low achievers with a wide margin in every ECA country.
In the highest performing country, Poland, 19 percent of boys are below the basic level of reading
proficiency, while this rate is 10 percent for girls. As for high performers, girls outpace boys in almost every
country, except for North Macedonia and Kosovo where there is O percent of students in Levels 5 and 6 on
the reading proficiency scale.

A further observation on performance distribution supports the previous findings on math, science, and
reading performance by gender in ECA (Figure 6). More boys are performing at higher levels in the PISA
math and science proficiency scales when performance distribution by gender is analyzed. However, there
are more boys also on the lower end of the score distribution. The variance is greater for men than for
women, who are less concentrated in the lower and upper ends of the distribution. Women’s performance
distribution is more concentrated in the middle. There are significantly more girls that perform in the mid-
range compared to boys, both in science and in math. For reading performance distribution, girls do better
in all levels compared to boys: there are more boys at lower levels and fewer boys at higher levels.

Figure 6: Performance distribution for math, science and reading in all ECA countries combined
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Following on initial findings by Herrera et al. (2018), performance can be further explored by looking at the
specific contents included in the math and science sections of PISA -the subscales. Gender differences are
mostly found in the “space and shape” subscale in favor of boys and to a lesser extent in the “quantity”
subscale. These two scales use questions that are generally applied -i.e. estimate the square footage of a
room; vis-a-vis the other more traditionally phrased questions -i.e. equation solving. In science, the only
field that shows gender differences in favor of boys is “explain phenomena scientifically”. At the country
level, there are important patterns that emerge. There are significant differences in performance in favor
of boys for “explain phenomena scientifically” and “science content knowledge” (in Czech Republic, Poland,
Russian Federation, Estonia, Croatia and Hungry). At the same time, there are significant differences in
performance in favor of girls in: “evaluate and design scientific enquiry” (in Lithuania, Montenegro, Slovenia
and Latvia), “interpret data and evidence scientifically” (in Slovenia, Latvia, Lithuania and Bulgaria),
“procedure and epistemic knowledge” (in Montenegro, Slovenia, Lithuania, Latvia and Bulgaria), “living

systems” (in Lithuania, Slovenia and Latvia).

Figure 7: Scores for Mathematics Subscales
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Taking advantage of the additional questions asked in PISA, we can also see that boys have higher self-
efficacy in most mathematics questions and some science questions, particularly in the “hard-science”
questions related to engineering. Girls have higher self-efficacy in specific mathematics questions such as
solving a linear algebra equation, but less self-efficacy in the application of mathematical knowledge, which
relates to the findings related to their performance in the subscales. In science, girls have higher self-
efficacy in questions related to biological sciences.

Following these findings, we investigate whether these self-efficacy questions have any effect on
performance. We do this by estimating linear regressions on the effect of self-efficacy on performance, by
gender with country fixed effects. We find that indeed math self-efficacy questions significantly predict
higher math scores. Believing to be able to solve a linear algebra equation is the self-efficacy question with
the greatest return on performance, for both boys and girls. Other questions that are important for both
genders are believing to be able to apply mathematical knowledge, such as using calculating a discount
rate, calculating area, etc. One question that appears significant for boys but not for girls is finding the
distance between two places on a map (Figure 9).

In science, the one self-efficacy question that has the strongest effect on performance for both boys and
girls is if children believe they’re capable of explaining why earthquakes occur more frequently in some
areas than in others, but the effect is stronger for boys, followed by being able to identify the most likely
explanation for acid rain formation. Believing to be able to describe the role of antibiotics and predict how
changes in the environment will affect the survival of certain species have a more important role on girls’
science performance than in boys. Discussing how new evidence can lead to the understanding of life in
Mars has a positive effect on boys performance and a negative effect on science performance for girls
(Figure 10).

Figure 9: Math Self-Efficacy Questions and Performance in Math
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Figure 10: Science Self-Efficacy Questions and Performance in Science
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To be able to understand what drives the gender gap in performance, we estimate a Blinder-Oaxaca
decomposition on reading, mathematics and science performance, controlling for children’s
characteristics, motivation, grade, whether the student is a repeater or attended 2 years or more of pre-
school, educational material shortage, some school characteristics, learning climate, school segregation
and school autonomy. We find a clear performance gap in favor of boys for mathematics, and in favor of
girls for reading and science, as it was shown earlier. Student and school characteristics are important
predictors of a gap in favor of girls for the three subjects, even though the final gap in mathematics is in
favor of boys. But the unexplained part is in favor of boys for both mathematics and science. So, for
mathematics, the positive effect for girls of the individual and school characteristics is overcompensated
by the negative effect of the unexplained portion, such that the final gap ends up being negative for girls
(in favor of boys). The opposite can be seen for science: the positive effect for girls of individual and school
characteristics overcompensate the negative effect of unexplained variation. In other words, boys get a
higher payoff than girls in terms of performance for their characteristics. In reading the unexplained
variation is in favor of girls: girls get a higher performance payoff than boys for their characteristics.

20



Figure 11 Oaxaca Decomposition of the Reading, Mathematics and Science Performance Gender Gap
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Source: OECD, PISA 2015 database.

We also investigate if the performance gap can be explained by the differences in children’s motivation. To
do that we compare the performance of the most motivated quantile with the performance of the least
motivated children in the three subjects. We find that motivation is quite important in improving boys’
reading performance: most motivated students do perform better in reading than least motivated
students. But motivation is not important for girls’ reading scores. In fact, least motivated girls perform
slightly better than most motivated girls. Motivation doesn’t play a role in either boys’ or girls’ mathematics
performance. But motivation does play a role in improving girls” science performance, although not boys’
performance.

Figure 12: Performance Gap between most and least motivated students
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The analysis of performance differences so far shows that, while in general terms gender differences are
present, there is no clear evidence that boys do better than girls in math and science in ECA, and that the
results are mixed. There is a slight advantage of boys at the highest level of the performance distribution
in math and science, however, boys outnumber girls also at the lower end of the performance scale. Girls
tend to do better than boys in the middle of the performance range both in math and science. There is
great variation among the ECA countries for which we have data — in some countries the student
performance is exceptional and close to or above OECD average. However, for most ECA countries, math
and science performance is poor both for girls and boys. In countries that do relatively well in science such
as Poland, Croatia and the Russian Federation, there is a similar proportion of girls and boys at lower levels
of performance, but boys do better at higher levels. In Albania, Bulgaria, North Macedonia, Georgia,
Hungary, Kosovo, Moldova, Montenegro, Romania and Turkey, boys do worse than girls at lower levels and
have similar performance to that of girls in the higher levels.

Do aspirations, motivation, interest, and self-confidence of boys and girls reflect what we see in their
performance patterns?

Boys’ and girls’ attitudes towards learning and aspirations for their future can be very different and that
has a significant impact on their decision to pursue further education and on their choice of career. The
relationship between gender stereotypes and the formation of career aspirations in children is important
to explore to better understand what influences the likelihood of a young person aspiring to a STEM-related
career. Children and young people still attach ‘female’ and ‘male’ labels to particular careers. The
development of these labels begins at an early age and unfolds its most significant impacts after primary
school (Senler and Sungur, 2009). This could lead young women to rule themselves out of careers that they
might otherwise be successful in (Ertl et al., 2017; Schuster and Martiny, 2017; Flouri & Panourgia, 2012;
Nosek et al., 2009) and they often apply these kinds of stereotypes to the assessment of their own abilities
in STEM (Ertl et al., 2017). Stereotypes lower one's self-assessment and sense of competence (Marsh and
Scalas, 2011). They also have a direct impact on career choices (Ertl et al., 2017; Schuster and Martiny,
2017).

Another key factor in building aspirations is the way role models act around children. Parents' and teachers'
expectations and attributions of abilities and achievements shape a child's self-concept (Ertl et al., 2017).
If they do not rely on objective assessments of their child but on stereotypical evaluations which do not
correspond to their child’s actual achievements, this could affect the child’s self-confidence. For example,
parents tend to regard daughters as being less talented in mathematics and science and reinforce
dysfunctional attribution patterns as a result, regardless of their child’s performance (Ertl et al., 2017). A
recent study investigated to which degree individual stereotypes, support in school, and family support
contribute to the self-concept in STEM. Gender stereotypes were found to be negatively related to
students' STEM-specific self-concept in the selected sample. The study also reveals negative stereotypes
and family-related influences can lower a woman's self-concept even though they presumably had good
grades in STEM-related topics. One of the reasons for this might lie in stereotypes that attribute girls'
achievements to diligence instead of talent (Ertl, et al., 2017). Another study investigated the gender gap
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in math performance from the perspective of teacher implicit bias. Girls, especially those from
disadvantaged backgrounds, lag behind boys significantly when assigned to teachers with high implicit
stereotypes. Boys, on the other hand, are not affected by teacher bias. Teacher stereotypes affect high-
school track choice, lower expectations about own ability, and lead to underperformance in male-typed
domains such as STEM. Girls are more likely to consider themselves bad at math at the end of middle school
if they are assigned to a teacher with a gender bias. Unconscious biases and implicit associations can form
a significant barrier to equal opportunity. Female students compared to boys with the same performance
are more likely to believe their achievement is the result of effort and less likely to believe it is the result of
ability (Carlana, 2018).

