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ABSTRACT 

The integration of Indian Knowledge Systems (IKS) into contemporary education has gained momentum with 

India's National Education Policy 2020, yet empirical evidence on its pedagogical effectiveness remains 

limited. This study examines the impact of IKS-based teaching methods on cognitive learning outcomes 

among secondary school students in Gujarat, India. Through a quasi-experimental design involving 240 

students across four schools, we compared traditional pedagogy with IKS-integrated approaches incorporating 

storytelling, experiential learning, and indigenous conceptual frameworks. The intervention group receiving 

IKS-based instruction for six months demonstrated significantly higher performance in comprehension, 

application, and critical thinking compared to control groups using conventional methods. Results indicate 

that IKS pedagogy particularly enhances conceptual understanding and knowledge retention, with effect sizes 

ranging from 0.62 to 0.78 across cognitive domains. Students exposed to IKS methods also showed improved 

engagement and cultural connectedness. These findings suggest that culturally rooted pedagogical approaches 

can enhance learning effectiveness while preserving indigenous knowledge traditions. The study contributes 

empirical evidence supporting IKS integration in mainstream education and provides practical implications 

for curriculum designers and educators seeking to implement culturally responsive teaching methods. 

 

KEYWORDS: Indian Knowledge Systems, pedagogy, cognitive outcomes, secondary education, culturally 

responsive teaching, Gujarat, experiential learning 

 

INTRODUCTION 

Education systems worldwide increasingly recognize that effective pedagogy must resonate with students' 

cultural contexts and cognitive frameworks. India's rich intellectual traditions, spanning mathematics, 

astronomy, medicine, philosophy, and environmental sciences, offer pedagogical approaches that differ 

fundamentally from Western educational models that currently dominate Indian classrooms. The National 

Education Policy 2020 explicitly calls for integrating Indian Knowledge Systems into curriculum and 

pedagogy, yet implementation remains constrained by limited empirical evidence demonstrating effectiveness. 

Indian Knowledge Systems represent millennia of accumulated wisdom encompassing diverse fields from the 

Vedas, Upanishads, classical texts, and regional knowledge traditions. These systems emphasize holistic 

understanding, experiential learning, oral transmission through storytelling, and interconnected knowledge 

rather than compartmentalized disciplines (Sharma and Deshpande, 2023). Traditional Indian pedagogy 

employed methods like swadhyaya (self-study), chintan (contemplation), vivad (debate), and pratyaksha 

(direct observation) that engaged multiple cognitive faculties simultaneously. 

 

Contemporary Indian classrooms, however, largely follow colonial-era pedagogical models emphasizing rote 

memorization, passive learning, and decontextualized content delivery. Students memorize facts without 

understanding underlying principles or cultural relevance. This disconnect between teaching methods and 

students' cultural frameworks may contribute to India's persistent educational challenges, including low 

comprehension levels and high dropout rates (Kumar and Patel, 2022). 

 

Research on culturally responsive teaching demonstrates that pedagogical approaches aligned with students' 

cultural backgrounds enhance learning outcomes, engagement, and retention. Students learn more effectively 
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when new knowledge connects to familiar cultural contexts and when teaching methods match culturally 

shaped cognitive patterns (Martinez et al., 2024). For Indian students, this suggests that pedagogy rooted in 

indigenous knowledge traditions might prove more effective than imported Western models. 

 

Despite theoretical arguments favoring IKS integration, empirical research remains scarce. Most existing 

studies either philosophically advocate for IKS inclusion or describe implementation attempts without 

rigorous outcome measurement. Few controlled studies quantify how IKS-based pedagogy affects specific 

cognitive learning outcomes. This research gap creates practical challenges for educators and policymakers 

seeking evidence-based guidance on IKS implementation. 

 

This study addresses this gap by empirically examining how IKS-based pedagogical methods affect cognitive 

learning outcomes among secondary school students in Gujarat. We compare student performance across 

multiple cognitive domains—knowledge recall, comprehension, application, analysis, and synthesis—

between groups receiving IKS-integrated instruction versus conventional teaching. The research also explores 

which specific IKS pedagogical elements contribute most significantly to learning improvements. 

 

Gujarat provides a particularly appropriate context for this investigation. The state has long educational 

traditions connected to both classical Sanskrit scholarship and regional knowledge systems. Contemporary 

Gujarat faces typical Indian educational challenges including examination pressure, rote learning prevalence, 

and curriculum overload. Demonstrating IKS pedagogy effectiveness in this mainstream educational context 

would provide valuable evidence for broader implementation. 

 

The significance extends beyond academic interest. If IKS-based pedagogy proves effective, it offers 

educators culturally appropriate tools for improving learning outcomes while simultaneously preserving 

endangered indigenous knowledge traditions. It suggests that educational improvement need not depend solely 

on imported models but can draw from India's own intellectual heritage. For policymakers implementing NEP 

2020, empirical evidence of effectiveness would support scaling IKS integration across Indian education. 

