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Abstract: This systematic review assesses the development of local wisdom-based citizen science
models designed to enhance scientific literacy and foster teacher professional identity in
Indonesia’s 3T (frontier, outermost, and least developed) regions. While previous studies have
explored ethnoscience and culturally based pedagogy, a conceptual gap persists in connecting
these approaches with citizen science frameworks and theories of teacher identity. Guided by
PRISMA procedures, fifty eligible studies published between 2018 and 2025 were reviewed using
thematic analysis, bibliometric mapping, and meta-analytic synthesis. Findings suggest that
integrating local knowledge into science learning enhances relevance, participation, and cultural
alignment between communities and schools. Quantitatively, the meta-analysis of twenty-eight
comparable studies produced a large effect size (g = 1.12), indicating significant improvements in
scientific literacy when local wisdom and citizen science strategies are combined; 72% of studies
demonstrated notable learning gains, and 64% reported increases in teacher motivation, self-
efficacy, and cultural pedagogical competence. However, scalability, methodological rigor, and
long-term sustainability remain significant challenges, particularly in contexts where teaching
resources and institutional support are limited. This review proposes a conceptual model linking
citizen science participation, culturally responsive pedagogy, and teacher professional identity
development. Policy support, long-term evaluation, and scalable teacher training are
recommended to institutionalize local wisdom-based citizen science as an equitable science
education innovation for marginalized regions.
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1 Introduction

Research on developing local wisdom-based citizen science models to improve science lit-
eracy and teachers' professional identity in 3T (frontier, outermost, and least developed)
regions has emerged as a critical area of inquiry due to its potential to address educational
disparities in marginalized communities. The integration of indigenous knowledge and
local cultural practices into science education has gained increasing attention over the past
decade, evolving from ethnoscience mapping efforts in early 2020 (Parmin & Taufiq,
2020) to the development of culturally responsive teaching models and digital learning
materials by 2024 (Ardyansyah, 2024). This field holds significant social and practical im-
portance, as 3T regions often exhibit low literacy rates and limited access to quality edu-
cation, with studies reporting that nearly 70% of students in some areas lack adequate
mastery of science concepts (Pieter & Risamasu, 2024). Enhancing science literacy
through culturally relevant pedagogy not only supports academic achievement but also
fosters community empowerment and cultural preservation (Erman & Wakhidah, 2024).

Despite growing interest, a persistent problem remains in effectively integrating local
wisdom into formal science education to improve teacher competence and student
outcomes in 3T regions (Arjaya et al., 2024). Existing research reveals a knowledge gap
concerning systematic models that combine citizen science approaches with local wisdom
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to enhance both science literacy and teacher professional identity (Kurniasih et al., 2024).
While some studies emphasize the benefits of ethnoscience-based learning for student
engagement and literacy (Uslan et al.,, 2024), Others highlight challenges such as
insufficient teacher readiness and a lack of contextualized teaching materials. (Jufrida et
al., 2024). Controversies also arise regarding the balance between traditional knowledge
and modern scientific curricula, with debates on how best to reconcile these domains
without compromising educational standards (Verawati & Wahyudi, 2024). Failure to
address these gaps risks perpetuating educational inequities and cultural erosion in
vulnerable communities (Aka et al., 2023).

The conceptual framework underpinning this review defines local wisdom as
indigenous knowledge systems embedded in cultural practices, which can be integrated
with citizen science—a participatory approach involving community members in scientific
inquiry—to enhance science literacy and professional identity among teachers (Chen et
al., 2025). This framework posits that leveraging local wisdom within citizen science
models creates culturally relevant learning environments that improve teachers’
pedagogical skills and students’ scientific understanding, thereby fostering sustainable
educational development in 3T regions.

This systematic review aims to synthesize current research on local wisdom-based
citizen science models to improve science literacy and teacher professional identity in 3T
regions. This review contributes to the development of effective, culturally responsive
educational strategies that support marginalized communities by addressing identified
knowledge gaps. It offers valuable insights for policymakers, educators, and researchers
seeking to enhance science education through localized, participatory approaches.

This review employs a qualitative synthesis methodology, selecting studies that focus
on the integration of local wisdom, citizen science, and teacher development in 3T
contexts. Analytical frameworks include thematic content analysis and comparative
evaluation of pedagogical outcomes. The findings are organized to explore theoretical
foundations first, followed by practical implementations and their impacts on science
literacy and teacher identity, concluding with recommendations for future research and
practice.

2 Purpose and scope of the review

The objective of this report is to examine the existing research on "Development of a Local
Wisdom-Based Citizen Science Model to Improve Science Literacy and Professional Iden-
tity of Teachers in 3T Regions" in order to elucidate how local wisdom can be effectively
integrated into science education approaches to enhance both teacher professional iden-
tity and student scientific literacy in marginalized and remote areas. This review is im-
portant as it addresses the educational challenges faced by 3T regions, where cultural con-
text and resource limitations often hinder effective science learning and teacher develop-
ment. The review aims to identify best practices, gaps, and innovative models that leverage
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indigenous knowledge and community engagement to foster sustainable educational im-
provements and empower teachers as science professionals within their local contexts by
synthesizing current knowledge.

Local wisdom in the context of this review refers to indigenous ecological knowledge,
cultural traditions, social values, and community-based practices that have been
transmitted across generations and continue to shape daily life within local communities,
particularly those in Indonesia's 3T regions. This concept encompasses both tangible and
intangible cultural elements—including traditional food systems, medicinal plant use,
customary ecological resource management, local technological practices, belief systems,
and cultural norms—that demonstrate embedded scientific reasoning and empirical
observation. In addition, the term citizen science is used in this review to refer to
community-engaged scientific practice in which non-experts, including teachers,
students, and local cultural knowledge holders, actively participate in scientific inquiry
through observation, data collection, interpretation, or problem-solving. Within
marginalized educational contexts, the integration of local wisdom and citizen science
provides a culturally grounded learning model that connects formal science education
with community identity, enhances relevance and participation, and strengthens both
student scientific literacy and teacher professional identity.

The specific objectives of this study are multifaceted and aim to establish a
comprehensive understanding of the integration of local wisdom in science education,
particularly within 3T (frontier, outermost, and least developed) regions. First, the study
aims to evaluate existing knowledge on incorporating local wisdom into science education,
identifying effective models and contextual practices that enhance student learning and
teacher development. Second, it benchmarks current citizen science models that embed
cultural and community-based elements, providing a comparative perspective on
innovative approaches for strengthening teacher professionalism. Furthermore, the study
endeavors to identify and synthesize strategies that effectively promote scientific literacy
and reinforce teachers' professional identity in remote and marginalized settings.
Additionally, it aims to compare the relative effectiveness of culturally responsive
pedagogies and locally wisdom-based learning tools in improving educational outcomes
across diverse educational contexts. Ultimately, the study aims to deconstruct the
challenges and opportunities of implementing local wisdom-oriented science education
models, providing critical insights for future policy and practice in marginalized
communities.
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3 Method

3.1 Search query transformation and strategy

To ensure methodological clarity and alignment with the scoping review and meta-analy-
sis approach, the main research question— “Development of a Local Wisdom-Based Citi-
zen Science Model to Improve Science Literacy and Professional Identity of Teachers in
3T Regions”—was systematically expanded into more focused search directions. Instead
of listing the refinements as separate bullet points, the transformed queries were com-
bined narratively to capture conceptual variations and increase inclusiveness in terminol-
ogy across education, cultural studies, and citizen science scholarship. These refined
search directions explored how integrating local wisdom in science education influences
teacher professional identity, student engagement, culturally responsive pedagogy, and
community participation in learning environments across isolated 3T contexts. The search
process also examined how culturally grounded learning strategies inform teacher train-
ing models, strengthen science literacy, and enhance educational relevance within remote
or marginalized regions. This transformation ensured that narrow keyword combinations
did not exclude research that addressed the phenomenon using alternative conceptual
frames, particularly those emphasizing indigenous pedagogies, local cultural identity, or
community-based scientific participation.

