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ABSTRACT: STEM education, which includes Science, Technology, Engineering, and Mathematics, signifies a 

comprehensive and dynamic learning methodology that transcends conventional topic limitations. It highlights inquiry, 

creativity, and problem-solving, allowing learners to integrate theory with practice. In India, STEM education is 

critically important since the country aims to cultivate a workforce prepared for global technical and industrial 

requirements. Simultaneously, it provides chances to revolutionize the educational landscape by fostering inclusive, 

immersive, and transformative learning. Nonetheless, its implementation encounters numerous problems, such as 

inequities in access, curricular integration, teacher readiness, and diversity. This article examines the opportunities and 

difficulties of STEM education in India and emphasizes strategies for harnessing its potential to promote equitable 

growth and equip learners for the increasing demands of the 21st century. 
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I. INTRODUCTION 

 

 India’s rich and old civilization captivated travellers and researchers globally, who esteemed its culture, 

architecture, affluence, philosophy, art, and educational methodologies. The ancient educational framework, according 

to the Vedas, Upanishads, and Dharmasutras, prioritized comprehensive study, disciplined existence, and the 

realization of individual potential. India has made seminal contributions to science, mathematics, engineering, and 

medicine, as demonstrated by the urban planning, sophisticated tools, and innovations of the Indus Valley Civilization, 

along with the legacies of Aryabhata, Bhaskara, Varahamihira, and Sushruta. Esteemed institutions such as Nalanda 

and Takshashila cultivated knowledge that was both sophisticated and tailored to contemporary situations. Nonetheless, 

colonization and subsequent educational methodologies prioritized rote memorization of textbooks, and theoretical 

instruction, thus constraining experiential learning and creativity. Today, despite the presence of esteemed universities 

like IITs, IISc, NITs, BITS, AIIMS, and IIMs, students frequently do well in competitive examinations yet exhibit a 

deficiency in creativity and invention, resulting in constrained entrepreneurship (Patel et al., 2024). This underscores 

the paramount importance of STEM (science, technology, engineering, and mathematics) education. STEM abilities are 

garnering significant global attention, as these talents are in high demand not only in conventional STEM professions 

but also in various other sectors. STEM education provides an effective means to connect theoretical knowledge with 

practical application, equipping students for advanced studies, career opportunities, and continuous learning. It also 

enhances scientific literacy, empowering individuals to analyze scientific information and make informed decisions 

regarding critical social issues. In India, despite several talks regarding the promotion of science and the cultivation of a 

scientific attitude, STEM education has not yet attained the systemic importance it warrants. Schools persistently face 

challenges stemming from deficiencies in curriculum design, constrained teaching ability, and insufficient learning 

resources. This gap has been recognized, and although several measures have been implemented in recent years, they 

are inadequate to address the requirements of a swiftly evolving world (Dmello, 2023). In the past decade, significant 

national commitments to STEM education have been established worldwide, such as the Australian National STEM 

School Education Strategy 2016–2026 and the US Next Generation Science Standards (NGSS). A substantial body of 

evidence has emerged, demonstrating the advantages of integrated STEM learning on students’ dispositions, skills, and 
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educational outcomes. Research conducted in classroom settings has demonstrated that STEM learning experiences can 

improve conceptual comprehension, domain-specific knowledge, STEM competencies, and STEM attitudes (Deehan et 

al., 2025). Therefore, in view of this, the paper seeks to examine the opportunities, challenges, and strategies for 

advancing inclusive and transformative STEM education in India, emphasizing methods to improve teaching, increase 

accessibility, and equip students for the requirements of the 21st century workforce. 