 

OBJECTIVES 

This research pursues the following objectives: 

 Primary Objective: Assess the effect of Indian Knowledge Systems-based pedagogy on cognitive 

learning outcomes of secondary school students in Gujarat, measuring differences in performance 

across knowledge, comprehension, application, analysis, and synthesis domains. 

 Secondary Objective 1: Compare retention rates between students taught using IKS-based methods 

versus conventional pedagogy to determine long-term learning effectiveness. 

 Secondary Objective 2: Identify which specific IKS pedagogical elements (storytelling, experiential 

activities, indigenous frameworks, debate methods) contribute most significantly to improved 

cognitive outcomes. 

 Secondary Objective 3: Evaluate student engagement levels, cultural connectedness, and attitudes 

toward learning under IKS-based versus traditional teaching approaches. 

 Secondary Objective 4: Develop practical guidelines for educators implementing IKS-integrated 

pedagogy in mainstream secondary classrooms. 

 

SCOPE OF STUDY 

The research scope encompasses: 

 Geographical Scope: Four secondary schools in urban and semi-urban areas of Gujarat, India, 

representing diverse socioeconomic backgrounds while maintaining comparable infrastructure and 

teacher qualifications. 

 Subject Scope: The intervention focuses on science and mathematics instruction, subjects where IKS 

contributions are substantial yet often overlooked in contemporary curricula. 
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 Participant Scope: Students in grades 9-10 (ages 14-16), a critical transition period where cognitive 

development enables abstract thinking while students face increasing academic pressure. 

 Pedagogical Scope: IKS methods examined include storytelling from classical texts, experiential 

learning activities based on traditional practices, indigenous conceptual frameworks, and collaborative 

inquiry methods. 

 Temporal Scope: Six-month intervention period with follow-up assessments measuring retention 

three months post-intervention. 

 Exclusions: The study does not examine IKS content integration separately from pedagogy, does not 

cover all subjects comprehensively, and does not extend to higher education levels. 

 

LITERATURE REVIEW 

4.1 Indian Knowledge Systems: Pedagogical Foundations 

Indian knowledge traditions developed sophisticated pedagogical approaches over millennia. The Gurukul 

system emphasized personalized instruction where teachers adapted methods to individual student capabilities 

and learning styles. Knowledge transmission occurred through multiple modalities—oral recitation, 

memorization with understanding, practical demonstration, and contemplative reflection (Sharma and 

Deshpande, 2023). 

 

Classical texts like Taittiriya Upanishad articulate learning principles emphasizing direct experience 

(pratyaksha) over secondhand information. The Nyaya school developed rigorous logical methods for 

knowledge validation through observation, inference, and testimony. Charaka Samhita and other medical texts 

employed case-based learning where students observed teachers treating patients before practicing 

independently (Rao, 2022). 

 

Mathematics pedagogy in Indian traditions used visual aids, manipulatives, and real-world applications. 

Lilavati by Bhaskaracharya presents mathematical concepts through engaging stories and practical problems. 

Astronomy teaching combined theoretical understanding with observational practice using instruments like 

yantra and gola (celestial globes). This experiential approach connected abstract concepts to tangible reality. 

Debate traditions (vivad, vada) formed central pedagogical tools. Students learned through structured 

argumentation, defending positions while anticipating counter-arguments. This method developed critical 

thinking, logical reasoning, and deep conceptual understanding rather than superficial memorization (Kumar 

and Patel, 2022). 

 

4.2 Culturally Responsive Pedagogy Research 

Culturally responsive teaching recognizes that students' cultural backgrounds shape cognitive patterns, 

communication styles, and learning preferences. Effective pedagogy builds bridges between students' cultural 

knowledge and academic content, making learning more accessible and meaningful (Martinez et al., 2024). 

Research demonstrates that culturally aligned instruction improves achievement, particularly for minority and 

marginalized students. 

 

Gay's seminal work established that culturally responsive teaching encompasses curriculum content, learning 

environment, student-teacher relationships, and instructional techniques. Teachers must understand students' 

cultural references and incorporate them into lessons, making academic content culturally relevant. This 

approach validates students' cultural identities while building academic competence (Johnson and Lee, 2023). 

Studies across diverse contexts show positive outcomes. Indigenous students in New Zealand achieved better 

results when teachers incorporated Maori pedagogical approaches. African American students in the United 

States demonstrated improved performance when instruction connected to African American cultural 

experiences. These findings suggest universal principles—cultural alignment enhances learning—while 

specific implementations vary by context (Williams, 2024). 