Self-efficacy is considered one of the most influential motivators and regulators of student behavior and
performance. The term “self-efficacy” is used to describe students’ belief that, through their actions, they
can produce desired effects, such as solving a difficult problem or achieving a personal goal. This, in turn,
is a powerful incentive to act or to persevere in the face of difficulties (Bandura, 1977).

Science self-efficacy refers to future-oriented judgments about one’s competency in accomplishing
particular goals in a specific context, where meeting these goals requires scientific abilities, such as
explaining phenomena scientifically, evaluating and designing scientific enquiry, or interpreting data and
evidence scientifically (Mason et al., 2012). Better performance in science leads to higher levels of self-
efficacy, through channels such as positive feedback received from teachers, peers and parents, and the
positive emotions associated with it. At the same time, students who have low self-efficacy are at high risk
of underperforming in science, despite their abilities (Bandura, 1997). If students do not believe in their
ability to accomplish particular tasks, they may not exert the effort needed to complete the task, and a lack
of self-efficacy becomes a self-fulfilling prophecy. Self-efficacy in science has been related to student
performance, but also career orientation and choice of courses (Nugent et al., 2015).

In PISA 2012 and 2015, students were asked to report on how easy they thought it would be for them to
perform specific math and science-related tasks. Their answers differ by the type of question and by gender
in ECA. Out of the 8 science questions posed, more girls said they could easily describe the role of antibiotics
in the treatment of disease, identify the science question associated with the disposal of garbage, predict
how changes to an environment will affect the survival of certain species, and interpret the scientific
information provided on the labeling of food items. More boys, on the other hand, reported explaining why
earthquakes occur more frequently in some areas than others, discussing how new evidence can lead them
to change their understanding about the possibility of life on Mars, and identifying the better of two
explanations for the formation of acid rain. And out of the 8 math problems presented to students, boys
reported feeling confident in solving 6 of them significantly more than girls did (Figure 13). Boys and girls
differ only in the sense that they are more comfortable with answering different categories of science and
math questions. While girls feel more confident answering life science questions, boys feel more confident
with physical and mathematical questions.®

% Interestingly, this finding is not consistent with the average PISA 2015 finding that girls are more likely than boys to
have low self-efficacy in science, making ECA countries different than the others included in the survey.
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Girls, across the board, outpace boys in ambition and motivation in science, but lag behind in interest and
application of specific science topics and interest and application of mathematics. Motivation and interest
can be effective factors in what makes students succeed at school (Meece, et al., 2006; OECD, 2016c¢). More
girls see themselves as ambitious and want top grades in their courses compared to boys. More girls say
they want to be one of the best students in their class and that they want to be able to select from among
the best opportunities when they graduate. Boys, on the other hand, agree more with wanting to be the
best in whatever they do as a general statement (Figure 14).

Self-efficacy levels, motivation and pressure, and stereotyping might manifest themselves in anxiety levels
expressed by students, particularly concerning school performance. According to the PISA student survey
data, there are significant differences in all anxiety questions by gender in ECA, for both science and
mathematics-specific questions. Girls in ECA worry significantly more -they think that taking a test will be
difficult for them; that they will get poor grades at school; and that they do not know how to solve a task
at school. They also say that they feel anxious even when they are well prepared for a test and that they
get very tense studying for a test. Boys agree with these statements to a much lesser degree. This also holds
for math-specific questions. Girls agree more with negative statements, such as worrying about the
difficulty of math classes, not being good at mathematics, and worrying that they will get poor grades in
math. Boys agree more that they learn math quickly, they have always believed that math is one of their
best subjects and that they understand even the most difficult work (Figure 15).
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Figure 13: Girls have higher self-efficacy in life-sciences and boys in physical sciences and mathematics
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Figure 14: Girls are more ambitious than boys in ECA
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Figure 15: Girls in ECA report much higher anxiety levels compared to boys
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Aspirations, motivation, and anxiety of students might be affected not only by factors such as being a good
or a bad student, but also by factors related to the family environment they live in: their parents’ level of
education, whether they work or not, and in what occupation and sector, their household level of wealth,
and whether or not the family lives in an urban or rural setting. Exposure to different opportunities of study
and life experiences, the perceived ability to access these opportunities without being discriminated against
due to any personal characteristic, and the attitudes of parents and teachers acting as role models and
motivators, are among the factors that help build healthy aspirations for all students (Archer, et al., 2014).
Family’s income level, access to resources and social status are crucial factors here as young people from
privileged homes benefit from more home-based and external opportunities for education, access to
resources for their plans, role models, knowledge about career possibilities, and informal networks. Their
parents also tend to have high educational aspirations for them (Schoon, Martin, and Ross, 2007).

As mentioned before, PISA is administered to students at the age of 15. This is a deciding time in a young
person’s life as adolescence is a time when one begins to think about their future, when their aspirations
become more closely aligned with their interests, their abilities, and the opportunities available to them,
and when their vision of themselves can be influenced by the peers and adults around them (Beal and
Crockett, 2010). Students’ expectations for their future influence what they choose to study and the
activities they pursue, which, in turn, determine subsequent accomplishments (Nurmi, 2004).

We use the PISA’s student survey to understand what 15-year-olds aspire to in terms of careers and how
this can be connected to their performance and the gender gap in STEM in ECA.'° By looking to career
aspirations, we can immediately see that boys aspire more to engineering professions and ICT jobs
compared to girls. Mathematics, physics and life science professions have few students interested in them,
so we don’t have enough data points for a gender-differentiated reliable estimate. However, what we find
is that these aspirations are not related to the student’s performance. Both at low and high proficiency
levels in math, science and reading; men aspire to STEM careers more than women. Girls aspire significantly
more to what we could call ‘proxy STEM’ careers -that use some STEM-related content in an applied
manner- such as architects and designers, medical doctors, veterinarians, dentists & pharmacists, teachers,
business and administration, and health and associate professionals. (Figure 16).

Overall, both boys and girls who aspire to STEM perform better in school than the ones that do not. Boys'
performance distribution in math is slightly better than girls’ performance, but the distributions almost
overlap for those that aspire to STEM. For performance in science, there are more boys at the lower and
the upper ends of the performance distribution while girls dominated the mid-range scores for the overall
student population. But when looking only at those that aspire to STEM, girls’ distribution is shifted towards
the right of boys’ distribution. This means, that among those that aspire to STEM careers, the share of boys
and girls performing at top levels is no longer significantly different from each other. 7.1 percent of girls
and 7.5 percent of boys perform at top levels in math; and 4 percent of girls and 3.3 percent of boys perform
at top levels in science. In contrast, there are three times as many girls as boys performing at top levels in

10°pISA includes a student survey that covers different behavioral areas such as motivation, interest, self-efficacy and
anxiety.
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reading among those that aspire to STEM. When looking at performance levels, again only among those
that aspire to STEM 2.7 percent of girls perform in advanced levels while this rate is 1.6 percent for boys.

Figure 16: More boys aspire to engineering professions and ICT jobs compared to girls in ECA
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The role of parents as role models is influential in building aspirations. While parents’ education does not
make a difference in explaining children’s aspirations; whether the father works in a STEM field or not is
significant in explaining both boys’ and girls’ aspirations. The father’s career increases the likelihood of
aspiring to STEM by 3 percent for girls and by 11 percent for boys. However, the most important variable
that explains a girl’s aspiration to STEM is whether her mother works in a STEM sector.! If this is the case,
it increases the probability of a girl aspiring to a STEM career by 11 percent, notably, the mother’s career
does not make a significant difference for boys’ aspirations. Although whether parents expect their children
to go into science fields or not does not eliminate the gender gap in their children’s aspirations, when
parents expect their children to go into STEM fields, boys aspire more to STEM professions compared to
girls.

