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Gender Equity in STEM Education:
Trends, Barriers, and Transformative
Strategies

Sistla Rama Devi Pani* and Yogita Kanwer**

Women have been an integral part of India’s culture and
society since ancient times. However, in the modern era, they have
often not received the status and treatment they deserve, and this
has remained a matter of concern for many years. Although there
has been measurable progress over the past decades, the world is
still not on track to achieve gender equality by 2030. Women and
girls constitute half of the global population—and therefore half of
its potential—yet gender inequality continues to persist worldwide,
including in India, slowing the pace of social progress.

In recent years, India has witnessed several encouraging
developments in efforts to empower women. The government
has introduced a range of programmes and policies aimed at
improving women'’s health, education, and economic opportunities.
Women’s participation in the workforce has increased, and many
have attained prominent positions in politics, business, science,
and entertainment. Despite these gains, significant challenges
remain. Women in India continue to lag behind men on several
socio-economic indicators, even after notable improvements since
Independence. They still face discrimination, exploitation, and
various forms of oppression.

Educational disparity remains a major concern. Female
literacy, although steadily improving, has historically been lower
than male literacy, and a smaller proportion of women pursue
higher education. While girls often perform on par with boys at the
school level, dropout rates among girls remain higher due to socio-
economic factors such as parental preference for investing more in
sons’ education than daughters’. Women are also underrepresented
in highly paid and high-value occupations. When both paid and
unpaid work are considered, Indian women, on average, work longer
hours than men. Although the Equal Remuneration Act mandates
equal pay for equal work, wage disparities persist across sectors—
from agriculture and manufacturing to sports and cinema—even
when women perform the same tasks as men.

India has also struggled with the legacy of sex-selective
practices that adversely affected the child sex ratio in earlier
decades. Furthermore, many women continue to face harassment,
exploitation, and violence in both domestic and public spaces.
As UNESCO rightly emphasizes, gender equality is not only a
fundamental human right but also a necessary foundation for a
peaceful, prosperous, and sustainable world.

*Editor, University News, Association of Indian Universities, New Delhi-110002.
E-mail:rama.pani2013@gmail.com/ ramapani.universitynews@gmail.com
**Research Division, University News Unit, Association of Indian Universities,
New Delhi-110002. E-mail: unaiu89@gmail.com/universitynews.aiu.ac.in



One of the most critical areas where women
remain significantly underrepresented globally is
STEM (Science, Technology, Engineering, and
Mathematics). Studies reveal wide variations in female
participation in STEM programmes—from less than
1% in some countries such as the Maldives, to about
41% in Oman. OECD data (2020) indicate that women
accounted for only about 20% of new enrollments in
short-cycle tertiary STEM programmes and around
30% at the bachelor’s level. Even in regions where
stronger representation might be expected, the figures
remain modest: approximately 24% in the United
States, 17% in the European Union, 16% in Japan, and
about 14% in India in certain STEM domains.

The Status of Women in STEM in Higher
Education (2007-2017) report provides a critical
review of the unique challenges women face in STEM
fields, which extend to enrollment and leadership roles.
It highlights structural barriers such as gender bias,
chilly campus climates, and the underrepresentation of
women in leadership positions across academic fields
(kugler2017). The report notes that while significant
strides have been made to increase female enrollment
in STEM disciplines, the leadership pipeline remains
disproportionately male-dominated. This finding is
particularly relevant to the Indian context, where
cultural and institutional biases prevent women from
ascending to leadership roles (Kugler,2017).

Despite growing global interest over the
last decade in computer science, engineering,
mathematics, and statistics, the gender gap in STEM
persists. As of 2023, women comprise only about 28%
of the global STEM workforce. Although women’s
overall graduation rates in higher education are often
comparable to or higher than those of men, fewer
womenenrolin STEM atadvanced levels—particularly
in Engineering, Information and Communication
Technology (ICT), and Physics. According to the
Global Gender Gap Report 2023, women make up
only 29.2 per cent of all STEM (science, technology,
engineering and mathematics) workers across 146
countries.