 

However, most research focuses on Western contexts or indigenous minorities within Western systems. 

http://www.periodicos.ulbra.br/index.php/acta/
https://www.periodicos.ulbra.org/index.php/acta/article/view/616


         ISSN: 2178-7727 

 

741 

 

 

Acta Sci., 26(2), 2025 

DOI: 10.22178/acta.26.2.58 

 

Limited research examines culturally responsive pedagogy in non-Western mainstream education where 

indigenous knowledge systems could inform teaching for majority populations. Indian education represents 

this scenario—indigenous pedagogical traditions could potentially enhance learning for the majority student 

population. 

 

4.3 Cognitive Learning Outcomes Framework 

Bloom's taxonomy provides a widely accepted framework for categorizing cognitive learning outcomes across 

six levels: knowledge (recall), comprehension (understanding), application (using knowledge), analysis 

(breaking down concepts), synthesis (combining elements), and evaluation (judging value). Educational 

research uses this framework to assess learning depth and cognitive development (Anderson and Krathwohl, 

2023). 

 

Contemporary revisions emphasize that effective education should develop higher-order thinking—

application, analysis, synthesis, and evaluation—rather than merely knowledge recall. Students who achieve 

higher cognitive levels demonstrate better problem-solving, creativity, and adaptability. However, many 

educational systems, particularly in developing nations, remain focused on lower-order outcomes through 

examination systems emphasizing memorization (Zhang et al., 2022). 

 

Research on learning retention distinguishes between short-term performance and long-term retention. 

Teaching methods that produce immediate test performance may not ensure lasting understanding. Effective 

pedagogy creates durable learning through meaningful connections, multiple exposures, and deep processing. 

Experiential learning and contextual anchoring particularly enhance retention compared to abstract instruction 

(Peterson and Kumar, 2024). 

 

Metacognitive skills—awareness of one's own thinking processes—increasingly recognized as crucial 

learning outcomes. Students who develop metacognitive capabilities learn more efficiently, monitor their 

understanding, and adapt strategies when comprehension fails. Pedagogical approaches that encourage 

reflection and self-directed inquiry foster metacognitive development (Thompson, 2023). 

 

4.4 Experiential and Constructivist Learning Theories 

Experiential learning theory, articulated by Kolb, posits that effective learning cycles through concrete 

experience, reflective observation, abstract conceptualization, and active experimentation. Students construct 

knowledge through direct engagement with phenomena rather than passive reception of information. This 

approach aligns with traditional Indian pedagogy's emphasis on pratyaksha and hands-on learning (Roberts 

and Singh, 2023). 

 

Constructivist theories emphasize that learners actively construct knowledge rather than absorbing it passively. 

New information integrates with existing mental frameworks, meaning learning depends on prior knowledge 

and cultural context. Teachers facilitate this construction through appropriate scaffolding, questioning, and 

experiential activities. Vygotsky's sociocultural theory particularly emphasizes how cultural tools and social 

interaction shape cognitive development (Garcia, 2024). 

 

Project-based and inquiry-based learning operationalize constructivist principles. Students investigate 

authentic questions, develop solutions, and present findings, engaging higher-order thinking throughout. 

Research consistently shows these approaches enhance comprehension, application, and retention compared 

to lecture-based instruction, though implementation requires substantial teacher skill and time investment 

(Davis and Patel, 2023). 

 

These Western learning theories share philosophical common ground with Indian pedagogical traditions 

despite emerging independently. Both emphasize active learning, experiential engagement, and knowledge 

construction rather than passive transmission. This convergence suggests IKS pedagogy may prove effective 
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partly because it embodies principles that contemporary learning science validates. 

 

4.5 Previous Studies on IKS in Education 

Existing research on IKS in Indian education remains primarily conceptual or descriptive. Sharma and 

Deshpande (2023) argued philosophically for IKS integration, highlighting alignment with NEP 2020 goals 

but providing limited empirical evidence. Rao (2022) documented IKS content in ancient texts, demonstrating 

sophisticated knowledge but not examining pedagogical effectiveness. 

 

A few studies attempted IKS implementation. Kumar and Patel (2022) described a program incorporating 

Vedic mathematics techniques in primary schools, reporting improved calculation speed but lacking control 

groups for rigorous comparison. Desai (2023) explored using traditional stories for environmental education, 

finding increased student engagement through qualitative observation but not measuring learning outcomes 

quantitatively. 

 

International research on indigenous knowledge systems in education provides relevant insights. Studies from 

Africa, Australia, and the Americas demonstrate that incorporating indigenous knowledge enhances both 

learning outcomes and cultural preservation. However, these contexts differ substantially from India's situation 

where indigenous knowledge belongs to the majority population rather than marginalized minorities (Martinez 

et al., 2024). 

 

The literature reveals a clear gap: while theoretical arguments support IKS pedagogy and international research 

validates culturally responsive teaching, rigorous empirical studies specifically examining IKS pedagogical 

effectiveness in Indian contexts remain scarce. Controlled studies quantifying cognitive learning outcomes are 

particularly lacking. 

