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Abstract

Purpose - This study investigates how Indigenous Knowledge Systems (IKS) reconfigure STEAM
(Science, Technology, Engineering, Arts, and Mathematics) education through secondary analysis of
published case studies, policy documents, and curriculum frameworks. The research challenges
Western-centric STEAM models by analyzing how oral traditions, local ecologies, and community-based
knowledge systems function as foundational resources for innovation-oriented curricula across diverse
cultural contexts.

Design/methodology/approach — This study adopts a qualitative secondary data analysis design,
systematically reviewing published empirical case studies, policy documents, and curriculum materials.
Six IKS-STEAM integration initiatives were selected for synthesis: three from India (Warli art-geometry,
Gond ecological calendars, stepwell architecture-engineering) and three from international contexts
(Maori science integration in New Zealand, Navajo geometry in USA, Aboriginal astronomy in Australia).
Data sources included 42 peer-reviewed journal articles, 8 policy documents (NEP 2020, UNESCO
reports, national curriculum frameworks), 15 curriculum resource documents from IKS India Portal and
NCERT, and documented case descriptions from educational research databases. Thematic synthesis
methodology was employed to identify convergent patterns across cases, focusing on engagement
mechanisms, pedagogical approaches, interdisciplinarity, institutional constraints, and sustainability
orientations.

Findings — Secondary analysis reveals five dominant patterns across documented IKS-STEAM initiatives:
(1) Indigenous knowledge functions as an engagement catalyst, with published studies reporting
increased student attendance, participation, and cultural identity affirmation when STEAM concepts are
embedded in familiar cultural practices; (2) experiential and community-based learning modes position
elders, artisans, and knowledge-holders as co-educators, challenging conventional classroom
hierarchies; (3) natural interdisciplinarity emerges as IKS practices inherently integrate multiple STEAM
domains without artificial separation; (4) institutional and policy constraints remain pervasive, with
documented cases highlighting assessment misalignment, rigid syllabi, and teacher unpreparedness as
persistent barriers; (5) sustainability and justice orientations are foregrounded, connecting local
ecological knowledge to global frameworks such as Sustainable Development Goals. Cross-case
comparison shows that initiatives with formal policy support (Maori context with national curriculum
recognition, Indian cases under NEP 2020) demonstrate higher sustainability than ad hoc
implementations.

Originality/value — This study contributes to cultural studies of science education by synthesizing
dispersed empirical evidence on IKS-STEAM integration through systematic secondary analysis. Using
India's NEP 2020 alongside international frameworks, the research demonstrates how Indigenous
epistemologies function not as supplementary content but as alternative organizing principles for
science education. The study introduces a five-dimensional comparative framework (knowledge sources,
learning modes, temporal orientations, assessment practices, cultural contexts) for analyzing epistemic
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pluralism in practice. It advances decolonizing science education discourse by foregrounding how
power, identity, and knowledge legitimacy are enacted across diverse contexts, moving beyond policy
rhetoric toward evidence-based, culturally responsive STEAM pedagogy. The secondary data approach
enhances accessibility and transferability, enabling educators and policymakers to learn from
documented initiatives without requiring primary research infrastructure.

1. Introduction
1.1 STEAM education as a cultural formation

STEAM education—an integrated approach to teaching science, technology, engineering, arts, and
mathematics—has emerged as a dominant global framework for preparing learners for innovation-driven
economies (Yakman & Lee, 2012). It promises to transcend disciplinary silos by fostering creativity,
critical thinking, and problem-solving, yet is often promoted as a culturally neutral response to twenty-
first-century demands. However, when STEAM circulates as a standardized policy model, it frequently
remains disconnected from local cultural narratives, ecological realities, and community wisdom (Land,
2013; Aikenhead, 2006).

Alongside these global reforms exists Indigenous Knowledge Systems (IKS)—complex, adaptive
systems of knowing embedded in oral traditions, lived experiences, and culturally specific practices
(Agrawal, 1995; Berkes, 2012). In India, Indigenous knowledge encompasses astronomical observations
of tribal communities, architectural ingenuity of vernacular housing systems, and symbolic logic
embedded in folk art forms. These traditions constitute alternative epistemologies where human-nature
relations, time, space, and ethics differ fundamentally from dominant Western scientific paradigms
(Smith, 2012).

