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Abstract 

As major emerging economies, BRICS nations (Brazil, Russia, India, China, and South Africa) are 

prioritizing advancements in science education to drive innovation and sustainable development. 

This systematic review synthesizes insights across 55 studies on policies, practices, challenges, and 

innovations in science teaching and learning in BRICS countries. The analysis reveals shared goals 

of enhancing inquiry-based, technology-integrated, hands-on pedagogies and improving teacher 

competencies. However, systemic constraints like large classes, limited resources, assessment 

pressures and lack of local contextualization persist, exacerbated by cultural barriers in countries 

like South Africa. Variations also emerge in research foci, with Brazil emphasizing content 

knowledge, China evaluating interventions, India highlighting teacher-student roles and South 

Africa targeting systemic challenges. While common reform directions are evident, tailored 

interventions responding to each nation’s unique developmental context are essential, given 

differing priorities. Developing context-specific solutions while collaborating to exchange best 

practices can enable BRICS countries to collectively strengthen science education. Cross-national 

comparisons reveal gaps in areas like cultural responsiveness, indigenous knowledge, and 

comparative outcome analyses that can be addressed in future research. As BRICS nations 

cooperate strategically amid shifting global paradigms, transforming science education by 

addressing systemic inequities and nurturing critical thinking is vital for developing talent and 

technological capabilities. Sustained improvements require reorienting assessment-driven 

structures towards creativity, curiosity and local relevance while considering cultural perspectives. 

Keywords: science education, BRICS countries, educational policy, pedagogy, comparative 

education 

 

INTRODUCTION 

Science education is a crucial foundation for 
innovation, economic growth, and sustainable 
development in the modern knowledge economy (Heras 
& Ruiz-Mallén, 2017). The quality of science teaching in 
schools has a profound impact on shaping young minds 
and cultivating critical skills for STEM workforce (Tytler, 
2020). This is particularly relevant for emerging 

economies seeking to build their scientific and 
technological capabilities amidst the forces of 
globalization and rapid societal transformations 
(Prinsloo, 2016). BRICS nations (Brazil, Russia, India, 
China, and South Africa), representing newly 
industrialized or developing economies, offer an 
intriguing context to examine trends, innovations and 
challenges in science education policy and practice.  
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Several studies have analyzed science education in 
individual BRICS countries, providing valuable 
localized insights. For instance, Ramnarain (2014) 
studied the implementation of inquiry-based science 
education in South Africa, while Zhao et al. (2023) 
examined science teachers’ professional knowledge in 
China. However, there remains a need for a systematic 
synthesis of research on this topic across BRICS 
collective. As Daus et al. (2019) notes, cross-national 
comparisons enable the sharing of best practices and 
identification of systemic weaknesses in science 
education. Moreover, the cultural, socioeconomic and 
policy variations between BRICS countries provide a 
rich backdrop to illuminate convergences and 
divergences in educational priorities and outcomes 
(Carnoy et al., 2016).  

This systematic review aims to analyze peer-
reviewed studies on science education policies, 
practices, challenges, and innovations across BRICS 
countries. Synthesizing insights from diverse cultural 
and developmental contexts can highlight shared goals, 
effective pedagogies, and systemic barriers in improving 
science education. The outcomes of this research can 
inform policymakers seeking to enhance science 
learning outcomes and align educational initiatives with 
sustainable development needs. It also has theoretical 
implications on the applicability of generalized best 
practices versus localized solutions in science education 
across varying national contexts. 

LITERATURE REVIEW 

BRICS organization, comprising Brazil, Russia, India, 
China, and South Africa, is conceptualized in 
international relations as a club that emulates the 
incumbent world powers. It operates informally to 
enhance its bargaining power and influence global 
economic governance. Motivated by common aversions 
to the dominance of the G7 nations, especially the USA, 
and challenges to their autonomy, BRICS countries strive 
for a greater voice within existing multilateral 
institutions, including major international financial 
organizations. They also explore establishing parallel 
multilateral institutions. Notably, China’s 

disproportionate strength within this club has led to a 
dominance in internal decisions, reflecting a dynamic 
like the USA’ role within the G7 (Cynthia et al., 2017). 
This brief overview offers an insight into the 
foundational principles and operational dynamics of 
BRICS organization. The member countries, 
representing emerging economies, have come together 
to assert their collective interests and influence in the 
global arena, particularly in matters of economic 
governance and international finance (Streltsov et al., 
2021). 

Education in BRICS countries is similar in terms of 
the challenges they face, such as the need for quality, 
inclusiveness, and equality (Wolhuter, 2023). They have 
also experienced an increase in international research 
collaboration and production of international 
collaborative publications, with varying degrees of 
growth and improvement in research quality and impact 
(Fan et al., 2022). Additionally, legal education in BRICS 
countries has undergone modifications due to 
globalization, with common influences from the USA 
and the UK education systems and a focus on improving 
quality and affordability (Chang et al., 2018; 
Vinnichenko & Gladun, 2018). On the other hand, there 
are differences in the specific goals, objectives, structure, 
and quality of legal education in each country, 
influenced by factors such as ideology, economic 
development, and proximity to Eastern or Western 
models (Chang et al., 2018). Furthermore, the impact of 
tertiary education on economic development varies 
among BRICS countries, with different levels of causality 
and effects of academic and vocational training 
programs. 

