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ABSTRACT 

 

The present study examined the effectiveness of a four-week STEM-based 

classroom intervention in developing critical thinking, creativity, collaboration, 

and problem-solving skills among primary school students in Pune, 

Maharashtra. A quantitative quasi-experimental design was adopted with 120 

students from Classes III to V, comprising 60 students in a STEM intervention 

group and 60 in a conventional instruction group. The intervention integrated 

science, technology, engineering, and mathematics through inquiry-based 

activities, simple engineering-design challenges, collaborative projects, 

experimentation, problem-solving tasks, and technology-supported learning. 

Students were assessed using a Twenty-First Century Skills Assessment Scale, 

supported by classroom observations and teacher responses. Data were analysed 

using descriptive statistics, independent-samples t-tests, and Pearson’s product-

moment correlation. The findings indicated that students participating in 

STEM-based learning demonstrated significantly stronger critical thinking, 

creativity, collaboration, and problem-solving than students receiving 

conventional instruction. STEM activity participation was also positively 

associated with overall twenty-first-century skill development. The findings 

have practical implications for primary schools, particularly regarding 

curriculum planning, teacher professional development, interdisciplinary lesson 

design, and provision of accessible STEM resources. The study suggests that 

carefully structured STEM experiences can provide an effective pathway for 

competency-based and experiential learning in primary classrooms. 

 

Keywords: STEM education, primary education, critical thinking, creativity, collaboration, 

problem solving, experiential learning, inquiry learning. 

 

 

INTRODUCTION 

 

Contemporary education is increasingly concerned with preparing learners not only to acquire 

disciplinary knowledge but also to apply knowledge flexibly in unfamiliar situations. Rapid 

technological development, globalization, changing employment patterns, and the increasing 

availability of information have strengthened the need for learners who can reason critically, 

generate original ideas, collaborate with others, communicate effectively, and solve complex 

problems (Partnership for 21st Century Learning, 2015; Bell, 2010). These competencies are 

commonly associated with twenty-first-century learning and have become important 
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considerations in curriculum design and classroom pedagogy. The primary stage is particularly 

important because it establishes foundational habits of inquiry, reasoning, communication, 

cooperation, and independent learning. At this level, children learn effectively when abstract 

ideas are connected with observation, experimentation, manipulation of materials, discussion, 

and real-life situations (National Council of Educational Research and Training, 2020). 

Consequently, instructional approaches that provide opportunities for learners to explore, 

construct, test, revise, and communicate ideas have considerable educational value (Bell, 

2010). 

 

STEM education offers one such approach. STEM refers to the integration of science, 

technology, engineering, and mathematics through interdisciplinary learning experiences 

(Sanders, 2009; English, 2016). Rather than treating these disciplines as completely separate 

areas of knowledge, integrated STEM encourages learners to apply concepts from multiple 

domains while investigating authentic problems (Honey et al., 2014; Thibaut et al., 2018). 

Engineering-design activities, inquiry-based tasks, project work, experimentation, 

computational activities, and collaborative problem solving can create learning environments 

in which students are required to reason, test alternatives, communicate decisions, and revise 

solutions (Bell, 2010; English, 2016). Recent international research reinforces the relevance of 

such approaches in primary education. Systematic research on technology-oriented STEM 

education has highlighted the growing use of digital tools and technologies across primary and 

secondary STEM classrooms and has identified diverse instructional purposes and learning 

outcomes (Suna et al., 2023). A recent systematic review and meta-analysis of educational 

robotics in primary education further examined its contribution to STEM competence, 

demonstrating the increasing empirical attention given to technology-supported STEM 

experiences at the primary level (Sapounidis et al., 2023; Trapero-González et al., 2024). 

Similarly, recent work on STEM instructional design indicates that STEM teaching is 

increasingly organized around interdisciplinary knowledge, real-world problem solving, 

inquiry, and engineering-oriented learning rather than isolated subject instruction (Halawa et 

al., 2024). 

