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Abstract: Science literacy is increasingly framed as a competence required for informed participation
in complex socioscientific issues, yet dominant science education models may marginalise Indigenous
knowledge systems. This systematic literature review synthesises 62 empirical studies on science
literacy and closely aligned science-related literacies in Indigenous contexts to derive evidence-
informed implications relevant to Orang Asli communities in Malaysia, with particular relevance for
university teaching, teacher education, and community-engaged learning. The synthesis reveals
substantial conceptual dispersion, with studies framing outcomes as science/scientific literacy (n = 22),
environmental literacy and sustainability-related learning (n = 30), STEM engagement (n = 22), or
implying science-related literacy without explicitly naming the construct (n = 22, non-exclusive).
Despite this variation, the literature converges on the importance of epistemic legitimacy, culturally
sustaining pedagogy, place-based learning, and community partnership as enabling conditions.
However, persistent limitations include under-specified mechanisms for epistemic bridging between
Indigenous knowledge systems and Western science, uneven reporting of science-specific learning
outcomes, and structural barriers related to curriculum mismatch, resource constraints, and trust and
ethics concerns. The review highlights the need for conceptually explicit, ethically governed, and
community-grounded science literacy initiatives, and underscores the strategic role of higher education
institutions in preparing graduates and educators capable of engaging respectfully and competently with
Indigenous knowledge systems.
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1. Introduction

Science literacy has long been recognised as a central goal of science education, underpinning
individuals’ ability to interpret evidence, evaluate claims, and participate meaningfully in societal
deliberations involving science and technology (Mok & Jain, 2023). Contemporary framings emphasise
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science literacy as a competence rather than mere content mastery, focusing on citizens’ capacities to
explain phenomena scientifically, evaluate and design scientific enquiry, and interpret data and
evidence (Majewska, 2023). This competency-oriented view has been formalised in international
frameworks such as the OECD Programme for International Student Assessment (PISA) (OECD,
2019). In this sense, science literacy is increasingly understood as a form of scientific citizenship that
enables participation in complex socioscientific issues, particularly those involving environmental
sustainability, public health risks, and the ethical trade-offs of development. These capabilities are not
only school-level outcomes but are increasingly recognised as essential graduate attributes within higher
education, where universities prepare future professionals, educators, and decision-makers who must
navigate science-related issues in diverse social and cultural contexts.

However, while science literacy is often discussed as a universal educational aspiration, the
knowledge assumptions embedded in mainstream science education can inadvertently marginalise
Indigenous communities. Much science literacy research continues to reflect dominant epistemological
traditions and schooling norms, which can reproduce deficit framings if Indigenous learners’ and
communities’ knowledge systems are treated as peripheral rather than as legitimate epistemic resources.
These risks can be illuminated through the lens of epistemic injustice, which highlights how certain
groups may be positioned as less credible knowers or may lack equitable access to interpretive resources
that enable their experiences to be understood and valued (Babu, 2024). For Indigenous communities,
this is not merely a conceptual issue. It shapes the relevance, ethical legitimacy, and sustainability of
science education initiatives, and has implications for how future teachers, scientists, and professionals
are educated within universities.

In Malaysia, Orang Asli is a collective term which refers to the direct descendants of Peninsular
Malaysia's original inhabitants. This Malay term can be translated as “original peoples” or “first
peoples” (Department of Statistics Malaysia, 2023). Based on Census 2020, there are approximately
200 thousand Orang Asli in Malaysia (Department of Statistics Malaysia, 2023). They represent diverse
Indigenous communities with distinct languages, cultural practices, and long-standing ecological
relationships with land. Yet their educational experiences have frequently been shaped by structural
inequities, including access constraints and limited availability of culturally sustaining curricula
(Sawalludin et al., 2020). At the same time, Orang Asli communities possess rich environmental and
ecological knowledge developed through intergenerational engagement with ecosystems (Shaari et al.,
2024). This presents an important opportunity for science literacy scholarship and practice: science
learning can be reconceptualised as a dialogic knowledge partnership rather than as a unidirectional
transfer of Western science. Such a stance aligns with broader international movements in Indigenous
education that argue for the meaningful inclusion of Indigenous knowledge in science learning as an
ethical and pedagogical imperative (Shaari et al., 2024). It also has implications for higher education
institutions responsible for preparing teachers and professionals to work respectfully and effectively
with Indigenous communities.

Despite the relevance of science literacy for Orang Asli contexts, the evidence base is likely to
be fragmented for an important reason: studies relevant to “science literacy” may not use that label.
Instead, closely aligned research is dispersed across multiple constructs and disciplinary traditions. In
Indigenous contexts, school and community programmes are frequently described using STEM
engagement and participation framings, reflecting the policy and curricular emphasis on increasing
representation and engagement in STEM fields. Similarly, science-related learning in land-based and
ecological contexts is often indexed under environmental literacy or ecological literacy, concepts that
have historically been used in diverse and sometimes inconsistent ways. McBride and colleagues argue
that terms such as environmental literacy, ecological literacy, and ecoliteracy have been used so broadly
and variably that definitional ambiguity can become a persistent challenge, even as the constructs
remain influential (McBride et al., 2013).

Relatedly, many science-related initiatives in Indigenous communities are framed through
sustainability education and Education for Sustainable Development (ESD), particularly where learning
is tied to conservation, climate adaptation, or sustainable livelihoods. Systematic review evidence
shows sustained attention to the incorporation of Indigenous knowledge systems in sustainability-
related contexts, where knowledge integration is typically positioned as central to relevance and ethical
legitimacy rather than as an optional curricular enrichment (Mbah, Ajaps & Molthan-Hill, 2021;
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Druker-Ibanez & Céceres-Jensen, 2022). This sustainability orientation matters because it shifts the
emphasis from school science outcomes towards community-oriented capacities such as environmental
stewardship, resilience, and collective decision-making, all of which align closely with broader
definitions of science literacy as scientific citizenship and are increasingly reflected in university-level
sustainability and interdisciplinary programmes.