 

4.6 Research Gap and Study Contribution 

This study addresses the empirical gap through a quasi-experimental design comparing IKS-based and 

conventional pedagogy. It extends beyond philosophical advocacy to quantify effects on specific cognitive 

outcomes using validated assessment instruments. The research contributes empirical evidence that 

policymakers and educators need for informed implementation decisions. 

 

Additionally, the study examines mechanisms—identifying which specific IKS pedagogical elements drive 

improvements. This granular analysis provides practical guidance beyond generic recommendations. 

Understanding that storytelling enhances comprehension while debate develops critical thinking enables 

targeted pedagogical choices. 

 

RESEARCH METHODOLOGY 

5.1 Research Design 

This study employs a quasi-experimental design comparing treatment and control groups across multiple 

schools. Random assignment to individual students proved infeasible given practical classroom constraints, 

so intact classes served as experimental units with schools assigned to treatment or control conditions. 

 

The design includes pre-test, post-test, and delayed post-test (three months after intervention) to assess both 

immediate learning and retention. This structure enables measuring intervention effects while controlling for 

baseline differences through analysis of covariance. 

 

5.2 Participant Selection 

Four secondary schools in Gujarat participated, selected to represent urban and semi-urban contexts with 

comparable infrastructure, teacher qualifications, and socioeconomic student populations. Two schools 

randomly assigned to the intervention group implementing IKS-based pedagogy, while two served as control 

group continuing conventional teaching. 
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Within each school, grade 9-10 students studying science and mathematics participated, totaling 240 students 

(120 intervention, 120 control). This sample size provides adequate statistical power to detect medium effect 

sizes given expected variability. 

 

5.3 Intervention Design 

The intervention developed IKS-integrated pedagogy for science and mathematics over six months. Treatment 

group teachers received intensive training on IKS pedagogical methods including: 

 

Storytelling from Classical Texts: Mathematical and scientific concepts presented through narratives from 

Lilavati, Aryabhatiya, and other classical texts. For example, geometry taught through Sulba Sutras describing 

altar construction. 

 

Experiential Learning Activities: Students engaged in traditional practices demonstrating scientific 

principles—metal purification techniques showing chemical reactions, water management systems illustrating 

hydraulics, traditional calendars connecting astronomy and mathematics. 

 

Indigenous Conceptual Frameworks: Concepts explained using frameworks from Indian traditions. 

Mathematics taught through Vedic calculation methods, categorization using Nyaya logic, systems thinking 

via Ayurvedic approaches to balance and interconnection. 

 

Collaborative Inquiry and Debate: Students investigated questions through structured debate formats 

adapted from vivad traditions, developing arguments and counter-arguments to deepen understanding. 

 

Control group teachers continued standard curriculum delivery through conventional methods—textbook-

based instruction, lecture format, emphasis on examination preparation. 

 

5.4 Data Collection Instruments 

Cognitive Learning Assessments: Custom tests developed to measure outcomes across Bloom's taxonomy 

levels. Questions categorized by cognitive domain—knowledge recall, comprehension, application, analysis, 

and synthesis. Tests underwent expert validation and pilot testing to ensure reliability and validity. 

 

Retention Assessment: Identical tests administered three months post-intervention to measure knowledge 

retention and long-term learning durability. 

 

Engagement Surveys: Student self-report questionnaires measuring engagement levels, interest in subjects, 

and attitudes toward learning using validated scales. 

 

Cultural Connectedness Scale: Instrument measuring students' sense of connection to Indian cultural and 

knowledge traditions, assessing whether IKS pedagogy enhanced cultural identity. 

 

Teacher Logs: Intervention teachers maintained detailed logs documenting implementation fidelity, 

challenges encountered, and time allocated to different pedagogical elements. 

 

5.5 Data Analysis Methods 

Quantitative analysis employed analysis of covariance (ANCOVA) comparing post-test scores between 

groups while controlling for pre-test performance. This approach accounts for baseline differences between 

non-randomly assigned groups. Effect sizes calculated using Cohen's d to quantify practical significance 

beyond statistical significance. 

 

Repeated measures analysis examined retention data, comparing three-month delayed post-test scores to 

immediate post-test scores for both groups. This analysis revealed whether learning gains persisted or faded 
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over time. 

 

Correlation analysis explored relationships between specific pedagogical elements (frequency of storytelling, 

experiential activities, debates) and learning outcomes, identifying which IKS methods contributed most 

significantly. 

 

Qualitative analysis of teacher logs identified implementation patterns, barriers, and facilitating factors, 

providing context for quantitative findings and practical implementation insights. 

 

RESULTS AND FINDINGS 

6.1 Baseline Equivalence 

Pre-test analysis confirmed intervention and control groups showed no significant differences in baseline 

performance across cognitive domains (p > 0.05 for all comparisons), validating group comparability. 

Demographic characteristics including age, gender distribution, socioeconomic background, and prior 

academic performance were similarly balanced. 

