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Abstract. The rapid advancement of science and technology, coupled with increasing global sustainability
challenges, has highlighted the need for more holistic and culturally responsive STEM education. However,
existing studies on ethnopedagogy, STEM education, digital learning, scientific literacy, and sustainability
education are often investigated separately, resulting in fragmented pedagogical approaches. This study aims to
synthesize current research trends and propose a conceptual Humanistic Ethno-STEM Model for Sustainable
Citizenship that integrates local wisdom, cultural values, inquiry-based learning, STEM integration, digital
storytelling, scientific literacy, and sustainability education. A Systematic Literature Review (SLR) following the
PRISMA 2020 guidelines was conducted using publications retrieved from international databases. The selected
studies were analyzed through descriptive analysis, bibliometric mapping, and thematic synthesis to identify
dominant themes, research trends, and knowledge gaps. The findings revealed five major themes: Humanistic
STEM Education, Ethnopedagogy, Digital Learning, Scientific Literacy, and Sustainability Education. The review
indicates that although each theme contributes positively to student learning outcomes, relatively few studies
integrate these dimensions within a unified educational framework. Based on the synthesis, a Humanistic Ethno-
STEM Model for Sustainable Citizenship is proposed, consisting of four interconnected components: Input (local
wisdom and cultural values), Process (inquiry-based learning, STEM integration, and digital storytelling), Output
(scientific literacy, critical thinking, and cultural awareness), and Outcome (sustainable citizenship). The proposed
model contributes a novel theoretical framework that bridges cultural responsiveness, technological innovation,
scientific literacy, and sustainability-oriented learning. This study provides implications for curriculum
development, instructional design, and educational policy while offering directions for future empirical validation,
particularly in culturally diverse contexts such as Papua, Indonesia.
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Previous studies have demonstrated that STEM
education can contribute positively to students’
scientific literacy, innovation capacity, problem-
solving  abilities, and twenty-first-century
competencies (Atmojo, Lukitoaji, et al., 2025).
These benefits make STEM particularly relevant in
primary education, where foundational knowledge,
attitudes, learning habits, and ways of
understanding the surrounding world begin to
develop.

INTRODUCTION

The rapid advancement of digital technologies,
artificial intelligence, and Society 5.0 has
transformed educational priorities worldwide.
Contemporary education is expected not only to
equip learners with disciplinary knowledge but also
to develop critical thinking, creativity,
collaboration, communication, and problem-
solving skills required to respond to increasingly

complex social, environmental, and technological
challenges (Haryono et al., 2017). Within this
changing educational landscape, STEM (Science,
Technology, Engineering, and Mathematics)
education has emerged as a prominent
interdisciplinary approach for preparing learners to
participate  effectively in  knowledge-based
economies and sustainable societies. STEM
learning encourages students to connect scientific
concepts with  technological  applications,
engineering design processes, and mathematical
reasoning while solving authentic problems.

At the same time, contemporary educational
development is increasingly influenced by global
sustainability agendas, particularly the Sustainable
Development Goals (SDGs). SDG 4 emphasizes
inclusive, equitable, and high-quality education
while promoting lifelong learning opportunities for
all. Consequently, educational innovation cannot
be evaluated solely on the basis of technological
sophistication or academic achievement. Learning
environments should also be culturally responsive,
socially meaningful, human-centered, and capable
of supporting sustainable ways of thinking and
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acting. This perspective has encouraged scholars to
reconsider whether current STEM education
practices sufficiently accommodate humanistic
values, cultural diversity, local wisdom, and
community knowledge systems (Marcone, 2022).
Although STEM has frequently been promoted as
an important pathway toward educational
transformation, its implementation may still
prioritize technological competence, measurable
cognitive achievement, and economic
competitiveness while providing insufficient
attention to cultural identity, ethical awareness,
environmental responsibility, and social
relationships (Imad et al., 2023). Such limitations
highlight the importance of humanizing STEM
education by connecting scientific  and
technological learning with the cultural and social
contexts in which learners live.

One promising approach to achieving this goal
is the integration of ethnopedagogy and
ethnoscience into STEM education.
Ethnopedagogy refers to educational practices
grounded in local cultural values, traditions,
community practices, and indigenous knowledge,
whereas ethnoscience emphasizes connections
between community-based knowledge systems and
formal scientific concepts. These perspectives
provide opportunities for teachers to contextualize
abstract STEM concepts through phenomena,
practices, technologies, and environmental
knowledge familiar to students. Rather than
positioning local culture and modern science as
competing forms of knowledge, an integrated
approach can encourage learners to examine
relationships between them critically and
meaningfully. Previous research suggests that
culturally responsive STEM learning can improve
scientific literacy, critical thinking, engagement,
and cultural awareness because academic concepts
are connected with students’ lived experiences and
sociocultural environments (Marosi et al., 2021). In
primary schools, such connections are particularly
important because young learners often construct
understanding more effectively when new concepts
are related to familiar experiences, local
environments, and meaningful everyday practices.

