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				The influence of science and technology on the foundation phase policies of the BRICS associate countries: A comparative study

				Abstract

				The pervasive influence of science and technology globally necessitates thoroughly examining its impact on education systems as policymakers face the daunting task of recalibrating educational frameworks for contemporary professional requirements. These changes affect learning, teaching and institutional operations, with innovation becoming a cornerstone of educational reform. This study applies a qualitative comparative document analysis within an interpretivist paradigm to delve into the ramifications of the modern wave of globalisation, fuelled by scientific and technological advancements, on the foundation phase (FP) education policies of the countries aligned with the intergovernmental organisation called BRICS. Data was gathered from policy documents, curricula and academic literature. The analysis focused on identifying science and technology integration patterns into the FP curricula in these countries. Findings reveal distinct national approaches to incorporating science and technology in early education. Brazil emphasises digital literacy through its BNCC policy, while China integrates robotics and AI from the early years. Russia and India have introduced computational thinking in primary education, and South Africa is piloting coding and robotics in the foundation phase. Though diverse approaches are followed, these reforms highlight a shared recognition of the need to cultivate creativity, critical thinking and problem-solving from a young age. The study sheds light on the transformative potential of science and technology in reshaping educational paradigms in the BRICS countries. By highlighting the complex factors involved, the study advances the scholarly discourse. It offers pragmatic insights for policymakers and stakeholders seeking to navigate the complexities of educational reform in an increasingly technologically driven world. The study advocates ongoing comparative analyses to glean insights and identify best practices conducive to fostering educational excellence amid the evolving technological landscape.

				Keywords: BRICS, comparative education, education systems, external determinants, foundation phase, foundation phase policies, science and technology.
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				Introduction

				Education is considered a fundamental human virtue serving as a means of acquiring knowledge and skills and a mechanism for social mobility and national progress (UNESCO, 2020; Darling-Hammond et al., 2017). The national education system, guided by policies, governance structures and institutional frameworks, structures teaching and learning that meet the demands of a country’s population (Steyn et al., 2017; Wolhuter & Steyn, 2018; OECD, 2020). Such a system is shaped by internal and external determinants (Steyn et al., 2017: 22), including societal structure, needs and conditions. Internal determinants may include leadership styles, school culture and instructional practices (Sahlberg, 2011), while external determinants refer to factors such as geography, demography, socio-economic status, language, politics, culture, religion and, notably, science and technology (Steyn et al., 2017; De Kock et al., 2022; Broer et al., 2019). 

				The extent of a country’s technological advancements has a direct influence on the education system of that country (Wolhuter & Steyn, 2018: 11). The main objective of this study was to compare the influence of science and technology as an external determinant, on the policies and structure of the foundation phase (FP) education in the five BRICS countries. Identifying best practices from five countries (Brazil, Russia, India, China and South Africa) helps better understand how quality education can be provided and potential reforms. (Wolhuter & Chigisheva, 2020).

				Background

				Science and technology have become powerful drivers of societal transformation, particularly in the education systems. Understanding the influence of these external determinants on the educational system makes it crucial to re-examine the content of teaching (UNESCO, 2020; Wolhuter & Steyn, 2018). Science and technology influence the universality and uniqueness of a country’s education system (Steyn, 2014: 137). While most studies focus on broader education system reforms or secondary and tertiary education, insufficient attention is given to the influence of science and technology on policy formulation in the early years of learning (De Kock et al., 2022). Given the critical importance of the FP in building cognitive, digital and socio-emotional competencies, this oversight is significant. This study addresses the gap by comparing how these external determinants shape the early education landscapes of the five BRICS countries by analysing documents to identify key policy shifts, contextual differences and best practices. Analysing the education policies of similarly placed economies, such as BRICS, offers valuable insights into context-sensitive best practices (Sayed & Ahmed, 2015; Wolhuter & Chigisheva, 2020).