Science education in BRICS countries has seen 
significant growth and development in recent years. The 
top research universities in BRICS countries have 
actively participated in international research 
collaborations, leading to an increase in the production 
of international collaborative publications. China and 
India have shown rapid improvement and enhancement 
in the research quality and impact of their international 
cooperation in scientific publications (Fan et al., 2022). 
The expansion of higher education in BRICS countries, 

Contribution to the literature 

• The study offers a comparative analysis of science education in BRICS countries, revealing shared 
challenges like resource limitations and innovative approaches such as inquiry-based learning. This 
comparison allows for the exchange of best practices and collaborative improvements in science teaching 
globally. 

• The review underscores the importance of adapting science education to local cultural and socioeconomic 
contexts, challenging the universal applicability of educational reforms and advocating for policies that 
respect local realities. 

• The study points out the need for more research on cultural responsiveness and the integration of 
indigenous knowledge in science education, setting a clear agenda for future investigations to make 
science teaching more inclusive and relevant. 
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including Brazil, Russia, India, and China, has resulted 
in a larger pool of university graduates, including 
engineers and computer scientists, which may have 
implications for the future development of the global 
knowledge economy (Gorelova et al., 2021; Kovalev & 
Shcherbakova, 2019). BRICS countries are actively 
involved in exporting education, allowing an increasing 
number of foreign citizens to study in their higher 
education institutions (Carnoy et al., 2013). Overall, 
science education in BRICS countries is experiencing 
growth and international collaboration, which may have 
long-term effects on the global scientific landscape. 

Science Education BRICS Countries 

Science education in Brazil has gone through many 
reforms, yet quality and equity issues persist. National 
curricular parameters established in the late 1990s 
promoted constructivist science teaching approaches, 
but ineffective implementation impeded lasting 
improvements (Costin & Pontual, 2020). While national 
assessments show strong improvement in science scores 
since 2005, performance remains unequal across regions 
and socioeconomic strata. Science without borders 
program has achieved considerable results, but the 
structure of unequal regional access to scholarships and 
fellowships remains unchanged (Barbosa et al., 2022). 
Teachers face systemic challenges like lacking 
infrastructure, inadequate teacher training (Ribas 
Rodrigues & dos Santos, 2019) and minimal practical 
application of scientific concepts (Ferreira et al., 2013). 
However, promising programs such as hands-on science 
seek to improve science instruction through 
emphasizing experimentation and inquiry-based 
techniques aligned with students’ contexts (Ferreira et 
al., 2022). Embedding science education within local 
cultures and addressing persistent inequities remain 
priorities for Brazil to develop its future scientific 
capacity (Gurgel et al., 2016). 

Science education in Russia has strong foundations in 
research and theory but faces challenges in translating 
this to engaging classroom practices. The Soviet legacy 
focused on fundamental scientific concepts and 
principles, which continues to shape curricula today. 
However, this theoretical orientation often lacks 
integration with practical application and inquiry-based 
pedagogies (Lisichkin & Leenson, 2013). Assessment-
driven cultures further constrain opportunities for 
creative scientific exploration among students (Fuller, 
2013). Recent efforts support more student-centered 
learning through quality teacher training and 
integrating digital technologies (Anisimova, 2021). But 
systemic change remains gradual. Sustained reforms 
towards hands-on, contextualized science instruction 
are essential for Russia to develop talent and innovation 
aligned with the demands of the 21st century global 
STEM economy.  

Science education in India aims to cultivate scientific 
temperament and research acumen, but continued gaps 
in quality and access remain barriers. Following 
independence, policies focused on strengthening science 
and math education to build national scientific 
capabilities (Sonam, 2019; Tandon, 2019). 2005 national 
curriculum framework brought progressive reforms 
aligning science pedagogies with inquiry, creativity, and 
application (Koul, 2019; Saha et al., 2015). However, 
limitations persist due to insufficient resources, large 
class sizes, standardized testing pressures, and lack of 
contextualization to students’ lives (Roy & Roy, 2021). 
Quality science instruction is often restricted to elite, 
urban schools, with rural and lower-income regions 
lagging (Kulshreshtha et al., 2022). Initiatives to improve 
teacher training, integrate technology, and promote 
localized and interactive science teaching seek to 
transform science education across communities 
enabling India to harness its full potential. 

Science education in China emphasizes a rigorous 
academic foundation and achievement on high-stakes 
exams, with recent efforts to integrate more student-
centered pedagogies (Yang & Lin, 2016). Chinese 
students consistently rank top globally in standardized 
assessments like PISA, indicative of a strong grasp of 
scientific concepts and principles (Yang & Fan, 2023). 
However, critics argue this reflects rote learning rather 
than critical analysis or creativity (Gong et al., 2022). 
Recent curriculum reforms aim to foster scientific 
inquiry through quality teacher training, hands-on 
experimentation, and inquiry-based learning aided by 
technology (Ong et al., 2020; Yang et al., 2019). However, 
enduring obstacles remain because of cultures that 
prioritize examinations, classrooms that are filled, and 
instructional models that are centered around the 
teacher (Lingbiao, 2013; Liu et al., 2015). Sustaining 
changes that develop students’ passionate curiosity and 
engagement with science remains an ongoing pursuit in 
Chinese education. 