The perception of parents regarding their children’s aspirations might also affect the child’s aspirations.
Under PISA, a set of questions were asked to parents about their child’s aspirations in science and
mathematics.'? Overall, 30-40 percent of parents say their child shows interest in studying science beyond
secondary school and that they expect them to do so, while for math these rates are between 5-10 percent.
Girls’ parents have more of an expectation than boys’ parents that their child will go into a science-related
career. The opposite is true for math. Parents of boys think more than parents of girls that their child shows
an interest in working in a math-related career and expect their child will pursue it. (Figure 17).2

The same set of questions yield the same results for science when the parent category is broken down into
parents who work in STEM fields and parents who do not work in STEM fields. Parents who work in STEM
do not show any gender bias in their perception of their children’s interest, for example, mothers who work
in STEM do not expect their sons to study math more than their daughters. Fathers, regardless of their
occupation, expect their sons to pursue a math career more than their daughters, and mothers in non-
STEM sectors still expect their sons to study a math career more than their daughters.

1 A recent study on the determinants of math achievement among children in early primary school found that among
children of mothers with university education, there is no difference in the math achievement of girls and boys, which
suggests that maternal education and social standing are important also from this perspective (Carneiro et al., 2017).
12 The questions about science are from the 2015 PISA parent questionnaire where the focal topic was science and
the questions about math are from the 2012 PISA parent questionnaire where the focal topic was math.

13 All of these results are statistically significant for ECA. However, there are no significant differences for whether
there is anyone in the family who worked in either science or math-related careers.
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Figure 17: Parents opinion on child's aspirations in science and math
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Student questionnaire results reveal that boys consider both science and mathematics to be more
instrumental than girls do. More boys than girls believe that things they learn in science and mathematics
classes will help them get a job; that what they learn in science and math classes isimportant because they
need this for what they want to do later on; and that making an effort in science and math class is worth it
because this will help them in the work they want to do later on Coupled with the ambition results above,
these instrumental motivation findings suggest that girls tend to be more positive when it comes to stating
how ambitious they are, but they find science and mathematics less instrumental for their future compared
to boys.

Despite girls” higher ambitions, boys engage in science and mathematics-related activities at a significantly
higher frequency than girls do in ECA.} Boys report significantly more than girls that they watch TV

14 As a different comparison, we also looked at what kind of not science related activities boys and girls engaged in.
The activities that girls do more than boys are studying for homework, reading a book or newspaper, talking to parents
and working in the house. The activities that boys do more often than girls are watching TV, playing video games,
working for pay and practicing sports.
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programs about science, borrow or buy science books, visit websites about science topics, read science
magazines, attend a science club, simulate a natural phenomenon in a computer program, simulate
technical processes in a computer program, visit websites of ecology organizations, and follow science-
related news via blogs. The same is true for mathematics activities. Boys report participating in a math club,
programming computers, playing chess, working on math for more than 2 hours a day, taking part in math
competitions, doing math as an extracurricular activity, helping their friends with mathematics and talking
about mathematics problems significantly more than girls. When it comes to the specific topics, students
are interested in learning in the area of science and mathematics, boys show significantly more interest in
physical science topics, such as motion and forces, energy and its transformation, and the universe and its
history. Girls show greater interest in biological science topics, such as biosphere and how can science help
prevent a disease.

When parents get asked about their child’s science involvement parents of boys reported more than
parents of girls that their child watched TV programs read or listened to science-related content; boys also
appear to be more likely seen as visiting websites about science topics and other activities related with
science curiosity -such as engaging in construction play such as Legos; taking apart technical devices; fixing
broken objects, toys or items; experimenting with a science kit, and playing computer games with a science
content. This difference between boys and girls could have been an issue of availability and/or selection -
girls may get dolls and not Legos or may not be encouraged to watch programs about science - as these
are based on reports from parents and they could be biased or misremembered. Regardless of this fact
that we cannot control for, the gender differences are statistically significant in most cases (Figure 18).

Parents also report being more active in helping their child with a science or a math homework when the
child was a boy. Parents of boys also engage more in discussing how science is used in everyday situations
and obtaining science-related materials for their children. Girls’ parents, on the other hand, spend time
talking to their child and discuss how well their child is doing at school more often than boy’s parents. For
children with a declared interest in STEM for both boys and girls” parents engage more in activities related
to science and math, including discussing science-related career options with their child (Figure 19).

Overall, girls’ parents seem to be more interested in following their child’s performance and talking to them
about general topics, while boys’ parents seem to be doing more specific science and math-related
activities with their children. This is similar to the pattern where boys reported to be more interested in
specific science and math-related topics in and out of school compared to girls. We looked at the correlation
between these two factors and found that the correlation is positive for all the combinations between
children’s activities and what parents do with their children, for both genders. This means parents that
discuss more science topics with their children have kids that spend more time on science-related activities.
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Figure 18: More boys did all of the following science-related activities more than girls did when they were 10 years
old according to their parents
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Note: Bars show percentage of parents that report their sons and daughters engage in these activities “very often”
and “regularly”.

Figure 19: What parents do with their children
Science Math- what parents do with their children (PISA)
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Note: Bars for the first 3 categories (i) discussing how well child is doing at school, ii) eating main meal with child,
and iii) spending time just talking to the child) show the percentage of parents who reported engaging in these
activities “every day or almost every day”. Bars for the remaining categories (4 to 8) show the percentage of parents
who report engaging in these activities during the previous academic year.
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Explaining the differences in performance: girls need the alignment of more factors

Pulling all the different elements discussed so far together, seeking to understand what explains
performance scores in the three subjects, we estimate linear regressions controlling by gender, individual
and school characteristics. What we find validates the results from the Oaxaca decomposition. Although
we have previously identified there are no significant gender gaps in math and science, as we start adding
individual and school characteristics as controls to these estimations, gender starts getting an increasing
relevance: in favor of girls for reading and in favor of boys for mathematics and science.

For example, take differences in aspirations and their relation to performance. Is it that boys start with
more STEM focused aspirations and as a result perform better or is it that boys perform better in math and
science and as a result aspire more to STEM fields? A regression analysis on aspirations reveals that boys
who perform at the top levels (Levels 5 and 6) in math, and above average in science (above level 3) are
more likely to aspire to STEM fields, while girls at top levels in math and science are not. A boy performing
at top levels in math is 13 percent more likely to aspire to STEM fields than boys that do not perform at top
levels. A boy performing above average in science is 4.8 percent more likely to aspire to STEM than boys
performing below average. Girls performing at top levels in either math and science do not have
significantly different probabilities of aspiring to STEM fields than girls performing at lower levels.

The two more important factors, including one not discussed so far, is that gender differences in
performance are largely driven by wealth and aspirations to STEM fields. Boys have better performance in
math, but this is driven by their aspirations to STEM and by higher levels of wealth. A similar story is valid
for science performance: more boys performing at top levels in science, but that is driven by their
aspirations and relative wealth, which are important predictors of science scores. In fact, when these
controls are added, girls have better performance than boys. An increase of one unit in the family wealth
index constructed by OECD increases the likelihood that a girl aspires to STEM by 1.5 percent and by 1.3
percent for boys.

When performance levels are disaggregated by wealth, gender score gaps in math appear to be stronger
in favor of boys. This is consistent across wealth quintiles — it only disappears for the richest quintile.
However, for the wealthiest families in ECA, boys’ and girls’ performance in math becomes similar.
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Table 1: OLS Estimation on Reading, Mathematics and Science Performance

Reading Mathematics Science

Female 24 5*** -10.39%** -4.66%*
Child expects to have a STEM job when is 30 years old 13.50*** 19.33*** 18.48***
Father works in a STEM field 15.51%** 14.38*** 14.72%**
Mother works in a STEM field 11.15%* 10.18** 14.22%**
Family wealth (WLE) 5.82%** 5.26%** 3.72%**
Age -1.37 -4.32%* -1.03
Grade Repetition -42.01%** -32.6%** -34.8***
International language at home -26.46%** -20.54%** -27.56%**
Shortage of educational material (WLE) -3.98%** -2.7** -3.08**
Attended ECEC for at least two years 4.31** 8.04%** 7.36%**
Student Atttidudes, Preferences and Self-related beliefs: Achieving motivation ( 10.84*** 12.03*** 11.04%**
Grade compared to modal grade in country 30.53*** 31.42%** 31.29%**
School Inequality: ESCS SD at School level -19.12%* -5.3 -10.58**
School is located in rural area -23.52%** -16.76*** -19.46***
Class Size 0.59** 0.6%* 0.57**
School autonomy (Mean) -16.49%* -9.51** -10.78**
Disciplinary climate in science classes (WLE) 8.58%** 11.24%** 10.08***
Teacher participation (Sum) 2.85%* 2.04%* 2.71%*x
ISCED is vocational or pre-vocational -61.22%** -60.44%** -63.83***
Responsibility for resources 4.68*** 4.1%* 4 AT***
Responsibility for curriculum -1.93** -2.75%* -2.15%*
Constant 501.89*** 544 6%** 505.2%**
Country fixed effects X X X
R-squared 0.28 0.28 0.26
Observations 41938 41938 41938

Note: * 10%, ** 5%, *** 1%.