				Problem statement

				The digital era has revolutionised most educational processes and systems worldwide, exposing learners to technology from an early age. According to De Beer and Greyling (2021), it should be integrated into their daily lives and the classroom. Jackson (as cited by De Beer & Greyling, 2021: 38) states that modern technology is necessary to be competitive, and it starts with the national education curriculum of a country and fostering communication skills, creative thinking and adaptability at the school level. This approach requires educational reshaping of early childhood curricula and policies. However, these reforms remain 
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				fragmented and poorly documented, particularly at the FP level among the BRICS countries in varying scientific and technological development stages. Learners across BRICS countries, therefore, are not exposed to technological and scientific learning to the same degree in their formative years. The inequality can potentially widen global skill gaps and undermine national development goals.

				While recognising each country’s unique context and infrastructural and resource constraints, this study aimed to explore the impact of science and technology on the FP education policies of the five BRICS countries.

				Research aims and objectives

				The primary research aim was to determine the extent of the impact of science and technology on the FP policies of the BRICS associate countries. The secondary objectives were to explore and interpret the similarities and differences in the FP policies of the BRICS associate countries and identify best practices regarding the impact of science and technology on FP policies.

				Research design and methodology

				This study adopted a qualitative research approach, underpinned by an interpretivist paradigm, to explore and interpret the contextual dynamics that shape FP education policies in the BRICS countries. This approach is well-suited to uncover how individuals and institutions construct meaning from social phenomena (Creswell & Creswell, 2018; Nieuwenhuis, 2019a). Interpretivism emphasises human understanding and social interaction in the research process (Jansen, 2019: 23; Nieuwenhuis, 2019a), and a comparative education design allows the researcher to evaluate similarities and differences across the BRICS education systems of science and technology as external determinants, influencing FP policies (Wolhuter, 2017: 2).

				Document analysis was the primary data generation strategy for examining how each BRICS country conceptualised and implemented science and technology within its FP policy frameworks. A purposive sampling technique identified relevant, official and accessible documents, including published and unpublished materials from government portals, academic journals, curriculum databases and international policy repositories through targeted searches on academic databases such as Scopus, ERIC, EBSCOhost and Google Scholar, as well as the websites of the BRICS national education ministries. Additional sources included national curriculum frameworks, white papers and policy acts. The data were generated following Nieuwenhuis’ (2019b: 134-146) seven-step document analysis process (organising and preparing, transcribing, familiarising, coding, establishing themes and categories, interpreting and ensuring the trustworthiness of the data). Trustworthiness in this study was ensured by applying the four key principles outlined by Nieuwenhuis (2019b: 144): Triangulation and transparent interpretation established credibility; providing rich, contextual descriptions of the policy environments ensured transferability, consistent methodology and thorough documentation assured dependability and reflexive journaling and acknowledging potential researcher bias ensured confirmability.

				As a document-based study of publicly available data, this investigation posed no direct risk to human participants and required no access to sensitive or confidential content. 
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				Literature review

				6.1	Background

				An education system is made up of several components and provides the foundation for effective education to prepare its target group and provide opportunities at the pre-primary, primary, secondary and postsecondary education levels to become contributing citizens in society (Steyn et al., 2017: 14; Maree & Vos, 2021: 28). Meyer and Wolhuter (2018: 107) have identified four extrinsic goals of an education system, namely economic, social, cultural and political goals that contribute to the development and growth of society and the nation. Achieving this requires a policy or specific course of action chosen from a range of options and in consideration of the circumstances at hand to direct and influence current and future decisions (Merriam-Webster’s Dictionary, 2023).

				An education policy outlines governmental decisions, procedures, administrative guidelines, support services and educational practices to meet the defined educational needs of the target group (Steyn, 2014; Viennet & Pont, 2017). Policies are based on values and concepts, guided by a vision, mission, goals and objectives. It includes acts, government notices, ordinances and departmental regulations (Steyn et al., 2017) and, important for this study, national documents, curriculum statements and strategic frameworks that outline FP learning priorities and implementation guidelines. National policies dictate the content, delivery method and application of the curriculum and assessments at national, provincial and school levels (Watts, 2022). Ultimately, it is the responsibility of the school management and teachers to ensure that these policies are implemented at the school level.