Science education in South Africa continues to face 
difficulties due to unequal systems, necessitating 
comprehensive reforms to align both quality and 
accessibility (Louw & Verwey, 2000). There were 
significant disparities between well-endowed white 
schools and underprivileged black schools (Mpisi & 
Alexander, 2022). The process of democratization has 
resulted in changes in the curriculum, with the aim of 
enhancing critical thinking and science education that is 
applicable to the local context (Amin & Mahabeer, 2021; 
Tagutanazvo & Bhagwandeen, 2022). Nonetheless, 
challenges persist due to deficiencies in infrastructure, 
teachers’ expertise, and students’ backgrounds 
(Dhurumraj & Moola, 2023; Schulze & van Heerden, 
2015; Xaba & Sondlo, 2022). Various initiatives 
concentrate on enhancing teacher professional 
development, integrating indigenous knowledge, and 
implementing inquiry-based science teaching methods 
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to transform educational outcomes (Soares et al., 2021). 
However, substantial improvements in learning 
environments, resources, and access to high-quality 
science instruction are still required to bridge the 
enduring divides. 

In conclusion, this review highlights common goals 
as well as persistent challenges across BRICS nations to 
elevate science education and cultivate future scientific 
talent. While country contexts vary, shared priorities 
emerge on improving quality of instruction, promoting 
inquiry-based and hands-on pedagogies, integrating 
technology, and enhancing teacher training. However, 
systemic inequities in access and outcomes remain 
barriers, exacerbated by resource constraints, 
assessment-driven cultures, and limitations in making 
science locally relevant. Tensions persist between global 
standards and local needs. Addressing these complex 
challenges requires comprehensive reforms tailored to 
national and community contexts. As BRICS countries 
cooperate strategically amidst shifting global 
paradigms, they have much to gain from collaborating 
to enhance science education policy and practice. 
Synthesizing insights and innovations can accelerate 
collective progress. With coordinated efforts, BRICS 
nations can strengthen science education to unlock their 
full socio-economic potential and contribute to the 
global knowledge economy. 

METHODOLOGY 

This systematic review aims to synthesize and 
analyze relevant literature in a methodologically 
rigorous and reproducible manner (Siddaway et al., 
2019). The methodology adopted for this review is 
designed to ensure the comprehensive collection, 
evaluation, and synthesis of available studies pertinent 
to our research question. This section outlines the 
systematic approach employed in the identification, 
selection, and analysis of relevant literature, 
emphasizing the adherence to established protocols and 
standards in systematic reviews (Rethlefsen et al., 2021). 
The process commenced with a structured search across 
multiple databases, including Scopus, Web of Science 
(WoS), and ERIC, to capture a broad spectrum of 
relevant literature. The subsequent phases involved 
meticulous screening and selection procedures to refine 
the pool of articles, ensuring their relevance and quality. 
These steps included an initial screening based on titles 
and abstracts, followed by a full-text review and 
application of specific inclusion and exclusion criteria. 
Notably, the geographical scope of the studies was a 
critical factor, focusing on works related to or inclusive 
of BRICS nations. Through this methodological 
framework, the review aims to provide transparent and 
replicable procedures, contributing to the reliability and 
validity of the findings and enabling future researchers 
to build upon this work. 

Data Collection Process for Systematic Review Study 

This systematic review followed a structured data 
collection process based on PRISMA to ensure the 
comprehensiveness and relevance of the included 
studies (Rethlefsen et al., 2021). The process 
encompassed several stages, as detailed below: 

Initial database search 

The initial search was conducted across three 
databases: Scopus, WoS, and ERIC. This search yielded 
a total of 407 relevant articles distributed, as follows: 
Scopus (169 articles), WoS (51 articles), and ERIC (187 
articles). 

Screening of titles & abstracts 

The articles from each database were then screened 
based on their titles and abstracts. This screening process 
was vital to exclude publications that were not pertinent 
to the study’s scope. The screening resulted in a reduced 
number of relevant articles: 28 from WoS, 43 from ERIC, 
and 63 from Scopus. 

Removal of duplicates 

After consolidating the data from all three databases, 
duplicate entries were identified and removed. This step 
was crucial to ensure the uniqueness of each study in the 
review. Post-duplication removal, 74 unique articles 
remained for further analysis. 

Full-text analysis & inclusion criteria 

The full texts of these 74 articles were then accessed 
for detailed examination. Two key criteria were used to 
determine their inclusion in the final analysis: 

1. Relevance level: The articles were assessed for 
their relevance to the study’s focus. 

2. Geographical scope: Articles focusing on or 
including data from countries outside BRICS 
nations (Brazil, Russia, India, China, and South 
Africa) were excluded. In cases, where the data 
encompassed multiple countries, articles were 
excluded if the relevance to BRICS nations was 
unclear. 