STEM and Gender Dynamics in Tertiary Education

So far, PISA has allowed us to explore in-depth the main reasons why performance differences are observed
between girls and boys during their secondary school years. We thus expect these differences, and
differences in aspirations, to directly affect the choices these students will make when entering tertiary
education and choosing a career stream. However, information on how students arrive at their career
choices, and their entry and stay process in such career is less available at the regional level and/or in a
standardized manner than for the case of secondary education.

Country studies show that women and men systematically choose different fields of study in higher
educational levels across all ECA countries. In Belarus, female university students tend to choose such
majors as social protection, social sciences, pedagogy and health where the share of women reached 81
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percent in 2009-2010, while young men account for 73 percent of students in construction, security,
engineering and technology (World Bank 2014). In North Macedonia women are more likely to choose
subjects related to social sciences, while men are more likely instead to choose engineering, production, or
construction (World Bank 2013). In Croatia, women tend to select arts, humanities and social sciences, and
are not encouraged to pursue education and careers in STEM (Voki¢ et al. 2016). In Montenegro, more
working-age males study mathematics, engineering, and science-related fields than females (31 percent of
males compared to 9 percent of females). Fifty percent of women complete schooling related to services,
social sciences, business, and law, compared to 38 percent of men (World Bank 2013b).

In Poland, although more than 50 percent of students in all fields of sciences are women, for Math, Physics,
Engineering studies the percentage declines to less than 10 percent. Among Math, Science and Technology
students, 30 percent were girls and 70 percent were boys (Porebska et al 2011). In Ukraine, female students
make the overwhelming majority in the fields of healthcare, education and humanitarian sciences (more
than 70 percent of all students with these majors in 2014/2015 academic year), while male students prevail
among those who study transport and communications, engineering, architecture and construction. In
Serbia, the Gender Equality Index indicator on segregation also reveals prominent gender discrepancies,
with women concentrated significantly in the area of social sciences, humanities and arts (World Bank,
2016b). In addition to all these, men and women display different behavioral patterns even if they end up
in STEM fields. According to a recent study, women are more likely to switch out of male-dominated STEM
majors in response to poor performance, gender composition of classroom and stereotyping signals.

The literature summarized above suggests that throughout ECA, women dominate tertiary fields of arts,
education, health and welfare, humanities and social sciences. Women are present in STEM-related tertiary
programs as well, albeit in lesser numbers compared to boys. Tertiary programs such as engineering,
construction and IT appear to be male dominated across countries. The few comparable data points
available -in this case, from UNESCQO’s education statistics. UNESCO has tertiary level data on enrolment
and graduation rates by gender and by program. > According to this data, in 2015, female enrolment in
most STEM programs at tertiary level was much lower than other select programs (Figure 20). The ratio of
women enrolled in Engineering, Manufacturing and Construction programs and ICT programs was quite
low compared to the ratio of women in programs like arts and humanities, health and welfare and
education. In Natural Sciences, Math and Statistics, there was a larger number of female students. All these
trends are more or less similar in all ECA countries where data is available.

Similarly, looking at the graduation rates from tertiary programs in ECA reveals that there are less women
graduating from programs that are directly related to STEM — while there is some variation by country. Arts
and humanities, health and welfare and education programs have a very dominant ratio of female
graduates across the board (Figure 21).

15t is important to note that the UNESCO education data does not include data for some ECA countries. One caveat
is that UNESCO has a category called "engineering, construction and manufacturing", and it is not possible to separate
engineering from construction and manufacturing as a purely STEM field of study.
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Figure 20: Female enrolment in most STEM programs at tertiary level is much lower than other select programs
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Figure 21: There are fewer female graduates in STEM fields in ECA than in other fields
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There is some literature on tertiary graduates in STEM fields in ECA countries that shed light on interesting
trends. Flabbi (2012), in his analysis of a sample of OECD countries concludes that gender is a significant
determinant of the field of study even after controlling for detailed individual characteristics. Being female
increases the probability to choose Humanities and Health and decreases the probability to choose
Sciences. According to Huyer (2015), in most countries in Eastern Europe women tend to be on par with
men among tertiary graduates in science. However, differences in the sub-fields of study are persistent.
Between 70 and 85 percent of graduates in health programs - that count as part of the science category
for the purposes of this study - are women as opposed to around 20 to 30 percent in engineering. Based
on Khitarishvili (2016), in a majority of Central Asia and CIS countries women represent more than 70
percent of graduates in education and more than 65 percent of students in health and welfare. In this
region, women are significantly underrepresented in engineering, manufacturing, and construction,
especially in Azerbaijan, where less than 20 percent of tertiary students in these subjects are female.

Overall, in ECA the graduates of the Education program are dominantly female, and the graduates of the
Engineering, Manufacturing and Construction are dominantly male. The gender gap in graduates is
particularly high for these two programs. In Azerbaijan 40 percent of female graduates from tertiary
education graduated from the Education program and this rate is 9 percent for Azeri males. In Belarus 48
percent of male tertiary graduates graduate from the Engineering, Manufacturing and Construction
program while this rate was 11 percent for female graduates (Figures 22 a,b).

Figure 22a: There is a wide gender gap between the number of graduates of tertiary in Education programs in ECA,
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Figure 22b: Male students dominate the number of graduates in Engineering, Manufacturing and Construction
programs in all ECA countries, 2015 (%)
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Box 1: STEM and gender in Bahcesehir University in Istanbul, Turkey

To get a more thorough insight into how gender differences are juxtaposed in tertiary education, administrative data
about the student body and various STEM-related programs from Bahcesehir University in Istanbul have been
analyzed. This box aims to shed light into how STEM programs in a tertiary education institution differ with regards to
their gender composition and what students do after graduation.

According to data shared by Bahcesehir University, there is considerable gender variance between registration in
STEM-related programs. There are programs that are clearly male dominated such as computer engineering, electric-
electronics engineering, mechatronics engineering, software engineering, construction engineering and energy
systems engineering. These programs have a very low number of female students. This information reveals that
programs that are considered ‘more technical’ are mostly male dominated. Female students seem to heavily gravitate
towards health-related fields or architecture instead.

Despite this, in the last three academic years, more female students in STEM programs had a GPA of 3 or above
compared to their male counterparts.

Itis also interesting to observe what happens after graduation from STEM programs: 47 percent of their female alumni
are not working. 64 percent of those not working are looking for employment and 22 percent is pursuing further
education. Among the 53 percent who are working, the majority is working in the construction sector. This is followed
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by technology, electrics-electronics, information, finance and education. The fact that almost half the women who
graduated from one of the top universities in Turkey is not working although a majority of them are looking for jobs
might be due to a variety of reasons such as lack of access, high reservation rates, lack of vacancies and/or socio-
cultural factors. However, with the current information at hand, it is not possible to speculate on which of these
reasons might be more effective in keeping women out of jobs in their fields of study.

Figure B1: Registered Students in STEM Programs, by gender (2016-17 academic year)
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Labor market outcomes for women in STEM fields and occupations

This section provides a panorama of women'’s participation and outcomes in labor market STEM fields and
occupations in the ECA region. It explores different sources of available data to analyze the relationship
between constraints -before and in the labor market- to women’s participation in STEM jobs and the overall
outcomes in the labor market for women and men. Based on identified cross-country comparable sources
of data, this section first presents a regional characterization of the demand for STEM skills in the labor
market. Second, it portrays the gender-specific supply of skills for STEM jobs and describes how it correlates
with the trends in education outcomes presented in the previous section. Finally, the gender gaps in
outcomes in the labor market for STEM sectors and occupations are described.

The ECA region overall, shows trends that are similar to the rest of the world in terms of employment
increasing towards the service sectors and higher skills (Figures 23, 24). The typical pattern of change in
occupational structure has been marked with a substantial fall in demand for agricultural skills and a rise in
demand for occupations in the service sector. The distribution of employment by skill level over time also
shows that the rate of the low skilled stayed more or less the same in the last two decades, higher skilled
individuals have been on the rise in the labor market and this shift seems to be happening because of the
drop in the rate of people with medium level skills. Over the last 25 years, in Europe and Central Asia as a
region, the demand for skills related to complex non-routine, cognitive tasks has increased, however the
dynamics of the demand for manual/routine skills are heterogeneous across countries (World Bank 2017,
Bussolo et al. 2018).