However, several unresolved tensions remain
within the literature. STEM education is frequently
associated with technological advancement and
future-oriented innovation, while ethnopedagogy
emphasizes cultural continuity, local identity, and
preservation of community knowledge. This
creates an important pedagogical question
concerning how technological innovation and
cultural sustainability can be balanced within a

unified learning framework (Maduddin et al.,
2024). In addition, digital technologies are
increasingly incorporated into STEM learning
through interactive multimedia, virtual
environments, digital storytelling, simulations, and
other technology-supported learning resources.
Although these tools may increase engagement and
facilitate  conceptual  understanding, their
educational value depends on how meaningfully
they are integrated into learning activities. Digital
technology that is disconnected from students’
cultural and social realities may lead to superficial
engagement rather than meaningful understanding.
Conversely, digital learning grounded in local
narratives, community knowledge, and authentic
environmental problems may provide opportunities
to connect technological literacy with cultural
identity and human-centered learning.

The existing literature also reports variations in
the effectiveness of ethnoscience-based and
culturally responsive STEM approaches across
educational levels, subject areas, geographical
locations, and sociocultural contexts. These
variations suggest that the outcomes of integrated
STEM  learning cannot be  understood
independently of contextual factors. Scientific
literacy, for example, is frequently identified as an
important outcome of STEM education, yet
researchers  employ  different  conceptual
definitions, indicators, instruments, and assessment
procedures. Such methodological diversity may
contribute to inconsistencies among reported
findings and make cross-study comparison more
challenging (Prayogi et al, 2023). Similar
challenges occur in studies of digital learning,
where technology may function as an instructional
medium, a creative production tool, a collaborative
environment, or a mechanism for presenting
culturally relevant content. Therefore,
understanding Humanistic STEM Education
requires attention not only to whether
ethnopedagogy and digital technologies are
included but also to how they interact
pedagogically to support scientific understanding,
cultural awareness, learner agency, and
sustainability-oriented values.

Several review studies have examined STEM
education, ethnoscience, culturally responsive
pedagogy, scientific literacy, digital storytelling,
and educational technology. Nevertheless, the
existing reviews remain relatively fragmented
because many concentrate on only one dimension
of this broader educational landscape. Some
reviews emphasize STEM effectiveness, while
others focus primarily on ethnoscience integration
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or technology adoption without examining how
cultural knowledge, digital learning, scientific
literacy, and sustainability can interact within a
unified pedagogical framework (Qingna, 2021).
Furthermore, rapid developments in artificial
intelligence, digital learning environments, and
post-pandemic educational transformation have
altered the technological context in which
contemporary STEM education operates. Reviews
conducted before these developments may
therefore provide only a partial representation of
current educational possibilities and challenges.
Variations in inclusion criteria, methodological
rigor, quality appraisal, and synthesis procedures
across previous reviews further complicate efforts
to establish an integrated understanding of current
evidence (Zawacki-Richter et al., 2025).

A comprehensive synthesis is therefore needed
to examine  the relationships ~ among
ethnopedagogy, digital learning, scientific literacy,
and STEM education within the context of primary

schooling. Primary education represents a
particularly significant setting  because
foundational scientific understanding, cultural

identity, social values, curiosity, and environmental
awareness develop simultaneously during this stage
(Qingna, 2021). Integrating local wisdom with
scientific inquiry and digital learning may enable
primary students to understand STEM not merely
as a collection of technical disciplines but as a
meaningful way of interpreting and responding to
problems  within their communities and
environments. From this perspective, Humanistic
STEM Education can be conceptualized as an
approach that combines scientific inquiry,
technological  innovation, engineering and
mathematical thinking, local cultural knowledge,
and human-centered values to promote meaningful
and sustainable learning (Zawacki-Richter et al.,
2025). Such an approach may help bridge the
perceived divide between technological progress
and cultural sustainability by positioning both as
complementary components of educational
development.

Accordingly, this systematic literature review
aims to synthesize current evidence concerning the
integration of ethnopedagogy and digital learning
within STEM education and to develop a
conceptual framework for Humanistic STEM
Education in primary schools. The review
investigates major research trends and thematic
developments related to ethnopedagogy, digital
learning, and STEM education in primary
education; examines how ethnopedagogy has been
integrated into STEM learning to support scientific

literacy and culturally responsive education;
analyzes the roles of digital approaches, including
digital storytelling and interactive multimedia, in
supporting humanistic STEM learning; and
synthesizes the evidence to formulate a conceptual
framework for Humanistic STEM Education.
Finally, the review considers the implications of
these findings for developing sustainable and
culturally responsive STEM education in primary
schools. Through this synthesis, the study seeks to
contribute an integrated perspective that connects
technological innovation, scientific literacy,
cultural  identity, local knowledge, and
sustainability as interdependent dimensions of
future-oriented primary education.