Classification & advanced analysis 

55 articles (listed in Appendix A) were classified 
based on the country of focus, allowing for a country-
specific analysis. This classification facilitated further 
advanced analyses to derive comprehensive insights 
pertinent to the systematic review’s objectives. 

Data Analysis 

The data underwent an initial process of 
decontextualization to prepare them for analysis. This 
involved extracting relevant passages from their original 
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sources to allow for an impartial examination of their 
content. Afterwards, a stage of recontextualization 
occurred, wherein the extracted content was re-
evaluated in the context of the surrounding data to 
ensure the accurate capture of meanings (Lester et al., 
2020). 

Next, open coding was employed on the 
decontextualized data. Each data point was carefully 
reviewed and assigned codes that represented core 
concepts (Strauss & Corbin, 1998). These codes were 
developed inductively, allowing for the emergence of 
categories that were grounded in the data rather than 
based on preconceived theories. The initial coding 
framework was continuously refined through constant 
comparison, whereby newly coded data were 
consistently compared with existing codes to ensure 
consistency and to identify new thematic strands 
(Ruggiano & Perry, 2019). 

Following this, axial coding was conducted to 
organize the codes into categories and subcategories, 
thereby elucidating the relationships between them 
(Strauss & Corbin, 1998). This stage involved a process 
of classification that was both inductive and deductive, 
guided by the research questions and the theoretical 
framework, while also remaining receptive to 
unexpected insights from the data (Patton, 2002). 

Selective coding was then performed to integrate and 
refine the categories into a coherent framework that 
encompasses the central phenomena under investigation 

(Strauss & Corbin, 1998). This caused the creation of a 
thematic structure (Table 1) that not only addressed the 
pedagogical approaches, challenges, and contexts of 
science education in BRICS countries but also uncovered 
the complex interplay between educational policies, 
cultural norms, and teaching practices (Braun & Clarke, 
2006). 

Throughout the analysis process, trustworthiness 
was ensured through methodological rigor. This 
included triangulation of data sources, peer debriefing, 
and member checks, which served to establish the 
credibility and reliability of the findings (Carter et al., 
2014). The resulting narrative offers a comprehensive 
and contextually grounded understanding of the 
complexities surrounding science education within 
BRICS consortium, with implications for policy, practice, 
and future research endeavors. 

FINDINGS 

The studies related to science education in BRICS 
countries have been examined in four categories. The 
first category involves analyzing the context and topic of 
the studies, examining where and how they were 
conducted. The second category focuses on pedagogical 
approaches and teaching methods, addressing key 
research questions in the field. The third category 
examines the challenges associated with science 
education. Finally, the fourth category delves into the 
main findings and conclusions of the research. 

Table 1. Categories & code definition 
Category Code Description 

Study 
context 

Teaching methods Focus on various teaching approaches, methodologies, & practices. 
Prevalent across multiple entries. 

Challenges in teaching Discusses challenges in teaching, especially in science education. 
Perceptions Focuses on perceptions of teachers, students, & other stakeholders. 
Science education Addresses science teaching, indicating significant interest. 
Integration of indigenous knowledge Highlights inclusion of indigenous knowledge in teaching. 

Pedagogical 
approach 

Inquiry-based learning Emphasizes fostering inquiry & exploration in science. 
Collaborative learning Highlights group work & collaborative activities. 
Integration of technology Mentions using digital technologies & ICT in teaching. 
Hands-on activities Emphasizes practical work for experiential learning. 
Contextualized learning Focuses on making science education relevant to students’ lives & 

cultures. 
Critical pedagogy Highlights importance of critical thinking in science education. 
Culturally responsive teaching Includes indigenous knowledge & culturally specific models. 
Professional development for teachers Focuses on enhancing teachers’ skills through development programs. 

Challenges Resource & material constraints Related to insufficient resources or materials. 
Teacher & student challenges Relates to challenges faced by teachers ^ students. 
Scientific content & inquiry Challenges with nature & delivery of scientific content. 
Learning & education issues General challenges in learning process or educational system. 
Cultural & contextual barriers Challenges arising from cultural differences or context-specific issues. 
Methodological difficulties Relates to teaching methodologies or instructional strategies. 

Key findings Science education & learning Focus on science education & learning processes. 
Role of teachers & students Highlights importance of teachers & students in educational process. 
Scientific understanding & knowledge Themes related to acquisition & enhancement of scientific knowledge. 
Challenges in education Findings related to difficulties in science education. 
Methodological approaches Focus on specific educational methodologies or approaches. 
Effectiveness & impact Relates to effectiveness of educational strategies or teaching methods. 
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Study Context & Topics 

Across different countries, there is a notable 
emphasis on teaching methods and science education 
(Figure 1). For instance, articles like Petrus (2018) and 
Ramnarain and Rudzirai (2020) from South Africa 
highlight a focus on teaching methodologies, which is a 
recurring theme in other countries as well. This indicates 
a global interest in enhancing educational pedagogy, 
particularly in the context of science education.  

