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4 which aims to ‘ensure inclusive and equitable quality education and promote
lifelong learning opportunities for all’and SDG5 which aims to ‘achieve gender
equality and empower all women and girls.'

Just like any other region in the globe, gender disparities in STEM careers are
equally observed in the Asia-Pacific region, and it is against this backdrop
that this report on 'STEM Education for Girls and Women: Breaking Barriers
and Exploring Gender Inequality in Asia’ was written. The report showcases
captivating case studies across eight countries in the region (India, Indonesia,
Kazakhstan, Lao PDR, Malaysia, Philippines, Singapore and Viet Nam) covering
the participation and interest of girls in STEM, STEM careers for girls and women
and the experiences of women working in STEM. Although the case studies
cannot be considered as a representation of what is happening in the entire
Asia-Pacific region, they highlight the barriers and challenges that are likely to
discourage girls from pursuing studies, and eventually careers, in STEM fields.
The report permits the reader, whether they are a student, parent, teacher,
school authority, policymaker, government authority, civil society organization,
non-governmental organization, academic or in the private sector, to have a
realistic picture of the differences in perception, motivation, and interest in STEM
between male and female students.

The report further confronts the reader with some fascinating interventions that
have successfully increased access to and participation of girls and women in
STEM fields. These promising initiatives highlight how girls and women can be
motivated to study and build careers in the STEM fields.

Much work remains to be done to fully achieve gender equality in education
and providing equitable means and opportunities is of utmost importance. We
cannot let traditional roles and gender stereotypes hinder the progress many
countries have already made in providing equitable education. Governments
and societies need to lay the groundwork for girls and women to feel welcomed
and supported in pursuing any career path. If we are to achieve the Sustainable
Development Goals, we must look to leverage the potential for all learners,
regardless of gender.

Shigeru Aoyagi
Director
UNESCO Bangkok
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Executive summary

Today, we are seeing scientific innovations advance at an exponential rate.
We understand more about our natural world than ever before and have
manipulated technology to serve our lives in exciting and meaningful ways.
However, for all of these advancements, women make up less than a third of
scientific researchers globally (UNESCO, 2019) and a variety of systemic barriers
often discourage girls from pursuing science, technology, engineering and
mathematics (STEM).

The need to research the status of STEM for girls and women developed from
continued concerns that the field is maintaining too slow a progression in terms
of Sustainable Development Goal (SDG) 4, to ensure inclusive and equitable
quality education and promote lifelong learning opportunities for all; and SDG
5, to achieve gender equality and empower all women and girls. Within STEM
professions and education, the unequal participation between genders at the
expense of females is of concern given the loss of talent, perspectives, potential
advancements and overall strength of the workforce. Furthermore, the low
participation and achievement rates of girls and women can negatively impact
larger societal progress as STEM innovations have incredible potential to drive
sustainable development.

The aim of this publication is to promote the perspectives of STEM practitioners
and researchers to gain a wider understanding of the barriers faced by girls and
women in this domain. This complements previous UNESCO research on STEM
in the Asia-Pacific region by highlighting data and analysis directly from the
field and it overall expands the knowledge base on the experiences of girls and
women participating in STEM fields in the region.

In line with a global priority to mainstream gender equality across all sectors,
UNESCO has undertaken two previous research studies into STEM for girls and
women which are pertinent to this publication. Cracking the Code: Girls’ and
Women'’s Education in STEM is a 2017 global report investigating barriers faced
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by girls and women. A Complex Formula. Girls and Women in Science, Technology,
Engineering and Mathematics in Asia is a regional study conducted by UNESCO
Bangkok that focused on findings from seven countries in the region. The
present publication builds on both of these reports by gathering updated
data from eight countries across the Asia-Pacific region and by expanding the
data source, inviting external researchers and practitioners to contribute their
findings.

In doing so, this research collection is not meant to give an overall view of the
status of STEM for girls and women in the Asia-Pacific region, or to compare
findings between countries. Instead, it aims to highlight contextual barriers
that girls and women face; provide examples of methodological frameworks
that can be used to examine the experience of girls and women in STEM; and
offer concrete examples of interventions that successfully increased access to,
or participation in STEM for girls. In addition, a summary and analysis of key
findings and recommendations is made to emphasize any common results that
could inspire future research and to strengthen the findings of each individual

paper.

Methodology

In 2019, UNESCO Bangkok published a research call, inviting researchers from
across the Asia-Pacific to submit either proposals of innovative projects, or
interventions that tackle inequality in STEM, or research studies on the same
topic. Submitted proposals were score-based on their relevance, methodology,
originality and how useful their results were to education stakeholders.
Additionally, the final papers were to reflect a balance in location and type of
submission (research paper or project report). From these criteria, eight papers
were selected to be part of this final publication.