InIndia, the All India Survey on Higher Education
(AISHE) report indicates that women constitute 43.2%
of the total student population across undergraduate,
postgraduate, and doctoral programmes. However,
their representation within STEM disciplines
remains uneven and generally lower in technical and
engineering streams. Tables 1 and 2 present the current
status of STEM enrolment in India.

Table 1: STEM Enrollment in Science
and Maths 2021-22

Level Male Female Total
Undergraduate G |24,22,049| 24,96,376| 49.18 lakhs
Postgraduate 2,91,862| 4,60,945 7,52,807
Ph.D. 22,622 22,702 45,324

Source: Compiled by the Author from AISHE Report-2021-22

Table 2: STEM Enrollment in Engineering and
Technology 2021-22

Level Male Female Total
UG 27,66,697 11,37,818 39.04 lakhs
PG 1,17,982 55,968 1,73,950
Ph.D. 34,870 17,961 52,748

Source: Compiled by the Author from AISHE Report-2021-22

The data reveal a pronounced internal disparity
within STEM disciplines. While female enrolment in
non-engineering science courses is nearly at par with—
and in some cases exceeds—that of male counterparts
at the postgraduate and doctoral levels, a substantial
gender gap persists in engineering and technology
across all three tiers: undergraduate, postgraduate,
and doctoral programmes. These statistics clearly
underscore the continued underrepresentation of
women in the professional streams of STEM education,
particularly in engineering and technology. This
underrepresentation not only reflects gender imbalance
but also signals structural and socio-cultural barriers
that limit women’s entry into and advancement within
STEM fields.

At the student level, the AISHE 2021-22 report
presents a somewhat more encouraging—though
still uneven—picture: women account for 42% of
enrolment in chemistry, 38% in physics, and 32% in
engineering. At the faculty level, a recent study by
Shruti Muralidhar and Vaishnavi Ananthanarayanan
(2023), covering 100 Indian universities, highlights
a pronounced gender imbalance in STEM. Women
constitute only 16.6% of the overall STEM teaching
workforce. Thisunderrepresentation is further reflected
in India’s premier science academies, where women
hold just 9% of fellow positions in the Indian National
Science Academy (INSA), the Indian Academy of
Sciences (IAS), and the National Academy of Sciences,
India (NASI).

Such stark disparities do not occur by chance.
Many girls continue to be held back by discrimination,
implicit biases, and entrenched social norms that
shape both the quality of education they receive and
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the subjects they ultimately pursue. The persistent
underrepresentation of girls and women in STEM
education is deeply rooted and acts as a significant
constraint on progress toward sustainable development.
It also limits diversity, innovation, and the full potential
of the STEM ecosystem.

The barriers are multifaceted, ranging from
societal stereotypes and educational inequities to
workplace discrimination and the lack of visible role
models. Understanding and systematically addressing
these constraints is essential for designing effective
strategies to increase female participation and retention
in STEM education and careers. Socio-cultural
expectations often perpetuate the belief that certain
professions are better suited to men. Even for women
who overcome early-stage barriers and enter STEM
pathways, the journey ahead is often challenging.

Addressing this underrepresentation is especially
critical at a time when the world is confronting
complex economic, environmental, geopolitical,
societal, and technological risks. There is an urgent
need to examine women’s perceptions, challenges,
and the broader benefits of their inclusion in STEM
education and professions.

Recognising the importance of this issue, the
Government of India has made gender equity in STEM
a policy priority. The Department of Science and
Technology (DST) has introduced several initiatives
under the Women in Science and Engineering—KIRAN
(WISE-KIRAN) scheme. These include fellowship
programmes such as the WISE PhD scheme, which
supports women pursuing doctoral research in key areas
of basic and applied sciences. The Women’s Instinct
for Developing and Ushering in Scientific Heights
& Innovations (WIDUSHI) programme encourages
senior women scientists to undertake interdisciplinary
research. Mentorship initiatives such as Vigyan Jyoti
target high school girls—particularly in rural areas—
motivating them to pursue STEM subjects.