To operationalize the refined queries, structured keyword strings were developed
using Boolean operators and truncation markers. Core keyword combinations included:
("local wisdom" OR "indigenous knowledge" OR "traditional ecological knowledge") AND
("citizen science" OR "community science") AND ("science education" OR "STEM
education") AND ("teacher identity" OR "teacher professionalism") AND ("scientific
literacy” OR "science literacy"). Searches were conducted across major academic
databases, including Scopus, ERIC, Wiley Online Library, SpringerLink, Web of Science,
Google Scholar, and ScienceDirect, ensuring comprehensive coverage of both indexed and
interdisciplinary scholarship. Additional synonym pairs such as “culturally responsive
pedagogy,” “3T regions,” “community-based learning,” and “educational innovation in
remote regions” were incorporated to address terminology diversity across international
publications. The inclusion of multiple database environments and keyword variations
enabled the review to capture a broad range of empirical, theoretical, and conceptual
contributions that address the intersection of local wisdom and citizen science in
education. This strategic refinement ensured that the literature landscape was
comprehensively mapped and demonstrated sensitivity toward cultural and regional
terminology variations in global discourse.
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3.2 Screening and eligibility process

After conducting searches using the refined keyword strings, all retrieved publications
were compiled and screened systematically using predefined inclusion and exclusion cri-
teria. Initial retrieval generated 346 records, which were then supplemented through
backward and forward citation chaining, resulting in 119 additional studies and a com-
bined dataset of 465 publications. Screening proceeded in multiple stages: title review,
abstract review, and full-text eligibility assessment, ensuring alignment with the core
themes of local wisdom, citizen science, science education, teacher identity, and scientific
literacy in marginalized or remote communities. During relevance scoring, 452 studies
were classified as conceptually relevant. However, only 50 articles were selected for com-
plete synthesis due to their direct alignment with the review scope, methodological rigor,
or theoretical contribution. A detailed exclusion analysis was conducted to ensure trans-
parency and strengthen methodological reliability. Among the 465 initially collected pub-
lications, the most frequent exclusion reason was the absence of relevance to science edu-
cation, accounting for approximately 37% of the removed articles, followed by research
focusing solely on cultural anthropology without an educational linkage (24%), and stud-
ies lacking empirical grounding or methodological clarity (18%). A smaller proportion of
articles (11%) were excluded due to duplication across databases, while the remaining 10%
were eliminated because they were inaccessible in English or Bahasa Indonesia. The final
body of 27 selected studies represented diverse geographical contexts, including Indonesia
(18 studies), Malaysia (3), the Philippines (2), and cross-cultural analyses involving Maori,
Sami, and Aboriginal education models (4 studies), demonstrating that local wisdom—
based science learning is a global yet culturally adaptive phenomenon. These distributions
support the decision to categorize the final synthesis into thematic clusters such as peda-
gogical implementation, teacher identity development, science literacy enhancement, and
community engagement, with each category emerging inductively from comparative cod-
ing across the included studies. This process is illustrated in Figure 1(a) through a
PRISMA flow diagram, with bibliometric clustering and thematic classification further
visualized in Figure 1(b).
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Figure 1. Research methodology visualization: (a) PRISMA flow diagram; (b) bibliometric

analysis results
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4 Results

4.1 Descriptive summary of the studies

The reviewed studies collectively demonstrate that integrating local wisdom into science
education across 3T regions enhances the relevance, contextualization, and cultural reso-
nance in student learning. The literature includes qualitative, quantitative, and mixed-
method studies, primarily from Indonesia, with comparative perspectives from countries
such as Thailand, Colombia, New Zealand, and Malaysia. Three dominant instructional
approaches emerged across the dataset: curriculum contextualization, community-en-
gaged learning, and ecological citizen science inquiry models. These approaches were sup-
ported by teacher mentoring, lesson study communities, and collaborative curriculum de-
velopment involving schools, universities, and cultural stakeholders. A consolidated over-
view of study characteristics, implementation strategies, and measurement outcomes is
provided in Table 1 to illustrate variations in methodology, context, and scope.

Across the analyzed studies, integration strategies commonly included ethnoscience
curriculum design, culturally responsive pedagogy, and community-based experiential
learning supported by digital tools such as e-modules, flipbooks, and mapping
applications. Approximately 74% of studies reported measurable gains in scientific
literacy, particularly in conceptual understanding, reasoning skills, and problem-solving
abilities. Citizen science approaches strengthened collaboration between schools and local
communities, allowing teachers to shift their roles from content transmitters to cultural-
scientific facilitators (Agustiana et al., 2024; Rahayu et al., 2025). These findings suggest
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that integrating indigenous knowledge with inquiry-based science learning enhances both
scientific literacy and learner engagement by validating local ecological, cultural, and
technological practices. Variations in implementation rigor suggest that successful
integration requires strong teacher—community collaboration and culturally aligned
instructional materials (Chen et al., 2025; Rasidi et al., 2025).

Findings further show notable impacts on teacher professional identity, with 18
studies reporting improved pedagogical confidence, sense of cultural relevance, and
strengthened commitment to locally grounded teaching roles. Local wisdom-based
teaching models encouraged teachers to position themselves as mediators of cultural
knowledge, thereby enhancing their instructional autonomy and aligning their identity
with community expectations (Ekasari et al., 2025; Joshi Rajkumar Harkishan, 2025).
Community engagement varied across cases; about 20 studies reported high involvement
through participatory curriculum design, cultural immersion programs, and school-
community partnerships, whereas others relied solely on teacher-driven initiatives with
minimal community input. Model effectiveness was documented in 30 studies, with
positive outcomes linked to contextual relevance, active participation, and alignment
between cultural and scientific knowledge systems. However, recurring limitations
included resource constraints, limited institutional support, and the absence of long-term
monitoring frameworks—indicating the need for policy reinforcement and sustainable
program investment (Agustiana et al., 2024; Amiruddin et al., 2023).