METHODS

This study employed a Systematic Literature
Review (SLR) approach to identify, evaluate, and
synthesize previous research concerning the
integration of ethnopedagogy, digital learning,
scientific literacy, and STEM education in primary
schools. The SLR approach was selected because it
provides a  systematic, transparent, and
reproducible procedure for examining existing
evidence and identifying research trends,
theoretical developments, methodological
approaches, and empirical findings within a
particular field (Syahrir et al., 2024a). The review
process followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA
2020) guidelines. PRISMA  provides an
internationally  recognized  framework  for
conducting systematic reviews through four
principal  stages: identification, screening,
eligibility assessment, and inclusion. These stages
were applied to increase transparency in study
selection and minimize potential selection bias
(Qingna, 2021).

Relevant studies were retrieved from four major
academic databases: Scopus, Web of Science
(WoS), ERIC (Education Resources Information
Center), and Dimensions. These databases were
selected because of their extensive coverage of
peer-reviewed international  publications in
education, science education, STEM education, and
educational technology. The literature search
focused on publications from 2020 to 2025. Search
terms were developed based on the main concepts
addressed in the review and combined using
Boolean operators AND and OR. The primary
search string included combinations of “STEM
Education,” “STEM Learning,” “Integrated
STEM,”  “Ethnopedagogy,”  “Ethnoscience,”
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“Indigenous Knowledge,” “Local Wisdom,”
“Culturally  Responsive Teaching,” “Digital
Learning,” “Digital Storytelling,” “Educational
Technology,” “Interactive Multimedia,”
“Animation Learning,” “Scientific Literacy,” and
“Science Literacy.” Additional search terms
related to Humanistic Education, Sustainable
Education, and Education for Sustainable
Development (ESD) were also applied to identify
studies relevant to culturally responsive and
sustainable STEM education.

Study selection was guided by predefined
inclusion and exclusion criteria. Studies were
included when they were peer-reviewed journal
articles published between 2020 and 2025, written
in English, available in full-text format, and
focused on STEM education, science education,
ethnopedagogy, ethnoscience, digital learning,
scientific literacy, or sustainability education within
primary, elementary, or basic education contexts.
Conference proceedings, book chapters, editorials,
dissertations, duplicate records, studies without
accessible full texts, articles unrelated to the review
focus, and studies with insufficient methodological
information were excluded. During the
identification stage, records obtained from all four
databases were exported and combined in a
reference management system, after which
duplicate records were removed. Titles and
abstracts were subsequently screened to determine
their relevance to the research objectives (Cardwell
etal., 2021). The remaining articles underwent full-
text assessment based on the established eligibility
criteria, and studies satisfying all requirements
were retained for qualitative synthesis. The entire
selection procedure was documented using a
PRISMA 2020 flow diagram (Willie & Africa,
n.d.).

To ensure the credibility of the evidence, the
included articles underwent a quality appraisal. The
assessment considered the clarity of the research
objectives, appropriateness of the research design,
transparency of data collection procedures, validity
and reliability of the findings, and relevance of each
study to the review objectives. Based on these
criteria, studies were categorized as having high,
moderate, or low methodological quality, and only
studies meeting acceptable quality standards were
retained. A structured data extraction form was then
used to record information systematically,
including authorship, publication year, country,
research objectives, research design, educational
level, STEM approach, ethnopedagogical elements,
digital learning components, scientific literacy
outcomes, sustainability-related outcomes, and key
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findings. The extracted information was organized
into summary tables to support comparison across
studies.

The selected literature was analyzed using a
combination of bibliometric analysis and thematic
analysis. Bibliometric mapping was conducted
using VOSviewer version 1.6.20 to examine
keyword co-occurrence, thematic clusters, research
relationships, and emerging trends. Network
visualization, overlay visualization, and density
visualization were used to represent the intellectual
structure of the literature (Kumar, 2025). Thematic
analysis was subsequently conducted following
Braun and Clarke’s six-stage procedure, consisting
of data familiarization, initial coding, theme
generation, theme review, theme definition, and
report production (Ahmed et al., 2025). Themes
emerging from the bibliometric analysis were
further interpreted through thematic synthesis to
identify relationships among STEM education,
ethnopedagogy, digital learning, scientific literacy,
and sustainability. Finally, the integration of
bibliometric and thematic findings was used to
formulate a conceptual framework for Humanistic
STEM Education in primary schools, providing an
integrated representation of the intellectual
structure, thematic development, and emerging
research directions within the field (Poojar et al.,
2017; Kostikova et al., 2023).