 

The relationship between STEM and higher-order competencies is also supported by 

recent research focusing specifically on primary learners. Yesnazar et al. (2024) proposed a 

methodological system in which interdisciplinary tasks and integrated projects are used to 

foster research, communication, analytical, creative, and problem-solving abilities among 

primary school students. Research on technology-enhanced collaborative inquiry similarly 

emphasizes the role of collaborative inquiry environments in promoting critical thinking and 

exploratory learning in K–12 contexts (Chen & Chen, 2024). Recent systematic work on 

computational thinking and STEM has additionally examined how computational approaches 

may transfer across STEM learning contexts, indicating the expanding conceptual scope of 

integrated STEM education (Li & Oon, 2024). 

 

In the Indian context, the National Education Policy 2020 has strengthened the policy 

emphasis on experiential, competency-based, multidisciplinary, inquiry-oriented, and 

technology-supported learning (Ministry of Education, Government of India, 2020). These 

principles are particularly compatible with integrated STEM pedagogy because both emphasize 

application of knowledge, active participation, creativity, problem solving, and connections 

between classroom learning and real-world situations (National Council of Educational 

Research and Training, 2020; English, 2016). Despite increasing attention to STEM education, 
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evidence concerning its effects on multiple twenty-first-century competencies among Indian 

primary-school learners remains comparatively limited. Existing literature frequently examines 

individual outcomes, particular STEM technologies, or older learners. There is therefore a need 

for empirical research that simultaneously considers critical thinking, creativity, collaboration, 

and problem solving within an integrated primary-school STEM intervention. 

 

The present study addresses this need by examining a structured four-week STEM 

intervention among primary school students in Pune. Its significance lies not merely in 

determining whether STEM activities are associated with improved skill outcomes, but in 

providing practical evidence regarding how interdisciplinary, inquiry-oriented classroom 

experiences can contribute to competency development at the primary level. The findings are 

intended to inform teachers, school leaders, curriculum planners, and teacher educators about 

feasible strategies for integrating STEM with twenty-first-century learning in regular primary 

classrooms. 

 

 

Objectives of the Study 

 

1. To examine the implementation of STEM-based instructional practices in selected 

primary schools of Pune.  

 

2. To assess the effect of STEM-based classroom instruction on students’ critical 

thinking, creativity, collaboration, and problem-solving skills.  

 

3. To compare the overall twenty-first-century skills of students exposed to STEM-

based instruction with those receiving conventional classroom instruction.  

 

4. To determine the relationship between students’ participation in STEM classroom 

activities and their overall twenty-first-century skill development.  

 

5. To identify the major classroom and institutional factors that facilitate or constrain 

STEM implementation in primary schools.  

 

6. To suggest practical strategies for strengthening STEM integration in primary 

education.  

 

 

Research Hypotheses 

 

H01:  There is no significant difference in critical thinking skills between students receiving 

STEM-based instruction and those receiving conventional instruction. 

 

H02:  There is no significant difference in creativity between students receiving STEM-based 

instruction and those receiving conventional instruction. 

 

H03:  There is no significant difference in collaborative learning skills between students 

receiving STEM-based instruction and those receiving conventional instruction. 
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H04:  There is no significant difference in problem-solving abilities between students 

receiving STEM-based instruction and those receiving conventional instruction. 

 

H05:  There is no significant relationship between participation in STEM classroom activities 

and students’ overall twenty-first-century skill development. 

 

 

REVIEW OF RELATED LITERATURE 

 

Integrated STEM and Primary Learning 

 

Earlier conceptual literature established STEM education as an interdisciplinary approach in 

which knowledge from science, technology, engineering, and mathematics is connected 

through meaningful problems and applications. Sanders (2009) emphasized integration across 

disciplinary boundaries, while Bybee (2013) highlighted the role of STEM in scientific literacy, 

innovation, and analytical reasoning. Honey et al. (2014) further emphasized the importance 

of interdisciplinary learning experiences in which learners apply knowledge rather than merely 

receive information. More recent research has strengthened this perspective by examining 

STEM through systematic and evidence-based approaches. Halawa et al. (2024) found that 

STEM instructional designs vary considerably but commonly emphasize interdisciplinary 

integration, real-world problems, inquiry, and application of knowledge. Thus, the literature 

increasingly conceptualizes STEM not as an additional subject but as a way of organizing 

meaningful learning across disciplines. 