 

II. STEM EDUCATION: A REVIEW OF GLOBAL AND INDIAN PERSPECTIVES 

 

STEM education, an acronym for Science, Technology, Engineering, and Mathematics, is highly 

advantageous for contemporary students. Nonetheless, due to the abstract nature of science and mathematics, they are 

among the most challenging disciplines to instruct in the classroom, presenting educators with significant obstacles in 

their teaching efforts. In line with this, Butuza and Ciascai (2017) sought to examine the perspectives of a sample of 

110 respondents, students from Romanian universities, considering: a) their experiences in STEM disciplines during 

secondary education; b) the engineering profession and requisite skills; c) the factors that influenced their decision to 

pursue a STEM field of study. The findings indicated that the respondents exhibited an interest in STEM disciplines 

since secondary and high school, which influenced their decision to pursue further education in a STEM career. The 

majority of respondents concurred that their selection of university specialization was impacted by the educators who 

taught them the relevant subjects during their secondary education. The findings indicated that the students recognize 

the significance of the engineering profession, along with the requisite knowledge and skills. 

 

Gok (2021) assessed the attitudes and motivations of secondary school students on STEM. Two field investigations 

were conducted to construct a survey for this aim. The initial field study, a pilot study, was conducted to gather 

research data and do statistical analysis on it. Upon evaluating the research results about the sub-factors, the scientific 

and engineering values of secondary school pupils in suburban areas were superior to those of their metropolitan 

counterparts. No substantial difference was detected in the pupils’ values in technology and mathematics for both 

metropolitan and suburban areas. A notable disparity existed between the STEM values of 7th grade pupils educated in 

metropolitan vs suburban areas, with the latter group demonstrating superior values. It was determined that there was 

no significant difference between the values of 6th and 8th grade pupils in both locations. A considerable difference 

was calculated in the mathematical performance of the 5th grade children. Research on gender variables indicated that 

the values of female students in science, technology, engineering, and mathematics were generally inferior than those 

of male students in both regions. 

 

Tian et al. (2022) sought to investigate the Views of Nature of Science (VNOS) among elementary children and to 

ascertain whether STEM education influences their VNOS. The data for this study was collected from two primary 

schools in China. The participants’ Views of the Nature of Science (VNOS) were obtained through their responses to 

Likert scale questions from the “Mars Mission” questionnaire. Several students and their instructors were questioned 

following a questionnaire survey. Students who have received STEM education demonstrate higher VNOS scores than 

those who have never been exposed to STEM education. In various contexts, STEM education profoundly influences 

scientific perspectives, inquiry, and entrepreneurship. No correlation was identified between grade and VNOS for 

pupils who have not received STEM instruction. Students consistently engaged in STEM education exhibit a robust 

positive correlation between their grades and their VNOS. Students’ early engagement with STEM education enhances 

their perception of the essence of science. 

 

Surve (2023) analyzed the benefits of gamifying STEM, highlighting its potential to enhance engagement, foster 

collaborative abilities among students, and facilitate concept comprehension. Therefore, advancements in technology 

necessitate the development of a scalable gamified platform or product to motivate visually impaired students to engage 

in STEM fields, especially in remote places. Visually impaired students encounter numerous obstacles in their pursuit 

of education in Science, Technology, Mathematics, and Engineering. They are especially susceptible to prevalent 

misunderstandings due to inadequate education and challenges in resource accessibility. Consequently, visually 

impaired students in India are more inclined to abandon the science stream and are less likely to pursue jobs in STEM 

compared to their counterparts. This leads to a depletion of human resources and potential for India. Despite the efforts 

of various governmental and non-governmental organizations to furnish visually impaired (VI) students with resources 
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in STEM through raised line diagrams, audiobooks, and tactile diagrams, such technologies remain inaccessible to VI 

students in rural regions. Although initiatives aim to enhance STEM accessibility for visually impaired students, they 

frequently encounter discouragement and disengagement from the subject matter. This research indicated that 

integrating gaming aspects into pedagogy for the visually impaired will enhance their comprehension of STEM topics, 

increase their receptiveness to criticism, and promote peer-to-peer learning. It is noteworthy to highlight the initiatives 

undertaken in Bangalore to implement Torino as a concrete programming language. Visually impaired pupils readily 

comprehended programming concepts such as loops, variables, and bugs, which they simultaneously found immensely 

enjoyable. 