				Policies on FP education differ among the BRICS countries. In Brazil, FP refers to the primary education level for learners between six and ten (National Centre for Education Statistics, 2015). Schooling is free (Simelane, 2022: 18). The education system in Russia requires that all children between the ages of six and 15 must attend school (Simelane, 2022: 20). The system is divided into five levels, with the “FP” referring to the primary school level of education for learners aged six to ten years. The contemporary education system in India consists of four levels. The FP level includes pre-primary to lower primary school for learners aged between three and eight years (Ministry of Education, 2019: 75). Learners are expected to follow a standardised curriculum throughout their schooling, with the first ten years being compulsory (Simelane, 2022: 22). The Chinese education system is split into three divisions: basic education, higher education and adult education (Simelane, 2022). Each child is required by law to complete nine years of primary and junior secondary schooling (Simelane, 2022). The FP refers to the primary education level in China for learners between the ages of six and 12. According to South Africa’s curriculum and assessment policy statement (CAPS), FP education comprises Grades R to 3 (DBE, 2011). These four grades form part of early childhood development and the first training band on the National Qualifications Framework (Steyn et al., 2017) and include learners aged approximately 5 to 9 years (DBE, 2011). This phase is the first stage of formal primary schooling and focuses on acquiring foundational skills in literacy, numeracy and life skills. 

				For this study, the FP refers to the formal early years of education, as defined in each BRICS country’s national education framework, generally covering children aged 5 to 9 years.
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				6.2	Educational determinants

				As mentioned, policies are based on the extrinsic goals of an education system. These economic, social, cultural and political goals are influenced by contextual determinants that directly or indirectly affect change to the mandate, structure, function, curriculum content, and how education professionals implement these policies (De Beer & Greyling, 2021; Steyn et al., 2017). These determinants can be internal or external to a system. While internal determinants are factors within a system, external determinants relate to causes and variables outside of an education system that may restrict or advance it (De Kock et al., 2022: 51; Steyn et al., 2017: 23). The interaction among forces impacts one another and results in a complicated web of variables that influence education systems, even directly affecting learners’ academic achievement (Broer et al., 2019: 3). This study focuses on science and technology as external determinants influencing FP policy development in the BRICS countries by analysing education policies in the BRICS countries by comparing how the education systems and teaching and learning communities are structured, how they function, and the factors affecting them (Steyn et al. 2017; Wolhuter & Chigisheva, 2020: 92). 

				Science and technology as an external determinant

				This study examined how science and technology act as external determinants to shape FP policies and their implications for the education system (Wolhuter & Steyn, 2018). Scientific developments have an impact on the content of teaching in a curriculum. In contrast, technological developments have an impact on the delivery, resources and accessibility of teaching (Wolhuter & Steyn, 2018: 11). Together, these two aspects influence the content and mode of delivery of educational programmes, support services and teaching resources (Steyn & Wolhuter, 2008; De Beer & Greyling, 2021). It also influences how people communicate, gather information, and perceive the world. Given the levels of sophistication of and learners’ degree of exposure, it is crucial to encourage the implementation of science and technology at home and all school levels (De Beer & Greyling, 2021; Maree & Vos, 2021). Teachers must not perpetuate conventional teaching methods (De Beer & Greying, 2021). Educational content and delivery should keep up with advances in technology.

				Conversely, the technological development of a country determines how many of its citizens have access to the internet and technological devices (Wolhuter & Steyn, 2018: 11). However, technology involves more than just technological devices; it also refers to infrastructure, hardware and software, social systems and cultures surrounding the phenomenon as well as 21st-century skills, and an attitude towards solving problems (Cloete, 2017). 

				Technology has influenced education systems in many ways; it has increased access to educational instruments and resources (Maree & Vos, 2021), altered teachers’ daily tasks like lesson planning and has improved the versatility of teaching by bringing visual, auditory and interactive elements to each lesson, making the experience more meaningful for learners. Technology also assists schools to be more inclusive towards learners with learning barriers (De Beer & Greyling, 2021). Mobile devices and class blogs assist teachers in providing real-time feedback and lesson content to their learners. At the same time, interactive whiteboards, online media, study tools, digital games, and classroom live streaming are available to learners in class and as a distance education tool (De Beer & Greyling, 2021). The introduction of 
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				artificial intelligence (AI) also demands that the focus should be on science, technology, engineering, art and mathematics (STEAM) education to prepare upcoming generations for the Fourth Industrial Revolution era and erase the ever-widening knowledge gap in information and communication technology (ICT) (Maree & Vos, 2021). 