The dataset shows that educational challenges are a 
focus in some studies but not universally. This variation 
likely reflects the diverse educational landscapes and 
specific issues prevalent in each country. For example, 
the article by Akuma and Callaghan (2019) delves into 
extrinsic challenges in education, a theme that may not 
be as prominent in other countries. This suggests that 
while there are global concerns in education, each 
country also has its unique challenges that are 
influenced by its specific context. Another study by Xue 
and Li (2022) related to challenges on interdisciplinary 
activities in science teaching. 

An intriguing aspect revealed in the analysis is the 
inclusion of indigenous knowledge, as exemplified by 
articles such as Opoku and James (2021). However, this 
topic is not consistently observed in all studies, 
suggesting it may be more relevant in countries with a 
substantial indigenous heritage and cultural 
background. The examination of whether local 
knowledge sources are integrated into science 
education, to varying degrees in each country, offers 
insights into the cultural and societal priorities of each 
nation’s educational research. 

Science education is a shared area of interest among 
various countries, but the approach to this subject differs 

widely. These variations reflect the distinct educational 
systems, curriculum emphases, and research priorities in 
each country. For instance, the study (John, 2019) focuses 
on the teaching methodologies in physical sciences, 
which may vary in both approach and content compared 
to similar studies in other nations. In contrast, another 
study by Sumatokhin and Kalinova (2016) concentrates 
specifically on biology research. 

The area with the least amount of research conducted 
is in the field of perception. Studies measuring the 
perceptions of various stakeholders in science education 
have targeted different groups. For example, the study 
by Ribas Rodrigues and dos Santos (2019) investigated 
the perceptions of school science teachers, while the 
study by Petrus (2018) focused on examining the 
perceptions of both teachers and students. 

In conclusion, the dataset provides a comparative 
view of educational research priorities and 
methodologies across various countries. It highlights 
shared interests in teaching methods and science 
education, while also pointing out unique focal points 
like indigenous knowledge integration and country-
specific educational challenges. Each study, with its 
unique context and focus, contributes to a broader 
understanding of the global educational research 
landscape. 

Pedagogical Approach 

In analyzing the pedagogical approaches used in 
science teaching across BRICS countries, several 
interesting similarities and differences emerge (Figure 

2). A common trend across these countries is the 
emphasis on collaborative learning and hands-on 
activities. This similarity suggests a shared 
understanding of the value of interactive and 
experiential learning in science education. For instance, 
South Africa (e.g., articles by Akuma & Callaghan, 2019; 
Ramnarain & Rudzirai, 2020) and Russia (e.g., articles by 
Anokhin et al., 2021; Malyuga & Petrosyan, 2022) show 
a significant inclination towards collaborative learning, 
while India (e.g., articles by Pareek, 2013; Pathare et al., 
2018) stands out for its extensive use of hands-on 
activities. Such approaches are indicative of an 
educational focus that values student interaction and 
practical engagement in learning processes. 

Another notable similarity is the Integration of 
Technology in the educational curriculum, particularly 
in China (e.g., Lee et al., 2014; Wang, 2022), Russia (e.g., 
Fedina et al., 2017; Vasilevna-Portnova, 2022), and India 
(e.g., Krishnan et al., 2016; Nandhakumar & 
Govindarajan, 2020). This indicates a movement towards 
incorporating modern digital tools and resources, 
reflecting a global trend in education towards embracing 
technology-enhanced learning. 

 
Figure 1. Study context & topics based on country (Source: 
Authors’ own elaboration) 
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However, differences in approaches are also 
prominent. India, with its highest number of hands-on 
activities, emphasizes practical engagement. This 
approach, supported by instances in articles like studies 
(Jennifer G. et al., 2022; Nandhakumar & Govindarajan, 
2020) point towards a pedagogy that prioritizes 
experiential learning. India also maintains a balance 
with a significant number of instances in collaborative 
learning and integration of technology. 

China’s education system, as illustrated by articles 
like by Sang et al. (2012) and Xue and Li (2022), uniquely 
focuses on inquiry-based learning and critical pedagogy, 
along with integration of technology. This suggests a 
strong inclination towards fostering student-centered 
learning and critical thinking skills, a methodology that 
is less emphasized in the other BRICS countries. Russia’s 
approach, predominantly seen in articles like by 
Malyuga and Petrosyan (2022) and Usak and 
Masalimova (2019), is characterized by a strong 
preference for collaborative learning, indicating a focus 
on group-based learning dynamics. However, it shows a 
lesser emphasis on methods like contextualized learning 
and culturally responsive teaching, which are more 
prevalent in other countries. 

In the case of South Africa, a diverse approach is 
evident. As seen in articles such as Zenda (2017), there is 
a balance across various methods like hands-on 
activities, collaborative learning, and critical pedagogy. 
The notable use of contextualized learning, as in Oyoo 
(2017) and Schabort et al. (2018), might reflect an 
educational emphasis on making science education 
relevant to local or cultural contexts. Brazil, however, as 
indicated by a limited dataset, shows a focus on 
integration of technology and hands-on activities but 

lacks variety in pedagogical approaches compared to the 
other countries. 

In summary, these insights demonstrate how each 
country within BRICS group has tailored its science 
education methodologies to suit its unique educational 
goals and cultural contexts. From India’s emphasis on 
practical engagement to China’s focus on inquiry and 
critical thinking, and South Africa’s diverse pedagogical 
strategies, each country displays distinct educational 
priorities. This diversity, while showing some common 
threads, highlights the varied educational landscapes 
within these countries. 