 

Ghazali et al. (2024) investigated perceptions of early childhood education concerning the importance of STEM 

education at an early age, particularly analyzing the role of science, technology, engineering, and mathematics activities 

within or beyond kindergarten. This study utilized a quantitative methodology, employing a questionnaire administered 

to 100 pre-service teachers in Tanjong Malim, Perak, Malaysia. The poll indicated unanimous agreement among 

teachers regarding the importance of STEM programs in kindergarten. Therefore, additional study is necessary to 

enable the implementation of STEM activities in kindergarten through more comprehensive and practical findings. 

 

Hang et al. (2024) examined the current status and obstacles of STEM (Science, Technology, Engineering, and 

Mathematics) education in educational institutions. The extensive survey provided insights into the current state of 

STEM education and underscores the perceptions and challenges encountered by educators in implementing STEM 

techniques. The study indicated that although there is growing acknowledgment of the significance of STEM in the 

natural sciences curriculum, various challenges hinder its complete execution. A notable hurdle is the difficulty in 

linking real-world situations with natural science disciplines, complicating instructors’ efforts to render lessons 

compelling and pertinent. Moreover, the absence of suitable educational resources and materials, coupled with 

insufficient infrastructural facilities in schools, significantly impedes the quality of instruction. Furthermore, the study 

revealed a deficiency in educator training. A significant number of educators are unacquainted with STEM, exhibiting 

deficiencies in both comprehension and confidence about the methodology. This is intensified by time limitations in the 

classroom and inadequate parental involvement. The report indicated that only a restricted selection of natural scientific 

subjects can be effectively included into STEM initiatives, hence constraining the possibilities for educators. The study 

advocated for enhanced teacher training explicitly aligned with STEM needs, increased institutional support, and the 

cultivation of a stronger connection between STEM education and the overarching natural sciences curriculum. 

 

Bharti and Soni (2025) investigated teachers’ perspectives on the instruction of Science and Mathematics via STEM 

educational initiatives in school environments. This study’s findings revealed that several variables, such as insufficient 

parental support, inadequate learning materials and tools, limited awareness of STEM education, and the need for 

teacher training programs, contribute to teachers’ challenges in instructing STEM courses. To address these challenges, 

the government ought to allocate funding for teacher professional development programs and establish public STEM 

centers where anyone can explore the advantages of STEM education for both society and kids. 

 

Sindhu et al. (2025) examined gender gaps in Science, Technology, Engineering, and Mathematics (STEM) education 

in India throughout a decade, from 2012 to 2022, utilizing data from the All-India Survey on Higher Education 

(AISHE) for the academic year 2021-22. The emphasis was on technical and scientific fields at several educational 

tiers—undergraduate (UG), postgraduate (PG), MPhil, and PhD. The analysis of Becker’s D coefficient to assess 

gender imbalance indicated that male students constantly predominate in engineering programs, particularly at the 

undergraduate and doctoral levels, where the D coefficient frequently surpasses 1, signifying a substantial 

overrepresentation of males. Despite some favourable trends at the MPhil level, where female enrolment occasionally 

exceeds that of males, the data indicated that women still encounter obstacles in progressing to doctoral research in 

engineering. In scientific disciplines, gender dynamics were more equitable. At the PG and MPhil levels, female 

students surpassed their male counterparts, as indicated by negative D coefficients. The undergraduate level exhibited a 

nearly equal gender distribution, with a little female predominance in recent years, reflecting national trends of rising 

female engagement in science. Nonetheless, male dominance reemerged at the PhD level, underscoring the systemic 

barriers that women face in advancing their research careers in science. These findings highlighted the necessity of 

focused policy measures to rectify these discrepancies and advance gender parity in STEM education, especially in 
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engineering and at the PhD level. 