Figure 23: Evolution of employment by sector in ECA, Figure 24: Evolution of employment by skill level in
1997-2017 (% of total employment) ECA, 2000-2017
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The regional average hides however a very important heterogeneity among countries. For example, high-
skillemployment is lower in the Eastern part of the region; an emerging process of polarization is happening
in more Western European countries, while in post-soviet countries the share of low-skill workers has
actually increased.

STEM skills seemed to have played a role in this shift of employment structure. In the European Union,
STEM occupations were an important driver of overall employment growth in the past decade. While total
employment over the period 2000-2011 grew by 8%, STEM employment increased by 34% — bringing the
share of STEM employment in total employmentto 7% by 2011 (Goos, Hathaway, Konings and Vandeweyer,
2013). Furthermore, demand for STEM professionals is expected to grow by 8% in the decade leading to
2025, compared to the forecast of 3% for all occupations. Employment in STEM-related sectors is also
expected to rise by around 6.5% by 2025 (Cedefop, 2015). Finally, the returns for STEM jobs have grown
more relative to other jobs, and STEM workers are among the highest paid in today’s economy as a result
of this rise in demand.

An apparent shortage of STEM skills in the United States and Western Europe, does not seem to
characterize the labor markets of Eastern and post-soviet countries (U.S. Department of Commerce, 2011,
Carnevale et al. 2011). If at all, the shortage in these economies will be driven by workers of a more
educated caliber migrating to fill the mismatch between the STEM workforce supply and the demand in
the US and countries like the UK and Germany.

Behind the supply of STEM skills: Career aspirations and information on returns to
education

Existing literature has identified patterns of systemic variation in career intentions among students and the
composition of the workforce (Christensen and Knezek, 2017). Occupational outcomes seem to be
associated with occupational aspirations and student-specific demographics, in particular gender.

Available data for countries in the ECA region points to aspirations playing a central role in the discussion
on women’s place and prominence in STEM fields. Career aspirations are particularly important at
secondary school as young people are about to make important decisions about their future in terms of
choosing which studies to pursue. Such decisions are ultimately critical for the labor market prospects of
youth. Focusing only on STEM-related professions, going back to the student survey in PISA shows that 9
percent of boys said they wanted to become engineers, 5 percent ICT professionals and around 5 percent
technicians when asked about what they want to do when they are 30 years old. In turn, 2 percent of girls
expressed interest in engineering while ICT and technician jobs were not among the preferred choices for
girls at all. A high proportion of girls were interested in legal, social and cultural professions and teaching
(around 35 percent total). 13 percent of girls were interested in teaching while this rate was 5 percent for
boys. More girls said they wanted to be doctors compared to boys. Interestingly, there is no significative
difference between the percentage of girls and boys who said they wanted to become managers. As noted
in the previous chapter, in all ECA countries, boys aspire to STEM--related careers more than girls do. They
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also graduate from STEM-related tertiary programs at a higher rate than girls. In fact, there are many more

boys and girls graduating from STEM fields even though the aspirations at a younger age seem to be less
pronounced (Figure 25).

Figure 25: Higher aspirations to STEM degrees and jobs among boys/young men than among girls/young women in

ECA countries
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Note: Those that those that aspire to STEM and those that graduated from STEM are two separate cohorts coming
from different databases. Aspirations to STEM are from PISA 2015 and graduation from STEM are mostly from UNESCO
2015, except for: North Macedonia and Turkey (2014) and Georgia (2012). Data for Montenegro and Russian

Federation is from STWT 2015. The figure consolidates them to show information about two different stages of the
individual’s life cycle.

Career aspirations for a certain field or a specific occupation are usually a product of different determinants
coming together for that individual. Below, we will discuss some of those determinants that could
potentially be driving gender differences in aspirations to STEM careers. These include access to

information of different career trajectories and job vacancies, and the returns to STEM careers in
comparison to other occupational choices.

Access to information on job vacancies, salary levels, and the expectations of employers is an important
piece of the puzzle while discussing what shapes aspirations and career choices. If girls possess the
information on what it would mean to have a STEM degree for future job satisfaction and earnings
prospects, this could potentially make a difference in them aspiring to pursue these degrees and careers in
the first place. Information failures can be a substantial barrier that discourages women from looking for a
job or finding one that fits their skills and needs. A recent report (World Bank 2016a) found that young
women in ECA have difficulty understanding where and how to look for jobs and that their lack of

42



experience and networks make it harder for them to find jobs. Lack of information may lead students to
underestimate the returns of a specific degree and discount opportunities in that field.

A study in Moldova (World Bank 2016b) found that information gaps about different educational choices
make it hard for young people to make optimal decisions about their future. The study reveals that many
students do not form clear occupational aspirations even after making their educational decisions, partly
because of a scarcity of labor market information. About half of general school students and two-thirds of
older students felt they did not have enough information about the labor market. An important point
speaking to the main premise of our study is the following: the Moldova study found that across all
educational levels, women were more likely to report having an information deficit - among 12 graders,
55 percent of the women felt they did not have sufficient information compared to 45 percent of the men.
In addition, the Moldova study tackles an interesting question about perceived returns to further
education. Figure 26 shows the wage respondents think they would earn at age 30 with different
educational levels (represented by different shaped dots) relative to what they would earn if their highest
education was a 9" grade education. According to this, all students correctly said continuing their studies
after 9" grade will pay off and that university education has the highest returns. However, different groups
had differing perceptions about the returns to intermediate levels of education, while professional school
and university students clearly identify that someone with a 3-year professional school diploma earns
significantly more than someone with a 12" grade diploma, they are mistaken. According to the 2014 Labor
Force Survey data, the two degrees are similarly remunerated for workers aged 25-34. Also, professional
school students perceived that there are no significant returns to a collegium diploma, but the Labor Force
Survey results demonstrate that the difference in earnings between collegium graduates and holders of a
3-year professional school diploma is significant. These are good examples of misperceptions that can
potentially have a significant impact on how students make decisions about educational investments.

Student surveys in Moldova also revealed that information services should reach not only students but also
their social networks, especially parents as they are often co-decision makers for their children but they
feel unprepared to advise them. Many students rely on the Internet for information but it does not reach
all of them. Students with less-educated parents demonstrate the highest information deficits, potentially
exacerbating an already existing inequality of opportunity.
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Figure 26: Reported expected wages for different education achievements and actual returns, Moldova
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There is evidence of effective interventions to improve access to information on education and training in
the labor markets. These range from forming labor market observatories that provide relevant stakeholders
with information that can inform their educational and labor market choices; offering information sessions
in the school system to provide students with relevant information that can influence their choices;
providing incentives to employers to hire new entrants to help bridge some of the information and network
gaps that make it challenging for these groups to access their first job; and putting in effect counseling and
matching services to help improve job search including job fairs, job shadowing and mentoring.

Defraine et al- (2014) provide evidence from the US that Millennials possess a strong desire for work/life-
interaction, which runs counter to the traditional lab-training model endorsed by many lab directors.
Changing the information and perceptions about the work environment in scientific and technical
workplace is shown to have a sizeable impact on female interest in STEM participation.

School-work transitions for STEM and non-STEM graduates

One of the key findings of this study is that STEM graduates do not necessarily end up working in STEM
sectors and occupations, or even working at all. Robust evidence of pathways of transition for STEM and
non-STEM graduates into economic activity status and labor trajectories would require longitudinal data.
Based on available data, in this section we attempt to describe what are patterns of these transitions. The
results of a linear probability model on entering the labor market for Turkey, Russian Federation and
Moldova given STEM and non-STEM graduation we find that studying STEM translates into 2.6 percent
overall increase in the probability of being employed (in any sector or occupation) in Turkey. The effect of
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studying STEM is even greater for women, as studying STEM gives them an extra 2.7 percent increase in
the probability of being employed. However, women have a 30 percent lower chance of being employed
in the first place so adding up the effects, women who study STEM are 25 percent less likely to be employed
than a man who did not study STEM. In summary, although studying STEM slightly helps women entering
the job market, it is not enough to overcome the significant gender barrier.

In the Russian Federation, studying a STEM field does not have a significant effect on entering the labor
market overall. Women get a significant extra 4 percent increase in the probability of being employed after
studying a STEM field. But this effect cancels out with the decrease of 12 percent in the likelihood of being
employed that all women have. So, overall, women that studied STEM are 8 percent less likely to find a job
than men that did not study STEM. In Moldova, both men and women get an increase of 12 percent in the
probability of getting a job if they studied STEM. All women have 3 percent more chances of being
employed. So overall, men that studied STEM are 11 percent more likely to find a job, and women 14
percent more likely in Moldova.

