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ABSTRACT

The aim of this study was to map the current status of STEM education in Kazakhstan. The study
encompasses 24 studies selected through a literature search in Google Scholar, ERIC, Web of Science, and
Scopus. The descriptive characteristics of the reviewed studies reveal a significant increase in STEM
education publications in Kazakhstan since 2019, indicating a growing emphasis on this field. The reviewed
studies, spanning the years 2019 to 2023, included diverse formats such as journal articles, conference
proceedings, book chapters, theses, and review articles. Notably, the reviewed studies involved participants
from both K-12 and university levels, with a particular focus on female students in some studies. The
thematically organized findings of the reviewed studies highlighted challenges faced by STEM education in
Kazakhstan, including students’ perceptions about STEM subjects and careers, school environment and
educational culture, and societal and gendered expectations. Creating interactive learning environments,
addressing biases, dismantling gender stereotypes, and challenging traditional norms were identified as
crucial steps to encourage the participation of young women in STEM disciplines. This study contributes
to understanding STEM education in Kazakhstan and provides a foundation for future cross-country
comparisons, emphasizing the necessity for adaptable approaches in designing and evaluating STEM
initiatives in evolving educational contexts.

Keywords: STEM education, Kazakhstan, barriers to STEM education, student attitudes, women in STEM

INTRODUCTION

Since independence in 1991, Kazakhstan has prioritized modernizing its educational system to international
standards and teaching approaches, and has heavily invested in doing this (see Bridges, 2014; Mahon and Murphy,
2019; Massyrova et al., 2015; McLaughlin et al., 2023; Nazarbayev University Graduate School of Education, 2014;
Nuriyev et al., 2018), including developing relationships with foreign universities (Astana Times, 2022). Given
these long-term investments and the increased focus internationally on the fields of science, technology,
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engineering, and mathematics (i.e., STEM), from individual and integration perspectives alike, it is important to
locate a country’s positioning of STEM — in both practice and policy with respect to its education and growth —
so that various metrics about STEM can be monitored over the coming decades. To date, there has been no review
of the nationally conducted research on STEM disciplines and education in Kazakhstan, which could determine
this positioning. This study maps the research that has been conducted on STEM education in Kazakhstan and
identifies challenges therein. This mapping allows both a determination of what is known and trends in STEM
research, as well as recommendations with respect to STEM education and research. The following research
questions shape this study:

1. What key constructs are examined in relation to students’ learning in STEM education in Kazakhstan?

2. Which are the most salient concerns for STEM education in Kazakhstan?

Understanding the Concept of “STEM”

Opver the last fifty years, science education has shifted from thinking about science as individual science subject
silos (e.g., biology, chemistry, physics, engineering) to a recognition that success in any science discipline relies on
a variety of investigation skills and conceptual frameworks that also integrate with knowledge and concepts from
other disciplines. In the early 1970s, sociology of science scholars were studying laboratory-based science research
describing the importance of technology and applied mathematics skills in that research (e.g., Latour and Woolgar,
1979; Traweek, 1988). Later field-based studies identified that many aspects of successful academic science
investigation required technology skills that were practical and applied as opposed to academic and conceptual
(Nutch, 1996; Roth and Bowen, 1999, 2001). In the past couple of decades, a more formal recognition of the need
for a combination of conceptual and applied science, mathematics, and technology competencies in research has
occurred.

The acronym STEM, representing the subjects Science, Technology, Engineering and Math, emerged in the
early 2000s as a way of discussing concerns about the global economic downturn as related to science and
technology areas (Krug and Shaw, 2016), with the argument being made that improving STEM skills would lead
to greater economic productivity (Dodge, 2015). This original use of the acronym STEM was a way of discussing
the combined economic importance of the four disciplines (both currently and in the future) that made up its
acronym, but they were still often individual subject silos with little or no integration (see Clark, 2013), reflecting
its origins. As Shanahan et al. (2016, p. 130) noted, “STEM began its life as little more than a convenient term for
organizing allied areas of research and funding.” In higher education, a review of STEM on university websites
even now will reveal that it is often still discussed as individual subjects at the course level under the umbrella of
STEM university programs, such as science and engineering (there are exceptions to this, see Penprase, 2020).
Moreover, the concept of economic importance is often discussed from the perspective of the number of graduates
there are from STEM programs (Archer et al.,, 2023; Morgan and Kirby, 2016; Yore et al.,, 2013), who these
graduates are and lack of representation of identity groups (Bonardi et al., 2023; Corrigan et al., 2023; Piatek-
Jimenez et al., 2018), and success and needs in the job market (Archer et al., 2023; Science, Technology and
Innovation Council, 2015).