 
 

STEM, Critical Thinking and Problem Solving 

 

A major theme in the literature concerns the relationship between STEM experiences and 

higher-order thinking. STEM activities frequently require learners to identify problems, collect 

information, propose explanations, test possible solutions, interpret evidence, and revise their 

ideas. Such processes naturally create opportunities for analytical and critical thinking. Recent 

research involving primary students has particularly emphasized integrated projects and 

interdisciplinary tasks as mechanisms for developing analytical and research-related skills. 

Yesnazar et al. (2024) argued that STEM environments can encourage primary learners to 

analyse information, conduct investigations, evaluate evidence, and solve real-life problems. 

Similarly, systematic research into collaborative inquiry in K–12 settings indicates that 

technology-supported inquiry can facilitate exploratory learning and critical thinking when 

students work collectively to investigate problems.  

 
 

STEM, Creativity and Collaboration 

 

Creativity within STEM is closely connected with open-ended problem solving and 

engineering design (Honey et al., 2014; English, 2016). Learners may be required to generate 

multiple solutions, construct prototypes, test designs, identify weaknesses, and improve their 

products. Such activities create opportunities for originality, flexibility, experimentation, and 

creative decision-making (Bell, 2010). Collaboration is similarly embedded in many STEM 

learning environments. Group projects require learners to share responsibilities, communicate 
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ideas, negotiate decisions, listen to alternative viewpoints, and jointly evaluate solutions (Bell, 

2010; Thibaut et al., 2018). Thus, creativity and collaboration are not necessarily separate 

outcomes of STEM; they can emerge simultaneously through appropriately designed 

interdisciplinary activities. Recent scholarship on STEM and STEAM has further emphasized 

the potential of interdisciplinary learning to support creativity, critical thinking, and problem 

solving, particularly when learners are provided with opportunities to connect technical 

knowledge with design and creative expression (Zhang & Jia, 2024). 

 

 

Technology and Contemporary STEM Learning 

 

Technology has become an increasingly important component of STEM pedagogy. Systematic 

evidence covering STEM education in primary and secondary schools has identified a wide 

range of technologies and instructional applications, suggesting that technology can support 

simulation, investigation, creation, communication, representation, and problem solving (Suna 

et al., 2023). Educational robotics is another expanding area, with recent systematic review and 

meta-analytic research specifically examining its contribution to STEM competence in primary 

education (Sapounidis et al., 2023; Trapero-González et al., 2024). However, the literature also 

suggests that technology alone does not produce meaningful learning. Its educational value 

depends on how it is integrated with pedagogical purposes, collaborative activity, inquiry, 

reflection, and disciplinary understanding (Suna et al., 2023; Halawa et al., 2024). Therefore, 

effective STEM integration requires alignment between technology, curriculum objectives, 

teacher guidance, and learner activity. 
 
 

Teacher Preparation and STEM Implementation 

 

The quality of STEM implementation is strongly influenced by teachers’ pedagogical 

knowledge, confidence, interdisciplinary understanding, and access to appropriate resources 

(Wu et al., 2024). Recent research has increasingly examined teachers’ capacity to integrate 

multiple disciplines rather than focusing exclusively on student outcomes. A recent meta-

analysis of interdisciplinary teaching abilities among STEM teachers highlights the importance 

of teachers’ capacity to work across disciplinary boundaries in implementing integrated STEM 

education (Wu et al., 2024). This suggests that STEM implementation should not be understood 

simply as introducing robotics, coding, laboratory equipment, or digital devices. Effective 

implementation requires teachers who can design interdisciplinary tasks, facilitate inquiry, 

manage collaborative work, guide engineering-design processes, and assess competencies 

(English, 2016; Wu et al., 2024). 
 
 

Synthesis and Research Gap 

 

The reviewed literature collectively suggests that STEM education can create conditions 

favourable to critical thinking, creativity, collaboration, problem solving, inquiry, and 

interdisciplinary learning (English, 2016; Honey et al., 2014; Bell, 2010). Recent systematic 

reviews have strengthened the evidence base concerning technology use, instructional design, 

robotics, computational thinking, and interdisciplinary STEM teaching (Suna et al., 2023; 

Halawa et al., 2024; Trapero-González et al., 2024; Li & Oon, 2024; Wu et al., 2024). 