Complementing these efforts, the Department
of Biotechnology’s BioCare programme supports
women scientists seeking to re-enter the research
ecosystem. The Consolidation of University Research
through Innovation and Excellence in Women
Universities (CURIE) programme strengthens research
infrastructure in women’s universities, while the
Gender Advancement for Transforming Institutions
(GATI) initiative promotes systemic institutional
change toward gender-sensitive practices. At the
institutional level, the Supernumerary Scheme in
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IITs has significantly improved women’s enrolment,
marking an important step toward correcting gender
imbalance in premier technical institutions.

Gender inequality in STEM has also received
attention in major intergovernmental forums. The
recent G20 Chief Science Advisers’ Roundtable (G20-
CSAR), led by the Office of the Principal Scientific
Adviser to the Government of India, showcased strong
global representation by women science leaders.
Distinguished figures such as Australia’s Chief
Scientist Dr. Cathy Foley; the UK Government Chief
Scientific Adviser, Professor Dame Angela McLean,;
Dr. Liliana Pasecinic of the European Union’s Joint
Research Centre; Dr. Irina Kuklina of Russia; Brazil’s
Vice Minister for Science, Technology and Innovation,
Dr. Marcia Barbosa; and Saudi researcher Atheer
Alkubeyyer exemplify women’s leadership on the
global scientific stage.

Women’s educational choices continue to
be shaped by cultural barriers that reinforce the
perception of STEM as a male domain (CEDAW,
2017). As aresult, women are often channelled toward
traditionally feminised fields such as education, health,
arts, humanities, and social sciences (UNESCO,
2020a). These persistent norms underscore the need
for targeted interventions that challenge stereotypes
and foster more inclusive academic and professional
environments.

OECD data further reveal that female
representation remains particularly low in computer
science and engineering, with women comprising less
than 20% of new entrants in computer science and
about 18% in engineering programmes (OECD, 2017).
This reflects a broader global pattern in which gender
significantly influences higher education choices,
producing a pronounced divide between humanistic
and scientific disciplines. Studies across countries
confirm the persistence of this trend (Ramirez &
Wotipka, 2001; Smyth, 2005).

In many developed nations, nearly 90% of the
gender disparity in fields of study remains stable
over time, indicating deeply entrenched patterns of
educational choice. These patterns are shaped by
a complex interplay of cost-benefit considerations
and powerful social influences, including family
expectations, peer dynamics, and teacher guidance.
From an early age, such factors shape students’
aspirations and self-perceptions, thereby reinforcing
the gender divide in higher education (Williams &
Wolniak, 2021)



UNESCO’s Initiatives to Improve the Status of
Women in STEM Fields

In 2016, UNESCO Member States adopted a
landmark decision emphasizing the Organization’s
role in encouraging girls and women to become
leaders in STEM, including arts and design. Since
then, UNESCO has undertaken a series of strategic
initiatives to advance gender equality in STEM
education and careers.

Research

UNESCO produced the landmark global report
Cracking the Code: Girls’ and Women's Education in
Science, Technology, Engineering and Mathematics
(STEM), which maps the status of girls and women
in STEM education worldwide. The report identifies
key factors that hinder or promote their participation,
achievement, and retention in STEM fields. As
one of the first comprehensive global analyses of
gender disparities in STEM, it has helped build
a robust evidence base and has informed policy
recommendations for education ministries and other
stakeholders.

In addition, UNESCO has generated country-
level strategic insights by supporting comparative
assessments of learning in mathematics and science
across regions such as Latin America, East and
Southern Africa, and through related research
initiatives in Asia.

Policy Advocacy

UNESCO actively promotes policy dialogue
and cross-country learning. A notable milestone was
the International Symposium and Policy Forum held
in Bangkok in 2017, which convened more than
350 participants from over 70 countries to exchange
experiences and strategies for advancing girls’
participation in STEM. These efforts contribute to
UNESCO’s Global Partnership for Girls’and Women'’s
Education, which seeks to promote gender equality
through education systems worldwide.