Table 1. Summary of reviewed studies on local wisdom-based citizen science and teacher devel-
opment in 3T regions.
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. . provement
ior high
Ethnoscience- Enhanced student Moderate, pro- Effective
(Hidayah et al., based PjBL on skills and socio- ject-based stu- project-
. . Not addressed .
2024) science literacy cultural aware- dent involve- based learn-
outcomes ness ment ing model
. Ethno-STEM dig- | pero tive in train- | FOSitive Low, school- Effective dig-
(Juniawan et al., ital materials for | . BT teacher and . . .
. ing scientific liter- based implemen- | ital learning
2024) elementary sci- student re- . .
acy tation materials
ence sponses
Local knowledge- Significant im- A practical
(Uslan et al., provement in lit- Low, school-
based module for . Not addressed module for
2024) e epe e eracy and think- based study ;
scientific literacy ing skills literacy
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Integration ap- | Impact on sci- TeaCheI.' Community Model ef-
Study . professional | engagement .
proach ence literacy . . fectiveness
identity level
L . , Significant liter- . Effective cul-
. ocal wisdom's . Low, experi- )
(Verawati & . . acy improvement turally con
. impact on scien- : Not addressed | mental class-
Wahyudi, 2024) e e with cultural con- textual
tific literacy room study .
text learning
(Wahyu et al STEM-based Effective in in- Low, school- Effective
502 )yu ” PjBL with indige- | creasing scientific | Not addressed | based interven- STEM model
3 nous content literacy tion
TALUBA model Hich validity and Enhanced lit- Effective in-
(Fitriah et al., integrating sci- 8 Y eracy and Low academic tegrated
student ac-
2024) ence, Islam, and ceptance character de- setting learning
local wisdom P velopment model
(Ramdiah et al *[S:JI}BCI:? xlslgg;n Valid, practical, Low, school- Effective lo-
2020) ” biology learnin and effective with | Not addressed | based quasi-ex- cal wisdom
mod e%y & positive outcomes periment model
Systematic re- Emphasizes quali- glleg?rllfhts
(Wahyuningtyas view on local wis- P d h licabl licabl ¢
etal,, 2025) dom for sustaina- tative approaches Not applicable | Not applicable portapce o
’ ble development and sustainability sustainable
P education
. . | Enhances critical | Supports ho- .
(Saputra & Tle aching materi- thinking and sci- | listic and sus- | Low, module de- EffeCt.we
als based on Ka- . ) . ) teaching ma-
Hadad, 2025) . . entific under tainable edu velopment focus .
jang local wisdom . . terial
standing cation
Integration of lo- | Meaningful learn- i\g;éi}f;fta% d com- Effective in-
(Kasi et al., 2024) | cal and school ing and cultural Not addressed Nty involve- tegration
science preservation Y model
ment
S Indigenous Promotes cultur- Enhances'c'ul— Moderate, insti- Effective
(Joshi Rajkumar . . tural sensitiv- . teacher edu-
. knowledge in ally responsive . . tutional collabo- .
Harkishan, 2025) . ity and inclu- . cation re-
teacher education | pedagogy D ration
sivity form
. Identifies need
Teacher readi- High cognitive for collegial Highlights
(Arjaya et al., ness for local wis- &l cog olies Low, teacher-fo- girig
. readiness, low col- | and instruc- readiness
2024) dom-based sci- legial ional i cused survey
ence learning eglal support tional 1m- gaps
provements

4.3 Critical analysis and synthesis

The reviewed literature collectively underscores the promising potential of integrating lo-
cal wisdom into science education to enhance scientific literacy and teacher professional
identity in 3T regions. Several studies demonstrate practical pedagogical innovations and
community engagement strategies that leverage indigenous knowledge, contributing to
culturally responsive teaching and contextualized learning. However, the body of research
also reveals methodological limitations, uneven implementation, and challenges in scala-
bility and sustainability. While many interventions report positive outcomes, there is a
need for more rigorous experimental designs, longitudinal studies, and standardized
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assessment tools to validate and generalize findings. Furthermore, integrating local wis-
dom into teacher training and curriculum development often lacks systematic frameworks
and institutional support, which may hinder broader adoption. A critical comparative
summary of the reviewed aspects, including their strengths and weaknesses, is presented
in Table 2, providing an analytical synthesis of the key thematic dimensions identified in
the literature.

Table 2. Critical analysis and synthesis of reviewed literature on local wisdom-based science

education
Aspect Strengths Weaknesses
Numerous studies provide empirical evidence Desbi .0 di !
that incorporating indigenous knowledge en- espite positive reports, many studies rely on
hances student eneagement. contextual un- qualitative or small-scale designs, which limit
. . gagement, . their generalizability and applicability. The di-
Integration derstanding, and scientific literacy, as seen in versity of local wisdom and its contextaal Speci-
of local wis- | ethnoscience-based learning and culturally re- | ... Y . p
A . . . ficity pose challenges for standardizing curric-
dom in sci- sponsive teaching models (Jufrida et al., ula and teaching materials (Fatimah, 2023:
ence educa- | 2024). Utilizing local cultural practices as Parmin & Tau ﬁg 2020). Ad ditionall’ % 1’?1 ’e re-
tion learning resources enhances relevance and in- b ) Y

clusivity, thereby promoting sustainable edu-
cational improvements in marginalized areas
(Nasution et al., 2024).

search lacks detailed descriptions of integration
processes, making replication difficult
(Fatimah, 2023; Parmin & Taufiq, 2020).

Teacher pro-

Community-based and culturally grounded
professional development programs, such as
teacher learning communities and lesson
study approaches, have strengthened teacher

Many short-term interventions lack follow-up
to assess sustained impact on teacher identity.
In some contexts, institutional support and col-
legial collaboration are often insufficient, as ev-

ical rigor and
research de-
sign

of improved scientific literacy and thinking
skills (Jufrida et al., 2024). Using validated in-
struments and statistical analyses strengthens
the credibility of findings (Wahyu et al.,
2023).

fessional motivation, competence, and identity by con- | . d d by low levels of collegial tand
identity and | necting pedagogy with local culture (Limba et ! egce y1ow levels o lc 0 elgla Aspppo aln
development | al., 2024). Training programs enhance teach- inadequate Lnstructlon}? too Sl.( = Ja(}lla etal, h
ers’ skills in designing local wisdom-based 2024). Furt ermore, tnere 1s fimited research
teaching materials, thereby improving their on how professmqal 1dent} ty evolves 101‘1g1tud1—
pedagogical competence. nally through the integration of local wisdom.
Most studies are descriptive, qualitative, or pre-
Some studies employ mixed methods and experimental, with small sample sizes, which
quasi-experimental designs with pretest-post- | limits the ability to make causal inferences
Methodolog- | test measures, providing quantitative evidence | (Mochammad Yasir et al., 2024). There is a

scarcity of longitudinal and large-scale random-
ized controlled trials to robustly evaluate the ef-
fectiveness of local wisdom-based models
(Fatimah, 2023). Measurement tools vary
widely, making cross-study comparisons com-
plicated.

Effective models emphasize participatory ap-
proaches that involve local communities, uni-

Challenges include logistical constraints, lim-
ited resources, and varying levels of community

ing learning outcomes (Juniawan et al., 2024).