Bridging STEAM and IKS represents not merely curriculum enrichment but a profound cultural and
political project. Integration can generate context-rich, place-based learning experiences—studying water
management through Gujarat's stepwell systems or agricultural calendars in tribal communities—that re-
situate scientific concepts within local ecologies, histories, and aesthetics. Simultaneously, these
integrations raise critical questions about whose knowledge counts, which languages and symbols are
legitimized, and how power circulates between schools, communities, and policy regimes (Pratt, 1991).

1.2 Policy context: NEP 2020 and international frameworks

India's National Education Policy (NEP) 2020 explicitly acknowledges the importance of Indigenous and
local knowledge, calling for holistic, multidisciplinary, and culturally grounded education (Ministry of
Education, 2020). The policy mandates "inclusion of Indian Knowledge Systems including tribal and
indigenous knowledge" across curriculum levels. International frameworks such as UNESCO's Education
for Sustainable Development Goals similarly highlight local and Indigenous knowledge contributions to
sustainability and justice-oriented learning (UNESCO, 2017).
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Despite these policy commitments, empirical research on how IKS is actually integrated with STEAM in
classroom and community settings remains limited and dispersed across diverse sources. This study
addresses that gap through systematic secondary analysis of documented IKS-STEAM initiatives,
synthesizing evidence from published case studies, policy documents, and curriculum resources.

1.3 Research objectives

This secondary data analysis pursues four objectives:

1. To synthesize documented pedagogical approaches for integrating IKS within STEAM curricula
across Indian and international contexts

2. To identify convergent patterns and context-specific variations in IKS-STEAM integration strategies

3. To analyze documented benefits and challenges from multiple stakeholder perspectives (teachers,
students, communities, policymakers)

4. To generate evidence-based recommendations for culturally responsive STEAM pedagogy

2. Theoretical and Conceptual Framework
2.1 STEAM as cultural formation

STEAM functions as a cultural formation privileging particular ways of knowing, doing, and being in
science and technology education (Aikenhead, 2006). Early advocates emphasized integrating arts to
enhance creativity, design thinking, and communication within STEM fields (Henriksen, 2014). Research
demonstrates STEAM pedagogies foster student engagement and transferable skills including
collaboration and adaptability (Land, 2013). However, critics caution that transnational circulation of
standardized STEAM reforms can marginalize local histories, languages, and epistemologies,
reinscribing Eurocentric norms despite inclusive rhetoric (Aikenhead & Michell, 2011).

2.2 Indigenous Knowledge Systems as dynamic
epistemologies

Indigenous Knowledge Systems comprise bodies of knowledge developed through long-term, place-
based environmental interactions, sustained through oral traditions, rituals, and everyday practices
(Agrawal, 1995). They encompass ecological, engineering, mathematical, and artistic domains but resist
modern disciplinary categorization. In Indian contexts, geometric patterns in Gond and Warli art
simultaneously convey aesthetic, ecological, and mathematical knowledge; traditional navigation and
calendrical systems integrate astronomy, meteorology, and social relations (Jain, 2019). Importantly, IKS
are dynamic and adaptive rather than static "traditions," continually remade in response to
environmental, political, and cultural change (Berkes, 2012).

2.3 Culturally responsive, place-based, and decolonizing
perspectives
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Three theoretical lenses illuminate IKS-STEAM interfaces:

Culturally responsive pedagogy views learners' cultural repertoires as assets, arguing science education
should affirm rather than erase cultural identities (Gay, 2010). It positions cultural knowledge as
legitimate epistemological foundation rather than decorative supplement.

Place-based education emphasizes learning in and from local environments and communities,
foregrounding land, history, and relationships (Gruenewald, 2003). It challenges decontextualized,
universal science by situating learning within specific ecological and social contexts.

Decolonizing methodologies insist Indigenous peoples' knowledges, languages, and worldviews must be
recognized as authoritative sources, challenging colonial hierarchies positioning Western science as
sole legitimate knowledge form (Smith, 2012). This perspective demands redistribution of epistemic
power rather than mere inclusion.