The achievement gap identified with respect to STEM is described in two different ways. In developed
economies, it is often noted that STEM fields are dominated by the presence of Caucasian males, and that women
(and other gendered groups) and other “persons of color” groups are generally under-represented in STEM fields
(Archer et al., 2023; Bonardi et al., 2023). Beyond this, the achievement gap in STEM is also noted between western
countries, such as the Canada, United States, and the UK, and economically developing nations, like Turkey and
Kazakhstan (which, in 2018, respectively ranked 8th, 25th, 13th, 40th and 62nd on total PISA scores; OECD,
2019). Collectively, there are efforts in a broad range of jurisdictions to close the achievement gap (see Compeau,
2023), whether it be gender or socioeconomic, and in some instances, there is some evidence of success with this
(Blustein et al., 2013; Dubrovskiy et al., 2022; Konowitz et al., 2022). Moreover, promotion of STEM in K-12
education encourages students to pursue STEM areas as a career choice (Franz-Odendaal et al., 2016) and is
therefore part of the solution to the shortage of STEM workers (c.f., Hira, 2019; Salzman and Lieff Benderly, 2019;
Smith and White, 2019). This might be particularly true with the promotion (and improvement) of mathematics
education, as the numeracy skills related to it ate often seen as the “the gatekeeper of science, technology, and
engineering” education (Yore et al., 2013, p. 89).

Despite STEM originally being an acronym of “discrete disciplinary areas” (Krug and Shaw, 2016), there have
been calls for greater integration of STEM subjects in lower education (Basham and Marino, 2010; Ryu et al.,
2019), such that K-12 schooling has begun to approach STEM education from a more integrated perspective, with
some arguing that it can now be seen as a “metadiscipline” (Kennedy and Tunnicliffe, 2022, p. 13). For instance,
several authors have adopted the perspective that activities that involve meaningtul learning outcomes from two
or more of the four STEM disciplines should be considered STEM activities (Bowen et al., 2023a; Milford and
Tippett, 2016; Moomaw, 2013). This type of integration is often involved with play activity in early years education
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(preschool to grade 1; see collection by Kennedy and Tunnicliffe, 2022), but is also occurring at later years in K-
12 education (Johnson and Sondergeld, 2023; Tytler et al., 2023) and in some teacher education programs (see
collection by Al-Balushi et al., 2023). To the extent that there is an increase in STEM education in teacher education
programs, it is likely because of research which demonstrates that a greater involvement in STEM education at the
K-12level leads to an increase in interest in STEM-related programs in post-secondary schooling (Franz-Odendall
et al,, 2016). Krug and Shaw (2016) argued that there are 3 ways of reconceptualizing the teaching of STEM —
Critical inquiry within STEM subjects and about STEM; Discourses within and about STEM; and Positionality
with respect to understanding different points of view about STEM. However, even within their country
jurisdiction there is only evidence of a small number of Faculties of Education taking up STEM teaching in any
fashion (Bowen et al., 2023b), not to mention the more robust perspectives on STEM that Krug and Shaw (20106)
suggest should be adopted, despite universities having a role in promoting STEM education (DeCoito, 2016;
Vennix et al., 2018). This might relate to a number of identified challenges to achieving that subject integration
(Ryu et al,, 2019).

The sociopolitical and economic focus on STEM and its influence on science education is of concern to some
academics from a variety of perspectives (Bencze et al., 2016; Carter, 2016; Shanahan et al., 2016; Sharma, 2016;
Weinstein et al., 2016; Zhao, 2019), including the concern that there is “some ‘muddling’ in STEM education
projects of epistemological and ontological differences among the four STEM fields” (Bencze et al., 2016, p. 70).
In part, these concerns arise from the complex and uncertain definitions which multiple researchers bring to the
term STEM (see Bybee, 2013; Shanahan et al., 2016), which then leads to the well-asked question:

Is STEM a multidisciplinary endeavor where science, engineering, and mathematics are seen to work
together yet retain their distinct epistemological commitments or is STEM an interdisciplinary or even
transdisciplinary space that is neither science nor mathematics but something that emerges in between
or beyond disciplinary commitments? (Shanahan et al., 2016, pp. 130-131)

The current lack of clarity in the definition of the term is problematic from the perspective of making
recommendations for policy or practice, as any comparisons of findings across and between studies about STEM
is difficult. As Wong et al. (2016, p. 2346) conclude, there is a “need for greater clarity about what [STEM]
represents in educational terms and a wider debate about its compatibility with the aims of science education for
all.” At this point, until these types of definitional questions are resolved and broadly accepted within the relevant
communities of research and educational practice, it falls on individual researchers in each study to make clear the
definitions and decisions they have made for their individual work so that readers best understand the context of
the STEM research they are writing about.

While some educators and policymakers advocate for STEM to replace traditional monodisciplinary subjects
like Physics and Chemistry, others believe that STEM should be an additional subject with a focus on
multidisciplinary projects (Bybee, 2013). We argue that STEM should be an additional subject, complementing
traditional disciplines. This would allow students to retain a strong foundation in core scientific principles while
also engaging in multidisciplinary projects that foster creativity, critical thinking, and problem-solving skills.

METHODS

Research Task

In this study, we explore the current state of STEM education in Kazakhstan as presented through STEM
research concerning the examined context. This study reviews publications in STEM education to identify the
principal interests or subjects guiding STEM research in Kazakhstan, and the issues or ateas of concern raised by
this research.