RESULTS AND DISCUSSION

Study Selection and Characteristics of the
Reviewed Studies

The study selection process followed the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2020 guidelines to
ensure transparency and methodological rigor in
identifying, screening, and selecting relevant
literature (Purnama et al., 2023). During the
identification stage, 145 records were retrieved,
consisting of 135 records obtained from academic
databases and 10 records identified through
supplementary sources. Before screening, 70
records were removed, including 20 duplicate
records, 20 records identified as ineligible through
automated screening procedures, and 30 records
excluded for other reasons. The remaining records
were screened based on titles and abstracts,
followed by full-text eligibility assessment. During
this process, articles were excluded because of
limited relevance, unavailable full text, publication
in languages other than English, or insufficient
information for methodological evaluation.
Ultimately, 14 studies fulfilled the inclusion criteria



Lekatompessy et al | Internasional Conference on Science, Education and Technology (2026): 348-361

and formed the evidence base for descriptive
analysis, bibliometric mapping, thematic synthesis,
and conceptual framework development.

Identification of new siudies via databases and registers

Records removed before sereening:
Records identified from Duplicate records (n = 20)
Databases (n = 135) Records marked as ineligible by automation
Registers (n = 10) (n = 20)
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Records removed for other reasons (n= 30)
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Screening
D
g
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Reports assessed for eligibility
(n=46)

New studies included in review
(n=14)
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Reports of new included studies
(n=14)

Figure 1. PRISMA Flow Diagram of the Study
Selection Process

The included studies represented diverse
methodological approaches, although empirical
designs were dominant. Quasi-experimental and
experimental studies were frequently used to
examine the effectiveness of Ethno-STEM,
ethnoscience-based  instruction, project-based
STEM, and digital learning interventions in
improving scientific literacy, critical thinking,
cultural literacy, and learning outcomes (Atmojo,
Anggriani, et al., 2025; Mahlianurrahman et al.,
2023a; Suryanti et al.,, 2024). Research and
Development approaches were also used to design
educational products such as augmented reality e-
books,  gamified learning  environments,
environmental learning modules, and technology-
assisted instructional media (Ee et al., 2025;
Isnaniah et al., 2025; Maulidiyah, 2017; Patras et
al.,, 2025). Other methodological approaches
included mixed methods, systematic literature
reviews, case studies, and theoretical analyses,
which expanded the empirical findings by
providing conceptual perspectives on STEM
integration, technology adoption, sustainability,
and the humanization of STEM education (Hasani
et al.,, 2021; Imad et al., 2023; Marcone, 2022;
Syahrir et al., 2024b).

Most empirical studies focused on primary or

elementary education, indicating increasing
scholarly attention to developing STEM
competencies,  scientific  literacy,  cultural

awareness, and higher-order thinking from an early

age (Atmojo, Anggriani, et al, 2025;
Mahlianurrahman et al., 2023a; Suryanti et al.,
2024). However, several studies involved pre-
service teachers or higher education contexts to
examine instructional development, digital inquiry,
or broader theoretical perspectives on Humanistic
STEM (Imad et al., 2023; Marcone, 2022; Prayogi
et al., 2023). Taken together, the reviewed studies
demonstrate that Humanistic STEM principles are
relevant across educational levels, although the
strongest empirical evidence in the current corpus
remains associated with elementary education.

Publication and Geographical Trends

The publication pattern indicates a growing
interest in the intersection of STEM education,
ethnopedagogy, digital learning, scientific literacy,
and sustainability. The reviewed corpus showed
relatively limited publication activity during 2021
and 2022, followed by increasing attention in
subsequent years. Three studies appeared in 2023,
two in 2024, and the largest concentration occurred
in 2025, when six studies represented 42.86% of the
reviewed literature. One additional study in 2026
further indicates the continuing development of this
research area. The increase in recent publications
suggests that culturally responsive STEM learning,
digital transformation, scientific literacy, and
sustainability = are  becoming  increasingly
interconnected priorities within contemporary
educational research (Atmojo, Anggriani, et al.,
2025; Imad et al., 2023; Marcone, 2022).

