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Abstract: Ethno-STEM learning connects chemistry concepts with local cultural knowledge and students’
everyday experiences. However, its implementation depends on teachers' pedagogical readiness to
understand the approach, design contextual learning, and translate local knowledge into classroom
practice. Although Ethno-STEM has been increasingly discussed for integrating cultural contexts
into science education, empirical evidence on chemistry teachers' readiness to implement it,
particularly in Gorontalo, remains limited. This study analyzed the pedagogical readiness of
chemistry teachers in implementing Ethno-STEM learning in Gorontalo. A qualitative descriptive-
exploratory approach was employed with 13 chemistry teachers from public senior high schools,
selected purposively. Data were collected through in-depth semi-structured interviews and
documentation and analyzed thematically. The findings show that teachers' pedagogical readiness
remains transitional. Most teachers had not developed a comprehensive understanding of Ethno-
STEM, although they demonstrated awareness of local cultural potential and the relevance of
contextual chemistry learning. Teachers were generally willing to implement Ethno-STEM, but their
ability to translate contextual ideas into systematic instructional plans remained limited. The study
concludes that teachers possess positive contextual and affective foundations but require targeted
professional development to strengthen the operational competence needed for systematic
implementation. Future research should develop practical tools that help teachers translate local
cultural knowledge into chemistry learning.
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INTRODUCTION students are expected to use s'cien'tiﬁc
knowledge to address real-life situations

Science education at the secondary rather than merely memorize theories. Ethno-

school level is expected not only to develop STEM (Ethnoscience, Science, Technology,
students’ conceptual understanding but also to Engineering, and Mathematics) responds to
strengthen scientific process skills and the this need by connecting modern science with

ability to apply science to everyday problems. Jocal knowledge and cultural practices,
In the context of the Merdeka Curriculum,
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making learning more contextual and
meaningful (Kelley and Knowles, 2016;
Atmojo et al., 2025).

The success of  Ethno-STEM
implementation is strongly influenced by
teachers’ pedagogical readiness, particularly
their ability to combine chemistry content
knowledge with  pedagogical content
knowledge so that abstract chemistry concepts
can be connected systematically with
students’  cultural and environmental
experiences (Masayu, 2024; Yue et al., 2024).
Research on integrated STEM shows that
teachers’ attitudes, school context, and
understanding of STEM principles influence
instructional practice (Thibaut et al., 2018;
Margot & Kettler, 2019; Alagoz & Canli,
2024). Findings from chemistry teacher
research on TPACK also show that
pedagogical, content, and technological
knowledge need to be integrated in teachers’
instructional practice (Sutiani et al., 2022).
Although teachers generally recognize the
value of STEM, they may still face
pedagogical, curricular, assessment, and
professional-development challenges (Aslam
et al., 2023; Syofyan et al., 2024).

Previous studies also show that teacher
readiness for STEM and ethnoscience
learning is uneven. Teachers may understand
STEM at a broad level but have limited
experience in designing and implementing
integrated STEM learning (Sulaeman et al.,
2022; Talib et al., 2024; Ekayanti et al., 2025).
Teachers can also experience difficulties in
preparing learning plans, teaching materials,
and assessment instruments for ethnoscience-
oriented learning (Rahmawan et al., 2023;
Festiyed et al., 2022). Research published in
JIPK likewise indicates a need for innovative
chemistry teaching materials integrated with
ethnopedagogy to support contextual and
21st-century learning (Siswanto et al., 2025).
Professional development has been identified
as an important support for strengthening
teachers’ capacity to move from general
awareness toward practical implementation.

Gorontalo provides a relevant context
for FEthno-STEM because local cultural

knowledge remains embedded in community
life. Local wisdom can be developed as part of
science learning so that chemistry concepts
become closer to students’ lived experiences
(Ihsan et al., 2024; Sanova et al., 2021).
Gorontalo cultural values, including huyula,
also have potential to support the development
of empathy, tolerance, and social
responsibility through education (Dali and
Yunus, 2025). The continuing strength of
local cultural identity amid globalization
further supports its potential as a meaningful
educational resource (Mohi, 2021).

Nevertheless, a gap remains between
the availability of local cultural resources and
teachers’ pedagogical capacity to use them in
chemistry learning. Integrating local wisdom
into science requires teachers to connect
traditional knowledge with formal scientific
concepts (Sihombing et al., 2025; Hidayati
and Julianto, 2025). The availability of
appropriate learning resources is also
important to support this integration, as
chemistry learning media based on local
wisdom can help connect contextual cultural
knowledge with chemistry learning (Purba et
al., 2024).