The country settings include India, Indonesia, Kazakhstan, Lao PDR, Malaysia,
the Philippines, Singapore and Viet Nam. Each paper has been written
independently and has approached the topic from a unique, country-specific
perspective. As such, some research papers are initial explorations into the topic,
while others build on a collection of research in the country. While there is no
common methodology across the different chapters to allow for comparative
analysis of each case study, there are common elements between them that
provide some cohesion, such as the focus on girls'and women's perceptions,
motivations, attitudes and interest in STEM education or careers.
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The eight case studies in this publication are organized into three sections:
1) Encouraging girls’ participation and interest in STEM; 2) Encouraging STEM careers
for girls and women; and 3) Experiences of women working in STEM.

Key findings

The first section, Encouraging girls’ participation and interest in STEM, explores
girls'(@and boys') experiences in STEM education and provides an overview of the
perceptions, interest, motivation, attitudes and, or overall students’and teacher’s
views towards STEM through original data.

The first paper, Reality of STEM education for girls in Viet Nam reports on data
collected through a student survey and interviews with STEM teachers as an
initial study to understand STEM education in Viet Nam, with a specific focus
on girls"attitudes and confidence in STEM. This research determined that not
all teachers understood what STEM education was and that many held a bias
against girls when asked about the suitability of STEM careers for their students.
Female students perceived themselves as skilled in STEM subjects, although
did not want to pursue them professionally, with differences in the preferences,
attitudes, confidence and career trends between male and female students.

The second paper, Perception, motivation and interest of male and female students
towards STEM in Indonesia examines results from a survey measuring perception,
motivation and the interest of students towards STEM. This research found
differences between male and female students’ perception towards science and
technology and engineering and their interest in mathematics and technology
and engineering, with no significant difference found in their motivations
towards the STEM subjects studied.

Girls and women in STEM in Lao PDR measured the perceptions of female STEM
professionals and the attitudes of female students towards STEM through a desk
study, interviews and a questionnaire. This research found gender imbalances
in STEM fields in the form of women sacrificing their careers for their partner’s
success, or a bias in hiring processes and it emphasized the importance of
perception of future earnings in choosing a career. In the questionnaire to
school and university students, student preferences for subjects within STEM
were explored along with student’s attitudes to better inform curriculum, policy
and intervention design.
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The second section, Encouraging STEM careers for girls and women, consists of
three project reports which each outline a different intervention programme
that aimed to encourage girls to participate, or pursue a career in STEM.
Each paper describes the programme, reflects on its success and provides
recommendations.

The first project we look at, Girls2Code: Cultivating interest in programming among
young girls in Malaysia by making drawings come to life was an extra-curricular
workshop that aimed to cultivate interest in programming among young girls.
This workshop successfully engaged young girls in STEM activities; introduced
them to programming concepts; and inspired an interest to learn more about
the topic.

STEMpower Our Girls was a year-long project in the Philippines that sought
to empower girls to pursue STEM through talks, workshops and an online
campaign. This programme had wide-reaching success, engaging over sixty
schools and 2.4 million users online. While the initial high rates of interest in
STEM by participants meant there were minimal behaviour changes in the
students after the conclusion of the programme, there was a significant success
in increasing the interest and involvement of parents in STEM as a potential
study area and career choice for their children.

The third project, Evaluation of a science, technology, engineering and mathematics
(STEM) for girls (STEM-G) programme in Singapore, reported on a programme for
secondary students that aimed to inspire female students to engage in STEM
fields. This school camp was found to have a positive impact on student’s
learning development, self-concept, attitudes, STEM identity and future career
decisions.

The final section, Experiences of women working in STEM, includes two papers
that present data on the experience of forming a career in STEM. This section
outlines barriers faced by women and showcases the voices of professionals
and university students through interviews.

Are female academics more research resilient? Evidence from South India’s
engineering institutions examines the barriers faced by female academics in India
and the resilience mechanisms they employ to overcome these barriers. This
case study highlighted a variety of issues faced by female researchers, including
sociocultural expectations, family and financial issues and institutional or policy
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factors. It also identified several resilience mechanisms employed to overcome
these barriers.

The final case study, Exploring gender equality in STEM education and careers in
Kazakhstan, reports on the results of a series of interviews and surveys with
STEM university students and professionals to explore the factors that impact
girls"and women'’s attraction, participation and retention in STEM education and
careers. The results showed gender stereotyping was prevalent in young people
as well as adults and suggested the labour market may be more gender biased
than the education sector.