Literature Search

As STEM education is new in Kazakhstan, we didn’t impose any restrictions on the publication date and type.
We utilized the following databases: Google Scholar, ERIC, Web of Science, and Scopus. The keywords used were
STEM, STEM education, STEAM, Science- technology- engineering- and mathematics, and STEM learning.
“Kazakhstan” was used along with each of these keywords. Initially, the selection of studies was conducted by
evaluating their titles and abstracts. After a thorough review of these studies, we incorporated 24 papers into this
analysis. Papers were excluded due to reasons such as weakly structured research, deviation from the previously
established definition of STEM education, and absence of sufficient data. To determine the quality of the studies
each author rated the studies between 1 and 10. The assessment criteria are presented in Appendix A. Papers
receiving an average score above 5 were included in this review.
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Figure 2. The distribution of publications related to STEM education across the years

Criteria for Inclusion

We established a set of criteria to determine which studies would be included in our review. First, the study
should be conducted in Kazakhstan. Second, the study should be conducted in a STEM education environment
that is characterized by: (a) an interdisciplinary approach, (b) real-wotld relevance, (c) hands-on learning, and (d)
critical thinking. We did not limit our selection to journal articles, and we encompassed studies that employed
diverse methodologies. Only studies published in English (or those with extended abstracts in English) were
considered for inclusion in the current study. A total of 24 research papers meeting the aforementioned criteria
were selected for comprehensive analysis in the current study. The search process and outcomes are illustrated in
Figure 1.

Coding Study Characteristics

Aligned with our research questions, we devised a coding framework to effectively categorize and synopsize all
the studies that met our criteria. We examined the selected research papers for the following details: title, authors,
journal, type of publication, year of publication, aim, construct measured, study design, instrument, participants,
school level, and main findings. This coding process was a collaborative effort involving four authors Nurman
Zhumabay, Nuri Balta, Alma Abylkassymova, and Tannur Bakytkazy. Any disparities in coding were resolved
through constructive iterative discussions.

Descriptive Characteristics of the Reviewed Studies

Figure 2 illustrates the annual publication count. As depicted in Figure 2, except for 2021, there is a consistent
rise in the number of publications each year starting from 2019. These findings indicate substantial growth in
STEM education research since 2019, with a notable jump from 2022 to 2023. The recent surge in STEM education
publications further suggests that this field has gained momentum as a prominent and crucial area of focus in
Kazakhstan.
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Table 1. Main characteristics of the selected studies

First author Year Type Construct Study design School level Participants
Japashov, N. 2022 Article SrEM career Quantitative High school 398 students
interests
Almukhambetova, A. 2020 Article Experiences Qualitative University 29 female students
Balta, N. 2023 Article STEM CATHES Quantitative High school 522 female
interest students
Ibrayeva, E. S. 2022 Article (preprint)  Achievement Mixed methods  Primary school 1o :(;ufierr;:t,sand
CohenMiller, A. 2022 Book chapter NA Quantitative University NA
Academic
Shurygina, V. 2023 Article performance & Quantitative High school 72 students
motivation
Almukhambetova, A. 2021 Article Experiences Qualitative University 14 female students
Kuzhabekova, A. 2021 Confereince Employment Quantitative NA NA
proceedings
Tbracva, E. S. 2022 Article  Researchskills& o ative Primary 110 students
awareness school
Dyussembekova, A. 2022 Article Writing skills Qualitative University 5 students
Almukhambetova, A. 2021 Article NA Qualitative University 14 female students
Tsakalerou, M. 2022 Conference paper NA Qualitative University 6 female students
Syzdykbayeva, R. 2020  Book chapter NA Mixed methods University 212 students
Kairollovna, D. S. 2021 Article Interest Mixed methods ~ Primary school 250 students
935 STEM
Setkova, Y. 2020 Master’s thesis NA Mixed methods University graduates and 40
employers
Kussaiynkyzy , A 2020 Article NA Qualitative University 109 female
> students
Dauletiyarova, A. 2020 Master’s thesis Engagement Qualitative High school 12 students
Kurmankulov, S. 2023 Conference paper NA Qualitative University 18 female students
Ergobek, E. 2023 Review NA Qualitative NA NA
Almukhambetova, A. 2023 Article NA Qualitative University 29 female students
Shynarbek, N. 2003  Conference NA Quantitative  High school 207 female
proceedings students
Seitenova, S. 2023 Article Speakm.g sklls & Quantitative ~ Secondary school 60 students
attitude
Temirton, G. 2023 Article Succes.s, attitudes, Quantitative Secondary school 60 students
& interests
Yilmaz, H. S. 2022 Article NA Mixed methods University 14 STEM teachers