2.4 Conceptualizing IKS-STEAM interfaces as contact
zones

This study conceptualizes IKS-STEAM interfaces as cultural "contact zones"—spaces where different
epistemologies meet, clash, and blend (Pratt, 1991). Along five dimensions, STEAM and IKS appear
distinct yet potentially complementary:

1. Knowledge sources: STEAM draws on academic research institutions; IKS grounds in oral traditions
and community validation

2. Learning modes: STEAM emphasizes inquiry-based, laboratory methods; IKS privileges storytelling,
apprenticeship, experiential learning

3. Temporal orientations: STEAM tends toward future-oriented innovation; IKS centers sustainability
and intergenerational continuity

4. Assessment practices: STEAM relies on standardized testing and performance metrics; IKS values
community validation and practical application

5. Cultural contexts: STEAM often globalizes and standardizes; IKS remains deeply local and context-
specific

These contrasts create both tensions and opportunities. The framework underpins analysis of how
epistemic pluralism might be enacted in practice rather than merely invoked rhetorically.

3. Methodology: Secondary Data Analysis Design
3.1 Research design and rationale

This study employs qualitative secondary data analysis—systematic review and synthesis of existing
data sources rather than new primary data collection (Johnston, 2014). This approach is particularly
appropriate when:
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Substantial documented evidence exists across dispersed sources

Research questions concern patterns across contexts rather than deep single-site analysis

Ethical or practical constraints limit primary access to participants

Synthesis can inform policy and practice more efficiently than new empirical studies

Secondary analysis enables examination of IKS-STEAM integration across geographic, cultural, and
institutional contexts that would be impractical for single primary research projects (Heaton, 2008).

3.2 Data sources and selection criteria

Data were systematically gathered from four source categories:

3.2.1 Peer-reviewed academic literature

Systematic database searches (Google Scholar, JSTOR, ERIC, ScienceDirect) using keywords:

"Indigenous knowledge + STEAM/STEM education®, "culturally responsive science’, "place-based

mathematics", "decolonizing engineering education®, "tribal knowledge curriculum”.
Inclusion criteria:

e Published 2010-2025 (capturing contemporary IKS integration movement)
e Empirical case studies with documented IKS-STEAM initiatives
 Sufficient descriptive detail on pedagogical approaches and outcomes

e Peer-reviewed journal articles or academic books
42 peer-reviewed sources selected, including:

» Aikenhead & Ogawa (2007): Indigenous knowledge and science revisited
* Ritchie (2013): Maori science integration in New Zealand schools
 Norris (2016): Aboriginal astronomy curriculum development

» Benally (2014): Navajo geometry through sandpainting

 Shinde (2020): Warli art and mathematics education

e Jain (2019): Gond art as mathematical knowledge system

3.2.2 Policy and curriculum documents

8 major policy sources:

1. India's National Education Policy 2020 (Ministry of Education, 2020)

2. UNESCO Education for Sustainable Development Goals reports (2017, 2021)

3. New Zealand Ministry of Education: Te Marautanga o Aotearoa (Maori curriculum framework)
4. Australian Curriculum: Aboriginal and Torres Strait Islander Histories and Cultures
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5. UGC Guidelines for Integration of Indian Knowledge Systems (2023)
6. NCERT Art-Integrated Learning Framework (2023)

7. AICTE IKS Division Curriculum Resources (2022-2024)

8. Gujarat State Curriculum Framework IKS modules (2022)

3.2.3 Curriculum resource repositories

15 curriculum resource documents from:

 |IKS India Portal (iksindia.org): Case study database with 100 + documented school implementations
e NCERT IKS Curriculum Modules (Classes 6-12)
e |IT Kanpur IKS Centre Reports: Documented implementations across 15 schools

 State education department reports (Maharashtra, Madhya Pradesh, Gujarat)

3.2.4 Published case study descriptions

Six cases selected for detailed synthesis based on:

» Geographic diversity: Three Indian states, three international contexts
» Educational levels: Primary through secondary schooling

* Indigenous communities: Warli, Gond tribal groups (India); Maori, Navajo, Aboriginal nations
(international)

» STEAM domains covered: Mathematics, science, engineering, arts integration

» Documentation quality: Rich descriptive detail, stakeholder perspectives, implementation challenges
Selected cases:

1. Warli Art-Geometry Programme (Maharashtra, India) - Shinde (2020), NCERT case study database

2. Gond Ecological Calendar Project (Madhya Pradesh, India) - Jain (2019), IKS India Portal
documentation

3. Stepwell Architecture-Engineering Unit (Gujarat, India) - Prakash (2014), Gujarat curriculum
resources

4. Maori Science Integration (New Zealand) - Ritchie (2013), Te Marautanga documentation

5. Navajo Geometry Project (USA) - Benally (2014), Navajo Nation Education reports

6. Aboriginal Astronomy Curriculum (Australia) - Norris (2016), Australian curriculum materials

3.3 Data extraction and synthesis methods
Following Braun & Clarke (2006) thematic synthesis approach:

Phase 1: Familiarization - Systematic reading of all 65 sources (42 articles + 8 policies + 15 curriculum
docs), highlighting sections describing:
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e Pedagogical strategies

e Student and teacher responses

e Community involvement patterns
e Institutional constraints

e Learning outcomes

Phase 2: Coding - Line-by-line coding of relevant excerpts using qualitative data management. Codes
included: elder involvement, language use, place-based activities, assessment practices, engagement
indicators, interdisciplinary connections, policy alignment, sustainability themes.

Phase 3: Theme development - Grouping codes into five thematic categories:

1. Indigenous knowledge as engagement catalyst
2. Experiential and community-based learning

3. Natural interdisciplinarity

4. Institutional and policy constraints

5. Sustainability and justice orientations

Phase 4: Cross-case synthesis - Comparing how themes manifested across six selected cases,
identifying convergent patterns and context-specific variations.

3.4 Quality assurance and limitations
Credibility measures:

» Triangulation across multiple source types (academic, policy, curriculum, reports)
e Attention to author positionality and potential biases in original sources

* Focus on sources with transparent methods and stakeholder quotes
Limitations acknowledged:

e Dependent on quality and completeness of original documentation

e Cannot access unpublished data or nuanced participant perspectives beyond what authors reported
e Publication bias may favor successful implementations over failures

e Cultural and linguistic interpretations filtered through original researchers' lenses

e Temporal snapshots may miss long-term trajectories

Despite limitations, secondary analysis enables synthesis across contexts impractical for primary
research while maintaining ethical respect for Indigenous knowledge sovereignty.

4. Case Narratives: Synthesis of Documented IKS-STEAM Initiatives
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4.1 Warli Art-Geometry Programme (Maharashtra, India)

Source documentation
Shinde (2020), NCERT Art-Integrated Learning case database

Documented implementations describe mathematics lessons grounded in Warli tribal mural traditions
rather than textbook abstractions. Shinde (2020) reports teachers invited students to recreate familiar
Warli scenes—agricultural work, festivals, forest relationships—while introducing geometric vocabulary
around symmetry, tessellation, rotation, and scaling. The programme positioned Warli visual language as
ongoing mathematical resource rather than one-time "cultural activity."

Published accounts note increased student attendance and willingness to attempt geometry tasks when
linked to community art forms. Shinde documents students using hybrid vocabularies, fluidly moving
between local shape terms and formal mathematical language, negotiating which painting features
"count” as geometric objects. This interaction illustrates what Pratt (1991) terms a "contact zone" where
school mathematics and Indigenous visual epistemologies mutually reshape one another.

4.2 Gond Ecological Calendar Project (Madhya Pradesh,
India)

Source documentation
Jain (2019), IKS India Portal case studies

Published descriptions indicate students worked with tribal elders to map local seasonal cycles through
named periods marked by flowering, animal behavior, wind patterns, and ritual events rather than
standardized Gregorian months. Jain (2019) reports these hand-drawn calendars displayed alongside
conventional months, enabling students to see convergences and divergences between knowledge
systems.

Science lessons used calendars to explore phenology, food webs, and climate variability. Documentation
shows elders explaining how specific insect appearances signaled crop planting times, prompting
discussions about ecological indicators and adaptive management. Published accounts note students'
shifting perceptions of elder knowledge from "old stories" to systematic observation. However, authors
also document tensions when assessment practices privileged textbook terminology over situated
ecological reasoning displayed in elder conversations.