The literature reviewed highlights that STEM education plays a critical role in shaping students’ knowledge, skills, and 

attitudes toward science, technology, engineering, and mathematics from early education through higher studies. 

Research consistently demonstrates that early exposure to STEM positively influences students’ understanding, 

motivation, and career choices, while effective teaching and supportive learning environments are key determinants of 

student engagement and success. However, multiple challenges persist in the effective implementation of STEM 

education. These include abstractness of subjects, insufficiently trained educators, limited educational resources, 

infrastructural constraints, lack of parental involvement, and difficulties in connecting theoretical concepts to real-

world applications. Gender disparities and accessibility issues, particularly for visually impaired students and female 

learners in engineering disciplines, further complicate the equitable delivery of STEM education in India. The review 

also underscores the potential of innovative pedagogical approaches, such as gamification and hands-on STEM 

activities, to enhance student engagement, conceptual understanding, and collaborative skills (Surve, 2023). Overall, 

the literature emphasizes the need for comprehensive policy measures, teacher professional development, inclusive 

teaching strategies, and early integration of STEM programs to overcome existing barriers and promote sustainable 

growth in STEM education. 

 

III. STEM EDUCATION IN INDIA: PRESENT SCENARIO AND EMERGING CHALLENGES 

 

 India is a dynamic nation, gradually establishing its position among the world’s leading countries. A 

significant difficulty confronting this emerging power is the scientific education of its substantial youth demographic. 

A significant portion of India’s populace continues to reside under economically adverse circumstances. In such 

circumstances, it is a struggle for educational institutions to keep well-informed of scientific and technical 

developments. Incorporating recent advancements in STEM into curricula comprehensively, while considering both 

student employability and societal progress, presents a significant problem (Malti, 2017). Figure 1 shows the levels of 

STEM integration, which presents a continuum of how learning can take place across subjects, moving from isolated 

approaches to more interconnected and applied forms. At the disciplinary level, students learn concepts and skills 

within individual subjects without any direct connection to other fields. This progresses into the multidisciplinary level, 

where subjects are still taught separately but linked through a shared theme that provides broader context. The 

interdisciplinary level goes a step further by intentionally connecting concepts and skills from two or more disciplines, 

enabling students to integrate their knowledge and achieve deeper understanding. Finally, the transdisciplinary level 

represents the most advanced form of integration, where knowledge and skills from multiple subjects are 

collaboratively applied to address real-world issues and projects, creating a more holistic and meaningful learning 

experience. Together, these levels illustrate how STEM education can evolve from fragmented instruction to an 

integrated approach that prepares students for complex problem-solving and innovation. 
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Fig 1: STEM Integration Across Different Levels of Continuum 

 
Source: Aslam et al. (2023) 

 

The National Education Policy 2020, which seeks to enhance STEM education in India, emphasizes the integration of 

Science, Technology, Engineering, and Mathematics into the curriculum to cultivate students’ innovative, critical 

thinking, and problem-solving skills. UNESCO acknowledges the significance of STEM education and areas as 

essential components of competency-based curricula, emphasizing its importance from primary to tertiary education. 

The gender-responsive participation of women in STEM disciplines illustrates how these programs contribute to 

achieving the Sustainable Development Goals (SDGs), which advocate for inclusive, equitable, high-quality education 

and lifelong learning opportunities for all individuals. Accelerated technological breakthroughs are transforming 

students’ learning, networks, and interactions to fulfil global demands. The STEM disciplines integrated for the 

creation of innovative solutions to global concerns will fulfil the current demand for the global workforce. 

Diversification in STEM education concerning gender significantly influences developing nations, resulting in the 

reallocation of human resources for economic growth, technological progress, and societal welfare. Countries that 

invest in human capital by promoting women’s participation in STEM education stimulate innovation and tackle global 

challenges (Usha and Rao, 2024). 