Table 1 provides an overview of the 24 studies. As can be seen in Table 1, studies published on STEM
education in Kazakhstan cover a short range, that is, the years between 2019 and 2023. Fifteen studies were journal
articles, four were conference proceedings, two were book chapters, two were theses, and one was a review article.
Of the 15 journal articles, three were published in International Journal of Science and Mathematics Education,
two were published in International Journal of Science Education, and the rest were published in different journals.
Different constructs such as interest, perceptions, and engagement were measured. Nine of the studies were
quantitative (five were experimental), ten were qualitative, and five were mixed method studies. Five of them used
surveys; ten studies used surveys and questionnaires; four studies used achievement tests; ten studies used
interviews; four studies used document, discussion, and conversation analysis; two studies used ready data from
institutional sources; and one review study did not use any data collection tool. All these may not sum up to 24
because many studies employed several data collection tools. For example, Kairollovna et al. (2021) used a
questionnaire and semi-structured interviews to examine students’ interest in STEM education. Twelve studies
were conducted with university students while ten were conducted with K-12 students. Moreover, one review
study and one study about STEM graduate employment did not have a school level variable. Finally, it emerged
that nine studies exclusively involved female students as participants. The combined participant count across all
included studies amounted to 3282 individuals, with an average sample size of 156 and a standard deviation of 227.
Notably, Dyussembekova and Wu’s (2022) study engaged five interviewees, whereas Serkova’s (2020) research on
the perceptions of STEM skills among employers and graduates incorporated 975 patticipants, comprising 935
STEM graduates and 40 employers.
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Figure 3. Frequency of measurements and impact per construct (filled circles indicate positive effects and empty
circles indicate ineffective situations)

In the cases in which requested information was not identified, it was coded “NA”. The data extracted from
every article was transferred to Microsoft Excel 2019 and categorized following the predefined protocol
instructions (see Table 1 and Figure 3). The title, aims, and main findings of the selected studies were used to
identify shared themes.

FINDINGS

Constructs Measured in STEM Educational Research in Kazakhstan

To determine the effect of STEM education interventions, researchers measured several constructs: students’
STEM career interests, experiences, motivation, academic performance, employment, interest, perceptions,
engagement, speaking skills, writing skills, research skills, awareness, and attitude. Among these, interests, academic
performance and attitude were the three most commonly measured constructs. In three of the studies, no
constructs were measured because they were program development (Yilmaz, 2022), case study (CohenMiller et al.,
2022), and review (Ergobek, 2023) articles.

In some studies, several constructs were measured together. For instance, Temirton et al. (2023) measured
success, attitudes, and interests in their study. These constructs were examined utilizing questionnaires,
achievement tests, observations, interviews, surveys, and content analysis techniques. Figure 3 provides a
depiction of the frequency of measurements for each construct, along with the corresponding impact (positive or
neutral) of STEM education. No negative effects were observed.

Student’s STEM career interests were measured in two studies (Japashov et al., 2022; Balta et al., 2023), and in
both of them the effects were positive. Similarly, academic performance was measured in three studies (Ibrayeva
and Shaushekova, 2022; Shurygin et al., 2023; Temirton et al., 2023), and the effects were positive. Writing skills
were measured in one study, and the effect was neutral; Dyussembekova and Wu (2022) investigated STEM
students’ perceptions regarding their writing practices through interviews and observations of written papers. They
found that students’ perspectives on writing are not entirely pessimistic. To some degree, they grasp the significance
of writing in their lives and recognize how it can contribute to their personal and professional development.

The Current Status of STEM Educational Research in Kazakhstan

Based on the primary objectives of the examined studies, the reviewed studies can be classified into three
distinct groups. Firstly, there are studies focusing on gauging psychological variables like academic achievement.
Secondly, there are studies centered around pinpointing factors that influence outcomes, such as participant
retention and achievement in STEM education. Lastly, there are studies like “program development” that don’t
fall within the scope of the prior two categories. These categories contained 12, 9, and 3 studies, respectively. The
three studies in the final category were Yilmaz’s (2022) article on establishing benchmarks in the process of creating
a novel Integrated STEM Leader Preparation Program, Serkova’s (2020) thesis on comparing employers’ and
graduates’ views on essential and attained STEM skills in Kazakhstan, and Ergobek’s (2023) review on theoretical
dimensions related to fostering students’ critical thinking through STEM education. Ibrayeva and Shaushekova’s
(2022) study was the only article which was published in Russian with an extended abstract in English.

Based on the provided findings from the 24 studies, we identified three challenging areas for STEM education
in Kazakhstan. Overall, the thematically organized findings from the selected research underscored the
multifaceted nature of factors influencing young women’s interest and engagement in STEM fields. Gender
stereotypes, self-efficacy, family influence, school environments, and cultural norms all play significant roles in
shaping girls’ decisions to pursue STEM disciplines. While challenges related to societal expectations, lack of role
models, and perceptions of STEM subjects persist, strategies such as innovative education approaches, mentorship,
early exposure, and inclusive environments hold the potential to inspire and empower young women to pursue
STEM careers. Addressing the gender gap in STEM requires concerted efforts across educational institutions,
workplaces, communities, and policy-making bodies to create a supportive, equitable, and diverse ecosystem that
fosters the aspirations of young women in STEM fields. The following subsections present the identified areas of
concern in more detail.
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Students’ perceptions about STEM subjects and careers

Although students’ interest in STEM careers varies across school levels and types, it is generally positive, and
both genders display similar enthusiasm in Kazakhstan. Many students perceive STEM fields as offering better
cateer opportunities, job security, and higher earning potential compared to other fields. This perception has led
to an increased enrollment in STEM-related programs at universities and technical colleges. However, a pervasive
and impactful challenge is the negative perception of STEM subjects as being difficult, unappealing, or unrelated
to personal interests. This perception often deters students, particularly young women, from exploring STEM
disciplines, as they may believe that they lack the inherent skills or aptitude required for success (Almukhambetova
and Kuzhabekova, 2020; Dyussembekova and Wu, 2022; Japashov et al., 2022; Kairollovna et al., 2021). Moreover,
by providing opportunities for active participation and exploration, educators can dispel misconceptions about the
difficulty of STEM subjects and demonstrate their relevance to real-world problems (Ibrayeva and Shaushekova,
2022; Kairollovna et al., 2021).