Nevertheless, three gaps remain particularly relevant. First, much of the international evidence 
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emerges from educational systems with different curricular structures, teacher preparation 

systems, and technological resources. Second, Indian research focusing specifically on primary 

learners and multiple twenty-first-century competencies remains comparatively limited. Third, 

fewer studies have examined critical thinking, creativity, collaboration, and problem solving 

together within a single classroom intervention. The present study therefore contributes by 

examining these four competency dimensions simultaneously within a four-week STEM 

intervention involving primary school students in Pune. 

 

 

RESEARCH METHODOLOGY 

 

Research Approach and Design 

 

The study adopted a quantitative research approach using a quasi-experimental, comparative 

pre-existing-group design, supplemented by structured classroom observation and teacher 

responses. The quasi-experimental design was selected because intact classrooms were used 

and random assignment of individual students to experimental conditions was not feasible 

within normal school arrangements. The independent variable was STEM-based classroom 

instruction, while the principal dependent variables were critical thinking, creativity, 

collaboration, and problem-solving skills. The intervention lasted four weeks and consisted of 

structured STEM learning experiences incorporating inquiry, experimentation, collaborative 

projects, simple engineering-design challenges, practical problem solving, and age-appropriate 

technology use. 

 
 

Study Area and School Selection 

 

The study was conducted in selected government and private primary schools in Pune, 

Maharashtra. Schools were considered eligible when they offered Classes III to V, had regular 

classroom schedules permitting a four-week intervention, possessed basic facilities required 

for classroom STEM activities, and provided administrative permission for participation. 

Schools were excluded when they were unable to accommodate the intervention schedule, had 

insufficient attendance during the study period, or were simultaneously implementing another 

intensive STEM programme that could confound the intervention. The selected schools 

represented both government and private institutional settings to provide variation in school 

context. Within eligible schools, participating students were drawn from Classes III to V. The 

final sample consisted of 120 students. 

 
 

Sample and Classroom Allocation 

 

The study included 120 primary school students. Sixty students constituted the STEM 

intervention group and sixty constituted the conventional instruction group. Students were 

selected from eligible classrooms using stratified procedures to ensure representation across 

school type and grade level. Because intact classrooms were retained, students were not 

individually randomized into the intervention and comparison groups. Instead, comparable 

classrooms were designated as either the STEM intervention or conventional instruction 

condition in consultation with school authorities and teachers. This classroom allocation 
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represents a quasi-experimental arrangement and is acknowledged as a limitation of the study. 

To reduce possible confounding, efforts were made to maintain comparability in grade level, 

approximate age, instructional duration, school type, classroom conditions, and regular 

curriculum exposure. 

 

 

STEM Intervention 

 

The STEM intervention was implemented over four consecutive weeks. It was designed around 

the principle that primary students should learn disciplinary concepts through connected, 

practical, and age-appropriate problems.  The intervention included: 

 

• inquiry-based science investigations;  

• practical mathematics activities;  

• simple engineering-design challenges;  

• construction and model-making tasks;  

• measurement and estimation activities;  

• technology-supported exploration;  

• collaborative problem-solving tasks;  

• group discussion and explanation;  

• testing, evaluation, and modification of solutions; and  

• short project presentations.  

 

The intervention emphasized the process of identifying a problem, discussing possible 

explanations, planning an approach, creating or testing a solution, evaluating outcomes, and 

communicating findings, consistent with inquiry-oriented and integrated STEM practices 

described in the literature (English, 2016; Honey et al., 2014; Halawa et al., 2024). Teachers 

acted primarily as facilitators rather than relying exclusively on direct instruction, reflecting 

the emphasis on active learner participation and guided inquiry in experiential learning 

(National Council of Educational Research and Training, 2020). The comparison group 

continued with the regular classroom instructional practices followed by the participating 

schools during the same period. 