Conclusions and recommendations

The sociocultural, psychological and pedagogical barriers faced by many women
and girls who participated in these eight research studies reflect obstacles that
extend far beyond STEM fields. The cases included herein, although limited in
their generalizability, provide valuable insights into the status of gender equality
in STEM education and careers and thus into larger challenges to achieve gender
equality. In better understanding these barriers and successful interventions or
resilience mechanisms used to overcome them, more informed policies and
programmes can be created.

A key finding that emerged from the eight cases collectively was a cyclical effect
that hindered the participation of females in STEM education and eventually
careers. This starts from a young age, with girls receiving messages that STEM
subjects are only suitable for boys, thereby discouraging them from choosing
STEM courses in school or pursuing advanced studies in STEM. For those who do
pursue STEM, there are a series of barriers to success, including discrimination,
pressure to marry early, expectations to take full responsibility for household
and family duties and ‘glass ceilings’ that keep females from high leadership
positions. All of these factors lead to young girls not seeing examples of
successful women in STEM, contributing to the belief that they cannot succeed
in the field.

On the basis of individual findings, each paper made recommendations to
governments, policy makers, parents, teachers and other education stakeholders.
In addition to these, from the overall analysis and conclusions, the following
seven overarching recommendations were made:
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Strengthen STEM curricula and instructional materials to better
promote equal participation in STEM. Consult gender equality experts in
the creation of learning materials to ensure they promote gender equality.
Ensure that all students can engage with STEM ideas early and include
instruction that connects curricula with real-world problems so students
can understand the role of STEM in a broader context.

Strengthen the capacity of teachers and student counsellors to
encourage girls to pursue careers in STEM. Increased awareness of
stereotypes and gender disparities in STEM allows educators and career
counsellors to understand the barriers faced by their students, ensure equal
participation in STEM classes and promote STEM careers to female students.

Raise awareness of gender equality in STEM to parents and broader
communities. Include parents in STEM programmes to improve their
awareness of STEM careers for their daughters. Work with the larger
community to decrease sociocultural factors that impedes girls' progress in
STEM.

Promote the stories of successful female STEM professionals. Encourage
successful female role models to participate in STEM classes to subvert
negative stereotypes. This can also strengthen the sense of belonging to
STEM communities for girls and women.

Encourage STEM participation for girls and women in rural areas.
Include rural and geographically disadvantaged groups specifically in
gender equality policies and STEM programmes.

Improve access to STEM facilities for female professionals and students.
This includes investigating and acting on discrepancies in access to STEM
laboratories, facilities and resources between male and female students.
Examine and act on resource challenges women face in workplaces such
as in gathering data or equipment and cultural norms that discourage
collaboration between men and women, or policies that make it difficult to
balance work and family responsibilities.

Create and enforce policies that promote gender equality in STEM
fields. This approach can include policies that address systematic barriers
to participation in STEM and policies in support of STEM education for girls
— scholarships, improved STEM facilities, equal access to STEM facilities, or
support for initiatives that promote STEM to girls — and gender equality for
women, such as flexible work hours, maternity leave and post-maternity
leave support, appropriate facilities and targeted programmes to reduce
cultural barriers.
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1

An overview of girls and women
in STEM

In light of current technological advancements across most aspects of daily
human activity, STEM fields are considered catalysts for the achievement of the
2030 Agenda for Sustainable Development. Yet, despite being a field strongly
associated with advancement, women and girls often lack equal opportunities
to succeed in STEM.

As key drivers for innovation, STEM fields flourish with new approaches to
tackle present-day challenges to sustainable development, inclusive growth
and social well-being. While innovations in STEM have driven advancement
towards several sustainable development goals, the field itself lags behind
in terms of SDG 4; to ensure inclusive and equitable quality education and
promote lifelong learning opportunities for all and SDG 5; to achieve gender
equality and empower all women and girls. In STEM fields, girls and women, for
a multitude of social, cultural and psychological reasons, engage and participate
at a lower rate than boys and men. This means there is an uneven opportunity
for individual development and a huge loss of talent that is indispensable to the
sustainable development of societies as a whole.