A further body of relevant research appears under health literacy and its extensions, which
examine how communities understand and act upon science-related information concerning health
risks, environmental exposures, and wellbeing. This is particularly relevant where communities face
intersecting vulnerabilities related to environment, development, and health. Environmental Health
Literacy (EHL), for instance, has been described as a relatively recent concept applying health literacy
skills to environmental issues, yet the construct remains emergent with ongoing conceptual clarification
(Fiore et al., 2024; Mazar et al., 2026). Similarly, planetary health literacy has been proposed as a
literacy construct encompassing the ability to access, understand, appraise, and apply information for
decisions that support sustainable and transformative action at the intersection of human health and
ecological systems (Jochem et al., 2023). Together, these literacies reflect a broader trend: science-
related capacities in everyday life are increasingly conceptualised as “literacies” across multiple
contexts, not solely through the science literacy label, and are highly relevant to higher education
curricula that address public health, sustainability, and interdisciplinary problem-solving.

Finally, some relevant evidence is organised around pedagogical constructs such as inquiry-
based science learning, where outcomes such as reasoning, evidence evaluation, and scientific thinking
align strongly with science literacy goals even when literacy language is not used. This pedagogical
indexing contributes to fragmentation because a search restricted to “science literacy” may fail to
retrieve inquiry-focused studies that nonetheless target the core competencies associated with scientific
literacy in leading frameworks such as PISA (Jain et al., 2025). This has implications for higher
education research and teacher preparation, where inquiry-based learning remains a dominant
instructional paradigm.

This fragmentation creates a practical and scholarly problem. Educators and policymakers
seeking guidance for Orang Asli science learning initiatives may not find coherent evidence base if
studies are distributed across constructs and disciplines, each with different terminologies, outcomes,
and measurement traditions. Furthermore, without synthesis, it remains unclear how Orang Asli
communities are positioned in the literature, whether Indigenous knowledge is treated as epistemically
legitimate, and what ethical principles are evident in research and intervention design. Therefore, a
systematic literature review is needed not only to catalogue interventions, but also to consolidate how
science-related learning has been conceptualised and operationalised across constructs, and to evaluate
the extent to which the field advances culturally sustaining, ethically grounded, and contextually
relevant science literacy. Such synthesis is also valuable for higher education institutions seeking
evidence-informed approaches to curriculum design, teacher education, and community-engaged
learning involving Indigenous contexts.

Nevertheless, restricting the review to Orang Asli studies conducted solely in Malaysia may
yield limited evidence base due to the relatively small volume of published empirical work indexed
under science education and literacy descriptors. Indigenous science-related learning research is
frequently disseminated across interdisciplinary outlets and framed using diverse constructs such as
STEM participation, environmental literacy, sustainability education, health literacy, and inquiry-based
learning. To strengthen the explanatory power and practical usefulness of the synthesis, this review
therefore adopts an expanded scope by including empirical studies focused on Indigenous communities
beyond Malaysia while retaining Orang Asli as the central reference point. This enables identification
of transferable patterns in pedagogical approaches, barriers and enabling conditions, and ethical
knowledge integration, thereby supporting future culturally sustaining science literacy research and
interventions for Orang Asli communities, including those developed within higher education contexts.

Accordingly, this systematic literature review aims to synthesise empirical research on science
literacy and science-related literacies among Orang Asli communities, interpreted broadly to include
STEM engagement, environmental literacy, sustainability education, health-related literacies, and
inquiry-based science learning. Guided by PRISMA 2020 reporting standards, the review addresses the
following research questions:
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1. How is science literacy and closely related constructs conceptualised in empirical
research involving Indigenous communities?

2. What enabling conditions and barriers influence Indigenous science-related literacy
development across contexts?

3. What transferable implications can be derived to inform culturally sustaining science

literacy initiatives for Orang Asli communities in Malaysia?

By addressing these questions, the review provides a consolidated foundation for future
research and practice that treats science literacy as culturally grounded scientific citizenship, enabling
Orang Asli communities to participate meaningfully in science-related decision-making while
safeguarding epistemic justice.

2. Methodology
2.1 Review Design and Reporting

This study employed a systematic literature review design and was reported in accordance with
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) statement.
The review aimed to identify, appraise, and synthesise empirical evidence on science literacy and
closely aligned science-related literacies among Orang Asli and other Indigenous communities, with
the goal of deriving evidence-informed implications for science education research, policy, and practice
relevant to Orang Asli contexts.

2.2 Review Scope and Conceptual Boundaries

The review conceptualised “science literacy” broadly to reflect competence-based framings of
science-related reasoning, evidence evaluation, and decision-making in real world contexts. Due to
known construct plurality in the literature, studies were eligible even if they were framed using
alternative constructs such as STEM engagement, environmental literacy, sustainability education /
Education for Sustainable Development (ESD), health literacy and environmental health literacy, or
inquiry-based science learning, provided the study addressed science-related knowledge, practices,
reasoning, or socioscientific engagement. The review treated these constructs as overlapping evidence
strands rather than as competing categories, consistent with calls to recognise definitional variability
across environmental and related literacies.

The search was limited to studies published between 2000 and 2026 to capture the growth of
Indigenous focused science literacy research and related constructs while ensuring relevance to
contemporary science education practice.

2.3 Eligibility Criteria
2.3.1 Inclusion Criteria

Studies were included if they met all the following criteria:

1. Population: Focused on Orang Asli communities in Malaysia, or on other Indigenous
communities (globally) where the participants were explicitly identified as Indigenous
(including, where available, Southeast Asian Indigenous groups).