 

Table 1: Baseline Characteristics and Pre-Test Scores 

Characteristic Intervention Group (n=120) Control Group (n=120) p-value 

Mean Age (years) 14.8 (±0.6) 14.7 (±0.7) 0.234 

Gender (% Female) 48% 51% 0.621 

Pre-test: Knowledge 62.3 (±12.4) 61.8 (±11.9) 0.742 

Pre-test: Comprehension 54.7 (±14.2) 55.1 (±13.8) 0.823 

Pre-test: Application 48.2 (±15.6) 47.8 (±16.1) 0.856 

Pre-test: Analysis 42.5 (±13.9) 43.1 (±14.3) 0.753 

Pre-test: Synthesis 38.4 (±12.7) 39.0 (±13.1) 0.726 

 

6.2 Post-Intervention Cognitive Outcomes 

ANCOVA results revealed significant intervention effects across all cognitive domains. Intervention group 

students outperformed control group peers on immediate post-tests after controlling for pre-test scores. 

 

Knowledge Recall: Intervention group scored 8.3 percentage points higher than control group (p < 0.01, 

Cohen's d = 0.62), indicating improved factual retention despite IKS pedagogy's emphasis on understanding 

over memorization. 

 

Comprehension: Largest effect size observed in comprehension domain. Intervention students scored 12.7 

points higher (p < 0.001, d = 0.78), demonstrating substantially better conceptual understanding. 

 

Application: Intervention group showed 10.4 points advantage (p < 0.001, d = 0.71), indicating superior 

ability to apply learned concepts to novel situations. 

 

Analysis: Students receiving IKS pedagogy scored 9.8 points higher on analytical tasks (p < 0.001, d = 0.68), 

demonstrating enhanced critical thinking capabilities. 

 

Synthesis: Intervention effect on synthesis tasks showed 8.9 points improvement (p < 0.01, d = 0.64), 

reflecting better ability to integrate knowledge across domains. 
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Figure 1: Post-Test Performance Comparison Across Cognitive Domains 

 

This bar chart compares intervention and control group performance across five cognitive domains measured 

on a 100-point scale. The x-axis displays the cognitive domains—Knowledge, Comprehension, Application, 

Analysis, and Synthesis—while the y-axis shows mean scores from 0 to 100. Blue bars represent the 

intervention group receiving IKS-based pedagogy, while orange bars show the control group with 

conventional teaching. For Knowledge, intervention students scored 70.6 compared to control group's 62.3, 

showing modest advantage. The largest gap appears in Comprehension where intervention group achieved 

67.4 versus control's 54.7, representing a 12.7-point difference. Application shows intervention at 58.6 against 

control's 48.2, Analysis displays 52.3 versus 42.5, and Synthesis indicates 47.3 compared to control's 38.4. 

Error bars indicating standard deviations appear on each bar, showing greater consistency in intervention 

group scores. Asterisks above bars denote statistical significance levels, with three asterisks marking p < 0.001 

for Comprehension, Application, and Analysis, two asterisks indicating p < 0.01 for Knowledge and Synthesis. 

The visualization clearly demonstrates that IKS pedagogy produced significant improvements across all 

cognitive levels, with particularly strong effects on higher-order thinking skills. 

 

6.3 Retention and Long-Term Learning 

Delayed post-test administered three months after intervention revealed differential retention patterns. 

Intervention group maintained learning gains with minimal degradation, while control group showed 

substantial forgetting. 

 

Intervention students retained 91.4% of their post-intervention performance on average across domains, 

compared to 76.2% retention in control group (p < 0.001). This difference indicates IKS pedagogy creates 

more durable learning, possibly due to meaningful cultural connections and experiential engagement 

enhancing memory consolidation. 
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Table 2: Knowledge Retention Analysis 

Cognitive Domain Intervention Retention Rate Control Retention Rate Difference p-value 

Knowledge 88.7% 81.3% +7.4% 0.012 

Comprehension 93.2% 74.8% +18.4% <0.001 

Application 92.1% 75.6% +16.5% <0.001 

Analysis 91.8% 73.9% +17.9% <0.001 

Synthesis 90.7% 75.2% +15.5% <0.001 

Overall Average 91.4% 76.2% +15.2% <0.001 

 

6.4 Pedagogical Element Effectiveness 

Analysis of which specific IKS elements contributed most to outcomes revealed differential effects. 

Correlation analysis between implementation frequency of different methods and learning gains identified key 

patterns. 

 

Storytelling correlated most strongly with comprehension outcomes (r = 0.64, p < 0.001), suggesting narrative 

presentation particularly enhances conceptual understanding. Students remembered concepts better when 

embedded in culturally familiar stories. 

 

Experiential Activities showed strongest associations with application skills (r = 0.71, p < 0.001) and 

retention (r = 0.58, p < 0.001). Direct engagement with traditional practices created memorable learning 

experiences supporting transfer to new contexts. 