UNESCO has actively emphasized the importance of STEM education for all
through the global priority to mainstream gender equality across all sectors. In
leading the global Education 2030 agenda, UNESCO is mandated to advance
science in the interests of peace, sustainable development and social well-being.
Previous UNESCO research into STEM for girls and women includes ‘Cracking the
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Code: Girls"and Women’s Education in STEM'. This 2017 global report highlights
the barriers that impede girls’and women’s engagement in and contributions
to STEM fields worldwide. This report contributed to gender equality in STEM
by advancing knowledge on girls'and women'’s participation in STEM education
through the identification of factors that contribute to female participation and
intervention activities that promote female engagement in STEM. Additionally,
the pioneering regional report A Complex Formula: Girls and Women in Science,
Technology, Engineering and Mathematics in Asia examined cases from Cambodia,
Indonesia, Malaysia, Mongolia, Nepal, the Republic of Korea and Viet Nam.
Similar to the aforementioned publication, this report aims to address the lack
of information on girls"and women's participation and gender equality in STEM
fields.

This publication builds upon these reports by further examining factors
that influence girls"and women's participation in STEM. However, it deviates
from previous methodologies by collecting independent research papers
from practitioners in the field. This is a bottom-up approach where data and
recommendations for advancement come directly from practitioners in the field,
thereby ensuring that the analysis is highly context-specific and locally relevant.
As such, this publication does not aim to provide an overall view of STEM for
girls and women in the Asia-Pacific region, but it promotes the perspectives
of practitioners and researchers from the field. This compliments UNESCO’s
previous research by providing data directly from those involved in the field,
with an aim to update and expand our knowledge base on the state of girls’
and women'’s STEM education across the Asia-Pacific. As previous studies have
highlighted, much of the disparity arises from social, cultural and psychological
barriers that are present in all levels of education and throughout women’s
career paths. This collection of research will help to identify and isolate these
factors in eight specific country contexts.

Importantly, there are several different definitions of the acronym STEM and the
application of this term changes slightly between papers in this publication,
depending on the context. Among the two most common interpretations
are: 1) STEM education represents subjects and concepts related to science,
technology, engineering and mathematics, either as standalone subjects or
interdisciplinary courses. This is a broad interpretation that can apply to many
professions or educational programmes; and 2) STEM education refers to an
interdisciplinary approach to teaching science, technology, engineering and
mathematics that combines two or more of these subjects into one educational
programme or project. While both definitions are acceptable, the former
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definition is used throughout the majority of this publication, including in the
executive summary, introduction and conclusion. For clarity, each individual
research paper has operationally defined the term.

Status of girlsand womenin STEM

Research into the status of girls and women in STEM has revealed issues of
participation, inclusion and access. While advancements in gender equality
have led to economic growth in many contexts, in STEM the potential benefits
are even greater given the capacity to develop solutions for current and
emerging world problems. Yet, even with these promising gains, in and through
education women and girls lack opportunities for advancement, including
professional development through work. Particularly for STEM fields, girls and
women are often found at a disadvantage for a multitude of social, cultural and
psychological reasons.

A report for the UNESCO Institute for Statistics (2019) found women comprised
only 29.3 per cent of scientific researchers in the world. Rates are even lower in
the Asia-Pacific region where women hold 18.5 per cent of research positions
in South and West Asia; 23.9 per cent in East Asia and the Pacific; and 48.2
per cent in Central Asia. This underrepresentation of women in STEM careers
has far-reaching implications. On an individual level, up to 80 per cent of jobs
in South-East Asia will require basic digital literacy and applied ICT skills by the
year 2030 (see Figure 1.1) (The Sasakawa Peace Foundation & Dalberg Global
Development Advisors, 2017), a circumstance that will disproportionately affect
female students if they lack equal access to technology and ICT learning in
school. Within STEM fields, the exclusion of female professionals signifies a loss
of ideas, perspectives and talent. Furthermore, on a national and regional scale,
gender equality can have strong economic benefits (UNESCO, 2018).
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Figure 1.1: The increasing requirement for basic and applied ICT skills in South-East Asian jobs
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Source: The Sasakawa Peace Foundation & Dalberg Global Development Advisors, 2017.

Low levels of female participation in STEM fields can be traced back to their
school years where a number of influences from society, culture, education and
the labour market are at play (UNESCO Bangkok, 2015). A lack of role models
and mentoring for female students, social undervaluation of females in STEM
careers, stereotyping in teaching materials and instructional approaches and
scarcity of different modes of learning can all prevent female students from
pursuing STEM careers (UNESCO Bangkok, 2015; UNESCO, 2018).

The extent to which girls and women are interested in and motivated to
participate in STEM education and eventually a STEM career is intrinsically linked
to their representation in the field. A recent study conducted by YouGov in the
Asia-Pacific found 32 per cent of teachers believed girls’ low rates of enrolment
and participation in STEM were due to a lack of interest (Microsoft, 2019). This is
further corroborated by Mastercard’s (2017) Girls in STEM research in Asia-Pacific
which found that 68 per cent of girls aged twelve to nineteen in Singapore were
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not interested in STEM while 42 per cent perceived the subjects as difficult.
When asked what would motivate them to pursue studies in the field, they cited
scholarships, successful women in STEM as role models and opportunities to
participate in mentoring programmes.