Recent studies demonstrate that
Ethno-STEM can be implemented through
chemistry learning resources and instructional
tools, but much of the existing work focuses
on student outcomes or product development
rather than on teachers’ readiness before
implementation (Astuti et al., 2021; Izzania
and Sumarni, 2024; Khoiriyah et al., 2025;
Listiyani et al., 2025; Marpaung et al., 2025).
This gap 1is particularly important in
Gorontalo, where local cultural potential is
strong but empirical evidence concerning
chemistry teachers’ readiness remains limited.

The novelty of this study lies in
examining chemistry teachers’ pedagogical
readiness through three connected aspects:
understanding of Ethno-STEM, ability to
design  Ethno-STEM  learning, and
professional readiness to implement the
approach. The study therefore addresses the
gap between teachers’ positive orientation
toward contextual learning and their actual
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capacity to operationalize Ethno-STEM in
chemistry instruction. The objective was to
analyze the pedagogical readiness of
chemistry teachers in implementing Ethno-
STEM learning in Gorontalo. To achieve this
objective, this study addresses the following
research question: How do chemistry teachers
in Gorontalo perceive their pedagogical
readiness for Ethno-STEM implementation?

LITERATURE REVIEW

Pedagogical readiness is a
multidimensional condition involving
teachers’ cognitive, affective, and operational
preparedness to plan, implement, and evaluate
learning (Menganti, 2023; Sodikin, 2022). In
STEM education, readiness also involves
teachers’ understanding of integrated STEM
principles, confidence, prior experience, and
opportunities for professional learning
(Sulaeman et al., 2022; Talib et al., 2024)
Studies of teachers’ perceptions indicate that
teachers generally value STEM education but
report barriers related to pedagogy,
curriculum, assessment, school structures, and
support (Margot and Kettler, 2019; Aslam et
al., 2023).

Teacher readiness can also be
strengthened through targeted professional
development rather than through conceptual
introduction alone. Evidence from STEM
professional ~ development shows that
structured learning experiences can improve
teachers’ confidence, efficacy, perceptions,
and attention to curriculum integration.
Recent work on teacher learning for integrated
STEM curriculum design likewise
emphasizes  opportunities to  analyze
resources, explore curriculum connections,
and develop practical integrated designs
(Ekayanti et al., 2025). This perspective
supports the view that pedagogical readiness
is not a fixed condition but a capacity that can
be developed through sustained professional
learning and contextual support.

Integrated STEM requires
meaningful connections among disciplines
and the use of inquiry, problem solving,
design, and contextual learning. Kelley and
Knowles (2016) proposed an integrated

STEM  framework  that  emphasizes
connections among STEM disciplines and
real-world problems. Thibaut et al. (2018)
further showed that teachers’ attitudes and
school  context can influence the
implementation  of integrated STEM
practices. These findings indicate that teacher
readiness should be examined not only as
willingness but also as the capacity to enact
the approach.

Ethno-STEM  extends integrated
STEM by connecting STEM learning with
local or indigenous knowledge. The approach
can strengthen the relevance of science
learning because students encounter scientific
concepts through cultural practices and
environmental phenomena that are familiar to
them (Atmojo et al., 2025; Wilujeng and
Ungirwalu, 2024; Kamaludin et al., 2024).
Studies of ethnoscience-based chemistry
learning also show how local contexts can be
connected to chemistry concepts through
problem-based and contextual learning
(Sanova et al., 2021). Recent JIPK research
further demonstrates that ethnopedagogical
chemistry materials can support meaningful
learning and critical thinking when cultural
contexts are systematically incorporated into
instructional materials (Silaban et al., 2025).

In chemistry education, the
development of Ethno-STEM resources has
included e-modules, learning modules, tests,
and electronic worksheets. Astuti et al. (2021)
reported the use of blended inquiry learning
with an Ethno-STEM approach in chemistry
education, while (Izzania and Sumarni, 2024)
developed an Ethno-STEM green chemistry
e-module. Khoiriyah et al. (2025) developed
an Ethno-STEM chemical literacy test
instrument and an Ethno-STEM-based e-
module for chemistry learning. Listiyani et al.
(2025) also developed EthnoSTEM-based
learning tools connecting cultural heritage
with STEM education. In JIPK Ibrahim and
Sutiani, (2025) demonstrated the development
of a chemistry e-module integrating STEM
and project-based learning, reinforcing the
importance of structured learning resources
for STEM-oriented chemistry instruction.
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These studies demonstrate the instructional
potential of Ethno-STEM but also highlight
the need to wunderstand the teacher
competencies required to use such resources
effectively.