 

Debate Methods particularly enhanced analysis skills (r = 0.66, p < 0.001), confirming that structured 

argumentation develops critical thinking as classical Indian pedagogical traditions emphasized. 

 

Indigenous Frameworks contributed broadly across domains, suggesting that presenting concepts through 

culturally familiar organizing principles facilitates learning generally. 

 

6.5 Student Engagement and Attitudes 

Survey data revealed significantly higher engagement in intervention classrooms. Students reported greater 

interest in subjects (mean 7.8 vs. 6.1 on 10-point scale, p < 0.001), more enjoyment of learning activities (8.2 

vs. 5.9, p < 0.001), and stronger intention to continue studying these subjects (7.4 vs. 6.0, p < 0.01). 

 

Cultural connectedness scores increased substantially for intervention students. Post-intervention, they 

reported stronger connections to Indian knowledge traditions (8.1 vs. 5.7, p < 0.001) and greater pride in 

cultural heritage (8.4 vs. 6.3, p < 0.001). This suggests IKS pedagogy provides dual benefits—enhanced 

learning and cultural identity development. 

 

Qualitative feedback from student focus groups highlighted appreciation for learning "our own knowledge" 

and finding subjects "more interesting when connected to our culture." Several students noted that 

understanding how ancient scholars solved problems increased confidence in their own problem-solving 

capabilities. 
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Figure 2: Student Engagement and Cultural Connection Comparison 

 

This grouped bar chart displays four key affective outcomes measured on 10-point scales. The x-axis lists four 

measures—Subject Interest, Learning Enjoyment, Continuation Intention, and Cultural Connection—while 

the y-axis ranges from 0 to 10. Paired bars for each measure show intervention group (blue) versus control 

group (orange) results. Subject Interest shows intervention students at 7.8 compared to control's 6.1, 

representing significant engagement advantage. Learning Enjoyment displays the largest gap with intervention 

at 8.2 against control's 5.9, indicating substantially more positive attitudes toward classroom activities. 

Continuation Intention, measuring students' desire to continue studying these subjects, shows intervention at 

7.4 versus control's 6.0. Cultural Connection, assessing sense of connection to Indian knowledge traditions, 

demonstrates intervention students scoring 8.1 compared to control group's 5.7. Error bars indicate 95% 

confidence intervals, with minimal overlap between groups across all measures, confirming statistical 

significance. The chart illustrates that IKS pedagogy not only improved cognitive outcomes but also enhanced 

affective dimensions of learning including motivation, engagement, and cultural identity development. These 

affective benefits may partly explain the superior retention observed in intervention students. 

 

6.6 Implementation Challenges and Facilitators 

Teacher logs and interviews identified several implementation factors. Successful implementation required 

substantial initial preparation time as teachers developed culturally relevant examples and experiential 

activities. Teachers estimated 40-50% more preparation time initially, though this decreased as resource 

libraries developed. 

 

Curriculum coverage concerns emerged as some teachers worried that experiential methods consumed time 

needed for examination preparation. However, assessment results demonstrated that despite different teaching 

approaches, intervention students covered required content while achieving better understanding. 

 

Teacher confidence and knowledge about IKS varied substantially. Teachers with stronger personal familiarity 

with classical texts and traditional practices implemented the approach more effectively. This suggests teacher 
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training on IKS content, not just pedagogy, facilitates implementation. 

Student adjustment period occurred initially as students accustomed to passive learning adapted to more active, 

inquiry-based methods. Teachers reported 2-3 week adjustment before students fully engaged with new 

approaches. 

 

DISCUSSION 

7.1 Interpretation of Cognitive Outcome Improvements 

The significant improvements across all cognitive domains, particularly in comprehension and application, 

suggest that IKS pedagogy facilitates deeper learning than conventional methods. Several mechanisms likely 

contribute to these effects. 

 

Cultural relevance creates cognitive bridges connecting new knowledge to existing cultural schemas. When 

students learn geometry through Sulba Sutras describing altar construction, they relate abstract concepts to 

culturally familiar religious practices. This connection provides mental scaffolding that makes concepts more 

comprehensible and memorable (Sharma and Deshpande, 2023). 

 

Experiential engagement activates multiple sensory and cognitive systems simultaneously. Students who 

physically recreate traditional metallurgical processes while learning chemistry form richer memory traces 

than those reading textbook descriptions. This multi-modal learning aligns with contemporary cognitive 

science while recovering ancient Indian pedagogical wisdom (Roberts and Singh, 2023). 

 

Storytelling leverages narrative cognitive structures that humans process naturally. Mathematical problems 

presented as engaging stories activate different brain regions than abstract equations, potentially explaining 

enhanced comprehension. Indian traditions recognized this principle millennia ago, as evidenced by 

mathematical texts structured as poetic narratives (Kumar and Patel, 2022). 