In addition to students’ interest in STEM, students’ self-efficacy, i.e., an individual’s belief in their capacity to
succeed in a particular domain (Bandura, 1997), emerged as a central and nuanced factor, particularly impacting
female students’ interest in STEM fields in Kazakhstan. A recurrent finding across multiple studies is the hesitancy
among female participants to exhibit self-confidence in STEM subjects, even when they possess the necessary
skills. This lack of self-assuredness translates into the need to consistently prove their competence in STEM-related
pursuits, as they often encounter skepticism and bias from peers and educators (Almukhambetova and
Kuzhabekova, 2020). As a result, girls face challenges in fully embracing STEM subjects and feeling confident in
their potential to excel, despite showing interest in specific STEM subjects (Balta et al., 2023; Dauletiyarova, 2020;
Japashov et al., 2022). Connected to this was the absence of visible female role models in STEM fields, reported
as a recurrent and critical barrier in the selected studies. The dearth of relatable role models hinders the pathway
for girls aspiring to venture into STEM careers. Female role models play a crucial role in illustrating that success
in STEM is attainable for women and dispelling the notion that STEM is exclusively a male domain. Young women
who lack role models to emulate may struggle to envision themselves succeeding in STEM fields, further
contributing to the gender gap in STEM education and professions (Kussaiynkyzy and Doskeyeva, 2020).

School environment and educational culture

The reviewed studies underscored the importance of school environment and educational culture in developing
students’ skills, engagement, and positive attitudes towards STEM subjects. Some of the selected studies
highlighted the significance of a positive school culture that fosters curiosity, exploration, and hands-on
experiences. Participating in STEM competitions, hands-on projects, and interactive workshops not only ignites
curiosity, enhances learning motivation, and supports performance (Seitenova et al., 2023; Shurygin et al., 2023),
but also reinforces the idea that STEM is accessible to everyone, regardless of gender (Ibrayeva and Shaushekova,
2022; Kairollovna et al., 2021). Several of the reviewed studies further suggested that an integrational approach to
STEM education may enhance students’ success, attitudes, and interests in lessons leading to more positive
outcomes (Temirton et al., 2023). Technology integration is recognized as crucial in effective STEM education.
Implementing STEM technology enhances scientific literacy and aligns education with real-world industry
demands, bridging the gap between theoretical learning and practical application (Ergobek, 2023; Shurygin et al.,
2023). A curriculum that allows students to engage with real-world problems fosters a deeper connection to STEM
subjects and demonstrates their applicability to various aspects of life (Ibrayeva and Shaushekova, 2022;
Kairollovna et al., 2021).

While school environment and educational culture are important to all students, they are particularly influential
on female students’ interest in and identification with STEM fields. Schools that provide access to interactive
STEM-related activities and inclusive classroom environments may nurture and sustain interest in STEM among
young women (Ibrayeva and Shaushekova, 2022; Kairollovna et al., 2021). Moreover, integrating STEM activities
that encourage critical thinking, problem-solving, and collaboration can enhance young women’s engagement and
confidence in their STEM abilities (Ibrayeva and Shaushekova, 2022). This outcome could be enhanced by
connecting classroom learning to real-world applications and showcasing the impact of STEM fields on society,
which may inspire young women to envision meaningful careers in these domains (Ibrayeva and Shaushekova,
2022; Kairollovna et al, 2021), and influence their decision to pursue STEM disciplines in Kazakhstan
(Almukhambetova and Kuzhabekova, 2020; Kairollovna et al., 2021). Teachers and educators play a critical role in
shaping students’ perceptions and attitudes towards STEM subjects, and their support can significantly impact
young women’s decisions to pursue STEM careers (Kairollovna et al., 2021).

To address identified challenges in STEM education in Kazakhstan pertaining to female students’ interest,
participation, and aspirations, some of the reviewed studies argued in favor of eatly exposure to STEM learning
experiences. For example, hands-on workshops, interactive science exhibits, and STEM-related competitions serve
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as entry points that captivate cutiosity and stimulate exploration. Meanwhile, cultivating interest at a young age can
help challenge gender stereotypes and instill a sense of excitement and confidence in STEM pursuits. In addition
to early exposure, the reviewed studies advocated mentorship as a vital and transformative strategy in attracting
and retaining female students in STEM fields (Almukhambetova and Kuzhabekova, 2020; Almukhambetova et al.,
2021; Kussaiynkyzy and Doskeyeva, 2020). Female students who receive guidance, encouragement, and advice
from mentors—especially women who have succeeded in STEM careers—tended to exhibit higher levels of
confidence and motivation. Mentorship provided a personalized support system that helps young women navigate
challenges, make informed decisions, and envision a future in STEM. Establishing mentorship programs within
educational institutions and professional settings can offer a sense of belonging, foster self-efficacy, and counteract
feelings of isolation (Almukhambetova and Kuzhabekova, 2020; Almukhambetova et al., 2021; Kussaiynkyzy and
Doskeyeva, 2020).