Many girls aspire to pursue careers in STEM from a young age, but this interest
wanes with sociocultural pressures and a lack of support to cultivate and sustain
their curiosity. In a survey of more than 2,000 girls in the Asia-Pacific Region,
although more than half, aged fifteen to nineteen, considered STEM when they
were young, they changed their minds by the time they reached adolescence
and only 12 per cent continued their studies in STEM subjects (Mastercard,
2018). The key reasons cited for their decisions to stop pursuing STEM were their
learned perceptions of gender bias, subject difficulty and lack of support from
parents and teachers (Mastercard, 2018).

This underrepresentation of women and girls in STEM is multifaceted. As such,
several key contributing factors will be explored herein, and these are organized
into three sections: sociocultural, psychological and pedagogical influences.

Sociocultural factors: Stereotypes, practices and norms

Social norms are one of the many factors that can contribute to upholding
practices that deter girls not only from studying science and mathematics but
also from pursuing education. Similarly, sociocultural norms play an important
role in the degree to which an environment empowers girls and women to
pursue studies and careers in STEM.

Participants at the ‘Asia-Pacific Economic Cooperation’s (APEC) 2016 Women
in STEM Forum’agreed that enabling environments were intrinsically tied to
attitudes and views about the roles, rights and potential of girls and women.
This includes the roles that family, media, schools, communities, workplaces and
culture play in shaping girls"and women’s goals and perceptions of self (Asia-
Pacific Economic Cooperation, 2017). The latest Mastercard STEM research found
46 per cent of girls in India cited parental encouragement as the key reason
they chose to pursue a career in STEM (Mastercard, 2018). While 93 per cent of
girls surveyed considered STEM-related careers when they were younger, 38
per cent believed they were less likely to pursue STEM in comparison to their
male counterparts because of the perceptions that it is male-dominated. The
images girls and women see, societal stereotypes and observed behaviours can
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work either to include or exclude them from the sector. Understanding culture
through what Susie Jolly (2002) describes as ‘ways of life structured by power
and representation’ assists in gaining a better understanding of the power
dynamics that support the cultural practices affecting girls and women.

Importantly, variance exists between and within countries. To hold onto what
New Zealand academic Yvonne Underhill-Sem (2010) coins as a ‘template view'
of cultures in a region — which in the case of Asia-Pacific is home to 60 per cent
of the world'’s population — and paint the entire region with a broad stroke
would detract from the varied efforts of countries to improve the status of girls
and women in STEM. For example, in Myanmar, women comprised 60 per cent
of graduate tertiary STEM programmes in 2018, while in Brunei Darussalam they
made up 54 per cent (UNESCO Institute for Statistics, 2020).

Girls"interest and engagement with the field is heavily influenced by the
sociocultural norms upheld by their parents, teachers, and peers. When the
pursuit of STEM is viewed as contradicting the perceived role of girls and
women as wives, mothers and caretakers of the home, they are discouraged
from continuing to engage in these subjects. Schools can play an essential role
in mitigating these concerns by facilitating conversations and programmes that
cultivate and sustain the participation of girls and women in STEM from primary
education into their careers, ensuring that curricula is non-biased and training
teachers and school leaders to consciously mainstream gender throughout
the learning process. Thousands of women and girls, from primary school to
the professional level, participate in programmes to build networks, skills and
resiliency to work against the harmful stereotypes and sociocultural influences
that have deterred them from pursuing careers in the sector (Mastercard, 2017).
These efforts, however, must be strengthened by sound research to better
understand and improve the roles of public and private actors to empower girls
and women to actively participate in STEM.

Psychological factors: Perception of self, interest and subject
difficulty

The attitude a girl has toward STEM education plays a key role in her education
choices and thus in gender differences in STEM — even more so than student
performance (OECD, 2014). The way girls perceive themselves and their attitudes
toward science are two critical factors that determine their level of engagement
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with the subject, as reported by PISA (2016). Girls elect to opt-out of STEM
because they often do not consider professions in this field as suitable for their
gender. Two predominant gender stereotypes in STEM which deter girls from
participating are: ‘boys are better at maths and science than girls’and ‘science
and engineering careers are masculine domains’' (UNESCO, 2017). Even if girls
do not hold these views themselves, the knowledge that their peers, parents
and teachers perceive them in this way can negatively impact their interest,
confidence and performance in these subjects (UNESCO, 2017).