4.3 Stepwell Architecture-Engineering Unit (Gujarat, India)
Source documentation

Prakash (2014), Gujarat State Curriculum Framework
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Documented implementations center on field visits to historic stepwells like Rani ki Vav, supplemented
by classroom modeling. Prakash (2014) describes students sketching cross-sections, measuring
dimensions, observing temperature and humidity variations while learning about potential/kinetic energy,
load distribution, thermal regulation, and material properties.

Published accounts note arts integration through analysis of geometric carvings and friezes, connecting
to symmetry and pattern concepts. Students designed "modern stepwell" prototypes, justifying choices
through engineering efficiency and cultural values. Documentation reveals teacher ambivalence about
deviating from prescribed syllabi for historical/cultural discussion, surfacing in assessment design
where rich projects competed with standardized test items failing to capture integrated understanding.

4.4 Maori Science Integration (Aotearoa New Zealand)
Source documentation
Ritchie (2013), New Zealand Ministry of Education Te Marautanga framework

Published case studies describe secondary school science departments collaborating with local iwi
(tribes) to design units on river/coastal health foregrounding kaitiakitanga (guardianship). Ritchie (2013)
reports lessons beginning with students' whakapapa (genealogical connections) to specific waterways
rather than abstract indicators.

Documentation shows students conducting scientific measurements (pH, turbidity, biodiversity) while
maintaining field journals incorporating both scientific and Maori concepts. Published accounts note
classroom discussions explicitly addressing tensions between Western and Maori "healthy water"
indicators, inviting critical examination of embedded assumptions. However, authors document
institutional pressures to "cover" mandated content and prepare for national assessments remaining
heavily Western-oriented, producing continual negotiations over time allocation and knowledge framing.

4.5 Navajo Geometry Project (United States)
Source documentation
Benally (2014), Navajo Nation Education reports

Published descriptions indicate mathematics teachers and community artists co-planned units
analyzing sandpainting designs for symmetry, transformations, and composition. Benally (2014) notes
reliance on patterns community leaders deemed educationally appropriate rather than sacred designs,
foregrounding ethical knowledge protocols.

Documentation shows students traced and digitally manipulated designs to identify symmetries,

rotations, reflections, and translations, creating coordinate representations exploring algebraic-visual
correspondences. Published accounts include student quotes expressing empowerment seeing Diné
aesthetics centering mathematics ("math finally looks like us"). However, documentation also reveals
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intra-community debates about whether sacred designs should appear in schools, illustrating how IKS-
STEAM integration entails ethical and political negotiations within Indigenous communities themselves.

4.6 Aboriginal Astronomy Curriculum (Australia)
Source documentation
Norris (2016), Australian Curriculum Aboriginal Perspectives materials

Published partnerships between science teachers and Aboriginal knowledge-holders document units on
local star stories and songlines, introducing constellations like Emu in the Sky and seasonal movements
linked to traditional hunting, gathering, and navigation. Norris (2016) describes juxtaposing Western
constellation maps with Aboriginal interpretations, inviting pattern comparison across systems.

Documentation shows night-sky observations and lunar phase recordings situated within discussions
about colonization, Aboriginal language/cosmology suppression, and contemporary recognition
struggles. Published reflections note both Aboriginal and non-Aboriginal students gained appreciation
for Aboriginal scientific knowledge depth and sophistication. However, authors document assessment
difficulties valuing Aboriginal cosmology understanding on its own terms rather than forcing Western
astronomical categories.

5. Thematic Findings: Cross-Case Synthesis
5.1 Indigenous knowledge as engagement catalyst

Published case studies consistently document that embedding STEAM concepts in Indigenous practices
increases student engagement and affirms cultural identities. Shinde (2020) reports attendance gains
and increased task willingness in Warli mathematics; Benally (2014) documents Navajo students'
empowerment and participation increases; Ritchie (2013) describes Maori students experiencing
science as "less foreign" and more personally relevant.