Capacity Building

UNESCO supports countries in strengthening
their capacity to deliver gender-responsive STEM
education. With financial support from partners
such as the Government of Japan and other donors,
the Organization has implemented teacher capacity-
building initiatives in sub-Saharan Africa and Asia.

Regional trainings in both francophone and
anglophone African countries have reached more than

350 teachers, teacher educators, school leaders, and
government representatives from 21 countries. These
efforts have also established a network of Master
Trainers to sustain local capacity development.
UNESCO has developed a dedicated training
package and advocacy toolkit to support the delivery
of quality gender-responsive STEM education. This
work has been undertaken in collaboration with
partners including the Ministries of Education of
Senegal and Rwanda, the Institut de la Francophonie
pour I’éducation et la formation (IFEF), the African
Union’s International Centre for Girls’ and Women’s
Education in Africa (AU/CIEFFA), Microsoft,
and the Forum for African Women Educationalists
(FAWE).

Digital Skills Development

Recognizing the centrality of digital competence
in today’s technology-driven world, UNESCO
prioritizes strengthening girls’ digital literacy. The
rapid shift toward technology-enabled learning—
accelerated by the COVID-19 pandemic—has made
this agenda even more urgent.

With support from partners such as Intel, Prada,
and others, UNESCO is implementing initiatives to
equip girls and women with essential digital skills,
thereby helping to close the gender digital divide and
enhance their long-term educational and employment
prospects.

Mentoring and Role Models

UNESCO emphasizes the critical role of
mentoring and visible role models in addressing
gender bias in STEM. Exposure to successful women
in STEM helps girls better understand career pathways
and strengthens their confidence and aspirations.

Through partnerships with organizations such
as Airbus, HNA, Intel, L’Oréal, Prada, and WomEng,
UNESCO has expanded mentoring initiatives at the
country level. Notable examples include the Scientific
Camps of Excellence for Mentoring Girls in STEM
in Kenya—recognised by the United Nations as a
good practice—and STEM Clinics in Ghana, which
provide hands-on exposure, skills development, and
direct interaction between girls and women STEM
professionals.

Together, these initiatives reflect UNESCO’s
multi-pronged strategy—spanning research, policy
advocacy, capacity building, digital empowerment,
and mentorship—to advance the participation and
leadership of women and girls in STEM worldwide.
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Key Suggestions and Way Forward

To meaningfully improve women’s participation
and leadership in STEM, a multi-level and sustained
approach is essential.

First, early-stage interventions must be
strengthened. Gender stereotypes begin forming in
school years, so curriculum reform, gender-sensitive
pedagogy, and exposure to female STEM role
models at the school level are critical. Programmes
like Vigyan Jyoti should be expanded with stronger
rural and aspirational-district coverage.

Second, the transition pipeline from school to
higher education needs targeted support. Scholarships,
bridge courses in mathematics and coding, and career
counselling for girls can reduce attrition at key
transition points—especially into engineering and
technology streams.

Third, higher education institutions must
institutionalize gender-responsive ecosystems. This
includes safe campus infrastructure, flexible academic
pathways, maternity and caregiving support, anti-
harassment mechanisms, and transparent recruitment
and promotion policies. Initiatives such as GATI
should be scaled and linked with accreditation and
ranking incentives.

Fourth, mentorship and visible leadership
pathways are crucial. Structured national mentoring
networks connecting students, early-career researchers,
and senior women scientists can significantly improve
retention and  progression. Industry—academia
mentorship partnerships should also be strengthened.

Fifth, re-entry and career continuity
programmes require expansion. Schemes like WISE-
KIRAN and BioCare are impactful but need wider
outreach, simplified access, and better tracking of
long-term outcomes to support women returning
after career breaks.

Sixth, data systems must be strengthened.
Regular gender-disaggregated data across disciplines,
ranks, funding, patents, and leadership positions will
enable evidence-based policymaking and institutional
accountability.

Finally, societal change must accompany policy
reform. Public campaigns, media representation,
and community engagement are needed to challenge
persistent stereotypes that frame STEM as a male
domain.