				Teachers, school management and administrative teams can also use technology as a time-efficient and cost-effective administrative tool that gives district administrators real-time access to information (De Beer & Greyling, 2021). 

				Science and technology in the BRICS context

				Sustainable development, technological innovation and economic growth significantly influence the development and expansion of the BRICS countries’ economies (Santana et al., 2015). Economic growth is enabled through the education sector as education development leads to advancing science and technology, and vice versa.

				Therefore, the first meeting of the ministers of science, technology and innovation of the BRICS countries in Cape Town, South Africa 2014, aimed to improve collaboration among these countries (BRICS India, 2021). At the second meeting in Brazil in 2015, officials signed a memorandum of understanding (BRICS India, 2021), wherein they identified four pillars of collaboration that form the foundation of the science, technology and innovation programme: research, innovation, infrastructure and sustainability reinforced by co-operation among public and commercial sectors and academia. (BRICS India, 2021; Maree & Vos, 2021). 

				Similarities and differences regarding science and technology in the foundation phase within BRICS

				As expected, the primary school curricula in Brazil, Russia, India, China and South Africa exhibit similarities and differences in their organisation, subjects and how science and technology education is integrated. A general overview indicates that the Brazilian curriculum, outlined in the Base Nacional Comum Curricular (BNCC), focuses on ten general competencies with science and technology introduced early on (Ministry of Education, 2018). Similarly, Russia has a centralised curriculum that emphasises subjects such as mathematics, science and technology (Koroleva, 2020; Nordic Recognition Network, 2005: 20). China, on the other hand, provides some flexibility for schools and provinces to adapt the national curriculum to their unique context, which strongly emphasises active learning and developing key competencies, such as humanistic literacy and scientific spirit (Wei, 2022: 1848). The Indian education system is guided by the National Policy on Education, which emphasises the importance of early childhood care and education (Department of School Education and Literacy, 2023). The South African curriculum transitioned from outcomes-based education to the Curriculum and Assessment Policy Statement (CAPS), emphasising literacy, numeracy and life skills in the FP (Steyn et al., 2017).

				Specific features of science and technology integration in the FP within BRICS indicate that Brazil includes computing science in its curriculum, emphasising computational thinking, the digital world and digital culture (Ribeiro et al., 2023). It also offers robotics in some private schools in the FP (WDE, 2006). Learners in Grades 1 to 4 spend an average of 10% of their weekly school timetable on sciences (WDE, 2006). Russia integrates ICT into its curriculum at the primary school level, focusing on computer science education (Koroleva, 2020). Robotics courses are available at schools starting from Grade 5 (Sputnik, 2014).
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				India has implemented ICT education at primary, lower and upper secondary levels (Raman et al., 2015). The policy goals of India include establishing ICT infrastructure in schools and creating digital content (Raman et al., 2015). China has also incorporated STEAM courses and robotics education into its curriculum (He & Hu, 2022: 13-14). The country has witnessed significant growth in e-learning, with widespread use of online teaching and learning platforms (Zeng, 2022). South Africa has recently introduced coding and robotics as a subject in the FP (DBE, 2021). The draft CAPS document prescribes specific hours for coding and robotics, with learners in Grades R to 2 spending one hour per week and Grade 3 learners spending two hours per week on the subject (DBE, 2021). The South African curriculum policy for digital skills, coding and robotics reflects a strong commitment to technology education (DBE, 2021).

				While all five BRICS countries prioritise science and technology education, they exhibit variations in curriculum structures, subject emphases and approaches to integrating technology and robotics, reflecting each country’s unique educational priorities, goals, societal needs and challenges.

				9.1	Science in the foundation phase curricula of the BRICS countries

				Science and technology significantly impact the transformation of education systems (Department of Science and Technology, 2019). Each BRICS country has a unique approach and specific challenges to integrating science into early childhood education. The impact of such content on the FP policies of each of the BRICS countries was explored.