When Warli, Gond, Maori, Navajo, or Aboriginal knowledge systems are treated as legitimate scientific
and mathematical sources rather than decorative supplements, published accounts describe students
feeling "seen" and recognized. This pattern aligns with culturally responsive pedagogy's emphasis on
cultural competence and academic success as intertwined (Gay, 2010) and decolonizing perspectives
positioning Indigenous learners as knowledge subjects rather than objects (Smith, 2012).

Beyond symbolic recognition, documented cases show students' environmental knowledge—rain
patterns, animal behavior, waterway conditions—becoming crucial scientific evidence, repositioning
learners as knowledge-holders rather than passive recipients.

5.2 Experiential and community-based learning modes
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Published documentation reveals IKS transmission through experiential, community-embedded modes.
Prakash (2014) describes stepwell field visits with local historians and engineers; Jain (2019)
documents elder-led ecological calendar mapping; Norris (2016) reports Aboriginal knowledge-holders
guiding sky observations. These practices positioned elders, artisans, and practitioners as co-educators,
challenging conventional classroom hierarchies.

Students learned through hands-on activities, storytelling, and apprenticeship-like arrangements often
beyond classroom walls. Documentation emphasizes knowledge transmission weaving cognitive,
affective, and ethical dimensions—relationality to land, water, ancestors, and non-human beings as
central to "learning" rather than peripheral (Gruenewald, 2003).

Published accounts challenge dominant "proper” science learning images as individual,
decontextualized, and laboratory-bound. From cultural studies perspectives, documented cases suggest
decolonizing STEAM requires reconfiguring relational architectures: who teaches, where teaching
occurs, and whose authority is recognized (Smith, 2012).

5.3 Natural interdisciplinarity in IKS practices

Documentation across cases reveals IKS practices routinely integrating domains formal curricula
separate. Jain (2019) describes Gond and Warli art combining geometric precision, ecological narratives,
and aesthetic judgment; Ritchie (2013) reports Maori navigation linking astronomy, meteorology, ocean
currents, and oral history; documented tribal agricultural calendars connect observational astronomy,
statistical thinking, and climate knowledge.

When such practices shape STEAM units, published accounts show students encountering science,
technology, engineering, arts, and mathematics as interdependent rather than discrete. This natural
interdisciplinarity demonstrates what STEAM claims to seek—genuine integration—yet on epistemic
foundations not solely traceable to Western academic traditions (Yakman & Lee, 2012).

Documentation raises questions about epistemic pluralism. Several published accounts note teachers
and curriculum designers struggling with whether to fully translate IKS concepts into Western scientific
terms or maintain conceptual spaces resisting equivalence—acknowledging kaitiakitanga cannot reduce
to "environmental stewardship" without losing spiritual and genealogical dimensions (Ritchie, 2013).
Evidence suggests productive IKS-STEAM interfaces require comfort with partial translation,
incommensurability, and ongoing dialogue rather than neat one-to-one mappings (Visvanathan, 2009).

5.4 Institutional and policy constraints

Despite documented promise, published cases reveal significant institutional and policy constraints.
Teachers across contexts highlighted rigid syllabi, high-stakes examinations, and limited time as barriers
to deeper IKS engagement (Shinde, 2020; Benally, 2014; Norris, 2016). Documentation reveals educators
feeling unprepared to work with Indigenous knowledge or anxious about "getting it wrong" when
resources and training are scarce.
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Policy analysis shows documents like NEP 2020 and UNESCO Education for Sustainable Development
frameworks symbolically affirm local and Indigenous knowledge but offer limited concrete guidance for
embedding IKS in assessment regimes, textbook production, or teacher education curricula (Ministry of
Education, 2020; UNESCO, 2017). Published implementation studies describe results as ad hoc, project-
based activity rather than systemic change.

Documentation reveals high-stakes examinations, standardized textbooks, and tightly sequenced syllabi
leaving minimal room for extended projects, fieldwork, or community collaboration. Published teacher
accounts express constant time pressures and fears that Indigenous content focus might disadvantage
students in national tests rewarding decontextualized fact recall rather than integrated, place-based
reasoning.

Additionally, published cases document contested boundaries around appropriate knowledge sharing.
Benally (2014) and Norris (2016) report community concerns about decontextualization or
commodification of sacred knowledge in classrooms, illustrating how decolonizing STEAM entails not
only challenging state institutions but engaging carefully with internal community debates about
knowledge sovereignty and consent.

