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Sections Info ABSTRACT
Article history: Objective: Physics learning on sound wave topics, particularly open-pipe organ
Submitted: February 5, 2026 systems, is often perceived as abstract due to the limited availability of contextual and
Final Revised: April 1, 2026 meaningful learning media. This study aims to develop and evaluate the feasibility of
Accepted: April 2, 2026 the BASA Booklet (Bamboo Acoustic STEM Approach) as a physics learning medium
Published: May 30, 2026 that integrates the STEM approach, gamification, and ethnophysics through the local
wisdom context of bamboo flute instruments. Method: This study employed a Research
Keywords: and Development (R&D) approach using a modified Borg and Gall development model,
Digital Learning implemented up to the main field-testing stage. The research subjects consisted of
Ethnophysics physics teachers and pre-service physics teachers as potential users of the developed
Gamification media. Data were collected using feasibility questionnaires that assessed media design,
Physics learning content, and gamification aspects, and were analyzed descriptively. Results:
STEM The results of the main field testing indicate that the BASA Booklet received positive

responses across all evaluated aspects, demonstrating that the developed media is
conceptually and pedagogically feasible. Respondents perceived the booklet as visually
engaging, easy to use, and supportive of independent and structured learning,
particularly for abstract physics concepts related to sound waves and open-pipe organ
principles. Novelty: The novelty of this study lies in the development of a culture-
based, gamified STEM booklet grounded in ethnophysics, which integrates local
cultural contexts into physics learning. This model offers an alternative approach to
making abstract physics concepts more contextual, meaningful, and relevant.
Nevertheless, further studies are required to examine the classroom implementation and
effectiveness of the BASA Booklet.

INTRODUCTION

Physics learning in the 21st century requires students not only to understand concepts
theoretically but also to be able to connect such knowledge with real-world phenomena
in their surrounding environment. However, learning practices in schools still tend to
focus on problem-solving activities and classroom discussions without providing
contextual and meaningful learning experiences (Saleem et al., 2024). This condition has
resulted in low levels of students” conceptual understanding, especially in sound wave
topics. Open-pipe organ systems are often perceived as abstract because the concepts
involve invisible phenomena such as air vibrations, standing waves, and resonance
patterns that cannot be directly observed (Al-Ansi et al., 2023; Dhamayanti, 2022).
Without appropriate contextual learning media, students tend to rely on memorizing
formulas rather than constructing conceptual understanding, which may lead to
misconceptions regarding the relationship between air column length and frequency
(Susanti et al., 2020). Contextual
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media that visualize resonance phenomena and relate them to real-life objects can
support students in connecting theoretical representations with observable experiences,
thereby promoting deeper conceptual understanding (Kotsis, 2025; SAHIN, 2026).

The Science, Technology, Engineering, and Mathematics (STEM) approach is a
learning approach that effectively connects physics concepts with real-life applications
(Bacovic et al., 2022; Wang et al., 2022). STEM guides students to understand scientific
phenomena through the integration of technology, engineering analysis, and
mathematics-based problem solving. In the context of sound wave learning, the STEM
approach is particularly relevant because concepts such as resonance and frequency can
be explored through the engineering design of musical instruments, technological
representation of sound phenomena, and mathematical relationships between air column
length and frequency (Nurpratiwi et al., 2025). Numerous studies have demonstrated
that STEM-based learning can enhance conceptual understanding, motivation, attention,
and problem-solving skills (Sirakaya & Alsancak Sirakaya, 2022; Xu & Ouyang, 2022).
However, the integration of STEM in physics learning remains suboptimal when it is
implemented in a purely theoretical manner without representative learning media that
promote students” active engagement (Ouyang & Xu, 2024; Permanasari et al., 2021). In
many cases, STEM learning activities focus primarily on abstract problem-solving tasks
without sufficiently connecting scientific concepts to students’ cultural experiences or
familiar real-world phenomena (Abideen & Jabeen, 2025; Dare et al., 2021; Sata, 2024).

In recent years, gamification has increasingly been incorporated into educational
media to enhance learning motivation and student engagement. Gamification provides
enjoyable learning experiences through elements such as challenges, points, levels,
missions, and rewards, thereby fostering students” autonomy and active participation
during the learning process (Krishnamurthy et al., 2022). Beyond enhancing motivation,
gamification can also function as a pedagogical structure that supports higher-order
thinking skills (Rahim & Mohammed, 2025). Elements such as levels, challenges, and
missions can be aligned with inquiry-based learning processes in physics, encouraging
students to formulate hypotheses, examine relationships between variables, test
conceptual predictions, and draw evidence-based conclusions. Through structured
challenges, gamification encourages students not only to complete tasks but also to
engage in analytical reasoning, logical thinking, and the progressive development of
scientific understanding (Takwin et al., 2023). These pedagogically structured
gamification elements can become more meaningful and contextual when integrated
with local wisdom, as learning activities are connected with cultural phenomena that are
familiar to students’ real-life experiences (Kadoi, 2026).