2. Phenomenon of interest: Examined science literacy or closely aligned constructs (for

example, STEM participation/engagement, environmental literacy, sustainability

education/ESD, health-related literacies involving science, socioscientific engagement,
inquiry learning).

Study type: Empirical research using qualitative, quantitative, or mixed methods designs.

4. Publication type: Peer-reviewed journal articles and full conference papers;
dissertations/theses were included as supplementary evidence where journal publications
were limited.

W
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Language is in English or Malay.

2.3.2 Exclusion Criteria

Studies were excluded if they:

1. Did not involve Indigenous participants or did not provide disaggregated Indigenous
findings.
2. Were purely conceptual/theoretical or commentary pieces without empirical results.
3. Were not science-related (for example, general educational access without science
learning focus).
4. Lacked full-text
2.4 Information Sources

A comprehensive search was conducted across databases selected for coverage of education,
science education, and interdisciplinary research:

Scopus

Web of Science (Core Collection)

ERIC

Education Research Complete (Supplementary search)
Google Scholar (Supplementary search)

In addition, targeted searching of regional journals and institutional repositories was conducted
to enhance retrieval of studies relevant to Malaysia and Southeast Asia.

2.5 Search Strategy

A structured search strategy was developed using two core concept clusters:

1.
2.

Indigenous identifiers: “Orang Asli”, “Orang Asal”, indigenous, aboriginal, native.
Science-related literacy constructs: “science literacy”, “scientific literacy”, “science
education”, STEM, “environmental literacy”, “ecological literacy”, ‘“‘sustainability

9

education”, ESD, “health literacy”, “environmental health literacy”, “planetary health

L N1

literacy”, “socioscientific issue”, inquiry-based learning, “nature of science” (NOS)

Example search string
(“Orang Asli” OR “Orang Asal” OR “indigenous” OR “aboriginal” OR “native”)

AND

(“science literacy” OR “scientific literacy” OR “science education” OR STEM OR “environmental
literacy” OR “sustainability education” OR ESD OR “health literacy” OR “environmental health
literacy” OR “socioscientific issue” OR inquiry)

Search syntax was adapted for each database. To improve completeness, backward reference
searching and forward citation searching were performed for all included studies.

2.6 Study Selection Process

All records were exported to reference management software and duplicates were removed.
Screening proceeded in two phases:

1.
2.

Title and abstract screening against eligibility criteria
Full-text screening of potentially relevant studies
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Screening was conducted by two reviewers independently, with disagreements resolved
through discussion and consensus. The number of records at each stage was documented using the
PRISMA 2020 flow diagram as presented in Figure 1.

Figure 1

PRISMA flow diagram for studies included in this study
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2.7 Data Extraction

A structured extraction template was developed and applied to all included studies. Extracted
variables included:

e bibliographic information (author, year, country)

e Indigenous group and setting (school/community/informal learning)

e theoretical framing (for example, culturally sustaining pedagogy, decolonising approaches,
SSI, NOS)
construct label used (science literacy, STEM engagement, environmental literacy, etc.)
Methodology (study design, sampling, instruments, data sources)
intervention features (if applicable)
key findings (outcomes, barriers, enabling conditions)

2.8 Data Synthesis

Given expected heterogeneity in design and outcome measures, a narrative thematic synthesis
approach was undertaken. The synthesis followed established procedures for integrating findings across
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qualitative evidence in systematic reviews: (1) line-by-line coding, (2) development of descriptive
themes, and (3) generation of analytical themes aligned to the review questions. Where quantitative
outcomes were reported, effect directions were summarised descriptively rather than statistically pooled
due to heterogeneity. To support context-sensitive transferability, implications for Orang Asli
communities were derived through analytic generalisation of synthesised themes rather than statistical
generalisation.

In addition to thematic synthesis, findings were interpreted through an equity-oriented lens
focused on how Indigenous learners and communities were positioned epistemically, including whether
Indigenous knowledge was treated as a legitimate knowledge system and whether research designs
reflected culturally sustaining and ethically responsible practices.

3. Findings
3.1 Overview of the Evidence Base

A total of 62 empirical studies (N = 62) were synthesised to examine how science literacy and
closely aligned science-related literacies are conceptualised and supported in Indigenous contexts and
to derive evidence-informed implications relevant to Orang Asli communities in Malaysia. The
evidence base spans formal schooling, community programmes, sustainability and climate-action
initiatives, teacher-focused interventions, and curriculum innovations involving Indigenous knowledge
integration.

Construct labelling across studies indicates substantial conceptual dispersion, which shapes the
synthesis approach. Specifically, 22 studies explicitly framed their construct as science/scientific
literacy (n = 22), 30 used environmental literacy or environment-related framings (n = 30), and 22
framed outcomes through STEM engagement-related constructs (n = 22). Notably, 22 studies did not
explicitly address the construct label in the extracted construct-label field (n = 22), even though their
aims and findings were clearly science-related. These overlapping framings suggest that science literacy
in Indigenous contexts is commonly treated as multidimensional and culturally embedded, rather than
as a single standardised outcome.

3.2 RQ1: How Is Science Literacy and Closely Related Constructs Conceptualised in
Empirical Research Involving Indigenous Communities?

3.2.1 Science Literacy Is Conceptualised as Plural, Situational, and Purpose-Driven

Across the evidence base (N = 62), science literacy is rarely presented as a singular, stable
competency reducible to content mastery or standardised measurement. Instead, conceptualisations are
typically situated and purpose-driven, shaped by context-specific educational and community priorities.
This pluralism is reflected in construct labelling patterns: only 22 studies explicitly name
science/scientific literacy (n = 22), while many articulate closely aligned aims through environmental
literacy framings (n = 30), STEM engagement framings (n = 22), or without explicitly naming the
construct (n = 22).