Community versities, and schools, thereby fostering own- | readiness. Some programs report difficulties
engagement hi q inability (Nokk | tainine | hi d scal
and collabo- | €ship and sustainabi ity (Nokkaew et al., maintaining long-term partnerships and scal-
. 2024). Collaborative curriculum development | ing initiatives beyond pilot phases (Yuendita &
rative mod- . . . ) AP
els and co-creation of learning Ipaterlals enhance | Dina, 2024). The balgr}cg betwegn scientific ri-
cultural relevance, empowering both teachers | gor and cultural sensitivity requires careful
and students (Ekasari et al., 2025). navigation, which is not always addressed.
Creating diverse teaching resources, such as e- | Despite positive validation, many materials are
Development | modules, flipbooks, scrapbooks, and digital context-specific and may not be adaptable
and use of lo- | media integrated with local wisdom, has been | across different 3T regions without significant
cal wisdom- | validated as practical and effective in improv- | modification (Triastari et al., 2021). The pro-

duction and dissemination of such materials
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Aspect

Strengths

Weaknesses

Based teach-
ing materials

These materials support the development of
active learning and scientific literacy in re-
source-limited settings (Sijabat et al., 2024).

often depend on external support, raising con-
cerns about sustainability and teacher capacity
to update content independently (Shinta
Wardhani et al., 2021).

Challenges in
implementa-
tion and sus-
tainability

Studies acknowledge barriers such as limited
teacher readiness, insufficient training, a lack
of instructional tools, and institutional con-
straints that impede the effective integration
of local wisdom (Arjaya et al., 2024). Cultural
and technological shifts also pose challenges
to the preservation and transmission of indig-
enous knowledge (Crowley et al., 2025).

There is a notable gap in addressing systemic
issues such as policy support, funding, and cur-
riculum standardization to sustain local wis-
dom-based education. Many programs lack
mechanisms for continuous professional devel-
opment and monitoring, which can result in the
erosion of initial gains (Fatimah, 2023). Re-
sistance to change and competing educational
priorities further complicate the implementa-
tion process.

Impact on
student out-
comes and
scientific lit-
eracy

Empirical evidence suggests that local wis-
dom-based learning has a positive impact on
students’ scientific literacy, critical thinking,
and engagement, with significant gains re-
ported in experimental and quasi-experi-
mental studies (Uslan et al., 2024; Verawati &
Wahyudi, 2024). Integrating ethnoscience and
culturally relevant pedagogy enhances concep-
tual understanding and problem-solving skills

While improvements are documented, effect
sizes vary, and some studies report only moder-
ate gains (Jufrida et al., 2024). The heteroge-
neity of assessment methods and the short in-
tervention durations limit the ability to con-
clude the long-term academic impact. Few
studies explicitly explore differential effects
across diverse student populations or address
equity issues.

(Hidayah et al., 2024).

4.3 Thematic review of literature

As reflected in Figure 2, the thematic synthesis of fifty reviewed studies identifies nine
major and interrelated themes that collectively illustrate how local wisdom-based educa-
tion has been conceptualized and implemented across science learning contexts in 3T re-
gions. The most dominant theme, appearing in thirty-eight papers, concerns the integra-
tion of local wisdom in science education, emphasizing the effective incorporation
of indigenous knowledge to contextualize scientific concepts and strengthen students’ lit-
eracy (Kasi et al., 2024; Yasir et al., 2022). Closely related is the teacher professional
development and identity theme, represented in twenty-nine studies, which high-
lights culturally responsive pedagogy and community-based training as drivers for teacher
motivation and competence contexts (Joshi Rajkumar Harkishan, 2025; Limba et al.,
2024). Twenty-six papers address the development and utilization of local wis-
dom-based teaching materials, showcasing innovations such as e-modules, flip-
books, and digital learning tools that improve contextual engagement (Amtonis et al.,
2022; Juniawan et al., 2024). Fifteen studies emphasize community engagement and
collaborative partnerships, linking universities, schools, and cultural groups in par-
ticipatory curriculum design [25], [34]. Fourteen papers report the impact on student
scientific literacy, confirming measurable gains through ethnoscience-based interven-
tions (Uslan et al., 2024; Verawati & Wahyudi, 2024). The curriculum development
and policy integration theme is explored in twelve studies, aligning local wisdom with
national frameworks, such as MBKM (Fatimah, 2023; Sugiharto, 2024). Ten papers elab-
orate on ethnoscience and Ethno-STEM frameworks as theoretical foundations for
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bridging traditional and modern knowledge [13], [40]. Nine studies explore implemen-
tation challenges and opportunities, addressing constraints such as limited readi-
ness and institutional support while proposing participatory solutions (Arjaya et al., 2024;
Hamzah et al., 2021). Finally, seven papers connect local wisdom education to environ-
mental sustainability and community well-being, underscoring its relevance to
ecological literacy and the Sustainable Development Goals (Wahyuningtyas et al., 2025;
Yaqin et al., 2024). These themes demonstrate a cohesive research landscape linking cul-
tural relevance, pedagogical innovation, and sustainable educational transformation.

Figure 2. Thematic overview of local wisdom integration in science education: A review of 50
studies.
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4.4 Chronological review of literature

The chronological progression of research on local wisdom integration in science educa-
tion across 3T regions demonstrates a clear evolution from foundational exploration to
sustainable and community-based educational models. Early investigations, conducted
between 2015 and 2020, primarily focused on mapping indigenous knowledge and devel-
oping ethnoscience frameworks that connect traditional wisdom with modern scientific
inquiry. The following phase, spanning 2022 to 2023, emphasized creating local wisdom-
based learning materials and teacher training programs that enhanced pedagogical com-
petence and contextual learning outcomes. More recent studies, conducted from 2024 to
2025, reveal a stronger focus on community collaboration, integrating STEM and Project-
Based Learning approaches, and aligning educational practices with the Sustainable De-
velopment Goals. As illustrated in Figure 3, this chronological trajectory reflects a shift
toward a holistic and interdisciplinary paradigm that embeds cultural relevance,
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ecological sustainability, and community empowerment within science education for mar-
ginalized and remote regions.

Figure 3. Milestones in local wisdom and science education development (2015—-2025).
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4.5 Agreement and divergence across studies

The reviewed studies largely agree on integrating local wisdom into science education to
improve scientific literacy and engage teachers in culturally responsive pedagogy. Many
reports demonstrate improved student outcomes and teacher competencies when incor-
porating local wisdom. However, divergences emerge regarding the depth of community
engagement and the sustainability of models, with some studies emphasizing strong com-
munity partnerships while others reflect limited or nascent involvement. Differences in
regional contexts, educational levels, and methodological rigor contribute to variations in
findings about the long-term impacts and practical implementation strategies. A compar-
ative summary of the points of agreement and divergence across studies, along with po-
tential explanations for these variations, is presented in Table 3, offering a synthesized
overview of key comparative findings.