Conclusion

The evidence presented in this study makes one
fact unmistakably clear: while India and the global
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community have made important strides toward
gender equity in education, the STEM ecosystem
continues to reflect deep structural imbalances.
Women’s relatively strong presence in overall
higher education has not translated into proportional
representation in engineering, technology, advanced
research, or leadership positions. This gap is neither
accidental nor inevitable—it is the cumulative
outcome of socio-cultural norms, institutional
barriers, and systemic biases operating across the
educational and professional pipeline.

Encouragingly, India has demonstrated strong
policy intent through targeted programmes such
as WISE-KIRAN, GATI, CURIE, and the IIT
Supernumerary Scheme, alongside global efforts led
by UNESCO and other multilateral bodies. However,
the persistence of disparities indicates that isolated
interventions are insufficient. What is required is a
coherent, lifecycle-based strategy that supports girls
and women from early schooling through research
leadership and innovation ecosystems.

Advancinggenderequityin STEMisnotmerely
a question of fairness; it is a strategic imperative
for national development, scientific excellence,
and sustainable futures. Diverse STEM systems
are more innovative, more responsive to societal
needs, and better equipped to address complex
global challenges. The path forward therefore lies
in moving from incremental inclusion to systemic
transformation—where institutions, policies, and
social norms collectively enable women not only
to enter STEM fields but to thrive, lead, and shape
the knowledge economies of the future.
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From Celebration to Structural Reform: Reimagining Women’s
Research Leadership in Indian Universities

Murari Lal Gaur*

The 11th International Day of Women and Girls in
Science, observed globally on 11 February under
UNESCO’s mandate, provides an opportunity
to move beyond symbolic celebration toward
measurable institutional reform. India has achieved
encouraging levels of participation in STEM
education, with women constituting approximately
43% of STEM graduates. India’s participation
levels compare favorably with global averages
(UNESCO Institute for Statistics, 2023). However,
representation declines sharply at research and
leadership levels, where women account for
roughly 16—17% of researchers and an even smaller
proportion of senior faculty in leading institutions.
This progression gap reflects structural rather than
aspirational limitations. Anchored in the theme
“Bridging Science, Society and Sustainability,”
this article argues that Indian universities must
transition from participation metrics to leadership
metrics through transparent reporting, structured
mentoring ecosystems, and inclusive governance
design. Sustainable scientific advancement in India
will depend not only on technological innovation but
also on institutional architectures that enable women
to shape the direction of research and academic
leadership (Abstract).

Introduction: The Meaning of 11 February

India presents a striking paradox in science
and technology education. Women constitute
nearly 43% of STEM graduates, one of the highest
proportions globally. Yet their representation drops
to approximately 27% in the STEM workforce and
further to about 19% among active scientists and
research leaders. This nearly 24-percentage-point
talent attrition between graduation and research
leadership signals not a supply deficit, but with
a Structural barriers to advancement rather than
aptitude differences explain much of this disparity
(Ceci & Williams, 2011). UNESCO designated
11 February as the International Day of Women
and Girls in Science to promote full and equal

* Vice-Chancellor, PhD (Hydrology) IIT Roorkee FASWC,
FIAH, FRMSI, The Assam Kaziranga University, Jorhat-
785006 Assam. E-mail: ve@kzu.ac.in ; migaur07@gmail.com

participation in scientific development (UNESCO,
2023). The 11th observance falling on 11 February
presents a symbolic alignment -11 on 11, reminding
us that progress in science is cumulative and
intentional. At Kaziranga University, this year’s
observance coincides with our International
Conference titled “Bridging Science, Society and
Sustainability.” The theme is particularly relevant.
Science cannot effectively bridge society unless its
institutions reflect the diversity of the society they
serve. Inclusion in science is therefore not only
an equity concern but also a developmental and
sustainability imperative.