Local wisdom provides the cultural
foundation for contextualizing science.
Studies have demonstrated that local
knowledge can be mapped onto science
concepts and transformed into teaching
materials. In Gorontalo, local cultural
resources have been identified as relevant
materials for science learning (Ihsan et al.,
2024; Sihombing et al., 2025). JIPK research
in the Sitaro Islands likewise identified a need
for chemistry learning media based on local
wisdom, indicating that cultural context can
be an important consideration in developing
chemistry learning resources (Panggabean et
al., 2023). The present study therefore
positions pedagogical readiness as a bridge
between the availability of local cultural
knowledge and its systematic use in chemistry
learning.

METHODS
Research Design

This study employed a qualitative
descriptive-exploratory approach to examine
chemistry teachers’ pedagogical readiness in
implementing Ethno-STEM learning. The
approach was selected to capture teachers’
understanding, experiences, and readiness in
their natural school context, consistent with
qualitative  research  design  principles
(Creswell, 2017; Sugiyono, 2022).

Participants and Setting

The research was conducted in public
senior high schools in Gorontalo from
February to May 2026. The participants were
13 chemistry teachers selected purposively
based on their active teaching role, teaching
experience, and representation of wvaried
school contexts. Participant selection
followed the principle of data adequacy,
whereby  information was  considered
sufficient when it became complementary and
adequate to address the research focus.

Data Collection

Data were collected through in-depth
semi-structured interviews and
documentation. The interviews  were
conducted with chemistry teachers using an
interview guide that had been validated by
three experts consisting of two professors and
one doctoral-level lecturer in chemistry
education. The interviews were recorded
using a mobile phone with participants’
consent and subsequently transcribed
verbatim into Microsoft Word for further
analysis. The documentation data consisted of
researcher and participant photographs during
the research process. Although some teachers
had previously implemented learning
activities related to local contexts, relevant
teaching documents such as lesson plans,
teaching materials, or student worksheets
were no longer available because these
activities had been conducted approximately
three to four years earlier and teachers had not
yet identified them as Ethno-STEM-based
learning practices..

Data Analysis

The data were analyzed thematically
through comprehensive reading, open coding,
grouping codes into themes, interpreting
relationships among themes, and constructing
the findings as an integrated narrative. The
coding and thematic analysis process was
assisted by ATLAS.ti qualitative data analysis
software. The researcher conducted the
coding process by identifying meaningful
statements from interview transcripts,
assigning initial codes, organizing related
codes into categories, and developing themes
related to chemistry teachers’ pedagogical
readiness in implementing Ethno-STEM
learning. For this article, the analysis was
limited to three dimensions of pedagogical
readiness: understanding of Ethno-STEM
(DP1), ability to design Ethno-STEM learning
(DP2), and professional readiness (DP3).
Thematic interpretation followed established
qualitative analysis procedures (Miles, M. B.,
& Huberman, 1994; Sugiyono, 2022).

Trustworthiness
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Data credibility was maintained
through source triangulation, technique
triangulation, member checking, prolonged
engagement, analytical persistence, and peer
debriefing. Interview findings were compared
across participants and with available
documentation, while member checking was
used to confirm the interpretation of key
statements. In addition, the interview protocol
was validated by three experts in chemistry
education, consisting of two professors and
one doctoral-level lecturer, to ensure the
relevance and clarity of the questions before
data collection. The credibility of the findings
was strengthened through systematic coding
and thematic analysis using ATLAS.i,
allowing the researcher to maintain
consistency in organizing and interpreting the
qualitative data (Carter et al., 2014; Emil et
al., 1985).

RESULT AND DISCUSSION

Analysis  of  interviews  and
documentation from the 13 chemistry teachers
identified three dimensions of pedagogical
readiness: (1) understanding of Ethno-STEM
(DP1), (2) ability to design Ethno-STEM
learning (DP2), and (3) professional readiness
(DP3). The distribution of the coding results
is presented in Table 1.

Table 1. Distribution of Chemistry Teachers’
Pedagogical Readiness (DP1-DP3)
Code Finding Category n
DP1.1 Unfamiliar with Ethno-STEM 4
Familiar with STEM but not yet with
DP1.2 Ethno-STEM 4
DP1.3 Understands the basic Ethno-STEM 5
concept
DP1 .4 Understands full locgl culture-STEM 0
integration
DP2.1 Able to selec;t locally relevant 3
chemistry topics
DP2.2 Able to determln.e integration 10
strategies
DP2.3 Able to use local resources 8
DP2.4 Able to prepare ertten learning 5
materials
DP3.1 States readiness to implement Ethno- 7

STEM

DP3.2 Needs further training 3
DP3.3 Reports high self-efficacy 4
DP3.4 States not yet ready to implement 2

To provide a clearer visualization of
the distribution of teachers’ pedagogical
readiness categories, the frequency of coded
themes across the three dimensions is
presented in Figure 1.