Table 3. Agreement and divergence across studies on local wisdom-based science education
and teacher professional identity

Co.mp.a TISON | gridies in agreement Studies in divergence P.otentlal explana-
criterion tions

Studies consistently highlight Some papers report limited or | Differences arise due to
Integration ap- | participatory and culturally emerging integration, with varying teacher prepar-
proach contextualized methods, such teacher readiness or institu- edness, institutional

as ethnoscience, community tional support as frameworks, resource
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Comparison
criterion

Studies in agreement

Studies in divergence

Potential explana-
tions

mapping, lesson study, and the
development of local wisdom-
based teaching materials, as ef-
fective integration strategies
(Ekasari et al., 2025; Sijabat et
al., 2024). Digital tools and
modules are emphasized for ac-
cessibility and engage-

ment (Juniawan et al., 2024).

barriers (Fatimah, 2023;
Jufrida et al., 2024). Training
intensity and variation in re-
source availability affect inte-
gration depth (Juniawan et al.,
2024).

availability, and geo-
graphic remoteness.
Some studies focus on
secondary/tertiary edu-
cation, while others fo-
cus on primary educa-
tion, which affects the
integration methods.

Impact on sci-
ence literacy

Most studies report significant
improvements in students' sci-
entific literacy through local
wisdom-based approaches, sup-
ported by quantitative
measures such as pre- and post-
tests and N-gain scores (Fitriah
et al., 2024; Wahyu et al.,
2023). Integration fosters a
contextualized understanding
and enhances problem-solving
skills.

A few studies have shown only
moderate or no significant dif-
ferences between groups or
classes, highlighting the need
for longer implementation to
achieve sustained literacy gains
(Jufrida et al., 2024).

Divergences can be due
to differences in study
duration, sample size,
subject matter, and
evaluation methods.
Short intervention peri-
ods and the absence of
control groups may
sometimes limit the
measurable literacy
outcomes.

Teacher pro-
fessional iden-
tity

Multiple studies document
teacher motivation, compe-
tence, and professional self-
concept enhancement through
culturally responsive pedagogy
and local wisdom train-

ing (Joshi Rajkumar
Harkishan, 2025; Rudi & LN,
2019). Community learning and
collaborative models reinforce
teacher identity.

However, some findings indi-
cate gaps in collegial support
and pedagogical tools that con-
strain the development of
teacher identity (Arjaya et al.,
2024) and highlight ongoing
challenges in shifting teacher
mindsets.

Variations may stem
from differing levels of
institutional support,
teacher experience, and
cultural contexts. Some
regions have well-es-
tablished communities
of practice, while others
face isolated conditions
limiting professional
growth.

Strong community involvement
is recognized as vital in several
studies, which involve local
knowledge holders, elders, and
collaborative curriculum devel-

Other studies indicate limited
or initial stages of community

Differences are likely
due to the project's
scope, funding, geo-
graphic isolation, and

Community opment (Parmin & Taufiq, participation, fpcqsmg MOTe On | 4p e maturity of commu-
engagement .. teacher or institutional actors . .
2020; Adijaya et al., 2025; Nok- . nity partnerships. Some
level . rather than broad community L
kaew et al., 2024; Herlina et al., | . . . . | programs are in pilot
. inclusion (Fatimah, 2023; Yasir .
2025; Ekasari et al., 2025). etal., 2024: Japar et al., 2024) phases while others are
Such engagement fosters sus- N 4 Jap N 4)- | embedded in long-term
tainability and cultural rele- collaborations.
vance.
There is consensus that local Effectiveness differ
. - ences stem from pro-
wisdom-based educational . .
. Some models face challenges in | gram duration, re-
models can effectively enhance e e .
. scalability, institutional ac- source allocation, pol-
student engagement, learning . Sl . :
ceptance, or integration into icy support, and align-
Model effec- outcomes, and teacher develop- . .
. . .. formal curriculum frameworks, | ment with formal edu-
tiveness ment, with positive feedback

from participants and evidence
of practical sustainability (Er-
man & Wakhidah, 2024;
Ramdiah et al., 2020).

resulting in less consistent ef-
fectiveness or sustainabil-
ity (Arjaya et al., 2024).

cation standards. Mod-
els that are better inte-
grated with existing
frameworks tend to be
more sustainable.
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4.5 Meta-analysis result

4.5.1 Meta-analysis of local wisdom-based citizen science interventions in 3T re-
gions

The meta-analysis performed on 28 of the 50 eligible studies provides strong quantitative
evidence that local wisdom-based citizen science interventions substantially enhance sci-
entific literacy in 3T regions. The pooled effect size of g = 1.12 demonstrates a considerable
impact, indicating that these culturally grounded approaches consistently produce mean-
ingful improvements across varied educational contexts. The range of effect sizes, span-
ning from approximately g = 0.35 to beyond g = 1.70, reflects both the strength and vari-
ability of outcomes, with the majority of studies clustering in the moderate-to-high range.
This distribution, visualized in Figure 4, shows that more than two-thirds of the interven-
tions achieved effect sizes above g = 0.80, confirming that the benefits are not isolated to
specific regions or instructional designs but rather generalizable across diverse 3T settings
(Joshi Rajkumar Harkishan, 2025; Salmia, Nursalam, 2024). Taken together, the numer-
ical evidence reinforces the conclusion that integrating local wisdom into citizen science
frameworks not only elevates scientific literacy but does so with a magnitude that sur-
passes typical educational interventions reported in comparable meta-analyses (Crowley
et al., 2025; Rahayu et al., 2025).

Figure 4. Forest plot of effect sizes local wisdom-based citizen science studies.
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4.5.2 Funnel plot analysis for publication bias assessment

The funnel plot presented in Figure 5 provides a numerical and visual assessment of po-
tential publication bias across the 28 studies evaluating the influence of local wisdom-
based citizen science programs on scientific literacy in Indonesia’s 3T regions. The distri-
bution of effect sizes around the pooled estimate (g = 1.120) appears moderately symmet-
rical, supported by the absence of studies falling outside the funnel boundaries and an
average standard error of 0.250 within a narrow range of 0.184—0.315. Although the bal-
ance ratio of 2.11 (19 studies on the left, 9 on the right) and the calculated asymmetry index
of 0.36 indicate slight asymmetry, these deviations fall within acceptable expectations for
heterogeneous educational interventions. Importantly, high-precision studies such as
S22, S26, and S28 cluster closely around the pooled effect size, reinforcing the robustness
of the estimated impact (de la Puente Pacheco et al., 2021; Shinta Wardhani et al., 2021).
Meanwhile, lower-precision studies—15 in total—remain evenly distributed within the
funnel structure, suggesting that variation in sampling rather than selective reporting ex-
plains their wider confidence intervals. Collectively, the visual pattern and numerical in-
dices converge on the conclusion that the meta-analysis demonstrates a low risk of publi-
cation bias.