5.5 Sustainability and justice orientations

Documented IKS-informed projects foreground sustainability, reciprocity, and justice. Published
accounts describe water-harvesting initiatives, forest-mapping exercises, and traditional ecological
practices framing environmental issues through long-term collective responsibilities rather than
individual behavior change (Prakash, 2014; Jain, 2019).

Students engaged climate change, biodiversity loss, and resource management through ancestral
practice stories and contemporary land struggles, connecting local experiences to global frameworks
like Sustainable Development Goals. Documentation shows learners encountering science as contested
knowledge field implicated in colonization and resistance histories rather than value-neutral facts (Smith,
2012).

Published cases illuminate how IKS-informed STEAM orients students toward sustainability and justice
differently from mainstream environmental education. Learning about stepwells, forest calendars, or
Aboriginal fire management invites seeing climate adaptation and biodiversity conservation grounded in
long Indigenous experimentation and stewardship histories, often despite colonial dispossession. This
contrasts with narratives positioning Western science and technology as sole solution sources.

By linking local practices to global frameworks, documented initiatives position Indigenous communities
as active planetary future contributors rather than backward or merely vulnerable. Critical discussions of
land rights, water governance, and language loss underscore sustainability cannot separate from
sovereignty and justice questions. Published evidence suggests IKS-STEAM integrations function as
counter-hegemonic science education forms that both use and interrogate scientific knowledge (Harvey,
2005).
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6. Discussion: Implications for Policy and Practice
6.1 Theoretical contributions

This secondary analysis contributes to cultural studies of science education by synthesizing dispersed
evidence on IKS-STEAM interfaces as cultural "contact zones" where epistemic authority, power
relations, and identity are negotiated (Pratt, 1991). The five-dimensional comparative framework
(knowledge sources, learning modes, temporal orientations, assessment practices, cultural contexts)
offers analytical tools for examining epistemic pluralism enactment beyond rhetorical policy
commitments.

Documentation demonstrates Indigenous epistemologies function not as supplementary content but as
alternative organizing principles for science education. Published evidence challenges STEAM's claimed
cultural neutrality, revealing how dominant models privilege particular ways of knowing while
marginalizing others (Aikenhead & Michell, 2011).

6.2 NEP 2020 implementation insights

For India specifically, synthesis reveals NEP 2020's vision of "holistic, multidisciplinary, and culturally
grounded education" requires more than policy statements. Documented successful implementations
share common features:

» Formal curriculum space: Protected time allocation for place-based, IKS-integrated content

» Teacher preparation: Sustained professional development building IKS pedagogical capacity and
cultural protocols understanding

« Community partnerships: Formal mechanisms engaging elders and knowledge-holders as co-
educators

» Assessment reform: Evaluation approaches recognizing community validation and experiential
learning

» Resource development: Accessible, validated IKS-STEAM teaching materials

Published evidence from IKS India Portal and state curriculum initiatives demonstrates these
components' presence correlates with higher implementation sustainability and depth (IKS India, 2024).

6.3 International comparative insights

Cross-case synthesis reveals initiatives with formal policy support—Maori context with national
curriculum recognition, Indian cases under NEP 2020 mandates—demonstrate greater sustainability
than ad hoc implementations. New Zealand's Te Marautanga o Aotearoa provides model for how
Indigenous knowledge systems can structurally anchor national curricula rather than remain optional
supplements (NZ Ministry of Education, 2019).
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However, even well-supported initiatives encounter assessment regime tensions. Published
documentation consistently reveals standardized testing remaining heavily Western-scientific oriented
despite curriculum reforms, producing ongoing negotiations over knowledge framing and epistemic
authority.

7. Recommendations
7.1 For policymakers

Curriculum mandates

Incorporate minimum percentages of place-based, community-derived content into national and state
STEAM curricula with protected implementation time.

Policy alignment

Integrate IKS into NEP 2020 implementation plans with explicit SDG connections (especially SDG 4.7 on
local knowledge and sustainability).

Resource development

Establish state-level repositories of validated IKS-STEAM teaching resources co-created by educators,
researchers, and community experts.