The reviewed studies also noted the need for instructional approaches and culture to address the imbalance
STEM graduates face between their supply and labor market demand. Non-STEM-oriented trajectories after
graduation raise concerns about the alignment of higher education with real labor needs (Kuzhabekova et al., 2021).
In addition, gender stereotypes encourage biases against STEM that extend to the labor market, affecting career
progression. Initiatives promoting gender equality aim to counter these biases and encourage female participation
(Kurmankulov et al.,, 2023; Syzdykbayeva, 2020). The development of benchmarks and frameworks, such as
Integrated STEM Leader Preparation Programs, aims to enhance STEM education quality and relevance. These
frameworks establish standards for educational leadership, interdisciplinary integration, and research-oriented
instruction (Yilmaz, 2022).

Societal and gendered expectations

The influence of gender stereotypes on young women’s perceptions of STEM fields and their own abilities is a
prevailing and pervasive theme that emerged across several of the selected studies. In a variety of cultural and
regional contexts, gender norms tend to frame certain STEM disciplines as more suitable and appealing to males,
leading to the internalization of self-doubt and diminished self-perceptions among females. These gendered
perceptions contribute to the underrepresentation of women in STEM fields in Kazakhstan, as they often question
their competence and belonging (Serkova, 2020). The studies highlighted how deeply ingrained societal norms and
cultural expectations significantly shape perceptions of gender roles and suitable career paths. In societies like
Kazakhstan, where traditional gender norms prevail, women often experience conflicting expectations, i.e., to excel
in professional careers while adhering to traditional roles (e.g., CohenMiller et al., 2022). These conflicting
expectations create internal conflict for young women, who feel the pressure to fulfill societal roles and
responsibilities while pursuing STEM aspirations. The struggle to balance these expectations can deter young
women from fully embracing STEM disciplines and pursuing careers in STEM fields (CohenMiller et al., 2022).

Additional barriers hindering women’s engagement in STEM include disrupted work-life balance, cultural
stereotypes, and gender-based discrimination. Cultural gender expectations feed the conflicting discourses and
introduce challenges as female students navigate the expectations of both traditional societies and international
academic settings. This clash can result in ambiguity about future careers (Almukhambetova and Kuzhabekova,
2020; Kurmankulov et al., 2023; Tsakalerou et al., 2022). The scarcity of female role models in Kazakshtan and the
prevalence of traditional gender norms exacerbate these challenges, influencing girls’ self-perceptions and
professional experiences (Almukhambetova et al., 2021; Kurmankulov et al., 2023; Syzdykbayeva, 2020; Tsakalerou
et al., 2022). For example, some female participants expressed confidence in their STEM abilities but grappled
with discouragement from societal opinions and perceived workplace discrimination. Intrinsic abilities, supportive
educators, and encouragement from family positively influence their pursuit of STEM careers (Kurmankulov et
al., 2023; Shynarbek and Orynbassar, 2023).

The role of family dynamics in shaping females’ interest in STEM disciplines is multifaceted and a prominent
research focus (Almukhambetova and Kuzhabekova, 2020; Kussaiynkyzy and Doskeyeva, 2020). Students’ interest
was ignited by a family member’s STEM career, suggesting that familial influence serves as a pivotal catalyst for
STEM curiosity (Almukhambetova and Kuzhabekova, 2020). Participants with family members employed in
STEM industries were more likely to express curiosity and interest in these areas, highlighting the significance of
familial exposure. Positive familial support and encouragement emerged as influential factors that catalyzed interest
in STEM disciplines, as participants who received support were more likely to explore STEM opportunities in
Kazakhstan. Conversely, the absence of supportive role models within families was found to hinder interest and
aspirations, particularly when girls lacked the exposure to STEM-related activities and conversations (Kussaiynkyzy
and Doskeyeva, 2020).
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DISCUSSION

This mapping review examined the current state of STEM education in Kazakhstan across levels of education.
This study found that STEM research has been steadily developing, with a recent surge in publications, suggesting
the sustained interest but also importance of STEM fields in Kazakhstani education. Additionally, this study made
visible the challenges pupils and university students encounter in STEM education, important educational barriers
and resources for students, and the societal influences framing and informing STEM education in the examined
context. This study contributes to wider STEM research by identifying and synthesizing studies from a cultural
and educational context that has been under-represented in international STEM discourse, and by further
highlighting the gender inequality regarding participation in STEM-related instructional and professional
endeavours.