Fubleation freeds of mcluded shudas (2001-20001

Figure 2. Publication Trends of Included Studies
(2021-2026)

Geographically, Indonesia contributed the
largest proportion of studies, accounting for eight
of the fourteen publications. The United States,
Australia, and Malaysia each contributed two
studies. The prominence of Indonesian research is
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consistent with the strong emphasis placed on local
wisdom, ethnoscience, and culturally responsive
education in a country characterized by substantial
cultural and ecological diversity. Indonesian
studies frequently examined how community
traditions, local environmental knowledge, and
indigenous practices could be connected with
science and STEM instruction to make learning
more contextual and meaningful (Atmojo,
Anggriani, et al., 2025; Mahlianurrahman et al.,
2023a; Prayogi et al.,, 2023). Nevertheless, the
concentration of evidence in a relatively small
number of national contexts also indicates a
limitation. Broader cross-cultural research is
required to determine whether the emerging
Humanistic STEM framework can be effectively
adapted to different cultural, socioeconomic, and
educational environments.

Geagraphical distribution of included studies

Figure 3. Geographical Distribution of Included
Studies

Bibliometric Structure and Emerging Research
Directions

Keyword co-occurrence  analysis  using
VOSviewer revealed that the intellectual structure
of the reviewed literature extends beyond
conventional STEM concepts. The network
visualization identified several interconnected
thematic clusters involving STEM education,
ethnopedagogy, sustainability, digital
transformation, educational effectiveness, culture,
and values. A culturally oriented cluster was
characterized by keywords such as ethnopedagogy,
culture, value, observation, and interview. This
configuration indicates that local culture is
increasingly regarded not simply as contextual
background but as a pedagogical resource through
which scientific knowledge can be constructed and
interpreted.

A second cluster connected sustainability,
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SDGs, future-oriented education, higher education,
and digital transformation. The emergence of this
cluster demonstrates that contemporary STEM
education is increasingly linked to wider social and
environmental objectives. STEM is therefore being
positioned as a means of preparing learners not only
for technological environments but also for
sustainable citizenship and responsible
participation in  society. Another cluster,
represented by terms such as effectiveness, impact,
questionnaire, evidence, and influence, reflects the
growing emphasis on empirically assessing the
outcomes of STEM-related interventions. STEM
education itself occupied a central position
connecting cultural, technological, sustainability,
and effectiveness dimensions.
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Figure 4. Keyword Co-occurrence Network
Visualization Using VOSviewer

The overlay visualization provided additional
evidence of thematic evolution. Earlier studies were
more strongly associated with broad terms such as
STEM education, science, future, and higher
education, whereas later studies increasingly
incorporated  ethnopedagogy, culture, value,
sustainability, and digital transformation. More
recent keywords, including effectiveness,
infrastructure, limited access, influence, and SDGs,
indicate that scholarly attention has shifted toward
questions of implementation, educational impact,
equity, technological accessibility, and
sustainability. This progression suggests that the
field is gradually moving from asking whether
STEM education is beneficial toward examining
how STEM can become culturally meaningful,
socially responsible, technologically accessible,
and sustainable.
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Figure 5. Overlay Visualization of Keyword Co-
occurrence Network

The density visualization reinforced these
observations. Highly prominent keywords included
future, sustainability, STEM education, impact,
value, and interview, whereas concepts such as
ethnopedagogy, culture, digital transformation, and
effectiveness occupied important interconnected
areas. This distribution suggests that research is
increasingly converging around five broad
domains: STEM education, cultural values and
ethnopedagogy, digital transformation, scientific
and educational outcomes, and sustainability.
Collectively, the bibliometric findings provide an
empirical basis for conceptualizing Humanistic
STEM as an emerging integrative research
direction rather than as a purely theoretical
proposition.

Figure 6. Density Visualization of Keywords in
Humanistic STEM Education Research

Humanistic STEM, Ethnopedagogy, and Local
Wisdom

The thematic synthesis identified five major
themes: Humanistic STEM Education,
Ethnopedagogy and Local Wisdom, Digital
Learning and Multimedia Innovation, Scientific
Literacy = Development, and  Sustainability
Education and Future Citizenship. A central finding
across these themes is a gradual transformation
from technocentric STEM education toward a
human-centered paradigm. Conventional STEM
education has often emphasized scientific
knowledge, technological competence, engineering
skills, mathematics, innovation, and workforce
preparation. Although these objectives remain
important, this orientation may insufficiently
address cultural diversity, ethical reasoning, local
knowledge, and social responsibility (Imad et al.,
2023).

Humanistic STEM expands this orientation by
recognizing learners as culturally situated
individuals whose experiences, identities, values,
and communities shape how scientific knowledge
is understood. Imad et al. (2023) advocate re-
humanizing STEM through empathy, equity,
diversity, ethical awareness, and attention to
learners’ lived experiences. Similarly, Marcone
(2022) emphasizes that contemporary sustainability
challenges cannot be understood exclusively
through scientific and technological perspectives;
Humanities and Social Sciences are also necessary
for examining social, cultural, ethical, and
environmental dimensions. The reviewed evidence
therefore indicates that the future development of
STEM education involves expanding rather than
abandoning scientific rigor.