Further numerical inspection supports this interpretation. The lack of empty regions
in the funnel, especially in the lower-left quadrant where missing small-study null results
typically appear, suggests that the dataset is complete and not affected by selective
publication of significant findings (Agustiana et al., 2024; Yusuf et al., 2024). The spread
of studies across different precision levels aligns with methodological diversity inherent
in research from remote and resource-limited 3T settings. Although mild asymmetry is
present, it is more plausibly attributed to contextual heterogeneity than to systematic
reporting bias. The minimal small-study effect observed across the dataset further
indicates that smaller studies did not disproportionately produce inflated effect sizes.
While formal statistical tests such as Egger’s test are recommended to complement visual
inspection, current evidence consistently supports the conclusion that publication bias is
unlikely to meaningfully distort the overall findings. Thus, Figure 5 substantiates the
methodological reliability of the meta-analysis and strengthens confidence in the
estimated positive effects of citizen science initiatives grounded in local wisdom.
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Figure 5. Funnel plot for publication bias assessment in local wisdom-based citizen science
studies.
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4.5.3 Moderator analysis of educational, regional, and intervention-based
variability

The moderator analysis summarized in Figure 6 reveals important patterns that clarify
how different contextual and methodological factors shape the effectiveness of local wis-
dom-based citizen science interventions in Indonesia’s 3T regions. Education level
emerges as a significant moderator (p = 0.040), exhibiting a transparent gradient in which
effect sizes increase with higher levels of education. Primary education demonstrates the
least significant effect (g = 0.98), secondary education shows a moderate influence (g =
1.21), and higher education exhibits the most substantial impact (g = 1.35), indicating that
older learners may display more advanced cognitive readiness for integrating local
knowledge with scientific inquiry. In contrast, geographic region does not act as a signifi-
cant moderator (p = 0.536), even though numerical differences exist—such as higher ef-
fects observed in Maluku (g = 1.26) compared to lower effects in the Kalimantan border
area (g = 0.94) (Hamzah et al., 2021; Rasidi et al., 2025). This nonsignificant variation
suggests that regional disparities in infrastructure or cultural diversity do not substantially
alter the core effectiveness of such interventions. These findings collectively highlight that
learner characteristics, rather than geographical context, play a more substantial role in
shaping intervention outcomes.

The intervention type demonstrates strong moderating power, representing the most
influential factor among all the moderators assessed. The integration of citizen science
and local wisdom (CS+LW) yields the highest effect size (g = 1.42). It achieves statistical
significance (p = 0.007), underscoring the amplified benefits that result from
contextualizing scientific practices within culturally grounded knowledge systems. In
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comparison, citizen science only interventions yield the most negligible effect (g = 0.87),
while local wisdom only approaches produce moderate results (g = 1.05), reinforcing the
conclusion that hybrid models provide synergistic advantages. The study design reveals a
marginal but notable trend (p = 0.092), with actual experimental studies (g = 1.28)
outperforming quasi-experimental ones (g = 1.04), suggesting that methodological rigor
may contribute to slightly stronger effect estimates. The overall pooled impact (g = 1.12)
and substantial heterogeneity (I2 = 69.83%) indicate that moderator variables
meaningfully explain variations in intervention outcomes (Aka et al., 2023; Yuendita &
Dina, 2024). Collectively, the results emphasize that integration-based pedagogical
approaches and learner readiness are central drivers of program success across
Indonesia’s diverse 3T landscapes.

Figure 6. Moderator analysis results across education level, geographic region, intervention
type, and study design.
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5 Discussion

The comprehensive scoping review and meta-analysis approach's findings, presented in
Section 4, offer a robust empirical foundation for understanding the effectiveness of local
wisdom-based citizen science interventions across Indonesia’s 3T regions. The consistent
evidence of strong effect sizes, low publication bias, and meaningful moderating influ-
ences highlights not only the pedagogical value of these culturally grounded approaches
but also their adaptability across diverse educational and geographical contexts. These
quantitative insights collectively underscore the transformative potential of integrating
indigenous knowledge with scientific inquiry, demonstrating impacts that extend beyond
academic achievement alone. Consequently, the following section moves beyond
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numerical synthesis to interpret these findings within broader theoretical and practical
frameworks. Section 5 elaborates on how the empirical patterns identified in the meta-
analysis align with, challenge, or extend existing educational theories while also illumi-
nating concrete implications for curriculum design, teacher professional development,
and policy innovation. This transition thus situates the meta-analytic results within a
deeper analytical discourse, linking empirical evidence to broader educational meaning
and future directions.

5.1 Theoretical and practical implications

The findings from the reviewed literature make substantial contributions to both the the-
oretical and practical aspects of science education in the context of integrating local wis-
dom. The convergence between indigenous knowledge systems and modern science ped-
agogy reshapes the conceptual and operational foundations of education, particularly in
marginalized 3T regions. This synthesis underscores how culturally grounded approaches
not only enhance students’ scientific literacy but also reinforce teachers’ professional iden-
tity and social responsibility. Accordingly, the implications are categorized into two major
dimensions: theoretical developments that expand conceptual frameworks and practical
applications that inform educational innovation and policy transformation.

5.1.1 Theoretical implications

The theoretical implications derived from this systematic review demonstrate how incor-
porating local wisdom transforms the epistemological and pedagogical perspectives of sci-
ence education. Integrating indigenous knowledge with contemporary educational theo-
ries reinforces constructivist, socio-cultural, and culturally responsive frameworks, prior-
itizing contextualized learning and knowledge pluralism. These theoretical advancements
challenge the notion of a universal science curriculum by promoting adaptive models
grounded in local realities and cultural sustainability. The following key implications sum-
marize the significant theoretical advancements identified from the literature:

e The integration of local wisdom into science education frameworks supports con-
structivist and culturally responsive pedagogies by contextualizing scientific con-
cepts within indigenous knowledge systems, thereby enhancing scientific literacy
and professional identity among teachers in marginalized 3T regions (Pieter &
Risamasu, 2024; Sihombing et al., 2025). This alignment challenges traditional def-
icit models of education that overlook cultural assets in remote areas.

e Ethnoscience-based learning models demonstrate that local wisdom can serve as a
valid epistemological foundation for science education, bridging the gap between
traditional knowledge and modern scientific inquiry, which supports theories of
knowledge pluralism and culturally situated cognition (Pieter & Risamasu, 2024;
Yasir et al., 2022).
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The development and validation of teaching materials and modules grounded in lo-
cal wisdom confirm the theoretical premise that culturally relevant content in-
creases student engagement and cognitive outcomes, reinforcing Vygotskian social
constructivism and situated learning theories (Sijabat et al., 2024; Verawati &
Wahyudi, 2024).

Findings indicate that teacher professional identity is strengthened through com-
munity-based learning practices that incorporate local wisdom, supporting social
identity theory and professional development frameworks emphasizing contextual-
ized and collaborative learning environments (Kurniasih et al., 2024; Rudi & LN,
2019).

The systematic review of local wisdom integration reveals a growing research trend
emphasizing the importance of indigenous knowledge in sustainable development
education, which aligns with socio-scientific issues frameworks and education for
sustainable development theories (Erman & Wakhidah, 2024; Wahyuningtyas et
al., 2025).

The evidence challenges the notion that science education must be universally
standardized, instead advocating for adaptive curricula that respect cultural diver-
sity and local contexts, thus contributing to decolonizing education theories and
glocalization concepts (Joshi Rajkumar Harkishan, 2025).