				In Brazil, teaching natural and social sciences begins in the FP. Social sciences include geography and history as two key subject areas (Ministry of Education, 2018: 370-379, 406-415). In recent years, Brazil has recognised early childhood science and technology education critical role in shaping its society’s future. Science and technology have enabled the development of innovative teaching methods, digital learning tools and data-driven assessments, which have been integrated into the FP policies of the country. These advancements have enhanced the quality of education and made it more accessible to a broader population, bridging educational gaps and promoting inclusivity (De Villiers & De Villiers, 2023). 

				An emphasis on subjects such as mathematics and science characterises Russia’s education system. The Federal State Educational Standards outline the FP subjects, including science and technology (Koroleva, 2020). Science is taught in the FP (Years 1 through 4) and is combined with social studies in the Surrounding World course. This course has more than 70% science content (TIMSS & PIRLS International Study Centre, 2015a). Russian early childhood education policies have evolved with Article 16 of the 2012 Federal Law on Education, providing a legal framework for technology integration. The 2020 decree by the Russian Federation president regarding the modernisation of education includes digital transformation through the Modern Digital Educational Environment project. Creating a digital educational space is expected to extend to early childhood education (UNESCO, 2023).

				The Indian national curriculum emphasises holistic development and nurturing creativity and critical thinking skills through science and technology (Ministry of Education, 2019). 

				China has recognised the pivotal role of science and technology in shaping its future as a global leader. The government has prioritised investments in education and research, integrating STEAM subjects into the FP curriculum. The Chinese science curriculum focuses on scientific literacy. In the FP, learners start learning about science through practical instruction. 
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				The country’s science and technology curriculum guidelines, which are broken down into four levels, offer the framework for teaching science. The first two stages include the FP (TIMSS & PIRLS International Study Centre, 2015b). The aim is to cultivate a generation of innovative thinkers and problem-solvers equipped to meet the challenges of the modern world. 

				In South Africa, sciences are included in the life skills topic area in the FP. Social sciences (including history and geography), natural sciences and technology are all included in the curriculum category “beginning knowledge” (DBE, 2011). Recently, in South Africa, a concerted effort has been made to integrate innovative teaching methods and digital technologies into early childhood education, with science education beginning formally in Grade 4, after the FP. The FP policies of South Africa are evolving to prioritise digital literacy and incorporate science-related content into the curriculum at the FP level.

				9.2	Technology in the foundation phase curricula of the BRICS countries

				Brazil stresses computational thinking, the digital world and digital culture in its curriculum (Ribeiro et al., 2023). A framework for computing science is provided in all Brazilian schools at all levels, including the FP, via an appendix to the country’s national standard for school curricula developed by the Brazilian National Education Council in 2022 (Ribeiro et al., 2023: 53). The inclusion of robotics in some private schools adds an innovative dimension to the science curriculum, allowing learners to engage with technology at an early age (WDE, 2006). The Brazilian curriculum has a specific framework for computing science, emphasising computational thinking, the digital world and digital culture to prepare learners for the digital age (Ribeiro et al. 2023: 54-55). The country’s push to include ICT in K-12 education started in the 1970s and has laid a solid foundation for technology integration in FP. Initiatives such as the Programa Nacional de Reestruturação e Aquisição de Equipamentos para a Rede Escolar Pública de Educação Infantil (ProInfância) reflect the commitment of the government to enhancing early childhood education through technology.

				Russia’s curriculum also incorporates ICT education, which is progressively introduced from the primary to the upper secondary levels. According to the ICT curriculum standard for the FP, ICT tools and active speech are used to address issues within the classroom, such as communication and cognition (Koroleva, 2020: 102). The inclusion of robotics courses starts from Grade 5, which excludes the FP (Sputnik, 2014). While robotics courses are not included in the FP, Russia integrates ICT into its primary school curriculum, emphasising computer science and robotics education.