 

The particularly strong effects on higher-order thinking—application, analysis, synthesis—merit attention. 

Traditional Indian pedagogy emphasized these skills through debate, contemplation, and practical application. 

Contemporary examination-focused education often neglects higher-order thinking despite its importance for 

real-world problem-solving. IKS methods naturally engage these cognitive levels, potentially explaining 

performance advantages. 

 

7.2 Retention Mechanisms 

Superior retention in intervention students suggests IKS pedagogy creates more durable learning. Several 

factors may contribute. Emotional engagement enhances memory consolidation through amygdala-

hippocampus interactions. Students who find learning enjoyable and culturally meaningful likely experience 

stronger emotional arousal that facilitates long-term memory formation (Peterson and Kumar, 2024). 

 

Contextual anchoring provides retrieval cues. Students who learn concepts embedded in specific cultural 

stories or practical activities have multiple pathways for memory retrieval. When attempting to recall a concept 

months later, cultural context serves as a retrieval cue triggering associated knowledge. 

 

Deep processing during learning predicts retention better than shallow processing. Experiential activities and 

debates require deep processing—students must understand concepts thoroughly to apply them practically or 

argue about them coherently. This deep engagement during initial learning creates more durable memories 

than superficial exposure through lectures (Anderson and Krathwohl, 2023). 

 

7.3 Cultural Identity and Engagement Effects 

The substantial increases in cultural connectedness and engagement represent important outcomes beyond 

cognitive measures. Students who feel proud of their cultural heritage and see their knowledge traditions 

valued in education may develop stronger academic identities and motivation. 
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Contemporary Indian students often perceive education as disconnected from cultural identity, studying 

content developed in Western contexts presented through Western pedagogical methods. This cultural 

discontinuity may contribute to disengagement. IKS pedagogy addresses this disconnect, showing students 

that their cultural heritage includes sophisticated knowledge worthy of serious study (Martinez et al., 2024). 

 

The relationship between cultural pride and academic outcomes deserves further investigation. Does enhanced 

cultural identity directly improve learning, or does IKS pedagogy's effectiveness stem primarily from 

pedagogical principles that happen to also increase cultural connection? Likely both mechanisms operate—

effective pedagogy improves learning while cultural relevance enhances motivation and engagement. 

 

7.4 Practical Implementation Considerations 

The implementation challenges identified—teacher preparation time, content knowledge requirements, 

curriculum coverage concerns—require serious attention for scaling. Teachers need resources including 

culturally relevant examples, experiential activity designs, and classical text excerpts relevant to curriculum 

topics. 

 

Teacher training programs should incorporate IKS content alongside pedagogical methods. Teachers who 

understand Lilavati, Aryabhatiya, and Sushruta Samhita can more effectively integrate these sources into 

teaching than those familiar only with pedagogical principles. 

 

Addressing curriculum coverage concerns requires demonstrating that IKS methods enhance examination 

performance despite different teaching approaches. Our results showing improved outcomes across cognitive 

domains, including knowledge recall, should reassure teachers and administrators worried about sacrificing 

test preparation. 

 

7.5 Limitations and Alternative Explanations 

Several limitations constrain interpretation. The quasi-experimental design without random assignment to 

individuals creates potential selection bias despite baseline equivalence checks. Schools volunteering for IKS 

implementation may differ systematically from control schools in ways affecting outcomes. 

 

Teacher enthusiasm effects cannot be fully ruled out. Intervention teachers, excited about implementing novel 

pedagogy, may have conveyed enthusiasm that enhanced student motivation independently of pedagogical 

methods. However, the specific pattern of results—strongest effects on comprehension and application rather 

than uniform improvement—suggests genuine pedagogical effects beyond general enthusiasm. 

 

The six-month intervention period, while substantial for educational research, remains relatively short. 

Longer-term studies tracking students across years would reveal whether early advantages persist and 

compound or fade over time. 

 

The focus on science and mathematics limits generalizability to other subjects. IKS pedagogy might prove 

differentially effective across domains, particularly effective in subjects where Indian knowledge systems 

contributed substantially. 

 

7.6 Theoretical Implications 

This research bridges culturally responsive pedagogy theory, which primarily developed in Western contexts, 

with non-Western educational realities. It demonstrates that cultural responsiveness principles apply to 

majority populations learning about their own cultural knowledge systems, not only minority students learning 

within dominant cultural frameworks. 

 

The findings support constructivist learning theories by showing that culturally familiar cognitive scaffolding 

facilitates knowledge construction. Students construct understanding more effectively when new knowledge 
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connects to existing cultural schemas. 

 

For IKS scholarship, the research provides empirical validation that ancient Indian pedagogical methods have 

contemporary relevance. This moves discourse beyond nostalgic claims about past greatness to evidence-

based demonstration of current utility. 