Figure 1. Distribution of Chemistry
Teachers’ Pedagogical Readiness
Categories (DP1-DP3)
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Figure 1. Distribution of Chemistry Teachers’
Pedagogical Readiness Categories (DP1-DP3)

Understanding of Ethno-STEM

Teachers’ understanding of Ethno-
STEM remained at different levels. Most
participants were categorized as DPI.1
(unfamiliar with Ethno-STEM) or DP1.2
(familiar with STEM but not yet with Ethno-
STEM). Several teachers stated that they had
only recently heard the term Ethno-STEM,
while others understood STEM as an
integrated approach to problem solving but

had not yet understood how local culture or

ethnoscience could be integrated
systematically. = No  participant  was
categorized as DPIl1.4, indicating that

comprehensive understanding of local culture
STEM integration had not yet been
demonstrated.

This pattern may suggest a theoretical-
applied gap in teachers’ understanding.
Familiarity = with STEM  does  not
automatically provide the knowledge needed
to integrate local cultural knowledge into
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chemistry instruction. The finding is
consistent with (Sulaeman et al., 2022; Talib
et al., 2024), who reported that teachers may
possess general STEM knowledge while still
requiring professional development to design
and implement STEM learning operationally.
Similar  concerns  regarding  teacher
understanding of ethnoscience have been
reported by Festiyed et al. (2022) and
Marpaung et al., (2025). In the context of
Ethno-STEM, the additional requirement is
the ability to identify cultural phenomena that
can be translated into scientifically valid
chemistry learning contexts.

Ability to Design Ethno-STEM Learning

The second dimension concerns
teachers’ ability to transform contextual ideas
into learning designs. Teachers demonstrated
relatively strong contextual awareness: eight
participants were able to select locally
relevant chemistry topics, ten were able to
determine integration strategies, and eight
were able to identify or use local resources.
However, only two participants were
categorized as able to prepare written learning
materials (DP2.4). This contrast shows that
teachers can recognize opportunities for
contextualization more readily than they can
formalize those opportunities into systematic
instructional documents.

The finding suggests that pedagogical
readiness should not be judged solely from
teachers’ ability to identify local resources.
Effective  Ethno-STEM  implementation
requires teachers to translate those resources
into learning objectives, activities, student
tasks, assessment, and chemistry concepts.
The low DP2.4 result therefore represents an
important operational limitation. It also
supports Rahmawan et al. (2023), who
reported that readiness to prepare lesson
plans, teaching materials, and assessment
instruments for  ethnoscience-oriented
chemistry learning remains limited. Izzania
and Sumarni (2024) similarly emphasized the
importance of developing structured Ethno-
STEM learning resources, while Kamaludin et
al., (2024) and Hidayati and Julianto, (2025)
demonstrate the value of contextual

ethnoscience approaches in chemistry and
science learning.

Professional Readiness

Professional readiness showed a more
positive pattern. Seven teachers stated that
they were ready to implement Ethno-STEM
(DP3.1), four demonstrated high self-efficacy
(DP3.3), three explicitly needed further
training (DP3.2), and two stated that they were
not yet ready (DP3.4). These findings suggest
conditional  optimism: teachers  show
willingness and confidence to try an
innovative approach, but their readiness
remains constrained by incomplete conceptual
understanding and limited experience in
producing systematic instructional designs.
This pattern is consistent with teacher-
readiness findings reported by Sulaeman et
al., (2022), Ekayanti et al., (2025), and
Syofyan et al., (2024).

The  combination of  positive
orientation and remaining competence gaps is
important  for  understanding  teacher
readiness. A teacher may be willing to
implement  Ethno-STEM  without  yet
possessing the operational competence

required to design it. Thus, professional
readiness in this study is better understood as
transitional rather than fully established. This
interpretation is consistent with research
showing that teacher readiness for STEM
education is influenced by knowledge,
experience, self-efficacy, and opportunities
for professional development (Sulaeman et
al., 2022; Talib et al., 2024).