For instance, Seraphin (2014) conceptualises science literacy as strengthened through culturally
anchored writing and reflection, implying literacy as meaning-making and identity-authoring rather
than solely scientific knowledge acquisition. While this orientation strengthens cultural validity and
relevance, it also introduces a recurring challenge across studies: where literacy is deliberately
broadened into identity, agency, and belonging, it is often under-specified as an operational construct,
limiting comparability and making it harder to evaluate what is being improved (engagement, epistemic
reasoning, agency, or all three).
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3.2.2 Science Literacy Is Frequently Conceptualised as Epistemic Bridging Between Indigenous
Knowledge and Western Science

A dominant conceptual strand frames science literacy as epistemic bridging, where Indigenous
knowledge systems are treated as legitimate and learners develop capacity to navigate between
Indigenous epistemologies and Western scientific traditions. This is especially visible among studies
explicitly using science/scientific literacy constructs (n = 22). For example, LeClair-Diaz, 2024
documents teachers challenging curriculum mismatches and positioning Indigenous knowledge as a
necessary foundation for meaningful science learning. Similarly, Snively & Williams (2008) explicitly
frames literacy as inclusive of both knowledge traditions.

Across this strand, science literacy is not framed as assimilation into canonical science alone,
but as epistemic navigation, enabling learners to connect, compare, and apply plural knowledge
systems. However, a key limitation is consistently embedded within the evidence: many studies strongly
advocate integration while giving insufficient detail about the pedagogical mechanisms through which
epistemic bridging occurs (e.g., what classroom routines, tasks, evidence practices, or assessment
criteria operationalise bridging). As a result, “integration” sometimes appears as an ethical and
curricular aspiration rather than an empirically specified learning process, which complicates
transferability to Orang Asli contexts unless mechanisms are made explicit.

3.2.3 Science Literacy Is Often Conceptualised Through Environmental Literacy and Socio-
Ecological Agency

A substantial proportion of the evidence base conceptualises science-related literacy through
environmental literacy, sustainability learning, and climate action agency (n = 30). In this framing,
literacy is enacted through participation in socioscientific decision-making and community-oriented
action rather than exclusively through mastery of school science content. For example, MacKay et al.,
(2020) positions literacy as youth engagement in climate action grounded in Indigenous priorities and
community relevance. Likewise, Burns (2015) foregrounds futures-oriented sustainability pedagogy
and ecological design, implying literacy as transformation and resilience capability.

This strand contributes strongly to transferability for Orang Asli contexts because it aligns
science-related literacy with lived ecological realities, land stewardship, and community wellbeing. At
the same time, the evidence reveals an interpretive risk embedded in several environmental-framing
studies: where scientific literacy is equated with environmental engagement, studies sometimes do not
clearly demonstrate the development of science-specific epistemic practices (such as evidence
evaluation, modelling, scientific explanation, or argumentation). This does not diminish the value of
environmental literacy approaches, but it indicates that claims about “science literacy development”
require careful handling unless epistemic outcomes are explicitly described and evidenced.

3.2.4 Science Literacy Is Sometimes Conflated with STEM Engagement and Participation
Outcomes

STEM engagement framings appear prominently in the evidence base (n = 22), often
positioning participation, identity, and aspiration as central outcomes. Engagement-oriented
interventions typically use culturally meaningful activities as pathways for increasing participation. For
example, Godfrey et al., (2022) highlights culturally grounded experiential learning strategies and
collaboration with schools and communities as mechanisms to engage learners with STEM content.

The evidence indicates that engagement is a powerful and often necessary pathway for
Indigenous learners’ participation in science-related learning. However, the review also identifies a
recurring issue within this construct cluster: engagement outcomes are sometimes treated as
interchangeable with science literacy outcomes without explicit evidence that learners developed deeper
epistemic competence (reasoning, inquiry, explanation, evaluation of claims). This suggests a risk of
over-claiming literacy development when findings primarily support improved engagement or
participation. For Orang Asli implications, these studies remain highly valuable as engagement designs,
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but they require complementary instructional scaffolds and assessment indicators if the objective is
science literacy rather than participation alone.

33 RQ2: What Enabling Conditions and Barriers Influence Indigenous Science-Related
Literacy Development Across Contexts?

The evidence indicates that enabling conditions and barriers operate across multiple levels,
including pedagogy, relationships, teacher capacity, institutional structures, and historical trust
dynamics.

3.3.1 Enabler 1: Culturally Sustaining Pedagogy and Cultural Continuity

Culturally sustaining pedagogy appears as a dominant enabling condition across a substantial
subset of studies (n = 44). These studies consistently report that science-related literacy is strengthened
when learning is designed to affirm Indigenous identity, legitimate Indigenous ways of knowing, and
connect science learning to culturally meaningful practices (e.g., Hatcher, 2012; Howard & Kern, 2017;
Rofe et al., 2015; Seraphin, 2014). In several studies, culturally sustaining pedagogy is enacted through
culturally anchored narrative and place-based knowledge work, suggesting that literacy development is
inseparable from meaning-making and identity safety rather than solely content acquisition (e.g.,
Mabharjan et al., 2024; Seraphin, 2014).

At the same time, synthesis across this subset indicates an important appraisal insight: while
many studies report improved engagement, relevance, and participation under culturally sustaining
designs, fewer provide explicit accounts of how scientific reasoning practices (e.g., evidence evaluation,
modelling, argumentation) are intentionally scaffolded and assessed. This makes it possible for
“culturally sustaining” to be interpreted narrowly as motivational inclusion rather than epistemic
transformation unless studies specify literacy mechanisms and learning indicators (e.g., Burns, 2015;
Rahman et al., 2018; Magnaye, 2025; Seraphin, 2014)

3.3.2 Enabler 2: Place-Based and Land-Based Experiential Learning

Place-based and land-based experiential learning appears as a consistent enabling condition (n
= 27), with evidence suggesting that science-related literacy is strengthened when learning is anchored
in local ecological realities, Indigenous land relationships, and hands-on inquiry tied to everyday
community practice (e.g., Godfrey et al., 2022; MacKay et al., 2020; Sadowsky et al., 2022; Wong &
Osman, 2016). These approaches enable authenticity, relevance, and deeper learner participation by
positioning science as connected to lived environments rather than abstract school knowledge (e.g.,
Dockry et al., 2016; Howard & Kern, 2017).