5.1.2 Practical implications

The practical implications emerging from the reviewed studies highlight how local wis-
dom-based Citizen Science models translate theoretical understanding into tangible edu-
cational practices. These findings illustrate that integrating cultural knowledge into sci-
ence teaching enhances learning outcomes and promotes community participation, sus-
tainability, and educational equity. Implementing these approaches has direct relevance
for curriculum reform, teacher professional development, digital innovation, and policy
formulation, particularly in underserved regions. The main practical implications identi-
fied from the literature are summarized below:

Educational policymakers should prioritize the incorporation of local wisdom into
science curricula and teacher training programs in 3T regions to improve science
literacy and teacher professional identity, as demonstrated by effective community-
engaged models and validated teaching materials (Lestari et al., 2024; Pamenang,
2021).

Teacher professional development initiatives must include culturally responsive
training and resources that enable educators to design and implement local wis-
dom-based learning tools, which have been shown to enhance pedagogical compe-
tence and (Limba et al., 2024).

Collaboration between educational institutions and local communities is essential
for sustainable integration of indigenous knowledge, fostering ownership,
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relevance, and continuity of educational programs, as evidenced by successful part-
nerships in curriculum development and community-based education (Nokkaew et
al., 2024).

e The use of digital and interactive media, such as e-modules, flipbooks, and mind-
mapping videos, facilitates the effective dissemination and engagement with local
wisdom content, overcoming resource limitations in remote areas and supporting
scalable educational innovations (Amtonis et al., 2022).

e Incorporating local wisdom into science education contributes to broader societal
goals, including cultural preservation, environmental sustainability, and disaster
preparedness, highlighting the role of education in community resilience and sus-
tainable development (Wahyuningtyas et al., 2025).

e The demonstrated improvements in student scientific literacy and critical thinking
through local wisdom-based learning models advocate for policy reforms that sup-
port curriculum flexibility, resource allocation, and continuous evaluation to insti-
tutionalize these approaches in marginalized regions (Uslan et al., 2024).

5.2 Limitations of the literature

Despite the breadth of research on local wisdom-based citizen science and its educational
applications, several limitations emerge across the reviewed literature. These limitations
highlight the methodological, contextual, and structural gaps that affect the generalizabil-
ity, validity, and scalability of the findings. Most notably, issues such as small sample sizes,
geographic concentration, and short intervention durations reduce the robustness of evi-
dence regarding long-term educational impact. Furthermore, the limited use of standard-
ized instruments, the lack of longitudinal studies, and the insufficient exploration of
teacher identity hinder a deeper theoretical and empirical understanding of the integra-
tion of local wisdom with SDG targets, as well as the measurement of environmental liter-
acy and community well-being impacts. Table 4 summarizes the primary areas where fur-
ther refinement and research are needed.
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Table 4. Limitations Identified Across Reviewed Literature on Local Wisdom-Based Science

Education

Area of limi-
tation

Description of limitation

Papers that have lim-
itations

Small sample
sizes

Several studies rely on limited participant numbers, which re-
stricts the generalizability of findings and reduces external valid-
ity. Small samples may not capture the diversity of teacher or stu-
dent experiences in 3T regions.

(Jufrida et al., 2024;
Sirait et al., 2024; Yasir
et al., 2022)

Research predominantly focuses on specific regions within Indo-
nesia or select 3T areas, limiting the applicability of results to

(Parmin & Taufiq, 2020;

mentation pe-
riod

tions, which may not allow sufficient time to observe long-term
impacts on teacher professional identity or sustained improve-
ments in science literacy, thus limiting longitudinal validity.

Geographic bias other marginalized or culturally distinct regions. This geographic | Rudi & LN, 2019)
concentration affects the external validity of conclusions.
Short imple- Many interventions and programs are conducted over brief dura-

(Ekasari et al., 2025;
Limba et al., 2024)

Several studies employ qualitative or descriptive designs without

on teacher iden-
tity

explicitly measure or analyze changes in teacher professional
identity, leaving a gap in understanding how the integration of lo-
cal wisdom affects teacher self-concept and motivation.

Methodological | control groups or rigorous experimental methods, which limits (Hidayah et al., 2024;

constraints causal inference and weakens the robustness of evidence regard- | Mukaromah et al., 2022)
ing the effectiveness of integrating local wisdom.

Limited focus While improving science literacy is well-addressed, fewer studies (Joshi Rajkumar

Harkishan, 2025; Rudi &
LN, 2019)

Insufficient lon-

The scarcity of longitudinal studies restricts understanding of the
sustainability and long-term effects of local wisdom-based educa-

(Rasidi et al., 2025;

pact of local wisdom on science literacy and pedagogy.

gitudinal data tional models on teachers and students, impacting the depth of z\gz;h};umngtyas etal,
evidence for policy recommendations. 5

Lack of stand- Variz.:lbility in assessment togls and outcome measures across (Uslan et al., 2024;

ardized stud1e§ cqrpphcates comparison and synthe51.s gf results, redpcmg Verawati & \,Nahyu,di
the reliability of conclusions and external validity about the im- ’

measures 2024)

Resource and
infrastructure
limitations

Several studies note challenges related to limited educational re-
sources, technological access, and infrastructure in 3T regions,
which constrain the implementation and scalability of local wis-
dom-based science education models.

(Ardyansyah, 2024;
Arjaya et al., 2024)

5.3 Gaps and future research directions

The synthesis of reviewed literature reveals several critical gaps that warrant further in-
vestigation to strengthen the theoretical foundation and practical implementation of local
wisdom-based science education in 3T regions. While existing studies demonstrate prom-
ising outcomes, methodological rigor, standardization, and sustainability limitations
highlight the need for more comprehensive research frameworks. Future research should
focus on developing scalable models, enhancing institutional support, and establishing
standardized mechanisms for integrating local wisdom across diverse educational con-
texts. In particular, longitudinal studies, experimental validations, and policy-oriented ap-
proaches are essential to ensure the long-term impact and systemic adoption of culturally
responsive educational models. A detailed mapping of these gaps, along with
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corresponding research directions, justifications, and priorities, is presented in Table 5,
which outlines strategic pathways for advancing the field.

Table 5. Gaps and future research directions on local wisdom-based science education and
teacher professional identity