				In India, the national curriculum framework foregrounds ICT infrastructure and digital content aligned with the broader goals of the 2020 National Education Policy. The country has implemented ICT at the primary, lower and upper secondary levels. Six themes make up the ICT curriculum, which is also included in the FP: 1) reaching out and bridging gaps; 2) connecting with the outside world; 3) connecting; 4) interacting with technology; 5) producing with ICT; and 6) opportunities in education (Raman et al. 2015). Many New Age schools include robotics in their curricula (Times of India, 2022). 

				India also focuses on digitalisation and AI in various economic sectors, aiming to contribute 15% to its gross domestic product by 2035. The country has recognised the potential of science and technology in education with policies such as the National Policy on Information and Communication Technology in School Education aimed at using ICT to enhance access, quality, and efficiency. While this includes early childhood education, these policies do not explicitly outline the focus on digitalisation reforms in the FP.
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				In China, FP learners are introduced to technology through practical instruction. The science and technology curriculum guidelines, dealing with four levels, provide a framework for teaching technology. China has embraced STEAM education and robotics courses as part of its curriculum, emphasising the importance of innovation and creativity in education (He & Hu, 2022). In addition, technology-driven teaching methods, such as online learning platforms and interactive educational tools, are being embraced to enhance the quality and accessibility of education across the country. The national curriculum and education plans guide the teaching and assessing subjects, including science and technology, even at the early childhood level. Since the 1980s, the country has implemented various programmes and initiatives to promote technology integration in education, also at the early childhood level. Aligned with its broader educational reforms driven by the need for economic development and social advancement, the initiative has significantly impacted the innovation outcomes in the nation (Chen et al., 2015: 110). 

				South Africa recently included coding and robotics as subjects in the FP curriculum, which reflects the country’s recognition of the importance of digital literacy and problem-solving skills in the modern world. The focus of the draft curriculum on pattern recognition, algorithms, robotics skills, internet and e-communication and application skills provides a comprehensive foundation for learners to develop digital competencies (DBE, 2021). The phasing in of the draft curriculum started in 2023 through 2024, with Grades R–3 as pilot levels (DBE, 2021). Although strong emphasis is placed on coding and robotics in the FP and despite the tabling of the White Paper on e-Education in 2004, education policies do not address formal technology integration at the FP level. However, the Revised National Strategy for Mathematics, Science and Technology Education in GET and FET (DoE, 2003) suggests a broader focus on integrating science and technology across all education levels.

				The impact of science and technology on the foundation phase policies of the BRICS countries

				The impact of science and technology in the FP of the BRICS countries follows three themes: 1) the impact on the FP curriculum, 2) the impact on science and technology policies in FP education, and 3) robotics in the FP.

				10.1 The impact on the foundation phase curriculum

				The document analysis indicates that all five BRICS countries stress the importance of science and technology in shaping their education systems to prepare young learners for the digital age. This also applies to early childhood education. However, the extent to which science and technology are integrated into the FP curriculum varies across these countries. They also differ in their approaches and what content is emphasised. 

				In summary, Brazil accentuates computational thinking, the digital world and digital culture in its curriculum, with a national framework for computing science applicable at all levels (Ribeiro et al. 2023). ICT is introduced in stages in Russia, starting in the FP (Koroleva, 2020). India’s curriculum emphasises ICT infrastructure and digital content from the FP (Raman et al., 2015). China introduces technology early through practical instruction, emphasising STEAM education and innovation and has a growing focus on e-learning (He & Hu, 2022; Zeng, 2022). South Africa recently recognised the importance of digital literacy and problem-solving skills by drafting a coding and robotics curriculum (DBE, 2021).
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				Despite their differences, all the BRICS countries have witnessed the positive impact of science and technology on education. They recognise the need to nurture creativity, critical thinking and problem-solving skills from an early age, and technology plays a pivotal role in achieving these goals. The different education policies reflect a global trend towards leveraging technology to meet the evolving needs of learners and society in the 21st-century digital economy (Shmatko & Volkova, 2020). 

				10.2	The impact on science and technology policies in the foundation phase education

				The impact of science and technology on education policies differs across BRICS nations, reflecting a global trend toward using technology to meet 21st-century learning and societal needs. As the digital economy reshapes labour markets (Shmatko & Volkova, 2020), policymakers face the challenge of updating education systems to enhance STEAM and soft skills (Shmatko & Volkova, 2020). The extent of policy goals indicates a government’s commitment to integrating ICT into education (Zeng, 2022).