Data also show that inactivity rates in the labor market for both men and women are higher for those that
graduated from STEM fields in ECA, but -as is known also in other regions- the inactivity rates are much
lower for men regardless of whether or not they studied STEM (Figure 27). The case of Turkey is interesting
in that is the country with available data that shows the least difference in inactivity rates between STEM
and non-STEM graduates, both for men and women.

Figure 27: Share of inactive population by education and gender
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With respect to the job search process, a recent study found that men and women have a similar speed of
transition to their first job only in the first few months after leaving education. After this time, the
differences between men and women diverge, with men having a higher likelihood to find a first job than
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women across all time periods. Overall, in comparison to men, women have a significantly slower transition
to their first job. When women study male-typical fields such as STEM, they have significantly slower entry
into the labor market (Mills and Prag, 2014).

Available data shows that in Turkey, men that study STEM spend less time searching for a job compared to
women and compared to men who did not study STEM. The opposite is true in the case of women: women
who study STEM spend more time looking for a job compared to men regardless of what they studied and
compared to other women who did not study STEM. So, the entry into the job market for women who
studied STEM seems harder to penetrate compared to everyone else. In the Russian Federation, men that
graduate from a STEM field take less than men that did not graduate from a STEM field, but women that
graduate from a STEM field take as much as men that did not study STEM. Women that did not study STEM
are the first ones to find a job once unemployed.*®

Table 2: How many months did it take you to find a job?

TURKEY RUSSIAN FEDERATION

Non STEM graduate STEM graduate Non STEM graduate ~ STEM graduate
MALE 7.31 6.86 6.00 5.30
FEMALE 8.67 8.96 4.71 5.90

Source: Turkey LFS 2017, Russian Federation RLMS 2017

Sectoral and occupational distribution of women and men in ECA

There are usually differences in how women and men are distributed into occupations in any country. Some
jobs are clearly dominated by men while others by women. Historically, the male dominated jobs have been
the technical jobs with higher returns and higher possibilities for career advancement. This occupational
gender segregation is economically inefficient because it aggravates skill shortages and inhibits the
potential of women and men by restricting their movement into professions that would best fit their
preferences and abilities (Hill et al. 2010)." It also contributes to a big problem of supply and demand of
skills as the supply of STEM graduates in a lot of countries lags behind the demand for STEM skills from
employers (Cervantes 1999, Jordan and Yeomans 2003, Roberts 2002).

Figure 28 summarizes the employment distribution in ECA countries for which data was available by select
occupations and gender. On average women and men occupy different spaces in the labor market in all

16 Access to administrative data from Bahcesehir University, a private university in Istanbul, Turkey, shows that after
graduation from STEM programs, 47 percent of female graduates are not employed after 6 months of graduation. 64
percent of those not working are looking for employment and 22 percent are pursuing further education. Among the
53 percent who are working, the majority is working in the construction sector. This is followed by technology,
electrics-electronics, information, finance and education.
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ECA countries. The occupations being focused on here are clerical support workers, service and sales

workers, craft and related trades workers and plant and machine operators and assemblers. The reason for

this focus is that the first two are occupations dominated by women and the last two are occupations

dominated by men in ECA across the board.

Figure 28: Employment distribution by select occupations and by gender, 2016
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A recent study in Bulgaria (World Bank 2017) shows that while men - aged 25-64 with at least upper

secondary education -are more equally distributed between STEM (48%) and non-STEM occupations (52%),

women with the same level of education in the same age group are highly concentrated in non-STEM

occupations and only 10 percent of them work in STEM occupations. Numbers confirm this high

concentration of women in the traditionally female occupations in Bulgaria (Table 3).

Table 3: Distribution of professionals and technicians by category of occupation in Bulgaria

MEN WOMEN TOTAL
STEM 47.64 10.48 23.91
TEACHING 7.71 19.56 15.28
HEALTH 9.23 26 19.94
OTHER PROFESSIONALS AND TECHNICIANS | 35.42 43.96 40.87

Source: Bulgaria LFS 2013
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Even when the numbers of men and women in a certain STEM sector are not that different from each
other, the types of jobs and opportunities may be very different for women and men. An example of this
would be the ICT sector in Armenia. A study (Inoue et al 2017) found that higher than average salaries and
opportunities for skills enhancement make ICT a highly desirable field for all students. In fact, at an ICT
company interviewed for this report, women comprised 40 percent of the staff, but they were
concentrated in lower-skilled jobs and tasks. Male employees of this company predominantly win the
patents and awards while women are not rewarded in a similar fashion for their creativity, either because
they are not encouraged to act on their creative ideas as strongly as men or because there are fewer
opportunities for them in the first place.

How about for those that graduated from STEM programs? Do people who graduate from STEM degrees
end up in sectors that involve STEM? The short answer is it depends on the country and it changes a lot
between women and men (Figure 29). The first pattern that stands out is that not a lot of STEM graduates
end up with ‘pure’ STEM jobs such as science and engineering and ICT related fields, regardless of gender.
If you add all STEM jobs up, only one ECA country, Croatia, have 25 percent of STEM educated women in
STEM jobs and this is not even the case for men. Among those that do work in STEM fields, female STEM
graduates seem to be concentrated more on the science and engineering side compared to ICT, although
the differences can be negligible in some cases. To look at a more specific example, we turned once again
to the survey data in Turkey. We found that men who studied STEM have a 13 percent greater chance of
working in a STEM occupation while this rate is 11 percent for women who studied STEM.

Keeping in mind that this all depends on job availability, overall labor market performance and labor
regulations which can all change dramatically depending on the country, it is important to note that women
do not seem to be lagging behind men in finding a job in science and engineering. Among countries with
available data, the only exception to this seems to be Hungary and the reasons behind that need to be
looked at in more detail to reach any conclusions. The takeaway here can be that STEM educated women
and men have similar access to science and engineering jobs, men end up with ICT jobs more often, and
that not a lot of STEM graduates end up in STEM professions regardless of gender.
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Figure 29: What portion of STEM graduates end up working in a STEM sector?
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It is also important to look at what other professions STEM graduates end up going into. This differs by
country and by gender and is influenced by what kinds of pathways are available to shift professional focus
and how possible it is to further one’s education to go into another profession if one wants to or has to.
Figure 30 shows the top three non-STEM professions that STEM graduates end up with by gender in select
ECA countries. First takeaway from this is that men and women end up in very different job families. A lot
of women end up in sales jobs. In Bulgaria, almost one quarter of women who graduated from a STEM
program work as salespeople. Also popular is teaching.

This is especially the case in Turkey where one fifth of female STEM graduates end up becoming teachers.
The third most popular area of work for female STEM graduates is as business and administration associate
professionals. This job group includes sales and purchases agents and brokers, business service agents,
administrative assistants and secretaries. Men with STEM degrees who end up elsewhere, on the other
hand, usually work as machinery related trade workers, plant operators or building workers. A seemingly
gendered professional pattern can be observed here between men and women. Women end up doing
more desk jobs and teaching whereas men do more technical but manual labor-intensive jobs.
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Figure 30: Where does most STEM graduates end up working?
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It can be challenging to fully understand the extent of STEM involvement for men and women enough to
make a meaningful inference. What we find are ‘gradients’ of STEM, from a full-STEM individual -someone
who studied a STEM degree and works in a STEM occupation in a STEM sector, to a non-STEM individual
on the opposite end of the spectrum. Figure 27 tries to capture these degrees of STEM involvement for
men and women in ECA countries where all three pieces of information are available — namely what share
of the population has STEM degrees, what portion has a STEM occupation and how many of those work in
a STEM sector. What we find is that the choice of STEM career is not deterministic of where an individual
may end up in the labor market, so not everyone who studies STEM ends up in the STEM sector and/or
with a STEM job while some people who were not educated in a STEM field do have jobs in the STEM sector.
This makes the boundaries of what we can consider STEM in the labor market more difficult to define than
in education. In fact, the graph shows that people who did not study STEM but ended up in a STEM work
field are the majority in every country for both genders. The other clear pattern reveals that is that for all
other categories, men dominate the numbers.
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Figure 31: Degrees of STEM involvement
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Returns to education, earnings and the gender pay gap in STEM

In the majority of ECA countries, returns to higher education have increased in the last few decades. The
changes in the wage structure points to an increase in wage premia for white collar skills, particularly
professional and managerial skills. As a rule, countries where returns to education are high are the same
countries where employment had already shifted towards more skilled occupations. The increase in returns
to education has mostly been driven by an increase in returns to tertiary education. Wages for people with
tertiary education have increased dramatically, while those to secondary education have remained stable.
In Hungary, the wage returns to university education more than doubled in the wake of the transition. In
the Russian Federation, a worker with tertiary education earns over twice as much as a worker with primary
education and nearly 60% more than a worker with general secondary education.'” Another study that
confirms that adults with a tertiary degree are 10% age points more likely to be employed, and will earn
56% more than adults who completed only upper secondary education. They are the first ones to recover
from economic downturns.®® In most ECA countries, unemployment rates are lowest for those with
advanced levels of education.