Several of the studies included in this review suggested notable hurdles in female participants’ STEM education
either directly by addressing issues of gender differences, equality, and equity, or indirectly by examining skills and
interest regarding STEM education and careers. This suggests an awareness of the difficulty female students face
in access and participation to STEM education, and an interest to overcome perceived barriers. Moreover, the
observed phenomenon of women falling behind in STEM education in the examined context underlines the need
to discuss the gender divide noted in STEM research, which mostly represents a straight white male population
(Bonardi et al., 2023), and in STEM education, where the gender divide persists regardless of a country’s
socioeconomic circumstances (Kenneth, 2021; OECD, 2019). The gender gap reported and discussed in the
reviewed studies was perpetuated by parental and social expectations. This finding is consistent with several studies
in the United States reporting gitls’ different socialization, which is largely based preconceived gender roles, and
the enduring gender stereotypes connected to STEM careers that contribute to the marginalization of women in
STEM fields (Reinking and Martin, 2018).

The reviewed studies also indicated that Kazakhstani researchers are concerned with the improvement of the
culture of STEM education. The reviewed studies suggested this would be achieved through eatly exposure,
explorative and experiential learning, role models for girls, and educators’ supportive role in shaping students’
positive attitudes towards STEM. These suggestions are in line with international literature. For instance, exposure
to STEM as early as kindergarten has been previously advocated (see Kennedy and Tunnicliffe, 2022). STEM
learning at an early age may involve more hands-on activities and learner interaction with instructional material,
consequently stimulating children’s intrinsic motives and interest for learning (Wan et al., 2021). Exposure to
STEM through experiential learning is also influential on secondary school students (e.g., Johnson and Sondergeld,
2023; Konowitz et al., 2022; Tytler et al., 2023). STEM activities incorporating creativity, design, and real-world
problem-solving skills have been found to positively predict female high school students’ interest in STEM
subjects, which is particularly important given the steady decrease of girls’ interest, confidence, and positive
attitudes regarding STEM subjects from early academic experiences onwards (Cooper and Heaverlo, 2013). It is
worth noting that including authentic real-wotld problems, developing students’ 21st century skills, and promoting
STEM careers are some of the well-defined characteristics of STEM education, yet a distinct lack of consensus on
the conceptualization of STEM education renders achieving these instructional goals challenging for STEM
educators (Bencze et al., 2016; Bybee, 2013; Dare et al., 2021; Ryu et al., 2019; Shanahan et al., 2016; Wong et al.,
2016).

Although eatly introduction to STEM education may have a positive impact on student interest in STEM
subject areas, eatly introduction alone would not be enough to counter the underrepresentation of women in
STEM fields. A change would also be needed in the institutional or disciplinary culture of STEM education. For
example, university-level science pedagogy in STEM often fosters a competitive classroom climate with little
collaborative learning, or fewer practical and active teaching strategies, which women might not find meaningful
to their learning processes, and which might discourage women from pursuing and completing a STEM degree
(Shapiro and Sax, 2011). The academic climate students experience in STEM education has social, psychological,
and structural dimensions informing students’ feelings of belonging and connection of personal and learner
identities to STEM fields, with implications for their performance, engagement, and persistence in STEM
(Dasgupta and Stout, 2014; Malcom and Feder, 2016). Research suggests that female students are often drawn to
STEM activities that have a clear social impact or that address real-world issues related to health, environment, or
community well-being (Baker, 2013). For instance, projects that involve solving local environmental challenges,
such as designing sustainable waste management systems or developing strategies to reduce pollution, can be
particularly appealing. Similarly, healthcare-related projects, such as creating affordable medical devices or
developing apps to improve public health awareness may resonate with female students.

In addition to creating learning environments conducive to explorative learning, STEM educators bear the
responsibility of providing role models to students. Role models, especially gender-matched ones, are invaluable
in students’ career selection, and meaningful interactions with women scientists can have a formative influence on
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female students’ identification of science role models and consideration of nontraditional careers for women (Buck
et al., 2007). Particularly in STEM, female role models have been found to have a positive effect on girls’
preferences for STEM studies and on their expectations of success in STEM choices, and a negative effect on
gender stereotypes (Gonzalez-Pérez et al., 2020). As Reinking and Martin (2018) argued, the gender gap would
close more quickly were women to combat gender-based stereotypes and developed a mindset of confidence.
Educational culture in STEM, shaped by educators, peers, and parents, may play a pivotal role in realizing this.