Ethnopedagogy provides an  important
mechanism for achieving this transformation.
Atmojo, Anggriani, et al. (2025) found that
ethnoscience-integrated STEM learning
strengthened elementary students’ critical thinking
and cultural literacy by connecting science with
local cultural practices. Aprilia et al. (2025)
similarly demonstrated that ethnoscience-based
Contextual Teaching and Learning improved
students’ learning outcomes by relating academic
concepts to culturally familiar experiences.
Mahlianurrahman et al. (2023a, 2023b) reported
that Nyerayo-based Science, Environment,
Technology, and Society learning improved
scientific literacy through the incorporation of local
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cultural values. Prayogi et al. (2023) additionally
demonstrated that ethnoscience combined with
inquiry in a digital environment strengthened
critical thinking.

These findings indicate that local wisdom is not
merely supplementary material added to a
conventional science curriculum. Instead, it can
function as a contextual resource through which
students explore scientific phenomena and relate
formal scientific explanations to community
practices. Ethnopedagogy consequently provides a
bridge between scientific knowledge and
indigenous or community-based knowledge
systems. This relationship is particularly relevant in
culturally diverse primary education settings
because young learners construct knowledge
through interactions with family, community,
environment, language, and cultural experience.

Digital Learning as a Humanistic Pedagogical
Tool

Digital learning represented another prominent
theme. The reviewed studies examined augmented
reality, ICT-integrated STEM learning, digital
inquiry modules, gamification, interactive
multimedia, Smart Box media, and related forms of
technology-enhanced learning (Isnaniah et al.,
2025; Patras et al., 2025; Prayogi et al., 2023;
Susanta et al., 2025; Syahrir et al., 2024a). Overall,
digital technologies were associated with
improvements in  motivation, engagement,
conceptual understanding, critical thinking, and
literacy development. For example, Isnaniah et al.
(2025) found that an augmented reality e-book
featuring local wisdom improved learning
outcomes and engagement. Susanta et al. (2025)
demonstrated that digital STEAM-Inquiry modules
supported literacy development across urban and
rural elementary contexts, while Syahrir et al.
(2024a, 2024b) highlighted ICT integration as an
important component of STEM innovation and
teacher competency development.

However, the synthesis shows that technology is
most valuable when it supports pedagogical
meaning rather than functioning as an instructional
goal in itself. This distinction is central to
Humanistic STEM Education. Digital technology
can provide immersive experiences and richer
representations, but technological sophistication
alone does not guarantee culturally responsive or
meaningful learning. Infrastructure limitations,
unequal access, and differences in teacher digital
competence remain important  constraints,
particularly in rural and underserved areas (Susanta
et al., 2025; Syahrir et al., 2024b).

Within this context, digital storytelling offers
particular  potential because it combines
technological affordances with narrative and
cultural meaning. Although the reviewed studies
employed different forms of digital technology,
their findings support the principles underlying
digital ~ storytelling. = Narratives, animation,
multimedia, and interactive representations can
connect abstract STEM concepts to learners’
experiences, local environments, cultural traditions,
and sustainability issues. Digital storytelling can
therefore function as a bridge among scientific

knowledge, cultural identity, emotional
engagement, and digital innovation. This
perspective is consistent with findings that

technology-supported contextual learning can
strengthen engagement  and conceptual
understanding (Isnaniah et al., 2025; Prayogi et al.,
2023; Susanta et al., 2025).

Scientific Literacy and Sustainable Citizenship

Scientific literacy emerged as one of the most
consistently reported outcomes across the reviewed
studies. Suryanti et al. (2024) demonstrated that
STEAM-Project-Based  Learning  improved
elementary students’ scientific literacy through
authentic investigations and problem-solving
activities. Mahlianurrahman et al. (2023b) found
comparable improvements when scientific learning
was contextualized through the Nyerayo tradition,
while Susanta et al. (2025) reported stronger
literacy outcomes through digital STEAM-Inquiry
learning. Atmojo, Anggriani, et al. (2025) and
Prayogi et al. (2023) further showed that culturally
responsive and inquiry-oriented learning can
strengthen critical thinking alongside scientific
understanding.

These findings suggest that scientific literacy
functions as a bridge linking STEM knowledge to
meaningful decision-making. In Humanistic
STEM, scientific literacy is not limited to knowing
scientific terminology or recalling concepts. It
encompasses the ability to interpret information,
evaluate evidence, understand scientific
phenomena, apply scientific reasoning, and use
knowledge to address personal, social, cultural, and
environmental issues. When scientific literacy is
situated within local cultural contexts, learners can
understand how scientific concepts relate to their
own communities and environments.