 

 

Twenty-First Century Skills Assessment Scale 

 

The Twenty-First Century Skills Assessment Scale served as the principal instrument for 

assessing the outcomes of the intervention. The scale was designed to capture four dimensions 

directly relevant to the objectives of the study: critical thinking, creativity, collaboration, and 

problem solving. The critical-thinking dimension assessed students’ ability to examine 

information, identify relationships, provide reasons, compare alternatives, and make logical 

judgments. The creativity dimension focused on originality, flexibility, generation of 

alternatives, experimentation, and willingness to develop new approaches. The collaboration 

dimension assessed cooperation, communication with peers, sharing of responsibilities, 

listening to others, and joint decision making. The problem-solving dimension examined 

students’ ability to identify problems, plan solutions, apply relevant knowledge, evaluate 

alternatives, and modify approaches when necessary. 
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The scale used age-appropriate statements and a structured response format. Higher 

scores indicated stronger expression of the relevant competency. Before the main study, the 

instrument was pilot tested with 20 students who were not included in the final sample. Items 

were reviewed for clarity, appropriateness, and comprehension. The internal consistency of the 

scale was assessed using Cronbach’s alpha and produced a coefficient of .89, indicating high 

internal consistency. Content validity was established through expert review involving teacher 

educators, STEM education specialists, and an educational psychologist. Because the principal 

instrument relied partly on students’ self-reported responses, classroom observations and 

teacher responses were also used as supplementary sources of evidence. 

 

 

Data Collection Procedure 

 

Permission was obtained from the participating schools before data collection. Parents or 

guardians provided informed consent, and students participated voluntarily. The assessment 

was administered under the supervision of the researcher and participating teachers. During the 

four-week intervention, classroom observations were conducted to document student 

engagement, collaboration, inquiry, use of STEM practices, and participation in problem-

solving activities. Teachers also provided responses concerning the feasibility of STEM 

activities, student participation, and implementation challenges. The same general assessment 

conditions were maintained across the intervention and comparison groups. Data were coded 

without personally identifying information and were used exclusively for academic research. 

 

 

Data Analysis 

 

The collected data were analysed using descriptive and inferential statistical procedures. 

Frequencies, percentages, means, and standard deviations were used to summarize the sample 

and examine the distribution of responses. Independent-samples t-tests were employed to 

examine differences between students participating in STEM-based instruction and those 

receiving conventional instruction. Pearson’s product-moment correlation was used to examine 

the relationship between STEM classroom activity participation and overall, twenty-first-

century skills. Statistical significance was evaluated at the .05 level. Effect-size interpretation 

was considered alongside statistical significance to avoid relying exclusively on p-values. The 

analysis was conducted in accordance with the study objectives and hypotheses. 

 

 

RESULTS AND INTERPRETATION 

 

The sample comprised students from Classes III to V, with broadly balanced representation of 

boys and girls and equal representation from government and private schools. This distribution 

provided reasonable coverage of the intended primary-school population within the selected 

study setting. The comparison between the STEM and conventional instruction groups showed 

statistically significant differences in all four assessed competency areas. Critical thinking was 

significantly higher among students participating in STEM-based learning, t(118) = 8.47, p < 

.001. Creativity also differed significantly between the groups, t(118) = 7.91, p < .001. A 

significant difference was similarly observed for collaboration, t(118) = 8.15, p < .001, while 

problem solving showed a significant difference of t(118) = 8.36, p < .001. The overall twenty-
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first-century skills score also differed significantly, t(118) = 8.72, p < .001. The results 

therefore provide evidence against the null hypotheses concerning critical thinking, creativity, 

collaboration, and problem solving.  

 

The findings indicate that students who participated in the STEM intervention 

demonstrated stronger development of the assessed competencies than students who continued 

with conventional classroom instruction.  

 

Correlation analysis provided additional evidence concerning the association between 

STEM participation and competency development. STEM classroom activities were positively 

associated with critical thinking (r = .71, p < .001), creativity (r = .68, p < .001), collaboration 

(r = .74, p < .001), and problem solving (r = .76, p < .001). The association with overall twenty-

first-century skills was also strong (r = .79, p < .001). Thus, the null hypothesis proposing no 

significant relationship between STEM activity participation and overall competency 

development was rejected. 

 

These findings should be interpreted as evidence of a strong association between 

participation in the intervention and skill development rather than as definitive proof of 

causation, because the study used a quasi-experimental rather than randomized design. 