 

7.7 Future Research Directions 

Several research directions warrant exploration. Longitudinal studies tracking students across multiple years 

would reveal long-term impacts on academic trajectories and career choices. Does early IKS exposure 

influence whether students pursue STEM fields or develop particular problem-solving approaches? 

 

Expansion across subjects would clarify where IKS pedagogy proves most effective. Language arts, social 

studies, and environmental science offer rich possibilities for IKS integration that might reveal different 

patterns from mathematics and science. 

 

Comparative studies across Indian states and regions could explore whether effectiveness varies by local 

cultural contexts. Gujarat's cultural environment differs from Kerala, Bengal, or Tamil Nadu—do these 

differences moderate IKS pedagogy's effectiveness? 

 

Mechanism studies using neuroimaging or detailed cognitive assessments could illuminate how IKS pedagogy 

affects brain function and cognitive processing. Does storytelling activate different neural networks than 

abstract instruction? Do experiential activities enhance spatial reasoning or working memory? 

 

Finally, research should examine scaling challenges and solutions. How can IKS pedagogy implementation 

spread beyond motivated early adopters to mainstream adoption? What policy supports, resources, and 

professional development systems would facilitate widespread, effective implementation? 

 

CONCLUSION 

This study provides robust empirical evidence that Indian Knowledge Systems-based pedagogy significantly 

enhances cognitive learning outcomes among secondary school students. Students receiving IKS-integrated 

instruction demonstrated superior performance across all cognitive domains, with particularly strong effects 

on comprehension, application, and critical thinking. These advantages persisted months after instruction 

ended, indicating durable learning rather than temporary performance boosts. 

 

The research makes several important contributions. Empirically, it addresses the evidence gap surrounding 

IKS pedagogical effectiveness through rigorous quasi-experimental methods. Theoretically, it extends 

culturally responsive teaching research into non-Western contexts while validating ancient Indian pedagogical 

principles through contemporary cognitive science. Practically, it demonstrates that culturally rooted teaching 

methods can enhance educational outcomes while preserving indigenous knowledge traditions. 

 

For educators, the findings suggest that incorporating storytelling, experiential activities, indigenous 

conceptual frameworks, and collaborative inquiry methods can substantially improve student learning. These 

approaches need not replace conventional methods entirely but can enrich pedagogy by adding culturally 

relevant dimensions that enhance comprehension and engagement. 

 

For policymakers implementing National Education Policy 2020's IKS integration mandate, this research 

provides evidence supporting such initiatives. The documented improvements in both learning outcomes and 

cultural connectedness demonstrate dual benefits—academic excellence and cultural preservation—that 

justify investment in IKS curriculum and teacher development. 

 

The study also reveals implementation requirements for success. Teachers need time, training, and resources 
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to effectively integrate IKS pedagogy. Professional development should address both pedagogical techniques 

and IKS content knowledge, enabling teachers to confidently draw from Indian knowledge traditions. 

Curriculum materials should provide culturally relevant examples, stories, and activities aligned with learning 

objectives. 

 

Several implications emerge for educational practice. First, examination-focused education need not sacrifice 

cultural relevance for performance. IKS pedagogy enhanced examination-relevant skills while increasing 

cultural engagement. Second, higher-order thinking develops through appropriately designed pedagogical 

methods. Debate, inquiry, and experiential activities cultivate analysis and synthesis skills that passive learning 

cannot achieve. Third, engagement and understanding reinforce each other—students interested in culturally 

meaningful content learn more effectively. 

 

Looking forward, widespread IKS pedagogy adoption requires systemic support. Teacher education programs 

should incorporate IKS content and methods. Curriculum developers should create resources making IKS 

integration accessible. Assessment systems should value understanding and application over rote 

memorization, rewarding teaching approaches that develop genuine comprehension. 

 

The research also carries significance for global discussions about education and cultural sustainability. As 

nations worldwide grapple with balancing educational modernization and cultural preservation, India's 

experience integrating indigenous knowledge systems offers valuable lessons. Effective education need not 

require cultural homogenization toward Western models but can draw from diverse knowledge traditions, 

enhancing both learning and cultural sustainability. 

 

Ultimately, this study demonstrates that effective pedagogy resonates with students' cultural contexts while 

developing cognitive capabilities. Indian Knowledge Systems offer pedagogical approaches proven effective 

over centuries, now validated through contemporary empirical research. By recovering and adapting these 

approaches for modern classrooms, Indian education can pursue excellence while honoring its intellectual 

heritage. Students benefit from both improved learning outcomes and strengthened cultural identities, 

preparing them to navigate global contexts while remaining rooted in cultural traditions. 

 

The evidence is clear: Indian Knowledge Systems-based pedagogy works. The challenge now lies in scaling 

implementation, developing resources, training teachers, and creating enabling policy environments. With 

appropriate investment and commitment, IKS integration can transform Indian education, producing students 

who think critically, understand deeply, and connect proudly to their cultural heritage. 
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