Closing the 43%—-19% gap is not merely a
matter of representation; it is central to enhancing
India’s research output, innovation competitiveness,
and global academic standing. Universities, as
knowledge architects, must lead this transformation.
This article examines the systemic factors
contributing to this “pipeline leakage” - including
limited access to research leadership pathways,
uneven mentorship structures, grant acquisition
disparities, work-life integration challenges, and
institutional evaluation metrics that undervalue
collaborative and interdisciplinary contributions.
Positioning gender equity as a strategic innovation
imperative rather than a social obligation, the paper
argues that universities must transition from passive
inclusion to intentional retention and leadership
incubation. Drawing upon global benchmarks and
national policy frameworks such as NEP 2020
and emerging research governance reforms, it
proposes five actionable institutional strategies:
structured mentorship grids, leadership acceleration
fellowships, re-entry research grants, gender-
responsive funding models, and measurable equity
dashboards. The NEP 2020 explicitly emphasizes
research intensity and inclusive excellence as pillars
of reform (Min of Edu, 2020).

Participation without Proportionate Leadership

India has made commendable strides in
women’s participation in STEM education. Official
data indicate that women constitute approximately
43% of STEM graduates in India (Press Information
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Bureau, 2023). This positions Indiaamong countries
with relatively strong female participation at
the entry level of scientific education. However,
this encouraging figure masks a steep decline at
subsequent stages. Women constitute only 16.6% of
researchers in India (Government of India, 2023).
Faculty representation in STEM across major
institutions averages approximately 13.5%, with
several premier institutions reporting even lower
figures (BiasWatchlndia, 2020). In elite technical
institutions, women faculty representation often
ranges between 7% and 12%. This divergence
between educational participation and research
leadership reflects a structural progression gap
rather than a pipeline shortage. The issue is not
entry; it is retention, advancement, and visibility.

Research Output and Authorship Patterns

Academic leadership is strongly influenced
by publication metrics, grant acquisition, and
authorship position. Studies examining research
output patterns in India reveal that male authors
significantly outnumber female first authors,
with an approximate ratio of nearly 3:1 across
disciplines (Thelwall et al., 2019). Given that
first and last authorship positions are widely
interpreted as indicators of intellectual leadership,
disparities in authorship translate into disparities
in recognition and career progression. Moreover,
editorial boards and conference panels often
exhibit gender imbalance, limiting professional
visibility and network access. Visibility is not
peripheral in academia—it directly influences grant
success, invitations, citations, and administrative
appointments. Thus, representation gaps compound
over time, affecting cumulative advantage within
academic systems.

The Global Recognition Gap

The underrepresentation of women in scientific
leadership is not unique to India. Globally, since
1901, only 67 women have received Nobel Prizes
across all categories, representing approximately
6—7% of total laureates (Nobel Prize Organization,
2024). In Physics, only five women have been
awarded the Nobel Prize, roughly 2% of all Physics
laureates. These figures illustrate that even at the
highest level of scientific recognition, systemic
disparities persist. While global progress is evident,
it remains uneven and incomplete. The lesson for
universities is clear: waiting for natural correction
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is insufficient. Institutional design must actively
address structural imbalances.

Beyond the “Leaky Pipeline”

The metaphor of the “leaky pipeline” has long
been used to describe women’s attrition in science.
However, contemporary evidence suggests that the
issue may be less about leakage and more about
institutionalarchitecture. Threestructural dimensions
merit attention. First, transition points in academic
careers; doctoral completion, postdoctoral mobility,
early faculty appointment, often lack structured
mentoring and grant-readiness preparation. Second,
leadership grooming remains informal. Principal
investigator roles, research Centre directorships, and
governance positions frequently depend on networks
rather than systematic development frameworks.
Third, visibility norms are rarely codified, leaving
conference representation and editorial inclusion to
discretionary decisions. Universities that rely solely
on organic evolution risk continuing inherited
inequities. Structured systems are required to
produce structured outcomes.

Science, Society, and Sustainability

The theme of our International Conference,
Bridging Science, Society and Sustainability,
offers a strategic lens for reflection. Sustainable
development challenges—climate change, public
health, digital ethics, agricultural resilience—
require diverse epistemic perspectives. Global
research assessments confirm that diverse research
teams demonstrate broader problem framing and
improved innovation outcomes (Schneegans 