However, synthesis also identifies an ethical and methodological risk embedded in this subset:
place-based approaches can unintentionally reproduce extractive dynamics if Indigenous ecological
knowledge is treated as curriculum “content” without community governance, shared authority, and
benefit-sharing. This implies that land-based learning functions as an enabler only when coupled with
Indigenous control over knowledge representation and programme decision-making (e.g., Correia et al.,
2025; Hlalele, 2019; Ross, 2025).

3.3.3 Enabler 3: Community Partnerships, Co-Design, and Indigenous Leadership

Community partnership and collaborative programme design appear as enabling factors in a
substantial subset of studies (n=37). This includes collaboration with elders and community knowledge
holders, partnerships with community stakeholders, and engagement with local organisations to
strengthen contextual relevance, legitimacy, and sustainability of science-related literacy initiatives
(e.g., MacKay et al., 2020; Godfrey et al., 2022; Seraphin, 2014; Burns, 2015). Evidence across
intervention-oriented studies suggests that partnership is not simply supportive but structurally

enabling, as it shapes priorities, determines what knowledge is recognised as legitimate, and influences
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participation patterns and long-term sustainability (e.g., LeClair-Diaz, 2024; MacKay et al., 2020;
Magnaye; 2025; Snively & Williams, 2008).

A critical finding within this subset is that “community engagement” varies in depth. Some
studies imply co design and shared authority (e.g., LeClair-Diaz, 2024; Snively & Williams, 2008),
while others suggest engagement that is closer to consultation or participation support rather than co
governance (e.g., Godfrey et al., 2022). This distinction matters for transferability to Orang Asli
contexts because consultation alone is unlikely to address issues of trust, epistemic control, and
sustainability, particularly where Indigenous communities have historical experiences of extractive
engagement and external agenda setting (e.g., MacKay et al., 2020).

3.3.3 Enabler 4: Teacher Readiness and Professional Learning

Teacher readiness and professional learning appear frequently as an enabling condition (n =
45), especially in studies that involve integrating Indigenous knowledge into science learning and
implementing culturally responsive pedagogies. Evidence indicates that when teachers are supported
through long-term professional learning and culturally responsive development, science-related literacy
initiatives are more likely to be sustained and enacted with integrity (e.g., Castagno et al., 2023;
Magnaye, 2025; Mtsi & Adu, 2024; Rahman et al., 2018). Several studies imply that teacher capacity
includes not only pedagogical skills but epistemic openness and the ability to legitimate Indigenous
knowledge traditions alongside school science (e.g., Govender, 2011; LeClair-Diaz, 2024).

A critical finding embedded across this subset is that teacher enabling conditions are often
fragile when they rely on individual champions rather than institutionalised support systems. Where
professional learning is short-term, or where curriculum structures remain rigid, teachers may be willing
but lack the confidence and resources to operationalise epistemic bridging meaningfully (e.g., Muskania
et al., 2024; Rahman et al., 2018; Rofe et al., 2015;). This suggests that teacher capacity is not merely
an individual issue, but a structural condition tied to curriculum flexibility and institutional recognition.

3.3.4 Enabler 5: Institutional Recognition and Curriculum Flexibility

Institutional recognition and curriculum flexibility emerge as enabling conditions across a
substantial number of studies (n = 37), particularly where culturally sustaining science learning requires
adaptation of curricular content, assessment practices, or learning outcomes to local contexts. Evidence
suggests that Indigenous science-related literacy initiatives are more viable when institutions legitimise
Indigenous knowledge systems and allow locally grounded curriculum design (e.g., Hatcher, 2012;
LeClair-Diaz, 2024; O’Donoghue & Molefe, 2025; Saito, 2014).

At the same time, synthesis shows that institutional support is often uneven: where curriculum
remains rigid or where policy treats Indigenous knowledge as supplementary rather than epistemically
legitimate, school-level innovations become marginal and difficult to sustain beyond short-term projects
(e.g., Capurso, 2010; Rofe et al., 2015; Ross, 2025;). This suggests that institutional recognition
functions not only as an enabler but as a determinant of whether culturally sustaining approaches can
become normalised rather than exceptional.

3.3.5 Barrier 1: Curriculum Coloniality and Epistemic Mismatch

A major barrier across the evidence base is curriculum coloniality and epistemic mismatch (n
= 30), where mainstream schooling structures position Indigenous knowledge outside legitimate
“science,” resulting in cultural alienation and reduced opportunities for authentic participation. In
LeClair-Diaz’s (2024), teachers explicitly challenge curriculum unsuitability, illustrating how structural
curriculum assumptions can constrain Indigenous science learning. Related studies also highlight
epistemic silencing and injustice in how Indigenous knowledge is represented or excluded within
education and public science discourse (e.g., Capurso, 2010; Magnaye, 2025; Gyamerah, 2025; Ross,
2025).

This barrier operates as more than a pedagogical problem. Synthesis indicates it is an epistemic
justice issue: when Indigenous learners’ knowledge is delegitimised, learners can be positioned as non-
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knowers in science learning spaces, restricting the development of science-related literacy even where
engagement strategies exist (e.g., Hatcher, 2012; O’Donoghue & Molefe, 2025).