 

Levels of STEM 
Integration

Disciplinary -

Learning takes place within 
individual subjects, where 

concepts and skills are taught 
separately without direct 

connection to other 
disciplines.

Multidisciplinary -

Each subject is taught 
independently, but the 
teaching is organized 

around a shared theme 
that links the 

disciplines at a 
broader level.

Interdisciplinary -

Concepts and skills from two 
or more subjects are 

intentionally connected, 
allowing students to integrate 

knowledge and develop 
deeper understanding.

Transdisciplinary -

Knowledge and skills from 
multiple subjects are 

applied collaboratively to 
address real-life issues and 
projects, creating a holistic 

and meaningful learning 
experience.
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STEM education is essential for providing students with the requisite skills and information for success in the 

contemporary technology-driven landscape. University educators are pivotal in providing high-quality STEM 

education; nevertheless, they face numerous problems in their instructional methodologies. STEM education has 

garnered much attention for its ability to improve students’ critical thinking, problem-solving, and analytical abilities. 

Numerous studies indicate that university educators have multiple problems in providing successful STEM training 

(Verma and Singh, 2024). Table 1 shows challenges in STEM education, which highlights several critical barriers that 

hinder the effectiveness of teaching and learning in this domain. A major concern is the lack of sufficient resources, as 

inadequate access to equipment, teaching materials, and financial support restricts the scope of practical learning and 

experimentation, which are essential for developing students’ technical and problem-solving skills. Closely tied to this 

is the issue of student engagement, where traditional lecture-based methods often fail to sustain interest or promote 

active participation. To address this, educators are encouraged to adopt innovative pedagogies such as project-based 

learning, flipped classrooms, and collaborative approaches that foster deeper understanding and involvement. Another 

challenge lies in assessment strategies, as conventional exams and quizzes fall short of capturing the full range of 

student competencies. More comprehensive methods, including performance-based evaluations, portfolios, and project 

work, can provide a holistic picture of students’ abilities. Finally, diversity and inclusivity remain pressing issues, as 

underrepresentation of certain groups creates disparities in access and opportunities. Overcoming this requires 

proactive measures to cultivate inclusive environments, support participation from marginalized communities, and 

ensure equity in STEM education. Together, these challenges underscore the need for systemic reforms to create a more 

resourceful, engaging, equitable, and effective STEM learning ecosystem. 

 

Table 1: Challenges in STEM Education 

 

Challenges 

Insufficient 

Resources 

A major issue faced by higher education teachers in STEM is the lack of adequate resources. 

Limited access to modern equipment, teaching materials, and financial support restricts 

opportunities for practical learning and experimentation, which are critical for strengthening 

students’ problem-solving and technical skills. Institutions need to prioritize investment in 

well-equipped STEM laboratories and research facilities. 

Student 

Engagement 

One of the pressing challenges is ensuring active student participation. Conventional lecture 

methods often fail to stimulate interest or deeper learning. Adopting innovative approaches 

such as project-based learning, flipped classrooms, and collaborative tasks can significantly 

improve student involvement and conceptual understanding. 

Assessment 

Strategies 

Traditional assessment techniques like written tests and quizzes do not fully reflect students’ 
diverse skills. A more effective evaluation system involves integrating project assessments, 

portfolios, and performance-based methods to provide a holistic measure of competencies in 

STEM education. 

Diversity and 

Inclusivity 

Limited inclusivity and representation in STEM programs often create barriers for 

marginalized groups, restricting equal access and opportunities. Tackling this challenge 

requires deliberate efforts to build inclusive learning environments, increase participation 

from underrepresented groups, and provide tailored support to ensure equity in STEM 

education. 