				In Brazil, educational policies have evolved since the 1930s, with ICT integration in K–12 education since the 1970s (Valente & Almeida, 2020). Key policies such as the 1994 Early Childhood Education Policy, the 1996 Education Guidelines Law, and the 2010 Curricular Guidelines reflect this commitment, alongside initiatives like ProInfo (De Villiers & De Villiers, 2023). Russian education policy supports digital transformation, guided by the 2020 Presidential Decree and the 2012 Federal Law on Education. Programmes like the 2014 Information Society State Programme aim to expand digital access (UNESCO, 2023).

				India’s education system is shaped by the National Policy on Education (1986; updated 2020) and the 2012 ICT in School Education Policy, highlighting the role of technology in improving learning (Department of School Education and Literacy, 2012). At the same time, China’s education policy has adapted to market reforms, with initiatives like the Rural Distance Education Project integrating ICT into primary schools.

				In South Africa, national and provincial governments collaborate on policies promoting equal access to quality education. The country promotes science and technology in education through initiatives such as the 2004 White Paper on e-Education and the Dinaledi Schools Initiative (DBE, 2018; Department of Science and Innovation, 2021: 2).

				10.3	Robotics in the foundation phase

				Robotics allows learners to use science and mathematics while making learning pleasant, and teachers use it to make lessons more interesting (Times of India, 2022). The need for robotics has grown dramatically due to global technological megatrends, including robotisation and the development of AI (Shmatko & Volkova, 2020). People who are competent in developing and maintaining these cutting-edge gadgets are needed if robotics continues to grow globally (Shmatko & Volkova, 2020).

				Including robotics and STEAM education is a notable trend across the BRICS countries. The allocation of specific hours to these subjects, especially in South Africa and China, highlights their significance in the curriculum. China and South Africa are the only two BRICS countries with an official robotics curriculum. However, the implementation thereof and research on this topic are still in their early phases. These countries offer robotics as a subject from as early as the FP.
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				In Brazil, some private schools incorporate robotics, fostering early engagement with technology. However, there is still a need to offer the subject in public schools. The same trend is visible in India, where only New Age schools incorporate robotics into their curricula (Times of India, 2022). While robotics courses were introduced in Russian schools in 2015, these courses do not form part of the FP (Sputnik, 2014).

				Best practices and recommendations

				11.1	Science and technology integration into foundation phase policies

				In reviewing the FP policies of the BRICS countries, the following best practices regarding digital transformation and technology integration in education have been identified:

				All the BRICS countries have established government initiatives and policies to promote technology integration in education. This top-down approach with clear guidelines and goals is essential for successful technology integration.

				Brazil and India strongly emphasise using ICT to enhance education access, quality and efficiency. This indicates a holistic approach that considers not only technology but also its impact on the accessibility and quality of education.

				Russia and China specifically highlight the use of online courses and e-learning as a pivotal component of their strategies for technology integration, reflecting the recognition that digital learning platforms can significantly enhance educational opportunities.

				China’s approach to technology integration is closely aligned with its broader economic modernisation and global competitiveness goals.

				South Africa’s focus on addressing socio-economic disparities through integrating science and technology in education is noteworthy. It emphasises the importance of technology in bridging educational gaps.

				11.2	Science and technology in the foundation phase curriculum

				A curriculum framework explains what teachers and learners should know and be able to perform, including the intended learning objectives (International Institute for Educational Planning, 2023). A curriculum is a systematic and deliberate statement of what learners should learn, how they should learn and how they can do so systematically (International Institute for Educational Planning, 2023). An education framework is implemented over time through various techniques (International Institute for Educational Planning, 2023). Education systems need to develop a national curriculum for science and technology subjects to ensure that these subjects are implemented equally across all types of schools and that all learners are offered the same quality of teaching and subject matter. These subjects should be offered across all education levels, including the FP. The following best practices have been identified from the BRICS countries:

				Brazil, Russia and China have extensive official curricula for science in the FP. 