This expanded understanding also connects
STEM education with sustainability. Marcone
(2022) argues that interdisciplinary STEM
education can contribute to Education for
Sustainable Development by helping students
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examine  relationships  among  scientific,
environmental, social, and economic challenges.
Hasani et al. (2021) likewise demonstrate that
STEM concepts can be integrated into broader
elementary learning to contribute to sustainability
education. Indigenous environmental learning
further shows how cultural knowledge can support
environmental sustainability and contextual
learning (Ee et al., 2025).

Humanistic STEM therefore has relevance to
multiple Sustainable Development Goals. Its
commitment to meaningful, inclusive, and
culturally responsive learning is consistent with
SDG 4 on Quality Education. Incorporating local
knowledge and community practices supports
objectives associated with SDG 11 on Sustainable
Cities and Communities, while environmental
inquiry and sustainability-oriented scientific
literacy contribute to SDG 12 on Responsible
Consumption and Production and SDG 13 on
Climate Action (Hasani et al., 2021; Marcone,
2022). Sustainable citizenship consequently
emerges as a long-term educational outcome that
combines scientific competence with ethical
responsibility, cultural awareness, and commitment
to community and environmental well-being.

Toward a Humanistic STEM Framework

The synthesis shows that ethnopedagogy, digital
learning, scientific literacy, and sustainability are
individually well represented in the literature, but
they are rarely integrated simultaneously.
Ethnoscience research typically focuses on local
wisdom and cultural relevance but may pay less
attention to digital innovation. Conversely, digital
learning research often prioritizes engagement,
technology adoption, and effectiveness without
explicitly incorporating cultural knowledge.
Research on scientific literacy usually emphasizes
cognitive outcomes, while sustainability studies
may address global challenges without adequately
considering indigenous knowledge and local
cultural identities (Atmojo, Anggriani, et al., 2025;
Hasani et al., 2021; Prayogi et al., 2023; Syahrir et
al., 2024b). This fragmentation represents the
central conceptual gap identified by the review.

Based on the synthesis, Humanistic STEM
Education can therefore be conceptualized through
interconnected dimensions involving local wisdom,
ethnopedagogy, digital learning, scientific literacy,
and sustainable citizenship. Local wisdom provides
authentic cultural and environmental contexts,
while ethnopedagogy translates these cultural
resources into pedagogical practice. Humanistic
STEM connects scientific and technological

learning with ethical awareness, cultural identity,
and social responsibility. Digital storytelling then
functions as a technology-supported medium for
representing local narratives, scientific concepts,
and sustainability challenges in engaging forms.
Scientific literacy emerges as an important learning
result that supports informed reasoning and action,
ultimately contributing to sustainable citizenship.

.

Local Wisdom

b

Ethnopedagogy

v

Humanistic STEM

v

Digital Storytelling

v

Scientific Literacy

v

Sustainable Citizenship

J

Figure 7. Conceptual Framework of

Humanistic STEM Education

This framework represents a shift from
Traditional STEM toward Humanistic STEM.
Rather than replacing disciplinary competence, it
broadens the purposes of STEM education.
Scientific knowledge, technology, engineering, and
mathematics remain essential, but they are
connected to culture, values, ethics, and
sustainability. Technology is therefore understood
as a means to support meaningful learning rather
than as an end product, while culture becomes a
central resource for knowledge construction rather
than a peripheral addition. The intended outcome
similarly moves beyond technical competence
toward learners who are scientifically literate,
culturally grounded, technologically capable,
ethically responsible, and sustainability oriented
(Imad et al., 2023; Marcone, 2022).

Proposed Humanistic Ethno-STEM Model for
Sustainable Citizenship

Based on the combined systematic review,
bibliometric findings, and thematic synthesis, this
study proposes a Humanistic Ethno-STEM Model
for Sustainable Citizenship consisting of four
interconnected components: Input, Process,
Output, and Outcome. This model responds directly
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to the fragmented nature of previous research by
integrating cultural responsiveness, technological
innovation, scientific literacy, and sustainability
into a unified pedagogical structure (Atmojo,
Anggriani, et al., 2025; Imad et al., 2023; Marcone,
2022; Patras et al., 2025; Prayogi et al., 2023).

The Input component consists of local wisdom
and cultural values. Indigenous knowledge,
community traditions, environmental practices,
folklore, and everyday cultural experiences provide
authentic contexts for STEM learning. Values such
as cooperation, respect, empathy, responsibility,
environmental —stewardship, and community
participation provide the ethical foundation for
learning. Evidence indicates that integrating such
resources can strengthen engagement, cultural
literacy, and conceptual understanding (Atmojo,
Anggriani, et al, 2025; Ee et al, 2025;
Mahlianurrahman et al., 2023a; Patras et al., 2025).