The reviewed studies also highlighted the issue of students’ perceptions and attitudes concerning STEM
subjects and careers. The examined student population regarded STEM careers as safe and promising, but
reportedly found STEM subjects challenging and even unappealing. This is an understandable concern in the
examined context; students’ high engagement in STEM activities and understanding of math requirements strongly
influence students’ choice of a STEM career (Franz-Odendaal et al., 2016). Affording students more pathways to
STEM education, convincing students of their receiving support to succeed, and communicating an inclusive
message of support for students regardless of gender, race, and privilege have been proposed as incentives for
students to pursue a STEM career, adjunctive to an eatly introduction to STEM and the development of a strong
belief in mathematical ability (Blackburn, 2017). Additional incentive may be offered by STEM-based activities in
a workshop format or out-of-school connections between work contexts and school-science, as these have been
found to increase students’ self-reported motivation and positive attitudes towards STEM and related careers
(Vennix et al., 2018). The reviewed studies also showed that female students lacked self-confidence in STEM
subjects, despite being competent, and often encountered peers’ and educators’ biases. The presence of such biases
has been well documented, and it is understood that interactions with educators and peers shape women’s interest
and commitment to STEM (Shapiro and Sax, 2011). Gender biases emerging in peer-to-peer interactions, whereby
women are deemed less able and talented in STEM subjects, even when outperforming male counterparts, has also
been observed in other education contexts (Bloodhart et al., 2020). Moreover, gender biases concerning perceived
ability, attitudes, and expectations in math-intensive subjects and careers have been observed as eatly as
kindergarten, negatively affecting female students’ choice of STEM majors (Ceci et al., 2014). Especially
considering the importance of mathematics in STEM fields (Yore et al., 2013), it is therefore highly relevant to
STEM education to not only attract students’ interest but also address the early onset of perceived discrepancy in
skills for girls in order to provide adequate and equal preparation on STEM-related skills.

CONCLUSION

The body of the reviewed literature showed there are several challenges to STEM education in Kazakstan,
stressing the importance of creating inclusive environments. Promoting inclusive environments within educational
institutions and workplaces is crucial to fostering a sense of belonging and empowerment in STEM, particularly
among young women. Educational institutions and organizations should actively address biases, dismantle gender
stereotypes, and challenge traditional norms that hinder young women’s participation in STEM disciplines
(Almukhambetova and Kuzhabekova, 2020; Ibrayeva and Shaushekova, 2022; Kairollovna et al., 2021; Serkova,
2020). Implementing policies and practices that ensure equal opportunities for all students, regardless of gender,
can create environments where young women thrive and succeed in STEM fields (Almukhambetova and
Kuzhabekova, 2020; Ibrayeva and Shaushekova, 2022; Kairollovna et al., 2021; Serkova, 2020). Facilitating safe
spaces for open dialogue, where challenges related to gender bias and discrimination are discussed, can empower
young women to voice their concerns and seek support.

Our review of 24 studies in the field of STEM education in Kazakhstan is a valuable resource for the current
terrain of STEM learning. In our study design, we intentionally adopted an inclusive approach, considering a
diverse range of research methodologies. As STEM education is relatively new in Kazakhstan, we deliberately
refrained from imposing restrictions on publication dates and types. This approach allowed us to capture the
evolving nature of STEM initiatives in the region, providing a comprehensive overview that extends beyond
temporal boundaries. The diversity within the selected studies mirrors the evolving nature of STEM education in
Kazakhstan and emphasizes the need for a nuanced and adaptive approach to curriculum development. We also
note that the quality assessment of the studies was a collaborative effort among the authors, involving a rating
system that considered various aspects of each paper. This process ensured a rigorous evaluation and contributed
to the robustness of our analysis.

One notable constraint of our study is the geographical scope, as our focus was exclusively on Kazakhstan.
This narrow geographic concentration might limit the generalizability of our findings to other regions with different
educational contexts and practices. Additionally, our reliance on English-language publications may introduce a
language bias, potentially excluding relevant studies published in Russian. Despite these limitations, our study
notably contributes to the understanding of STEM education in Kazakhstan, which is a source for future cross-
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country comparisons. It reveals significant comprehension of the current terrain and emphasizes the need for
flexibility and adaptability in designing and evaluating STEM initiatives in this evolving educational context.
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APPENDIX A

Table Al. Assessment criteria for quality of articles

Section Score Criteria

Research Problem and 1 Is the research problem clearly stated and well-defined?

Objectives Are the research objectives or questions clearly formulated?

Significance and Does the article address an important issue or gap in the existing literature?
Conttribution Does the research offer new insights, knowledge, or solutions to the field?

Literature Review

Is there a comprehensive and up-to-date review of related literature?
Does the article place the research within the context of existing research and theories?

Is the theoretical framework, if applicable, well-developed and relevant to the

Theoretical
Framework research? . . . . . . .
Are theoretical concepts appropriately integrated into the analysis and discussion?
Is the research methodology well-designed and suitable for the research questions?
Methodology Are the data collection methods clearly described and justified?

Are the research procedures replicable by other researchers?

Data Analysis and
Interpretation

Are the data analysis methods appropriate for the research design and data collected?
Are the results presented clearly and accurately?
Are the findings interpreted in the context of the research objectives?

Citation and
Referencing

Are sources properly cited and referenced according to the appropriate style (e.g.,
APA, MLA)?
Does the article give credit to relevant prior research and ideas?

Discussion and
Conclusion

Are the implications of the research findings discussed in detail?
Do the conclusions drawn from the research align with the evidence presented?

Limitations and
Future Research

Are the limitations of the study acknowledged and discussed?
Are potential avenues for future research suggested?

Overall Quality

Does the research article demonstrate rigor, depth, and originality?
Is the research presented in a manner that is engaging and valuable to the intended
audience?
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