Furthermore, girls’academic self-concept is closely linked to their interest in
future courses and career options. In a study of gender stereotypes, gender
identity and self-concept in mathematics, Cvencek et al. (2011) tested the
extent to which girls and boys associate mathematics with their genders and
themselves. The results found that boys associated mathematics with their own
gender significantly more than girls. Furthermore, boys were more likely to pick
their own gender as ‘liking to do mathematics more’ than girls, signalling that
both boys and girls perceived mathematics to be more strongly associated with
boys. In terms of self-concept, boys associated ‘me’ with ‘mathematics’ more
than girls and identified more strongly with an image of a person of the same
gender solving a mathematics problem. These results, although from a different
cultural context — from the United States of America — are telling in terms of the
potential difference in self-concept between the sexes.

As a student progresses through school, assessments are increasingly used to
evaluate their capabilities and performance. While observed gaps between the
performance of girls and boys in mathematics and science were often attributed
to innate differences in intellectual ability between the sexes, this is not the case
(Kane and Mertz, 2012). The Trends in International Mathematics and Science Study
(TIMSS) 2015 revealed no difference in the performance of girls and boys for
nine of the twelve participating countries from the Asia-Pacific region for eighth-
grade mathematics (Mullis et al, 2016). However, even though the gender gap is
closing for performance — which suggests girls are experiencing less difficulties
with these subjects — girls continue to be a minority in the STEM field. These
results have spurred research to determine the contributing factors outside of
competency which impact girls’engagement, interest and confidence in the
sector.

Kane and Mertz (2012) suggest that cultural and social factors affect girls'learning
experiences and perception of self in relation to STEM. Here, the lines between
sociocultural and psychological factors blur as they are inextricably linked to
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each other. The harmful stereotypes and messages girls receive which tell
them they are not supposed to be good at mathematics and science and that
their peers, parents and teachers do not expect them to do well either, results
in lower self-concept, disengagement and disinterest. Breda and Napp (2019),
however, offer an alternative explanation for the gender gap in STEM. In a review
of mathematics and reading scores from 300,000 fifteen-year-old students in
sixty-four countries, they found a significant difference in verbal scores between
boys and girls. When making decisions about career prospects, girls with high
mathematics scores were also likely to demonstrate higher readings scores than
their male peers and thus often chose to pursue professions in humanities given
their comparative advantage. This advantage in reading, likely influenced by
the same cultural factors previously explored in this section, may explain up to
‘eighty per cent of the gender gap in intentions to pursue math-studies and
career(s)' (Breda and Napp, 2019).

Perceptions of self, interest and difficulty are key factors which influence the
extent to which students engage with subjects. When students lack interest,
confidence and success in a subject, they are less likely to continue their studies
in that area. Negative stereotypes around girls’and women's capabilities in
STEM create learning environments that do not encourage success or interest.
A study of female students in STEM programmes at the RMIT International
University in Viet Nam found that they often experience anxiety when entering
the programme due to the perception that IT is traditionally a male choice.
However, once they overcame this barrier, they were less likely to drop out of
the course and performed better than their male counterparts (Shillabeer and
Jackson, 2015).

These psychological factors are strongly connected to the aforementioned
sociocultural factors. Stereotypes, perceptions of self, interest and self-concept
are often indivisible from sociocultural influence and this is especially true in
education given the relationship between education, culture and psychology.
As such, pedagogical factors on the status of girls and women in STEM are
rooted in both psychological and sociocultural influences.
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Pedagogical factors: Teacher-student interactions, access to
materials, curriculum and teaching strategies

The settings in which students are taught not only influence how they learn, but
also their perception of self and their academic abilities. Psychological research
has contributed a wealth of knowledge to classroom dynamics and students’
learning, one of the most famous being the Pygmalion effect (Oppong, 2018).
Also known as the Rosenthal effect, this theory describes the phenomenon
whereby higher expectations lead to an increase in performance. Harvard
psychologist Robert Rosenthal developed and proved this theory through
his famous experiment in 1964 at Spruce Elementary School in San Francisco
(Ellison, 2015). He assigned artificially inflated 1Q scores to random students and
found they were treated differently by their teachers and had better academic
performance. This proved, in the words of Rosenthal: ‘If we expect certain
behaviours from people, we treat them differently — and that treatment is likely
to affect their behaviour... the expectations held in the mind of the teacher — or
the parent, or the manager, or the coach - can make an enormous difference’
(Oppong, 2018).