Figure 32 summarizes the returns to tertiary education in ECA countries for which data was available.
According to the analysis, returns to finishing tertiary education are positive and significant for all countries
analyzed in ECA. They're also greater than finishing upper secondary education. Finishing upper secondary
education pays more than having less than upper secondary education, but finishing tertiary education
pays even more. For women, things are a bit different in that although it pays more to study tertiary

7 Murthi and Sondergaard, 2012.
B OECD, 2017.
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education overall, this payoff is less for women compared to men. This does not mean that the returns to
tertiary education are lower for women, but that women overall (including those with tertiary education)
get paid less than men. So, it is the effect of gender rather than the returns to education.

Figure 32: Average returns to tertiary education among full-time workers (ages 25-64) in ECA (Mincer equation®)
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Focusing specifically on returns to studying STEM and returns to specific fields of study, we turn to the
Turkey and Moldova Labor Force Survey (LFS) data and the Russian Federation Longitudinal Monitoring
Survey (RLMS). According to the regression analysis on returns to STEM fields of education, we find that
having studied STEM translates into a 5% overall increase in hourly income for everyone combined in
Turkey and 7% for everyone in the Russian Federation. The return that women get for studying STEM is not
significantly different than men. However, women, regardless of their field of study, earn 8% less hourly
income than men in Turkey and 25% less in the Russian Federation. As a consequence, the increase for
having studied STEM does not compensate the lower returns they start off with. So, even after studying
STEM, they still get 2.7% less hourly income than men that did not study STEM in Turkey and 25% less in

19 Earnings can be explained as a function of schooling and labor market experience using the Mincer equation. The
equation provides estimates of the average monetary returns of one additional year of education. This provides
policymakers with important information about how to invest in education.
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the Russian Federation. In Moldova, studying STEM also pays more and, again, it pays more for men. But
this effect is driven mainly by studying tertiary education®.

As for the analysis of returns to different fields of study in Turkey, the lower hourly returns that women get
is found to be driven by the returns to specific fields of study. Health and law are the fields of study that
translate into the highest overall hourly returns: 21 and 9% increase respectively compared to having
studied education. However, the hourly returns of these same two fields for women are much lower.
Women get only a 10% increase in hourly income for having studied health and a 3% decrease in hourly
income for having studied law compared to men who studied education. Despite this, health is the best
paid field of study for women, followed by mathematics. Women get a 4% increase for having studied math
compared to men that studied education. Besides math, health and education, all other fields have negative
returns for women. This is, in all other fields women earn less than men who studied education. The lowest
returns for women are in the fields of social services, transport and environmental protection,
manufacturing, and arts and agriculture where women get more than 30% less hourly income than men
who studied education. In addition, women who studied computing also get 30% less than men who
studied education.

In the Russian Federation, after controlling for gender, experience, education level and job sector; fields of
study are not significant predictors of earning different hourly income, with the exception of STEM fields
of study. Studying science and engineering gives both men and women an increase of 20% in hourly income
compared to men and women that studied a field related to sales and services. And studying information
and communication technologies translates into a 27% increase in hourly income for both men and women.
These effects are not different between men and women (although women make 30% less hourly income,
regardless of their field of study).

In Moldova, STEM fields of study are amongst the best paid fields of study. Studying science and
engineering yields an increase of 12% in hourly income (although not significant) and studying information
and communication technologies yields a significant increase of 22% in hourly income. Women have an
extra premium of 20% for studying these fields of study. Although since they make 27% less hourly income
regardless of their field of study, they end up getting a lower premium for studying STEM compared to
men.

Information of earnings of men and women in ECA is useful in understanding if and how STEM jobs differ
from other jobs when it comes to returns. Although cross-country comparable data in scant, analysis of ILO
data from 18 countries in the region show that it pays to work in a STEM job for both men and women in
an overwhelming number of ECA countries, but men are at a clear advantage in terms of earnings even
within STEM jobs. Figure 29 shows male and female earnings for professional, scientific and technical
activities in the ECA labor market in comparison to average monthly earnings of all professions combined
for both sexes as a benchmark. In all ECA countries, men in STEM professions have higher earnings than

0 Sjgnificant effects for studying STEM fields disappear once we control for highest level of education achieved.
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women in the same professions.?! Also, in almost all ECA countries, STEM jobs garner higher earnings than
the average of all jobs.

Figure 33: Does it pay to work in STEM? Average monthly earnings in USD PPP
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To enhance the findings on earnings, a Oaxaca decomposition analysis for Turkey using the Labor Force
Survey is presented in this report. The results can be seen in the table below. According to this, the gender
gap in hourly income is 8%, in favor of men, after controlling for selection in the labor market. This gap is
explained by the difference in the characteristics of men and women such as fields of study, experience,
job sector, and the probability of being employed, rather than being explained by the "payoff" of such
characteristics. The coefficients (or the unexplained part) actually negatively explain the gap. This means
that women receive a better "payoff" for their characteristics than men when they have those, so this helps
close the gender pay gap. The analysis shows that the single most significant factor affecting monthly wages
is the Mills ratio, which means selection into the labor market is the greatest factor in explaining the income
gap in favor of men. Work experience is the other important factor that explains this gap. Studying a STEM
field, on the other hand, is negatively related to the gap: It is associated with a decrease in the gap by 25%.
Working in a stem sector is also associated with a decrease of 6.7% in the gender pay gap.

2L A study on wage expectations in STEM careers found that when choosing STEM majors, women already expect to
make less money than men do in the same field (Osikominu and Pfeifer, 2018).
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Table 4: Oaxaca decomposition of monthly wages. Turkey 2013

Threefold and twofold decomposition Detailed twofold decomposition of wage
of wage gaps, original scale
Threefold decomposition Gap 1 Sig.
Gender gap, % 8.40%** Explained 18.7 kK
Endowments 15.54%** STEM field -2.6 ok
Coefficients -7.26** STEM sector -0.68 oA
Interaction 1.17 Experience -5.03 R
Region -0.48 ok
Mills ratio 17.3 ok
Twofold decomposition
Explained 16.21%** Unexplained 18.6 A
Unexplained -6.71%** STEM field -5.6 ok
STEM sector 0.50 ok
Experience -64.2 Hokk
Region 1.93 ok
Mills ratio -12.9 ok
N.of observations 35,051 Constant 9.17 *x

Source: Turkey LFS 2013

A similar Oaxaca decomposition for the Russian Federation and Moldova show different results. Contrary
to the case of Turkey, for these two countries, we find that the unexplained part predicts the gender gap
in favor of men. That is, women receive a lower payoff for their characteristics compared to men. In fact,
their characteristics help close the gender gap. In particular, education, region and experience are the most
important predictors that help close the gender gap for Russian Federation; while again, selection into the
labor market helps increase the gap in favor of men. In Moldova, the most important variable that helps
closing the gender gap is education, followed by studying a STEM field.

In summary, although more cross-country comparable research is need, aggregate data for 18 countries in
the region show that it pays to work in a STEM job, especially for men who have a clear advantage in terms
of earnings even within STEM jobs.
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Policies to increase the participation of women in STEM

Increasing the participation of women in Science, Technology, Engineering, and Mathematics (STEM)
educational fields and careers has been a topic of interest and debate for researchers and policy
practitioners in the recent years. As this report emphasized, the number of women in STEM fields has been
on the rise, but room for improvement still exists, since women remain behind men in STEM in terms of
access and opportunities. This chapter looks at what works to increase the participation of women in STEM
fields by trying to answer some key questions that have been highlighted throughout our study. These
questions are: (i) how to ensure that women studying in STEM fields in tertiary education have access to
STEM jobs after graduation; (ii) how to guarantee women who already have STEM jobs to keep those jobs,
make the same amount of money as men and move up in their careers; and, maybe most importantly, (iii)
how to work in the education realm to create aspirations for STEM careers and improve performance in
math and science topics for girls in the first place. Sustaining aspirations and expectations in the face of
different challenges at different stages of life is also an important issue to explore that would make a
positive difference for women. These questions are the ones that emerged from the previous chapters of
this study as key questions to address to promote female students’ interest and motivation in STEM topics
as well as women’s opportunities in STEM fields of work. A key thing to note is that there are numerous
factors that impact the answer to these questions for all women such as interests, aspirations, access to
relevant information, family background and salaries. Hence, it is important to address the challenges that
women face in entering STEM fields and staying in these fields with regards to all these factors so as to
sustain continued policy success.