Assessment reform

Develop evaluation frameworks accommodating multiple epistemic traditions without reducing
Indigenous knowledge to Western scientific categories.

Funding mechanisms

Allocate dedicated resources for community partnerships, elder honoraria, professional development,
and material development.

7.2 For teacher education institutions
Pre-service training

Embed modules on IKS identification, validation, and pedagogical integration into B.Ed., M.Ed., and
certification programs.

In-service capacity building

Conduct regular workshops where teachers co-design lesson plans with artisans, elders, and local
practitioners.
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Cross-disciplinary collaboration
Encourage arts, science, and social science faculty collaboration to model holistic STEAM approaches.
Critical pedagogy

Develop educators' capacity for navigating epistemic tensions, cultural protocols, and decolonizing
methodologies.

7.3 For schools and educators

Community partnerships

Formalize local expert inclusion as "visiting educators" guiding project-based learning.
Assessment innovation

Develop rubrics measuring both conventional academic outcomes and culturally grounded
competencies.

Project-based learning

Use IKS as thematic anchor for interdisciplinary STEAM projects encouraging fieldwork and real-world
problem-solving.

Language inclusion

Incorporate Indigenous language terms and concepts rather than full English translation where
appropriate.

7.4 For researchers

Impact studies

Undertake longitudinal research evaluating long-term cognitive, socio-emotional, and cultural impacts of
IKS integration.

Comparative analyses

Study integration approach variations across regions and communities to identify best practices and
context-specific adaptations.

Assessment tools
Develop and validate instruments valuing Indigenous epistemologies on their own terms.

Policy implementation research
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Investigate how national and regional policies are enacted at school and classroom levels, identifying
rhetoric-practice gaps.

8. Conclusion

This secondary data analysis synthesizes dispersed evidence demonstrating Indigenous Knowledge
Systems function not as decorative supplements but as alternative organizing principles for STEAM
education. Through systematic review of 65 sources across six documented case initiatives, the study
reveals IKS-STEAM interfaces consistently enhance student engagement, enable natural
interdisciplinarity, foreground sustainability and justice orientations, yet encounter persistent institutional
constraints rooted in Western-centric assessment and curriculum structures.

The five thematic patterns—engagement catalysts, experiential learning, interdisciplinarity, institutional
barriers, and sustainability orientations—appear robust across Indian and international contexts,
suggesting transferable insights despite geographic and cultural variations. Cross-case comparison
reveals formal policy support correlates with higher implementation sustainability, yet even well-
supported initiatives face assessment regime tensions when standardized tests remain Western-
scientific oriented.

For India, NEP 2020 provides unprecedented policy foundation for IKS-STEAM integration. However,
documented evidence indicates rhetoric-practice gaps persist absent concrete implementation
mechanisms: curriculum mandates allocating protected time, teacher education programs building IKS
pedagogical capacity, assessment reforms recognizing community validation, and sustained
partnerships treating elders and knowledge-holders as co-educators. Without systemic shifts,
tokenization risks remain—IKS celebrated symbolically while marginalized in everyday school practice.

Globally, the study affirms decolonizing science education entails not rejecting Western scientific
knowledge but creating space for multiple epistemologies to coexist, dialogue, and mutually inform. In
contexts of climate crisis, biodiversity loss, and educational inequities, Indigenous Knowledge Systems
offer time-tested frameworks for sustainability, relationality, and long-term thinking that innovation-
obsessed STEAM curricula often lack. Recognizing IKS as legitimate scientific knowledge—not folklore
or cultural enrichment—represents both ethical imperative and pragmatic strategy for building more
resilient, equitable, and ecologically grounded educational futures.

The secondary data approach employed here demonstrates value in synthesizing dispersed empirical
evidence to inform policy and practice. While primary research remains essential for deep contextual
understanding, secondary analysis enables cross-context pattern identification, accessibility for
resource-constrained settings, and respect for Indigenous knowledge sovereignty by building on existing
documented consent rather than requiring new access negotiations.

Future research should extend beyond documented "successful" implementations to examine failures,
resistances, and unintended consequences; conduct longitudinal studies tracking student trajectories
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over years; and engage participatory action research approaches centering Indigenous community
leadership in knowledge documentation and curriculum development processes.
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