When teachers and parents hold negative gender stereotypes of girls and
women in science this influences female student’s expectations and as a
result, negatively impacts their self-perception. A recent study found parental
encouragement was a large motivational factor for girls in India who chose to
pursue studies and careers in the STEM field where over a third of girls cited lack
of parental encouragement as one of the many reasons they made the decision
not to continue their studies (Mastercard, 2018).

Storage et al. (2016) further demonstrated the influence that the perception of
women has on their inclusion in a given field. In fields in which natural talent
was seen as important to success, they found fewer female PhDs and fewer
women studying bachelor’s degrees. Additionally, the study explored the extent
to which the words ‘brilliant’ and ‘genius’ were used to describe professors,
finding that across eighteen disciplines the terms were used more for male than
female professors. However, when examining general positive attributes in the
reviews such as ‘excellent” and ‘amazing’ there was no identified gender bias.
These results may suggest that women are not perceived as having a natural
talent in these fields.
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A student’s attitude towards a subject is also influenced by interactions with
their teachers. A recent study in the UK found that 57 per cent of teachers
subconsciously held gender stereotypes around STEM (UNESCO, 2017). These
stereotypes influence a teacher’s expectations of the type of students who
will excel in STEM subjects, making girls less likely to receive encouragement
from teachers in comparison to boys. Additionally, classroom observations have
shown that girls receive less instructional time, not as much encouragement
from teachers and ask fewer questions in comparison to boys. A study of
student-teacher interactions in Asia found the majority of teacher interactions
were with boys (UNESCO, 2017). This is not an isolated phenomenon, as Sandler
et. al (1996) noted that when asked questions, female university students were
posed easier questions of a more factual nature, while male students were asked
more open-ended questions. This type of behaviour and interaction creates a
learning environment that discourages girls'involvement and interest in STEM,
resulting in low enrolment numbers.

In addition to unequal interactions with teachers, female students also lack
access to resources, a factor closely linked to academic achievement for girls. A
TIMSS 2011 study found as the percentage of girls that had access to a laboratory
increased, so did their scores in science (UNESCO, 2017). This also applies to
the development of ICT skills for girls and women. Limited opportunities and
exposure to technology means less time dedicated to practicing relevant skills,
which hinders their understanding (The Sasakawa Peace Foundation & Dalberg
Global Development Advisors, 2017). Ensuring the equitable distribution
of resources for students in the classroom contributes to equal learning
opportunities.

In response to these issues, learning institutions have developed gender-
responsive pedagogies which work to mainstream gender into lesson planning,
teaching, classroom management and performance evaluation (Mlama, et al,
2005). UNESCO's (2019) Gender in Education Network in Asia-Pacific (GENIA)
Toolkit on promoting gender equality in education emphasizes the importance
of developing curricula and teaching and learning materials from a gender
equality perspective. This sends a message to students that diverse groups are
valued and mitigates the marginalization of students. STEM textbooks often
depict women in subordinate roles to men in science or use language to imply
women do not take up leadership roles. A recent UNESCO study of over 100
national curriculum frameworks found seventy-eight used learning materials
and textbooks that communicated gender bias (UNESCO, 2017). In order to
cultivate and sustain girls’interest and success, textbooks and curricula must
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dispel gender stereotypes. Furthermore, it has been suggested that a problem-
solving approach to STEM instruction, especially when employing real-world
problems, could foster the interest of female students (Cooper and Heaverlo,
2013). Solving problems also encourages hands-on work and inquiry-based
thinking, allowing girls to demonstrate their competency in subjects. Similarly,
collaborative learning has been associated with increased rates of retention
in subjects for marginalized students, including girls and women, promoting
higher achievement, increased self-esteem and students also demonstrated
more enjoyment of subjects (Sandler et al., 1996).

Scope and methodology of the regional research

Given the sociocultural, psychological and pedagogical factors that contribute
to ongoing gender disparity in STEM throughout the region, identifying
and isolating such factors is an essential step towards achieving equitable,
quality education and gender equality in STEM fields. This research aimed to
illustrate prevalent barriers faced by girls and women in STEM and present
recommendations to address them.

To this aim, in 2019 UNESCO Bangkok put out a call for research, receiving
numerous proposals of both research studies on girls’or women’s participation
in STEM and reports from innovative projects or interventions to tackle gender
inequality in STEM fields. The submitted research projects were scored based on
set criteria. These standards included:

1. Relevance. Does it examine STEM education for girls/women? Does
it address sociocultural or psychological factors?;

2. Methodology. Is the method rigorous and robust? Is the research feasible
(if not yet completed)?,

3. Originality. Is it a novel idea? Does it go beyond just analyzing the differences
in learning outcomes of gender?;

4. Usability of results. Does it provide policy recommendations for education
stakeholders on how to reduce inequality in STEM?