Challenges 

The analysis of the challenges in science teaching 
across BRICS countries reveals both shared difficulties 
and distinct, country-specific issues (Figure 3). These 
insights are drawn from the article references provided 
in the dataset. 

A common challenge faced across these countries is 
related to teacher and student dynamics. This is a 
significant concern in nations like India and South 
Africa, as evidenced by instances in articles such as 
Jennifer G. et al. (2022) and Zenda (2017). These instances 
highlight issues surrounding the preparedness, skill 
level, and interaction between teachers and students in 
the realm of science education. Another widely shared 
difficulty is learning and education issues, notably 
present in India and Russia, as seen in articles like by 
Balgopal et al. (2021) and Sumatokhin (2017). This 
suggests challenges in the broader educational context 
and learning environments, possibly reflecting systemic 
issues within educational frameworks or curriculums. 

 
Figure 2. Pedagogical approach based on country (Source: 
Authors’ own elaboration) 

 
Figure 3. Challenges for science teaching based on country 
(Source: Authors’ own elaboration) 
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However, each country also faces unique challenges. 
India, for instance, places a notable emphasis on learning 
and education issues, as shown in articles like by Pareek 
(2013) and Sarkar et al. (2017). This may indicate deeper 
systemic challenges within its educational framework or 
curriculum, pointing to a need for structural reforms or 
enhancements. 

In contrast, China’s challenges are more evenly 
spread across various categories, including teacher and 
student challenges and scientific content and inquiry, as 
illustrated in Wan and Lee (2023) and Yao and Guo 
(2018). This balanced distribution of challenges suggests 
a need for a holistic approach to addressing the 
multifaceted difficulties in science education. 

Russia, as demonstrated in articles such as by 
Anokhin et al. (2021) and Bortnik et al. (2021), is distinct 
for its focus on learning and education issues. This could 
indicate challenges in the educational system, perhaps in 
curriculum structure or the broader learning 
environment. 

South Africa faces its unique set of challenges, 
especially in terms of cultural and contextual barriers, as 
highlighted in Meiring (2019) and Seehawer (2018). 
These challenges point to the importance of considering 
cultural and local contexts in science education, 
suggesting that educational methods and content need 
to be more aligned with the cultural and societal 
backdrop of the country. 

Brazil’s dataset indicates a spread across different 
challenges but with a generally lower frequency 
compared to other countries. Notable challenges include 
methodological difficulties and learning and education 
issues, as seen in articles like Ferreira et al. (2013). This 
suggests areas, where Brazil might need to focus on 
developing more robust methodologies and addressing 
systemic educational issues. 

In summary, while issues like teacher and student 
dynamics and learning and education problems are 
common across BRICS nations, each country exhibits 
unique challenges that reflect its specific educational 
landscape and context. From India’s systemic issues to 
South Africa’s cultural and contextual barriers, these 
challenges highlight the diverse and complex nature of 
science teaching in different countries. 

Key Findings & Conclusions 

In the realm of science education research among 
BRICS nations, each country exhibits distinct priorities 
and areas of focus (Figure 4). Brazil stands out for its 
emphasis on ‘scientific understanding and knowledge’ 
(da Ressurreicão Brandão et al., 2023; Ferreira et al., 2013) 
contributing to a third of the total research in this 
category among BRICS nations. Additionally, Brazil 
shows a keen interest in ‘methodological approaches’ 
(da Silva et al., 2021; Ferreira et al., 2013), but it is 
relatively less engaged in addressing ‘challenges in 

education’ (Ribas Rodrigues & dos Santos, 2019) and 
assessing ‘effectiveness and impact’ (Ferreira et al., 
2013). 

China, on the other hand, leads in the ‘science 
education and learning’ (eight out of nine) category, 
accounting for over 38% of the total research in this area 
across BRICS. Chinese research also places a significant 
emphasis on the ‘effectiveness and impact’ (Lee et al., 
2014; Sang et al., 2012) of educational practices, 
suggesting a focus on practical outcomes and results. 
However, it lags in areas like ‘scientific understanding 
and knowledge’ (three out of nine) and ‘methodological 
approaches’ (two out of nine). 

India is notable for its balanced approach, with a 
strong focus on both ‘science education and learning’ 
(eight/12) and ‘methodological approaches’ (six/12). It 
is unique among BRICS for its attention to the ‘role of 
teachers and students’, indicating a more participatory 
approach to science education. However, India’s 
contributions to ‘scientific understanding and 
knowledge’ and ‘challenges in education’ are relatively 
minimal. 

Russia demonstrates a more evenly distributed focus 
across different categories. It is particularly attentive to 
‘challenges in education’ and ‘methodological 
approaches’, reflecting a concern for both practical and 
theoretical aspects of science education. This balanced 
approach is also visible in its attention to ‘scientific 
understanding and knowledge’ and ‘effectiveness and 
impact’. 