 

 

Discussion 

 

The findings suggest that the educational value of STEM in primary classrooms is closely 

connected with the type of learning experiences it creates. STEM activities place students in 

situations where knowledge must be used rather than simply recalled (Honey et al., 2014; 

English, 2016). When learners investigate a problem, construct a model, test an idea, compare 

possible solutions, and explain their reasoning, they are required to engage in cognitive 

processes that are central to inquiry-oriented and project-based learning (Bell, 2010; Halawa 

et al., 2024). The improvement in critical thinking can therefore be understood in relation to 

the inquiry-oriented structure of the intervention. Students were encouraged to ask questions, 

examine evidence, consider alternatives, and justify their decisions. Such experiences provide 

natural opportunities for analytical reasoning and may help children gradually move from 

accepting information to evaluating it (Yesnazar et al., 2024; Chen & Chen, 2024). 

The development of creativity can similarly be interpreted through the open-ended 

nature of STEM tasks. Engineering-design activities often allow more than one acceptable 

solution. Students can experiment with materials, modify their designs, and learn from 

unsuccessful attempts, processes that are consistent with integrated STEM and design-oriented 

learning (English, 2016; Honey et al., 2014). This creates a classroom culture in which revision 

becomes part of learning rather than an indication of failure. Such an environment may 

encourage flexibility, originality, and confidence in generating ideas (Zhang & Jia, 2024). 

Collaboration was supported because many STEM activities required students to work in small 

groups. Group-based design and investigation tasks require learners to divide responsibilities, 

exchange explanations, listen to peers, and reach collective decisions (Bell, 2010; Thibaut et 

al., 2018). Consequently, collaboration becomes embedded within the learning process rather 

than being treated as an independent social activity. 
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 Problem solving was particularly compatible with the intervention because STEM 

learning frequently begins with a practical challenge. Students must understand the problem, 

identify available resources, select an approach, test the solution, and reconsider it when 

necessary (Sanders, 2009; English, 2016). This cycle provides repeated opportunities to 

practise structured problem solving and to develop persistence when an initial solution does 

not work (Bell, 2010; Yesnazar et al., 2024). 

 

The findings are broadly consistent with recent international literature. Systematic 

reviews have highlighted interdisciplinary STEM design, technology-supported learning, 

robotics, collaborative inquiry, and computational approaches as important areas in 

contemporary STEM education. The present findings also correspond with recent primary-

school research emphasizing interdisciplinary projects and meta-subject learning as 

mechanisms for developing analytical, research, communication, and problem-solving 

competencies.  However, the findings should not be interpreted as suggesting that STEM 

automatically produces higher levels of competency. The quality of implementation is likely 

to depend on teacher preparation, availability of materials, classroom management, time 

allocation, curricular flexibility, and the extent to which activities are genuinely 

interdisciplinary. Recent research on STEM teachers’ interdisciplinary teaching abilities 

reinforces the importance of teacher capacity in successful STEM implementation.  

 

The findings therefore have a broader pedagogical implication: effective STEM 

integration requires a shift in classroom culture from passive reception toward inquiry, 

application, collaboration, experimentation, and reflection. The intervention provides evidence 

that even relatively short, structured STEM experiences can be associated with meaningful 

differences in students’ reported competencies, but sustained implementation would require 

institutional support and appropriately prepared teachers. 

 

 

Major Findings 

 

1. STEM-based classroom practices provided students with opportunities for inquiry, 

experimentation, interdisciplinary learning, and practical problem solving.  

 

2. Students exposed to STEM instruction demonstrated stronger critical-thinking skills 

than students receiving conventional instruction. 

 

3. STEM learning was associated with enhanced creativity through open-ended tasks, 

experimentation, design challenges, and opportunities to generate alternative solutions.  

 

4. Collaborative STEM activities encouraged communication, shared responsibility, peer 

interaction, and cooperative decision making.  

 

5. STEM-based experiences were associated with stronger problem-solving abilities, 

particularly through practical and real-life classroom challenges.  

 

6. Overall, twenty-first-century skill development was stronger among students 

participating in STEM-based instruction.  
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7. Participation in STEM activities showed a positive relationship with the development 

of overall twenty-first-century competencies.  

 

8. Classroom observations indicated greater student engagement and active participation 

during STEM-based learning experiences.  

 

9. Teachers identified limited infrastructure, availability of materials, time constraints, 

and insufficient professional preparation as important implementation challenges.  

 

10. Teachers nevertheless demonstrated generally positive attitudes toward integrating 

STEM activities into primary classroom instruction.  

 

11. STEM activities supported interdisciplinary connections among science, mathematics, 

technology, and engineering concepts.  