In order to address these questions, two efforts were undertaken. A systematic review of experimental and
quasi experimental intervention related to women in STEM (further discussed below), and a literature
review of all other documented interventions targeting women and Science, Technology, Engineering and
Mathematics (STEM) in ECA countries, irrespectively whether they reported rigorous impact evaluation
results or not. In this second effort, we were only able to document 35 different interventions -noted that
we were doing a literature review, and there is a wide range of smaller interventions that are not found in
the literature but are being implemented by NGOs and governments. Of the ones found, most of them
were aimed at students and/or women in the academic sector (faculty and similar). Along those lines, the
kinds of activities identified largely focus in the education area, and are generally small-scale, based on
certain universities or schools -although a small set of national- level initiatives was identified.

Despite the various categories of interventions reviewed, an element that seems to be quite common
among them is the inclusion of hands-on or practical experiences for participants. About one third of the
interventions reviewed focused on activities that relate to training; and another third included program
features that could be categorized as mentoring schemes, and the majority of interventions included an
information component for either girls interested in STEM, to promote interest, or to generally inform
those that might be gatekeepers (e.g. teachers) of girls getting into STEM education. The type of
intervention was rarely evaluated. In fact, as noted in the previous sector, and highlighted by other authors,
there is a dearth of properly designed evaluations of interventions aimed at raising the participation of

56



women in STEM (Valla and Williams 2012), and even when an evaluation was included, most of the studies
lacked a proper control group identification for the results.

So we focus this chapter on the findings of a systematic review (Henninger et al 2019) of the existing studies
and their effect sizes in order to better understand what works to increase the presence of women in
STEM.?? The review covered literature and studies from 2000-2017, irrespectively of country, as long as
rigorous impact evaluation results were presented. Many types of interventions and programs have been
developed and implemented across countries to address women in STEM presence issues over the last few
decades. Studies that included an assessment of the impact of these interventions aimed at raising
women'’s profiles in STEM fields are rare but increasing in number. While the policy review or the systematic
review allow us to directly answer some of the above questions, some conclusions from this chapter shines
a light on how to move forward to get more women into STEM as we will go over policies and programs
that attempted to encourage change and/or had any impact.

What works?

There is a wide spectrum of STEM-related interventions across different fronts. However, there are only a
few government level policy actions in this area. They add to NGO-led programs and pilots implemented in
academic settings, which account for the bulk of interventions in the STEM area. A crucial caveat is that,
generally speaking, most of these programs and policies have not been evaluated for impact so it is not
possible to know whether or not they are effective in what they set out to do. This section focuses solely
on those studies that had some measurement of effects or impact evaluation component attached to them
to be able to deduce how effective they have been.

We conducted a systematic review is to explore the nature and results of interventions seeking to address
female underrepresentation in STEM fields of study and employment. We systematically reviewed
experimental and quasi-experimental studies targeting outcomes of participation of women in STEM. The
initial search returned 2,100 articles, which after an initial filter were reduced to 256, of which only 21 were
included in the final review. The main criteria for inclusion required that the documented intervention
targeted STEM-related barriers for women or girls, that the analytical approach included a quantitative
research design for the measurement of a counterfactual, and they pass an assessment of risk bias and
quality of reporting.?

The set of interventions studied in the 21 papers included in the systematic review are mostly in the
education domain and encompass more representation of female teachers in math; exposing girls to non-
traditional or gender-neutral roles in the learning environment; female peer mentoring; group learning;

22 Systematic review is a type of literature review that uses methods to collect secondary data, critically appraise
research studies, and synthesize those two. They are designed to provide a thorough summary of current evidence
relevant to aresearch question. Systematic reviews of randomized controlled trials are key to the practice
of evidence-based research.

23 These papers formed the basis of an initial literature review, including studies from thirty-three countries; fourteen
of these countries were within the Europe and Central Asia (ECA) region. Sample sizes are found to be generally very
small - between 12 and 1,664 observations. Studies are mainly from developed countries, with the USA dominating.

57



single-sex learning settings; facilitation of advanced course taking; psychological intervention on
affirmation training; and, internet delivered “growth mindset” training. Within the domain of STEM work
fields, the interventions tested in the literature included in this review include: Communication of flexible
and work-life balanced STEM workplace; increased female representativity in scientific committees;
encouragement about STEM activities; and recruitment of STEM academics.

Drawing on the main barriers identified in the analysis affecting women and girls participation in STEM, the
studies were grouped by their outcome of interest in four categories: (a) aspirations and motivation to
pursue education or career in STEM; (b) achievement or performance linked to educational progress in
STEM; (c) participation or representation, for example course taking, field of study chosen, persistence in
the field of study and labor participation in STEM sector and occupation; and, (d) beliefs and attitudes.

Figure 34 summarizes the standardized effect sizes and shows that, overall the categories of interventions
reviewed show small effects in participation, retention, and training of women in STEM.?* The review finds
that interventions altering teaching/learning environments, aiming to remove stereotype threat or
psychological bias for girls leading to and resulting from self-selection seem to have an effect on a range of
outcomes from performance and achievement to girls’ interest and attitudes towards STEM fields. In
particular, the most promising interventions that are shown to have an impact are those involving role
models in girls’ lives helping them with self-confidence and aspiration to STEM fields; and group learning
activities on STEM subjects in a mixed gender environment, where early interventions might support with
changes in the future trajectory of engagement in STEM. Further along, providing information about more
work-life balanced workplace environment seem to have an effect encouraging female participation in
STEM careers for students in tertiary education. The limited set of studies looking at interventions focusing
on women already in the labor market was too narrow (e.g. focusing on tenure-track academics in the USA)
and seem to relate largely with de-biasing selection committees.

24 Two studies did not provide enough information allowing calculation of the effect sizes (Jackson 2012 and Unkovic
et al 2015).

58



Figure 3434: Effect Sizes of Studies Included in the Systematic Review
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In Sum

This study departed from an exploratory question. Is it correct to assert that women in ECA are not present
in STEM, and that low representative is negative for women? To what extent women’s limited participation
in STEM relates to women'’s preferences, and/or to observable constraints? Our findings point to less
definitive answers and a more cautious approach to the topic. During the course of the study we found
evidence that the notion of women in STEM is a more complex issue than identified at the start. While
there are somewhat clearer definitions when it comes to school-level education on what can be understood
as STEM (at least when it relates to school subjects), such clear demarcations disappear when entering
discussions on career streams and labor market participation.

We also find that the observed differences between women and men are strongly path-dependent and
multifaceted, and at all stages, multiple and overlapping constraints affect women’s choice for a STEM
focus, ranging from aspirations, anxiety; and parental support in early education, to social norms,
information, social networks, and labor market prospects in tertiary education and in the transition from
education to employment. Finally, in the labor market, the demarcation of what constitutes a STEM
occupation or job, and the limited information available to assess returns, wage gaps, and other job-related
characteristics, make it hard to draw conclusive insights.

However, the complexity of the issues identified indicates that there are not clear and immediate solutions
and a lot more work, interventions, and policy testing is required. This study could not find a systematic
and consistent barrier to be common to ECA countries but rather an overlap of different types of gaps.
More gender equality s crucial to promote more women in STEM professions as gender equality policies
and practices get you better results in STEM.

While there is a lot of different schemes and programs to get more women into STEM than the ones we
were able to document, our findings suggest that if policy makers only focus on STEM specific policies as a
way to empower women in STEM fields, they might be missing the big picture. This conclusion stems from
the observation that female-friendly STEM policies may be under the risk of being reduced to increasing
information on STEM careers, or, related to ITC, to coding teaching and camps for girls. This potentially
reduces the discussion to a narrow view of what STEM is and what is STEM's potential for women’s
economic empowerment. Policies must focus on opening pathways for women from all backgrounds by
offering a range of skills that can be applied to many different jobs and sectors that do not only need to be
STEM-related ones.

To have more women navigating STEM fields requires having more women in the labor market in the first
place. There are many other policies proven to work in promoting gender equality that might work for
STEM as well. Making male-dominated sectors more female friendly, as well as making female dominated
sectors more male friendly is a first step. In addition to this many different interventions and programs that
introduce family-friendly workplace practices such as child care availability in the workplace and flexible
work arrangements, those that introduce gender and age quotas in the candidates interviewed for a certain
job and not just a quota for hiring women can have a positive effect in STEM fields by making a difference
for women overall.
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