Lastly, South Africa leads strongly in ‘science 
education and learning’ (17/18), accounting for nearly 
44% of the total research in this area among BRICS 
countries. It also significantly addresses ‘Challenges in 

 
Figure 4. Key findings of studies based on country (Source: 
Authors’ own elaboration) 
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Education’, more than any other BRICS country. 
However, like Brazil, it shows less engagement in 
‘methodological approaches’ and ‘effectiveness and 
impact’. 

Overall, while there is a shared emphasis on ‘science 
education and learning’ across BRICS, each country 
displays unique patterns in its research focus. These 
patterns reflect the diverse educational priorities and 
contexts in which these countries operate, ranging from 
practical applications and outcomes to methodological 
and pedagogical innovations. 

DISCUSSION 

This systematic review offers valuable insights into 
the state of science education across five BRICS nations. 
The analysis reveals several key trends, challenges, and 
areas of convergence and divergence. 

One major finding is the shared emphasis on 
improving teaching methodologies and pedagogical 
approaches to science education across all BRICS 
countries. As noted by Akuma and Callaghan (2019), 
Ramnarain and Rudzirai (2020), and Ribas Rodrigues 
and Santos (2019), there is significant interest in 
enhancing instructional techniques, with a focus on 
collaborative, hands-on, inquiry-based, and technology-
integrated learning. This aligns with literature 
highlighting the need to move away from traditional 
didactic teaching models towards more interactive, 
student-centered pedagogies in science education 
globally (Prinsloo, 2016; Tytler, 2020). However, the 
degree of adoption of progressive techniques is varied, 
with countries like India strongly utilizing hands-on 
activities (Pareek, 2013; Pathare et al., 2018) while others 
like China emphasize critical thinking approaches (Sang 
et al., 2012; Xue & Li, 2022). Contextual factors shape the 
prioritization of pedagogies in each country. 

The analysis also illuminates common systemic 
challenges impeding science education quality across 
BRICS nations. As noted in studies by Balgopal et al. 
(2021), Sumatokhin (2017), and Zenda (2017) persisting 
issues with teacher preparedness, student engagement, 
and broader educational frameworks obstruct reforms 
and learning outcomes. This aligns with literature 
pointing out limited instructional time, large class sizes, 
standardized testing pressures, and lack of resources as 
key barriers in developing countries (Prinsloo, 2016; 
Tytler, 2020). However, cultural, and contextual 
blockers, like in South Africa (Meiring, 2019; Seehawer, 
2018), also require localized solutions.  

Furthermore, the review demonstrates that priorities 
in science education research differ among BRICS 
countries based on specific goals. Brazil focuses more on 
content knowledge and methodologies (da Ressurreicão 
Brandão et al., 2023; Ferreira et al., 2013) while China 
emphasizes evaluating interventions and learning 
processes (Lee et al., 2014; Sang et al., 2012). India 

uniquely highlights the role of teachers and students 
(Pareek, 2013), whereas South Africa leads in addressing 
systemic challenges (Zenda, 2017). As Carnoy et al. 
(2013) discussed, variations between BRICS countries 
shape educational emphases. 

Nonetheless, the analysis reveals science education 
policy and practice remain entrenched in traditional 
academic structures in many BRICS countries, with 
reforms gradually taking root. Despite intentions to 
nurture scientific skills and inquiry-based learning, 
assessment-focused systems persist, as do limitations in 
teacher training, resources, and local contextualization, 
as noted in studies across all five countries. This 
demonstrates that transforming science education to 
align with 21st century imperatives is an unfinished 
process requiring sustained, systemic efforts in BRICS 
nations. 

Therefore, the review emphasizes that while common 
goals and challenges exist, improving science education 
in BRICS countries will necessitate tailored interventions 
responding to localized needs within each unique 
context. At the same time, sharing best practices and 
innovations between BRICS nations can catalyze 
progress across borders. As Heras and Ruiz-Mallen 
(2017) note, cross-national comparisons enable 
identifying effective policies and systemic weaknesses. 
Through cooperation, BRICS countries can learn from 
each other’s science education reform efforts while 
designing context-specific solutions.  

Further research can support these goals by 
addressing gaps identified in the review, such as limited 
engagement with cultural responsiveness and 
indigenous knowledge in science pedagogies across 
BRICS countries, as well as minimal comparative 
analysis of educational outcomes. As BRICS bloc evolves 
amidst global power shifts, cooperation in science 
education policy and practice will be vital to collectively 
advance innovation and sustainable development 
capabilities. 

CONCLUSIONS 

This systematic review offers a synthesis of research 
on policies, practices, challenges, and innovations in 
science education across five BRICS countries. The 
analysis reveals several key insights into the trends and 
priorities shaping science teaching and learning in these 
major emerging economies. The review highlights 
common goals across BRICS nations to improve the 
quality of science education through enhanced teacher 
training, student-centered pedagogies, technology 
integration and inquiry-based learning. However, 
systemic challenges like resource constraints, 
assessment-driven cultures, and lack of local 
contextualization persist and impede reforms. While 
shared challenges exist, the analysis also illuminates 
country-specific barriers shaped by cultural and 
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developmental contexts. Moreover, variations are 
evident in research foci and pedagogical orientations 
between countries, demonstrating localized priorities. 
This suggests that while best practices may be shared 
across borders, improving science education requires 
tailored interventions responding to each nation’s 
unique needs and barriers. Developing context-specific 
solutions while learning from other BRICS countries can 
accelerate collective progress. 