 

12. The findings support the use of structured STEM experiences as one strategy for 

strengthening competency-based and experiential learning at the primary level.  

 

 

Educational Implications 

 

The findings have several implications for primary education. First, STEM should be 

incorporated into classroom planning as an interdisciplinary pedagogical approach rather than 

being treated solely as an additional technology-oriented programme. Teachers should be 

supported in designing age-appropriate inquiry, engineering-design, and problem-solving 

activities that connect curriculum concepts with familiar real-life situations. Second, teacher 

education and professional development programmes should strengthen teachers’ capacity to 

design and facilitate integrated STEM experiences. Training should emphasize 

interdisciplinary lesson planning, questioning techniques, collaborative learning, engineering-

design processes, assessment of competencies, and effective use of low-cost materials. Third, 

schools should recognize that effective STEM does not necessarily depend on expensive 

infrastructure. Simple materials, locally available resources, digital tools, recycled objects, and 

classroom-based design problems can provide meaningful learning experiences when 

appropriately structured.  

 

 

Recommendations 

 

1. Integrate STEM into Primary Curriculum: STEM experiences should be 

systematically incorporated into regular classroom planning through interdisciplinary 

projects, inquiry activities, and practical problem-solving tasks.  

 

2. Strengthen Teacher Professional Development: Teachers should receive continuous 

professional development focused on STEM pedagogy, engineering design, inquiry-

based learning, collaborative learning, and competency-based assessment.  
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3. Promote Low-Cost STEM Activities: Schools should encourage the use of locally 

available and inexpensive materials so that meaningful STEM learning is not restricted 

by limited financial resources.  

 

4. Develop STEM Learning Spaces: Schools should gradually develop accessible maker 

spaces, science corners, digital learning facilities, and flexible activity areas appropriate 

for primary learners. 

 

5. Improve Competency-Based Assessment: Assessment should include observation, 

project work, presentations, design tasks, reflective activities, and problem-solving 

performance in addition to conventional tests.  

 

6. Strengthen Institutional Collaboration: Schools should collaborate with teacher 

education institutions, universities, science centres, and educational organizations to 

obtain professional support and develop innovative STEM activities.  

 

7. Encourage Collaborative Learning: STEM tasks should deliberately include group 

investigation, peer discussion, shared design, and cooperative problem solving to 

strengthen social and communication competencies.  

 

8. Develop Context-Sensitive STEM Materials: STEM resources should be developed 

according to local curricular requirements, students’ age, available infrastructure, and 

the cultural and environmental context of the school.  

 

 

CONCLUSION 

 

The present study indicates that integrated STEM learning can provide a meaningful 

pedagogical environment for developing critical thinking, creativity, collaboration, and 

problem-solving competencies among primary school students. The findings suggest that 

STEM is educationally valuable not simply because it introduces science, technology, 

engineering, and mathematics simultaneously, but because it changes the nature of classroom 

participation. Learners are encouraged to investigate problems, apply knowledge, 

communicate ideas, work with peers, test solutions, and learn through revision and 

experimentation. The findings are consistent with the contemporary movement toward 

competency-based and experiential education and align with the broader educational objectives 

emphasized in India’s National Education Policy 2020. Recent international research likewise 

emphasizes interdisciplinary design, inquiry, technology-supported learning, robotics, 

collaborative investigation, and problem solving as important dimensions of contemporary 

STEM education.  

 

The practical implication is that primary schools should not view STEM integration 

solely as an infrastructure-intensive initiative. Meaningful STEM learning can begin with 

carefully designed classroom problems, locally available materials, collaborative investigation, 

and guided inquiry. However, sustained implementation requires teacher preparation, 

curriculum flexibility, appropriate assessment, institutional support, and access to suitable 

resources. Because the present investigation was limited to selected schools in Pune and 

employed a quasi-experimental design with some reliance on self-report data, broader 
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conclusions should be drawn cautiously. Future research should employ larger and more 

geographically diverse samples, randomized or stronger quasi-experimental designs, 

longitudinal follow-up, and multiple forms of assessment. Nevertheless, the study provides 

useful empirical evidence that structured STEM experiences can contribute to the development 

of competencies that are increasingly important for learners’ academic, social, and future 

professional lives. 
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