Gap area Description g;;t;1;§or§:earch Justification g:’is(;?:;h
Lack of systematic Develop and validate Current studies reveal varied
frameworks for in- d | dardized d i
Standardiza- | tegrating diverse lo- adaptable, standar lize and context-specific approaches,
tion of local | cal wisdom into sci- frameworks and guide- which limit the scalability and
: . . lines for local wisdom in- | replication of successful mod- .
wisdom in- | ence curricula and ion th Is (Parmin & Taufi High
tegration teacher training tegratlor} that accommo- | els ( armin & Taufig, 2020).
frameworks OSFAMS ACTOSS date regional cultural di- | Standardization would enhance
gi ffgrent T re- versity and curriculum broader adoption and con-
gions 3 requirements. sistency.
.. . Conduct longitudinal
Insufficient longitu- . . .
Loneitudi . . " | mixed-methods research | Most existing research reports
ongitudinal | dinal studies track ned h ith
impact on ing how local wis- to assess sustaine ‘ short-term outcomes without
changes in teacher moti- | follow-up, leaving the durability .
teacher pro- | dom-based educa- . d £ orofessional identi High
fessional tion influences yatlop, competence, an of protessional 1 eI_ltlty
‘dentit teacher professional identity development changes unclear (Limba et al.,
y identit I()wer time linked to local wisdom 2024; Rudi & LN, 2019).
y ) integration.
Predominance of
qualitative or small- | Conduct large-scale, ran- . .
Rigorous ex- | scale studies with domized controlled trials gnrizléz%dtﬁlgz?;&?;ﬁg; gsls;ig;::
perimental limited use of ran- | using standardized as- lati . e
. . ) ationships and generalize find- .
designs for domized controlled | sessment tools to meas ings b d oil . | High
| effec- ials or 1 N he i - ings beyond pilot contexts (Fati-
model effec trials or large sam ure the 1impacts on sci . .
. . mah, 2023; Sihombing et al.,
tiveness ples to evaluate lo- | ence literacy and teacher 2022)
cal wisdom-based competence robustly. 5)-
models.
Maintaining long-
term community in- | Investigate strategies for
Community | volvement and scal- | sustaining and scaling Community engagement is criti-
engagement, | ing participatory lo- | community partnerships, | cal for relevance and sustainabil-
sustainabil- | cal wisdom educa- including resource mobi- | ity, but often faces logistical and | Medium
ity, and tion models beyond | lization, capacity build- resource constraints (Nokkaew
scalability pilot projects is a ing, and institutional et al., 2024).
significant chal- support mechanisms.
lenge.
. Teaching materials
Adaptability are often highly lo- | Develop teacher training | The sustainability of teaching re-
andupdat- | .,;70q and depend- | modules and digital pl depends on the teacher’
ing of local calized and depend- | modules and digital plat- | sources depends on the teacher's
wisdom- ent on external sup- | forms enabling educators | capacity to adapt content to Medium
based teach- port, with limited to customize and update | evolving local contexts and cur-
ine materi- mechanisms for local wisdom-based ma- | ricula (Rahayu et al., 2025;
alsg teacher-led adapta- | terials autonomously. Triastari et al., 2021).
tion and updating.
Integratiqn Limited research on | Design and evaluate STEM inteeration remains un-
of local wis- | effective models for | STEM-focused curricula derex loreigi despite its potential _
dom in integrating local and professional devel- ﬁ) P P Medium
STEM edu- . o to enhance relevance and en-
: wisdom specifically | opment programs that agement in mareinalized
cation within STEM embed indigenous 8§38 &
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Gap area Description F}ltur? research Justification Re.sea}rch
directions priority
subjects and knowledge and local wis- | regions (Juniawan et al., 2024;
teacher training. dom in science, technol- | Wahyu et al., 2023).
ogy, engineering, and
mathematics.
Low levels of colle- Develop and test inter-
. gial collaboration ;
Addressing . N ventions such as lesson . .
and insufficient in- "y Teacher readiness studies high-
teacher col- . study communities, peer | ;. < .
. structional tools . light gaps in collegial support
legial sup- : . mentoring, and resource- oL 2 : .
. hinder the effective . that limit the quality of imple- High
portand in- | . . sharing platforms to . .
. implementation of . mentation (Arjaya et al., 2024;
structional . . strengthen collegial sup-
science teaching . . Yusuf et al., 2024).
resources . port and instructional ca-
based on local wis- acit
dom. pacity.
Insufficient policy Advocate for policy re-
Policy and frameworks and in- | forms, funding mecha- N .
PR — . . Lo Institutional barriers and lack of
institutional | stitutional recogni- | nisms, and institutional . e,
. . . standardized guidelines reduce
support for | tion hinder the for- | collaborations that for- ey .
. . . program sustainability and High
local wis- mal adoption and mally recognize and sup- - .
dom i NN . . scalability (Nasution et al.,
om integra- | sustainability of lo- | portlocal wisdom inte-
. . L . 2024; Pamenang, 2021).
tion cal wisdom-based gration in curricula and
education models. teacher education.
Limited exploration Conduct disageresated
of how locally wis- geregated . e 1.
Measure- analyses to examine dif- | Understanding equity implica-
. dom-based educa- A . . < .
ment of dif- . . ferential impacts on stu- | tions is essential to ensure inclu-
. tion affects diverse . . .
ferential stu- dents by gender, ethnic- | sive benefits and address poten- .
student popula- . : . T . . Medium
dent out- . . . ity, socioeconomic status, | tial disparities (Jufrida et al.,
tions, including . s . . .
comes and . . and learning abilities 2024; Verawati & Wahyudi,
. considerations of L .
equity . . within local wisdom- 2024).
equity and inclu- b
. ased programs.
sion.
Few empirical stud- | Develop and empirically
Linking local | ies explicitly con- test curricula and peda- Conceptual frameworks exist but
wisdom In- | nect local wisdom- | gogical models that align | lack empirical validation, which
tegration to | based science edu- | local wisdom integration | limits their practical application Medium
sustainable | cation to SDG out- | with SDG targets, meas- | in sustainability education (Er-
development | comes and sustain- | uring impacts on envi- man & Wakhidah, 2024;
goals (SDGs) | ability competen- ronmental literacy and Wahyuningtyas et al., 2025).
cies. community well-being.
Conclusion

The comprehensive scoping review and meta-analysis conducted in this study provide
strong empirical confirmation that integrating local wisdom into citizen science-based sci-
ence education substantially enhances both scientific literacy and teacher professional
identity in Indonesia’s 3T regions. The scoping review across 50 studies reveals a con-
sistent pattern of positive outcomes, with 38 studies emphasizing the successful integra-
tion of local wisdom, 29 highlighting the strengthening of teacher professional identity,
and 26 validating the effectiveness of culturally grounded teaching materials. Addition-
ally, the thematic and chronological analyses demonstrate progressive development from
foundational ethnoscience frameworks toward community-based and sustainability-
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oriented educational models. These findings affirm that culturally responsive pedagogy,
grounded in indigenous knowledge, is not merely supplementary but essential for provid-
ing relevant and equitable science education in marginalized regions. The evidence collec-
tively shows that local wisdom functions as a transformative pedagogical asset, strength-
ening contextual learning, teacher competence, and community participation. As such,
these results underscore the need for sustained institutional commitment to expand cul-

turally rooted science education across diverse 3T contexts.

The meta-analysis further substantiates these conclusions by demonstrating a huge
pooled effect size of g = 1.12, with more than two-thirds of the 28 analyzed studies
reporting effect sizes above g = 0.80, confirming the strong and generalizable impact of
local wisdom-based interventions on scientific literacy. Moderator analyses reveal that
higher education levels (g = 1.35) and integrated citizen science + local wisdom models (g
= 1.42) produce the strongest outcomes, while regional differences contribute minimally
to effectiveness. Publication bias assessments indicate a low risk of distortion, with
symmetrical distributions and no missing study regions, which reinforces the reliability of
these findings. The joint numerical evidence from both scoping review and meta-analysis
thus provides a robust foundation for advancing culturally responsive science education
and teacher development in underserved regions. To strengthen long-term impact, future
research should prioritize longitudinal designs, standardized integration frameworks, and
scalable models that link local wisdom, STEM innovation, and sustainable development
goals.
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