				Brazil strongly emphasises computational thinking, the digital world and digital culture throughout its curriculum, with a national framework for computing science applicable at all levels of basic education.

				Russia and India introduce ICT progressively, starting from the FP.

				China introduces technology early through practical instruction, emphasising STEAM education and innovation.
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				Brazil and Russia provide official science teaching on their teaching timetables for FP learners. Russia also provides technology in its teaching timetable for FP learners.

				South Africa has officially prescribed teaching time for robotics on its teaching timetable for FP learners.

				11.3	Robotics education

				A significant development in some BRICS countries is the incorporation of STEAM and robotics courses, specifically in South Africa and China. These two countries have official robotics curricula for the FP at a national level. Even though robotics courses were introduced in Russian schools in 2015, these courses do not cater for the FP. Brazil and India display unequal access to robotics education, as this subject is only presented in private or New Age schools.

				Robotics allows learners to use science and mathematics while making learning pleasant and fun (Times of India, 2022). The need for robotics has grown dramatically as a result of global technological megatrends, including robotisation and the development of AI (Shmatko & Volkova, 2020: 1). For robotics to continue to grow globally, people who are competent in developing and maintaining these cutting-edge gadgets are needed (Shmatko & Volkova, 2020). There are many benefits to robotics in early childhood education (Playtô, 2023). It teaches children to think critically and creatively, increases problem-solving abilities, it demonstrates 21st-century skills such as programming fundamentals. Children learn various science and mathematics concepts by practically using robotics, and it develops motor skills and soft skills like building self-confidence, teamwork and collaboration skills(Playtô, 2023).

				11.4	Artificial intelligence

				Brazil, Russia, India and China recognise the importance of using AI to improve their technological achievements and have included AI-oriented goals and policies on a national level. However, the BRICS countries do not mention AI in their curricula or FP policies.

				China has recently introduced national guidelines to systematically integrate AI into primary and secondary education, focusing on building early AI awareness and cognitive understanding through project-based learning and hands-on activities (Ministry of Education, 2024). As learners progress, they engage with AI technologies more deeply. However, responsible and ethical use of AI is safeguarded by strict safeguards that ensure responsible use. Generative AI tools are prohibited for independent use by young learners, and teachers are barred from relying on AI for core teaching (Global Times, 2025). However, incorporating it into coding and robotics curricula becomes a valuable teaching tool (McNulty, 2023). When incorporating AI into a robotics curriculum, McNulty (2023) suggests that it starts with topics such as machine learning and natural language processing to demonstrate how AI can automate robots’ decision-making. The author also suggests that schools develop relationships with AI-focused technology businesses to enhance an inventive atmosphere and demonstrate ethical use of AI. Teachers should build AI skills through professional development initiatives.

				Conclusion

				The primary objective of this study was to determine the impact of science and technology on the FP policies of the BRICS countries. This impact was investigated through a comparative analysis of relevant literature. The findings of this study demonstrate that science and technology have a substantial influence on both national and education policies, as well as 
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				the curriculum framework in the FP. In recent years, the BRICS countries have collectively recognised the significance of science and technology in the context of the FP. Despite their inherent differences, all the BRICS countries acknowledge the positive effects of science and technology in nurturing creativity, critical thinking and problem-solving skills from an early age.

				The rapid advancements in science and technology have given rise to new domains of curricular content, including computer science, robotics and biotechnology. As a result, education policies are being adapted to meet the demands of the digital age. While these policies may vary across nations, they collectively reflect a global trend of integrating technology into the fabric of 21st-century learning. Policymakers worldwide are challenged to promote education to boost these skills.

				Robotics education enhances learner engagement in science and mathematics, aligning with global technology trends such as AI and robotisation. Countries need to raise skilled individuals in order to sustain this growth. The BRICS countries are embracing robotics and STEAM education, with China and South Africa leading. However, the implementation thereof is still in its early stages.

				This study holds significance as it provides valuable insight into the impact of modern globalisation, driven by science and technology, on a country’s education system. Adaptation to these changes is essential for education systems to empower learners with the skills they will need in their future careers. Furthermore, this study lays the groundwork for future research on the role of science and technology in the FP, offering a foundation for subsequent investigations in this field.
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