The Process component combines inquiry-
based learning, STEM integration, and digital
storytelling. Inquiry encourages learners to
formulate  questions, investigate  authentic
phenomena, collect and evaluate evidence, and
construct  explanations, thereby  supporting
scientific reasoning and critical thinking (Atmojo,
Anggriani, et al., 2025; Prayogi et al., 2023). STEM
integration enables students to connect science,
technology, engineering, and mathematics when
solving contextual problems (Hasani et al., 2021;
Suryanti et al., 2024; Syahrir et al., 2024b). Digital
storytelling complements these processes by
transforming scientific and cultural content into
multimedia narratives, animations, and interactive
experiences that can strengthen engagement and
contextual meaning (Isnaniah et al., 2025; Prayogi
et al., 2023; Susanta et al., 2025).

The Output component comprises scientific
literacy, critical thinking, and cultural awareness.
Scientific literacy enables students to understand
concepts, interpret evidence, and make informed
decisions (Mahlianurrahman et al., 2023a; Suryanti
et al., 2024). Critical thinking supports analysis,
evaluation, problem solving, and reasoned
judgment (Atmojo, Anggriani, et al., 2025; Prayogi
et al., 2023). Cultural awareness enables learners to
appreciate local knowledge, cultural diversity,
community values, and different ways of
understanding the world (Aprilia et al., 2025;
Atmojo, Anggriani, et al., 2025). These outcomes
represent the cognitive, affective, and sociocultural
dimensions of Humanistic STEM Education.

The final Outcome is sustainable citizenship.
Sustainable citizens are expected to combine

scientific literacy, critical thinking, cultural
awareness, technological competence, ethical
responsibility, and commitment to sustainability
(Imad et al., 2023; Marcone, 2022). They should be
capable of using scientific knowledge to make
informed decisions while remaining sensitive to
community needs, cultural heritage, and
environmental consequences (Ee et al., 2025;
Hasani et al., 2021). Through this progression,
learners are positioned not merely as consumers of
scientific and technological knowledge but as
active participants capable of balancing innovation
with  cultural  preservation, environmental
stewardship, and social well-being.

INPUT

e Local Wisdom
e Cultural Values

v
PROCESS

* Inquiry-Based Learning
* STEM Integration
= Digital Storytelling

v
OUTPUT

e Scientific Literacy
e Critical Thinking
e Cultural Awareness

{

OUTCOME

e Sustainable Citizenship

.

Figure 8. Proposed Humanistic Ethno-STEM
Model for Sustainable Citizenship

Overall, the findings demonstrate a clear
movement toward a more integrated form of STEM
education in which scientific and technological
competencies coexist with cultural relevance,
human  values, digital innovation, and
sustainability. The proposed Humanistic Ethno-
STEM Model synthesizes these dimensions into a
coherent educational pathway from -culturally

grounded inputs, through inquiry-based and
digitally supported STEM processes, toward
scientific literacy, critical thinking, cultural

awareness, and ultimately sustainable citizenship.
The model therefore provides a conceptual
foundation for future curriculum development,
instructional design, and empirical testing in
elementary education, particularly in culturally
diverse contexts where scientific advancement,
local identity, and sustainability must be developed
simultaneously.
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CONCLUSION

This systematic literature review demonstrates
that STEM education is increasingly shifting from
a predominantly technology-centered orientation
toward a more human-centered, culturally
responsive, and sustainability-oriented paradigm.
The synthesis of fourteen studies identified five
interconnected ~ themes—Humanistic =~ STEM
Education, Ethnopedagogy and Local Wisdom,
Digital Learning and Multimedia Innovation,
Scientific Literacy Development, and
Sustainability Education and Future Citizenship—
which collectively indicate that meaningful STEM
learning  should integrate  scientific  and
technological competencies with cultural identity,
ethical responsibility, and sustainable development.
Based on these findings, this study proposes the
Humanistic Ethno-STEM Model for Sustainable
Citizenship, which combines local wisdom and
cultural values with inquiry-based learning, STEM
integration, and digital storytelling to strengthen
scientific literacy, critical thinking, cultural
awareness, and sustainability competencies. The
proposed framework positions culture as a central
foundation for knowledge construction rather than
a supplementary element of STEM learning, while
digital technology functions as a pedagogical tool
that supports contextualized and meaningful
learning experiences. Ultimately, Humanistic
STEM Education offers a holistic pathway for
preparing learners who are scientifically literate,
technologically capable, culturally grounded,
ethically responsible, and able to contribute
actively to sustainable communities and an
increasingly interconnected global society.
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