3.3.6 Barrier 2: Resource, Access, and Geographic Constraints

Resource, access, and geographic constraints appear frequently as barriers (n = 31), shaping
both the feasibility and continuity of science-related literacy initiatives. Several studies highlight the
practical constraints of conducting sustained science learning work in remote or underserved settings,
including limitations in infrastructure, learning resources, and continuity of programming (e.g., Abd
Jalil et al., 2024; Castagno et al., 2023; Magnaye, 2025; Muttiah et al., 2025)

Synthesis indicates that such barriers become more severe when initiatives are designed as
short-term interventions rather than community-anchored models. Without long-term support
structures, resource limitations can lead to fragmented learning experiences and restrict scalability (e.g.,
Boon, 2012; Rofe et al., 2015).

3.3.7 Barrier 3: Trust, Ethics, and Historical Harms

Trust, ethics, and historical harms appear as barriers in a notable subset of studies (n = 20),
particularly in relation to the ownership, representation, and governance of Indigenous knowledge.
Studies indicate that participation and sustainability are constrained when communities have limited
authority over programme design, research processes, dissemination, or benefit-sharing (e.g., Abdullah
et al., 2023; Correia et al., 2025;). Concerns over epistemic silencing and misrepresentation further
complicate engagement and can reinforce distrust (e.g., Cuaton & Su, 2023; Ross, 2025).

A critical insight from the synthesis is that ethics operates as a structural condition, not an
administrative requirement. Trust becomes an enabling prerequisite for Indigenous science-related
literacy initiatives, and without shared governance, even well-intentioned culturally responsive
interventions risk reproducing extractive dynamics (e.g., McKay et al., 2020; Rousell & Pefialoza-
Caicedo, 2022).

3.3.8 Barrier 4: Teacher Capacity Constraints and Insufficient Institutional Support

Teacher capacity gaps function as a barrier where sustained professional learning and
institutional support are weak (n=45). This includes uncertainty about integrating Indigenous
knowledge, limited pedagogical tools for culturally sustaining science, and lack of confidence in
operationalising epistemic bridging (e.g., Govender, 2011; Rahman et al., 2018; Magnaye, 2025; Mtsi
& Adu, 2024). Evidence suggests that teacher barriers are magnified when curriculum structures are
rigid and when cultural responsiveness is treated as individual teacher responsibility rather than an
institutional commitment (e.g., Rofe et al., 2015; Castagno et al., 2023).

3.3.9 Barrier 5: Institutional Rigidity and Policy Misalignment

Institutional rigidity (n=37) appears as a barrier in studies highlighting curriculum mismatch,
limited flexibility for localisation, and lack of policy recognition for Indigenous epistemologies. Where
Indigenous knowledge is positioned as supplementary rather than legitimate, culturally sustaining
initiatives remain marginal and fragile (e.g., LeClair-Diaz, 2024; Ross, 2025; Capurso, 2010.pdf).
Synthesis indicates that such rigidity reduces sustainability by making innovations dependent on
individual champions and short-term projects rather than being embedded within systems.

34 What Transferable Implications Can Be Derived to Inform Culturally Sustaining Science
Literacy Initiatives for Orang Asli Communities in Malaysia?

Transferable implications across the evidence base emerge most clearly as design principles
and enabling mechanisms, rather than as programme models that can be replicated unchanged. This

reflects the diverse and overlapping ways the reviewed studies conceptualise science literacy and
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aligned science-related literacies, including science/scientific literacy (n = 22), environmental literacy
and sustainability-related framings (n = 30), STEM engagement framings (n = 22), and studies where
the construct label is not explicitly specified (n = 22, non-exclusive). This conceptual dispersion
suggests that Orang Asli science literacy initiatives would benefit from beginning with explicit
construct definition and alignment between learning goals, pedagogy, and evaluation, rather than
importing a single construct framing assumed to be universal (e.g., MacKay et al., 2020; Seraphin,
2014).

3.4.1 Construct Clarity Is a Prerequisite for Transferability Across Contexts

A consistent implication across the dataset is the need for explicit construct clarity before
programme design, implementation, and evaluation. Many studies use related constructs
interchangeably, including science literacy, environmental literacy, sustainability learning, and STEM
engagement (science/scientific literacy n = 22; environmental framings n = 30; STEM engagement
framings n = 22; construct not specified n = 22). Studies emphasising identity-based meaning-making
position science literacy as strengthened when learners are able to author themselves as legitimate
knowers and connect learning with culturally meaningful narratives and practices (e.g., Seraphin, 2014).
Other studies frame literacy through socio-ecological agency and community action, particularly in
climate and sustainability contexts (e.g., Burns, 2015; MacKay et al., 2020;). Together, these findings
indicate that Orang Asli-focused initiatives should define science literacy in culturally sustaining terms
that integrate epistemic competence, cultural continuity, and community relevance, reducing the risk of
construct drift where engagement outcomes are mistaken for literacy outcomes (e.g., Godfrey et al.,
2022; MacKay et al., 2020; Seraphin, 2014).

3.4.2 Epistemic Bridging Is Central, But Must Be Operationalised to Become Transferable

Across the evidence base, a prominent conceptual thread frames Indigenous science literacy as
epistemic bridging, where learners navigate Indigenous knowledge systems and Western science
traditions without assimilation (e.g., LeClair-Diaz, 2024; Snively & Williams, 2008; O’Donoghue &
Molefe, 2025. This implies that culturally sustaining science literacy initiatives are strengthened when
Indigenous knowledge is positioned as legitimate and foundational rather than supplementary.
However, synthesis also shows that epistemic bridging is frequently articulated as a value stance rather
than a fully specified pedagogy, with limited detail across studies about how bridging occurs through
teaching strategies, inquiry routines, dialogue structures, and assessment indicators (e.g., LeClair-Diaz,
2024). This pattern suggests that Orang Asli initiatives should translate epistemic bridging into explicit
learning mechanisms and observable indicators of reasoning so that bridging is enacted through practice
rather than assumed through inclusion alone (e.g., Saito, 2014; Snively & Williams, 2008).