Supporting Role of Teachers’ Positive
Perceptions

Although perception was not treated as
a separate variable in this article, teachers’
positive perceptions provide supporting
evidence for their pedagogical readiness.
Teachers generally viewed the integration of
local culture into science as important,
believed that Ethno-STEM could increase
students’ motivation and engagement, and
considered the approach applicable through
creative use of digital devices and the local
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environment. These perceptions are consistent
with findings that teachers’ attitudes influence
STEM instructional practices (Thibaut et al.,
2018; Margot & Kettler, 2019) and that local
wisdom can make science learning more
meaningful and culturally relevant (Ihsan et
al., 2024; Atmojo et al., 2025).

At the same time, the positive
orientation did not automatically correspond
to full operational readiness. The central
finding of this study is therefore the gap
between teachers’ willingness to adopt Ethno-
STEM and their capacity to translate
contextual ideas into systematic learning
plans. This distinction identifies professional
development as a bridge between affective
readiness and practical implementation.

Implications

The findings imply that professional
development for chemistry teachers should
move beyond introducing the concept of
Ethno-STEM. Training should provide
practical opportunities to identify local
cultural phenomena, map them onto relevant
chemistry  concepts, develop learning
activities, prepare teaching materials, and
design assessments. This recommendation is
consistent with evidence that professional
development and school support are important
for teachers’ implementation of integrated
STEM (Ekayanti et al., 2025; Darif et al.,
2024; Alagoz and Canli, 2024).

Practical Implications

The findings have direct implications
for the design of teacher professional
development in chemistry education. Because
the main difficulty was not teachers’ rejection
of Ethno-STEM but the limited ability to
translate contextual ideas into systematic
instructional designs, training should be
organized around concrete design tasks rather
than conceptual exposition alone. Teachers
can be guided to identify a local cultural
practice, reconstruct its relevant scientific
meaning, map the phenomenon to chemistry
concepts, formulate learning objectives,

design student activities, and prepare
assessment instruments. Such a sequence
would directly address the gap identified
between teachers’ contextual awareness and
their ability to prepare written learning
materials. This emphasis is also consistent
with chemistry
pedagogical and technological knowledge and
the need for integrated
competence (Sutiani et al., 2022; Sulaeman et
al., 2022).

research on teachers’

instructional

At the school level, professional
development should be accompanied by
institutional support. Schools can facilitate
collaborative planning among chemistry
teachers and other subject teachers, provide
access to local-resource databases or
teaching-material repositories, and allocate
opportunities for teachers to share and revise
contextual lesson designs. The findings from
JIPK studies on ethnopedagogy and local-
wisdom-based chemistry resources indicate
that culturally grounded learning requires
instructional materials that are sufficiently
structured for classroom use (Siswanto et al.,
2025; Purba et al., 2024; Sutiani et al., 2022;
Silaban et al., 2025). Therefore, school
support should not be limited to general
training  but  should include time,
collaboration, and access to usable learning

résources.

For chemistry education more broadly,
the study suggests that FEthno-STEM
implementation should be viewed as a process
of gradual capacity building. Teachers may
begin with locally relevant chemistry topics
and simple contextual activities before
progressing toward more complex STEM
integration involving design, technology, and
problem solving. The development of STEM-
integrated chemistry resources also shows that
structured materials can help translate an
integrated approach into concrete learning
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experiences (Ibrahim & Sutiani, 2025). In this
sense, pedagogical readiness is not a fixed
status but a developmental pathway that can
be strengthened through repeated practice,
feedback, collaboration, and contextual
professional learning.

Limitations

This study is limited to chemistry
teachers in public senior high schools in
Gorontalo and is based primarily on interview
and  documentation data.  Classroom
observations were not used to directly verify
whether teachers’ stated readiness
corresponded to actual Ethno-STEM
implementation. Future studies should
therefore combine teacher-readiness analysis
with classroom observation and should
develop and test practical Ethno-STEM
teaching tools that support teachers in
translating local cultural knowledge into
systematic chemistry instruction.

CONCLUSION

The study concludes that chemistry
teachers in Gorontalo demonstrate conditional
pedagogical readiness to implement Ethno-
STEM learning. Teachers generally possess
positive contextual awareness, willingness,
and confidence toward integrating local
culture into chemistry learning. However,
their understanding of the integrated Ethno-
STEM framework remains uneven, and their
ability to translate contextual ideas into
systematic written learning designs is still
limited. The strongest readiness was observed
in teachers’ ability to identify relevant topics,
integration strategies, and local resources,
whereas the weakest aspect was the
preparation of written instructional materials.
These findings indicate that the central issue
is not teachers’ rejection of Ethno-STEM, but
the gap between positive orientation and
operational pedagogical competence.
Professional development should therefore
provide practical support for mapping local
cultural phenomena to chemistry concepts,
designing learning activities, preparing
instructional materials, and developing
appropriate assessments.
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