Eight research papers were selected to be included based on this criteria,
as well as location and category of submission (research or project report), with
the final papers reflecting a regional and categorical balance.
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The papers herein explore a variety of themes, each approaching the topic of
STEM for girls and women from a unique, country-specific stance. The inclusion
of papers from STEM practitioners as well as from formalized research bodies
provides an added value to the publication by highlighting varying perspectives
on the topic. The country settings include India, Indonesia, Kazakhstan, Lao PDR,
Malaysia, the Philippines, Singapore and Viet Nam. Each paper is positioned
independently, with some serving as initial, country-specific explorations into
the experience of girls or women in STEM and others are built upon larger bodies
of research in the context to tackle distinct questions. Each paper individually
makes great contributions to the advancement of gender equality in STEM in
their respective country and on the whole they advance the Education 2030
agenda in the region by illuminating pressing issues, giving a voice to girls and
women and proposing solutions and recommendations to problems faced.

As each report was conducted independently, there is no common structure
in the presentation of research in each chapter. This is intentional as each case
study was formatted to best present its findings. However, in an effort to create
a cohesive publication for the reader, the chapters are grouped under common
themes, and organized into the following three sections.

Section |

Encouraging girls’ participation and interest in STEM includes research based in
Indonesia, Lao PDR and Viet Nam. These papers explore the experiences of
studying STEM, providing an overview of the perceptions, interest, motivation,
attitudes and/or overall beliefs towards the STEM of students and teachers. They
each present original data from their respective countries to illuminate specific
aspects of gender inequality while providing recommendations for action to
work towards gender equality in STEM.

2. Reality of STEM education for girls in rural Viet Nam reports on data collected
through a student survey and interviews with STEM teachers.

3. Perception, motivation and interest of male and female students towards
STEM in Indonesia examines results from a survey measuring perception,
motivation and interest of students towards STEM.

4. Girls and women in STEM in Lao PDR measured the perception, motivation
and interest of female STEM students through a questionnaire.
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Section Il

Encouraging STEM careers for girls and women includes project-based research
from Malaysia, the Philippines and Singapore. These papers each outline a
different intervention programme aimed to encourage girls to participate, or
pursue a career in STEM. The findings can serve as a great resource for educators,
parents or any organization looking to promote STEM participation among
girls. Each paper describes the programme, reflects on its success and provides
recommendations to other practitioners or policy makers.

5. Girls2Code: Cultivating interest in programming among young girls in Malaysia
by making drawings come to life was an extra-curricular workshop with the
aim to cultivate interest in programming among young girls.

6. STEMpower Our Girls was a year-long programme in the Philippines that
sought to empower girls to pursue STEM through talks, workshops and an
online campaign.

7. Evaluation of a science, technology, engineering and mathematics for girls
(STEM-G) programme in Singapore reports on a programme for secondary
students that aimed to inspire female students to engage in STEM fields.

Section Il

Experiences of women working in STEM includes papers from India and Kazakhstan.
These two papers explore the experience of forming a career in STEM, outlining
some of the specific barriers women face in these contexts and showcasing the
voices of professionals and university students through interviews. They provide
various recommendations to both improve the status of women working in
STEM and to encourage more female students to enter the field.

8. Are female academics more research resilient? Evidence from South India’s
engineering institutions examines the barriers faced by female academics in
India and the resilience mechanisms they employ to overcome the barriers.

9. Exploring gender equality in STEM education and careers in Kazakhstan reports
on the results of a series of interviews and surveys with STEM university
students and professionals.

Following these eight chapters are general conclusions and an analysis of the
key findings. The framework presented earlier in this chapter of sociocultural,
psychological and pedagogical influences is used to analyse any common or




1: An overview of girls and women in STEM - STEM Education for Girls and Women

divergent findings from the individual reports and guides the establishment of
seven overarching recommendations.

Limitations

This methodological framework has several key limitations. As each case study
was conducted and written independently there is no common methodology
or analytical framework from which comparisons can be based. Additionally,
while the inclusion of project-based reports adds a category of research not
included in the previous UNESCO publications on the topic, the small sample
size of these case studies significantly limits the generalizability of their findings.

Each report provides recommendations for educators, policy makers or
researchers to continue advancing the field of STEM for girls and women.
Although these recommendations are context-specific, there are challenges
and lessons that can be adapted to further gender equality in STEM throughout
the region. While each paper stands individually as a‘lens'into the experience of
girls and women in STEM in one country, identifying any common challenges or
approaches between them allows for lessons learned to be shared and adapted
throughout the region for future research, policies and programmes.
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