Source: Verma and Singh (2024) 

 

IV. STRATEGIES AND SUGGESTIONS TO STRENGTHEN STEM LEARNING 

 

India has traditionally emphasized STEM education as a crucial catalyst for technological progress and economic 

development. The nation produces about 1.5 million engineering graduates each year from more than four thousand 

institutions, reflecting a significant investment in higher education, bolstered by initiatives by organizations such as the 

All-India Council for Technical Education (AICTE). Nonetheless, the swift proliferation of educational institutions has 

not invariably resulted in high-quality education. Graduates encounter unemployment as a result of obsolete curricula, 

insufficient practical and interpersonal skills, and restricted industry involvement. Obstacles remain in reconciling 

theoretical knowledge with practical application, as well as in confronting inequalities between urban and rural, and 
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private and public educational systems. Graduates frequently exhibit deficiencies in critical thinking, problem-solving 

skills, and industry-specific talents. The government has implemented reforms, including the 2020 New Education 

Policy (NEP), which prioritizes interdisciplinary learning, practical participation, and critical thinking. Furthermore, 

public-private collaborations are being increasingly advocated to synchronize curricula with changing industry 

demands, augment practical training, and elevate the overall quality and pertinence of STEM education in India 

(Nwabufo, 2024). STEM education in India has the potential to transform learning, foster innovation, and prepare a 

future-ready workforce. However, its effective implementation continues to face hurdles related to inclusivity, 

pedagogy, institutional structures, and resource accessibility. To address these challenges and unlock the true potential 

of STEM education, the following measures are suggested: 

 

• Adopt the 4A approach by ensuring that STEM learning is within reach for all learners, economically 

feasible, widely accessible, and flexible enough to meet diverse needs. 

• Strengthen teacher preparation by emphasizing pedagogical expertise in faculty evaluation and promotion, 

making effective teaching the central focus of STEM education. 

• Invest in faculty development through regular training, mentorship, and performance review systems that 

build teaching capacity and sustain quality. 

• Redesign institutional assessment by introducing distinct ranking systems for teaching- and research-

oriented institutions, thereby reducing the pressure to publish and encouraging innovation in teaching 

methods. 

• Encourage joint academic programs that connect research universities with teaching-focused institutions, 

enriching student experiences and promoting collaboration. 

• Create specialized teaching pathways within institutions to recognize and reward educators who focus on 

pedagogy, independent of research output. 

• Harness digital tools and virtual labs to expand opportunities for students in underserved regions, ensuring 

access to modern resources and advanced learning environments. 

 

V. CONCLUSION 

 

STEM education holds immense promise for transforming India’s educational landscape and preparing a 

workforce capable of meeting the demands of the 21st century. Historically, India has contributed significantly to 

science, mathematics, engineering, and medicine, and institutions like Nalanda, Takshashila, IITs, IISc, and AIIMS 

exemplify this legacy. However, contemporary challenges—including reliance on rote learning, limited experiential 

opportunities, disparities in access, outdated curricula, and insufficient teacher preparedness—have hindered the full 

realization of STEM’s potential. Global research and national initiatives highlight the benefits of integrated STEM 

learning, demonstrating improvements in conceptual understanding, critical thinking, problem-solving, curiosity, and 

scientific literacy. In India, STEM education must evolve to address these systemic gaps while promoting inclusivity, 

creativity, and innovation. Strategies such as adopting the 4A framework (Accessibility, Affordability, Availability, 

Adaptability), strengthening teacher training, investing in faculty development, redesigning institutional evaluation 

systems, fostering collaborative programs between research and teaching institutions, creating dedicated teaching 

tracks, and leveraging digital tools and virtual laboratories are critical for overcoming these challenges. Such measures 

can bridge the gap between theory and practice, enhance student engagement, and enable learners—irrespective of 

gender, ability, or geographic location—to achieve their full potential. By implementing these approaches, India can 

not only nurture a generation of skilled and innovative STEM professionals but also ensure that its education system 

contributes meaningfully to social development, economic growth, and global competitiveness. STEM education, 

therefore, is not just a pathway to knowledge but a transformative tool for inclusive and sustainable national progress. 
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