However, this review has some limitations. The 
search was restricted to three databases and English 
language publications, which excludes potentially 
valuable literature. There was also limited comparative 
analysis of educational outcomes across BRICS 
countries. Moreover, the review did not investigate 
gender, racial and socioeconomic equity issues within 
science education in each context. To address these 
limitations, future research should expand the search 
across more regional databases and in multiple 
languages. Comparative analyses of instructional time, 
curriculum content, assessments, and learning outcomes 
can offer richer insights into variations. Exploring 
cultural responsiveness and integration of indigenous 
knowledge in science pedagogies could illuminate 
innovative directions. Investigating diversity, inclusion 
and equity metrics can reveal critical gaps impeding 
access to quality science education. 

As BRICS nations cooperate strategically to advance 
innovation and sustainable development capabilities, 
transforming science education policy and practice will 
be critical. While countries adopt global best practices, 
they must also craft context-specific solutions responsive 
to local cultures, values, and developmental needs. 
Sustained improvements require addressing systemic 
inequities and reorienting assessment-driven structures 
towards nurturing curiosity, critical thinking, and 
creativity. 
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APPENDIX A: LIST OF STUDIES 

 

Table A1. List of studies 

Code Author Country Title 

1 Akuma and Callaghan 
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South Africa Characterizing extrinsic challenges linked to the design and 
implementation of inquiry-based practical work 

2 Anokhin et al. (2021) Russia Not great, not terrible: Distance learning of chemistry in Russian 
secondary schools during COVID-19 

3 Bajpai et al. (2016) India Electromagnetic education in India 
4 Balgopal et al. (2021) India Moving past postcolonial hybrid spaces: How Buddhist monks make 

meaning of biology 
5 Bansal (2021) India Indian pre-service teachers’ conceptualizations and enactment of inquiry-

based science education 
6 Bansal (2022) India The hegemony of English in science education in India: A case study 

exploring impact of teacher orientation in translating policy in practice 
7 Bortnik et al. (2021) Russia Context-based testing as an assessment tool in chemistry learning on 

university level 
8 da Ressurreicão Brandão 

et al. (2023) 
Brazil Food safety knowledge among 7th-grade middle school students: A report 

of a Brazilian municipal school using workshop-based educational 
strategies 

9 da Silva et al. (2021) Brazil The ludic and human rights: The anti-racist fight in science education for a 
political-scientific formation through graffiti art 

10 Fedina et al. (2017) Russia Design of science laboratory sessions with magnetic fluids 
11 Ferreira et al. (2013) Brazil Teachers’ pedagogical strategies for integrating multimedia tools in science 

teaching 
12 Gilyazova et al. (2020) Russia A liberal arts and sciences education at the Russian higher school: Concept, 

formats, benefits, and limitations 
13 Gurgel et al. (2016) Brazil The role of cultural identity as a learning factor in physics: A discussion 

through the role of science in Brazil 
14 Hewson (2012) South Africa Traditional healers’ views on their indigenous knowledge and the science 

curriculum 
15 James et al. (2019) South Africa Teaching science in the foundation phase: Where are the gaps and how are 

they accounted for? 
16 Jennifer G. et al. (2022) India Does virtual titration experiment meet students’ expectation? Inside out 

from Indian context 
17 John (2019) South Africa Physical sciences teaching and learning in eastern cape rural schools: 

Reflections of pre-service teachers 
18 Kavai et al. (2015) South Africa Animal organ dissections in high schools: Is there more than just cutting? 
19 Kavai et al. (2017) South Africa Teachers’ and learners’ inclinations towards animal organ dissection and 

its use in problem-solving 
20 Krishnamoorthy (2023) India Intra-action analysis of emergent science phenomena: Examining meaning-

making with the more than human in science classrooms 
21 Krishnan et al. (2016) India Chemical education in India: Addressing current challenges and 

optimizing opportunities 
22 Lee et al. (2014) China Retooling Asian-Pacific teachers to promote creativity, innovation and 

problem solving in science classrooms 
23 Liang (2017) China The problem of science education in minority areas–Based on a study in 

Gansu Province of China 
24 Malyuga and Petrosyan 

(2022) 
Russia Effective integration of distance courses through project-based learning 

25 Mavuru and Ramnarain 
(2020) 

South Africa Learners’ socio-cultural backgrounds and science teaching and learning: A 
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South Africa Talking science in multilingual contexts in South Africa: Possibilities and 
challenges for engagement in learners home languages in high school 

classrooms 
 



EURASIA J Math Sci Tech Ed, 2024, 20(4), em2432 

17 / 17 

 

 

https://www.ejmste.com 
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35 Pathare et al. (2018) India Understanding first law of thermodynamics through activities 
36 Petrus (2018) South Africa A comparison of teachers’ and students’ perceptions of the factors 
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Challenges for science education in Brazil 

39 Sang et al. (2012) China Challenging science teachers’ beliefs and practices through a video-case-
based intervention in China’s primary schools 
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