3.4.3 Place-Based and Land-Based Inquiry Offers High Transfer Potential When Paired with
Ethical Governance

Place-based and land-based experiential learning emerges as a high-leverage mechanism for
culturally sustaining science literacy development (n = 27). Studies report stronger relevance and
engagement when science learning is grounded in local ecological realities and culturally meaningful
practices, providing authentic contexts for inquiry (e.g., Godfrey et al., 2022; Howard & Kern, 2017,
Sadowsky et al., 2022; Wong & Osman, 2016). At the same time, studies focusing on Indigenous
research methods and epistemic justice highlight risks of extraction and misrepresentation when
community authority over Indigenous ecological knowledge is limited (e.g., Correia et al., 2025; Ross,
2025). These findings indicate that Orang Asli initiatives can strongly leverage land-based inquiry
designs, but transferability depends on embedding robust community governance around what
knowledge is shared, how it is represented, and how communities benefit from programme outcomes
(e.g., Correia et al., 2025; MacKay et al., 2020;).
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3.4.4 Partnership Is Structurally Enabling, but “Community Engagement” Varies in Depth

Partnerships and collaborative programme design are consistently described as enabling
conditions across a substantial subset of studies (n = 37), shaping legitimacy, participation, and
sustainability (e.g., Burns, 2015; Godfrey et al., 2022; MacKay et al., 2020; Seraphin, 2014). Trust,
ethics, and historical harms appear as barriers in a notable subset (n = 20), particularly where Indigenous
communities have limited authority over agendas, representation, or the ownership and dissemination
of Indigenous knowledge (e.g., Correia et al., 2025; Hlalele, 2019; Ross, 2025). A critical distinction
emerging from synthesis is that “community engagement” varies in governance depth. Some studies
imply co-design and shared authority (e.g., LeClair-Diaz, 2024; Snively & Williams, 2008), while
others suggest engagement closer to consultation or participation support (e.g., Godfrey et al., 2022).
This implies that Orang Asli transferability is strengthened when partnership models move beyond
consultation and embed shared decision-making, ethical accountability, and benefit-sharing to address
trust and sustainability conditions (e.g., Correia et al., 2025; MacKay et al., 2020).

3.4.5 Sustainability Depends on System-Level Embedding Through Teacher Capacity and
Institutional Recognition

A further transferable implication concerns sustainability and scaling. Teacher readiness and
professional learning are the most frequently referenced enabling condition (n = 45), while institutional
recognition and curriculum flexibility also appear widely (n = 37) (e.g., Castagno et al., 2023; Rahman
etal., 2018; Rofe et al., 2015). At the same time, curriculum coloniality and epistemic mismatch appear
as persistent barriers (n = 30), constraining culturally sustaining initiatives where Indigenous
epistemologies remain marginalised (e.g., Gyamerah, 2025; LeClair-Diaz, 2024). This combination of
findings indicates that Orang Asli science literacy initiatives are most transferable when they are
embedded structurally through sustained professional learning systems, curricular legitimacy for
Indigenous knowledge, and institutional supports that reduce reliance on individual champions and
short-term projects (e.g., Castagno et al., 2023; Rofe et al., 2015).

Overall, the evidence indicates that transferability to Orang Asli contexts is strongest when
initiatives integrate construct clarity, operationalised epistemic bridging, land-based inquiry anchored
in community authority, partnership models with governance depth, and system-level embedding
through teacher and institutional conditions (e.g., Correia et al., 2025, Godfrey et al., 2022; LeClair-
Diaz, 2024; MacKay et al., 2020; Seraphin, 2014).

4. Discussion

This review indicates that empirical research on Indigenous science literacy and closely aligned
literacies is characterised by substantial conceptual dispersion, which directly shapes what can be
concluded and transferred. Across the included studies (N = 62), only 22 studies explicitly labelled
science/scientific literacy (n = 22), while 30 studies framed outcomes through environmental literacy
and sustainability-related constructs (n = 30), and 22 foregrounded STEM engagement (n = 22). In
addition, 22 studies did not explicitly specify a construct label (n = 22) in the extracted dataset. This
diversity suggests that “science literacy” functions less as a stable construct and more as an umbrella
label covering identity work, environmental agency, and participation in science-related practices,
depending on context and purpose (e.g., Godfrey et al., 2022, MacKay et al., 2020; Seraphin, 2014).
Consequently, synthesis is constrained by the absence of shared definitional boundaries and comparable
outcome measures, meaning that evidence often supports broad directional conclusions (what tends to
enable meaningful learning) rather than precise estimations of effect or programme efficacy.

A dominant conceptual thread across the evidence base is the framing of Indigenous science
literacy as epistemic bridging between Indigenous knowledge systems and Western scientific traditions.
Several studies explicitly support the legitimacy of Indigenous epistemologies in science-related
learning and argue for curriculum transformation rather than supplementation (e.g., LeClair-Diaz, 2024;
O’Donoghue & Molefe, 2025; Snively & Williams, 2008) This aligns with wider claims that meaningful
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science literacy development depends on learners being positioned as legitimate knowers within
culturally safe epistemic spaces.

However, across the reviewed studies, epistemic bridging is more consistently expressed as a
normative stance than as an empirically specified pedagogy. Many papers endorse integration yet
provide limited detail about how bridging is operationalised through teaching tasks, inquiry routines,
dialogic structures, or assessment indicators (e.g., LeClair-Diaz, 2024). This creates an interpretive
challenge: integration can be affirmed without clear evidence that learners developed capabilities to
compare, evaluate, and justify knowledge claims across epistemic traditions. This under-specification
limits transferability because bridging cannot be reliably reproduced without clarity about its learning
mechanisms.

A second interpretive issue arising from the synthesis is construct slippage, particularly where
engagement outcomes are treated as evidence of science literacy. The evidence base contains many
studies demonstrating increased relevance, participation, or motivation through culturally grounded
experiential approaches and STEM engagement framings (e.g., Godfrey et al., 2022). Likewise,
environmental literacy and sustainability education studies show how science-related literacy can
become meaningful when linked to community priorities and ecological futures (e.g., MacKay et al.,
2020; Burns, 2015). These contributions are substantial, as engagement is often a prerequisite for
sustained learning.

Yet engagement, participation, and action should not be assumed to indicate science literacy
development unless studies explicitly demonstrate strengthened epistemic practices such as evidence
evaluation, explanation-building, inquiry competence, or argumentation. Several studies emphasise
identity-affirming and action-oriented learning but provide uneven reporting of science-specific
reasoning outcomes, which weakens confidence in claims about literacy as epistemic competence (e.g.,
Godfrey et al., 2022; MacKay et al., 2020). This does not diminish the importance of engagement as an
educational outcome, but it suggests that a more transparent distinction is needed between (a)
participation and identity safety, and (b) epistemic literacy outcomes.

A key contribution of the evidence base is the consistent pattern that enabling conditions and
barriers operate as an interconnected system rather than isolated variables. Place-based and land-based
experiential learning frequently appears as enabling because it grounds science learning in lived
ecological realities and culturally meaningful practice (e.g., Godfrey et al., 2022; Howard & Kern, 2017;
Sadowsky et al., 2022). However, studies also warn that land-based learning is ethically enabling only
when communities retain authority over knowledge representation, boundaries, and benefit-sharing,
otherwise it risks reproducing extractive dynamics (e.g., Correia et al., 2025; Ross, 2025).

Similarly, partnerships and community engagement emerge as widely enabling but vary
substantially in depth. Some studies imply co-design and shared authority in shaping curriculum and
inquiry priorities (e.g., LeClair-Diaz, 2024; Snively & Williams, 2008), while others reflect consultation
or participation support rather than co-governance (e.g., Godfrey et al., 2022). This variation intersects
with trust and ethics concerns, where limited community authority constrains participation and
sustainability (e.g., Correia et al., 2025; Hlalele, 2019). In combination, these findings suggest that
effective culturally sustaining science literacy initiatives are less about isolated methods and more about
aligning pedagogy with governance and institutional conditions.

The evidence base robustly supports the importance of culturally sustaining designs, epistemic
legitimacy, land-based learning, and partnerships for Indigenous science-related literacy. However,
important evaluation gaps persist. Many studies present strong descriptive evidence of culturally
grounded programmes and positive engagement outcomes, but fewer offers clearly operationalised
constructs with transparent indicators of learning outcomes. This unevenness makes it difficult to
compare studies, assess cumulative effects, or identify which mechanisms matter most across contexts.
Future research would benefit from culturally valid outcome frameworks that can capture epistemic
competence, identity safety, and community agency simultaneously, while maintaining transparency
about what is claimed and how it is evidenced (e.g., MacKay et al., 2020; Seraphin, 2014; Snively &
Williams, 2008).

From a higher education perspective, these findings have important implications for how
universities design science-related curricula, teacher education programmes, and community-engaged
learning. The conceptual dispersion observed across studies suggests that universities should define
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science literacy as a multi-dimensional graduate capability rather than a narrow content outcome (e.g.,
Seraphin, 2014; MacKay et al., 2020). The under-specification of epistemic bridging in the literature
indicates a need for university courses to make epistemic comparison, reasoning across knowledge
systems, and evidence evaluation explicit learning and assessment practices (e.g., LeClair-Diaz, 2024;
Snively & Williams, 2008). In addition, the importance of governance and trust highlighted in the
review suggests that university-community engagement with Orang Asli communities should move
beyond consultative models toward co-governance approaches that address knowledge authority,
ethical representation, and benefit-sharing (e.g., Correia et al., 2025; Ross, 2025). In this way,
universities are positioned not only as sites of knowledge transmission but also as institutions capable
of modelling epistemic justice and culturally sustaining science literacy through curriculum,
assessment, and partnership design.

5. Conclusion

This systematic review synthesised 62 empirical studies on science literacy and closely aligned
science-related literacies in Indigenous contexts to inform evidence-based implications relevant to
Orang Asli communities in Malaysia. The evidence base shows substantial conceptual dispersion, with
studies framing outcomes as science or scientific literacy (n = 22), environmental literacy and
sustainability-related learning (n = 30), STEM engagement (n = 22), or implying science-related literacy
without explicitly naming the construct (n = 22, non-exclusive). Despite this variation, the literature
converges on the importance of epistemic legitimacy, culturally sustaining pedagogy, place-based
learning, and community partnership as enabling conditions (e.g., Godfrey et al., 2022; MacKay et al.,
2020; Seraphin, 2014; Snively & Williams, 2008). At the same time, persistent limitations include
under-specified mechanisms for epistemic bridging and uneven reporting of science-specific learning
outcomes, alongside structural barriers related to curriculum mismatch, resource constraints, and trust
and ethics concerns (e.g., Correia et al., 2025; LeClair-Diaz, 2024). These findings indicate that science
literacy initiatives for Orang Asli contexts must be conceptually explicit, ethically governed, and
grounded in community authority and local ecological realities.

For higher education, the review highlights a strategic role for universities in preparing future
educators and science professionals who can engage with Indigenous knowledge systems respectfully
and competently. By clarifying learning outcomes, embedding epistemic bridging in pedagogy and
assessment, and strengthening ethical community partnerships, universities can contribute to culturally
sustaining science literacy in ways that extend beyond the classroom and support more equitable and
contextually grounded science education practices.
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