Conventional gamified learning media are often designed in generic digital formats
that emphasize rewards, points, and competition, but they do not always connect
learning experiences with students” socio-cultural environments (Zhang et al., 2022). As
a result, the learning process may remain procedurally engaging but conceptually
detached from students’ real-life experiences. In contrast, culturally grounded gamified
learning media integrate game elements with local cultural contexts, enabling students
to explore scientific concepts through familiar phenomena (Lopes et al., 2024). This
integration allows gamification to function not only as a motivational tool but also as a
contextual bridge that connects abstract physics concepts with meaningful cultural
experiences, thereby strengthening the novelty of the proposed approach (Hou, 2023).
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Local wisdom is positioned as a constructive identity of a community that is
transmitted across generations and functions as a social, cultural, and moral guideline in
societal life (Jumriani et al., 2021). In the educational context, local wisdom plays an
important role as an authentic learning resource because it is able to connect scientific
concepts with students’ real-life experiences, thereby making learning more meaningful,
contextual, and culturally relevant (Krualunteerayut et al., 2024; Tohri et al., 2022). The
integration of local wisdom into physics learning not only situates scientific concepts
within culturally familiar contexts but also supports students in connecting abstract
principles with observable phenomena (Fiskawarni et al., 2025). Cultural objects such as
bamboo flute instruments allow students to directly relate the length of the air column to
variations in pitch, providing tangible experiences that illustrate the relationship between
vibration, frequency, and resonance. Through these representations, students can more
easily interpret theoretical explanations of sound waves, as the concepts are linked to
phenomena that can be experienced in everyday life (Firmansyah et al.,, 2025). One
physics topic that can be integrated with local wisdom is sound waves through the study
of traditional flute musical instruments. Therefore, integrating local wisdom into science
education has the potential to create learning experiences that are more relatable and
meaningful for students.

The results of the needs assessment conducted with Grade XI senior high school
students indicate that many students experience difficulties in understanding physics
concepts when learning relies primarily on lectures, and they show strong interest in the
use of interactive and technology-supported learning media. The needs assessment was
conducted through a questionnaire administered to 35 students to identify their
perceptions of current learning practices and expectations toward more engaging
instructional media. The findings also show that students expect learning resources
equipped with example problems, practice exercises, and accessible formats that support
independent learning. However, previous studies rarely integrate STEM principles,
gamification elements, and local wisdom within a single physics learning medium,
particularly for abstract topics such as sound wave resonance. This gap indicates the
importance of developing more contextual learning experiences that help students relate
abstract physics concepts to phenomena encountered in their daily lives, including
learning contexts that are relevant to their socio-cultural environment.

Based on this identified gap, this study aims to develop and examine the feasibility of
a culturally integrated gamified STEM learning medium in the form of the BASA Booklet
(Bamboo Acoustic STEM Approach). The novelty of this study lies in the integration of
STEM principles, gamification elements, and ethnophysics by bamboo flute instruments
as meaningful representations of open-pipe resonance concepts. Unlike many existing
gamified learning media that predominantly emphasize digital environments, the BASA
Booklet offers a learning experience that connects abstract physics concepts with
students’ real-life and socio-cultural contexts. Through this approach, the study proposes
a learning media model that is not only visually engaging but also pedagogically
meaningful, thereby supporting students in developing a more comprehensive
understanding of acoustic resonance phenomena in authentic contexts.
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RESEARCH METHOD

Research Design

This study uses a Research and Development (R&D) approach with the Borg and Gall
development model modified to suit the educational research context (Borg & Gall, 1983;
Gustiani, 2019). The Borg and Gall model was chosen because it provides systematic
stages that emphasize gradual product development and iterative improvement through
empirical feedback obtained from field testing, which are important for assessing the
feasibility of learning media. Compared with other learning design models, Borg and
Gall has a clearer focus on product development and gradual improvement based on
empirical feedback, making it more suitable for the development of gamification-based
STEM learning media. Accordingly, this study is positioned as a design-oriented
formative development study that focuses on evaluating the feasibility of the developed
learning media rather than examining its effectiveness through large-scale classroom
implementation. The scope of this research is therefore limited to the preliminary and
main field-testing stages as deliberate methodological boundaries. The research flow is
illustrated in Figure 1.

Literacy Study
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e Ny Basa Booklet with Gamification ek isaisama
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[ Interview ] [ Need Assesment ] J | ]
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Figure 1. Research and development approach based on Borg and Gall

Basa Booklet with Gamification

Research Sample

The research subjects varied across the development stages in accordance with the
modified Borg and Gall model. At the needs assessment stage, the participants consisted
of 35 Grade XI senior high school students from the science track (IPA), who represented
the target users of the developed learning media. The students had previously studied
sound wave concepts as part of the physics curriculum, enabling them to provide
relevant input regarding their learning experiences and media needs. The participants
involved in the product feasibility evaluation consisted of pre-service physics teachers.
The preliminary field testing involved 6 pre-service physics teachers, while the main field
testing involved 14 pre-service physics teachers. These participants were considered to
have sufficient content knowledge and pedagogical understanding to evaluate the
appropriateness of the developed learning media. Participants were selected using a
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convenience sampling technique based on accessibility and willingness to take part in the
study. Although this sampling approach may limit the generalizability of the findings, it
is considered appropriate for design-oriented research that focuses on obtaining initial
feedback for product development and refinement.

Data Collection

The data in this study consisted of primary and secondary data collected according to the
modified Borg and Gall development model up to the main field-testing stage. Primary
data were obtained through questionnaires administered sequentially across three stages:
needs assessment, preliminary field testing, and main field testing. The questionnaire
consisted of several items organized into three main aspects: learning content, media
design, and gamification elements. The instrument was developed based on relevant
literature on STEM learning media and gamification principles to ensure that each
indicator represents an essential component of effective learning media.

The needs assessment involved 35 Grade XI senior high school students from the
science track who had previously studied sound wave concepts. This stage aimed to
identify students’ learning difficulties, preferences toward instructional media, and
expectations regarding more contextual learning resources. Preliminary field testing was
conducted with 6 pre-service physics teachers to obtain initial feedback on the learning
content, media presentation, and gamification structure. The results of this stage were
used as the basis for revising and improving the developed BASA Booklet. Subsequently,
the main field testing was carried out with 14 pre-service physics teachers using response
questionnaires to evaluate the feasibility of the booklet in terms of content quality, media
design, and gamification aspects. The collected data were analyzed descriptively to
determine the feasibility level of the developed learning media. Secondary data were
obtained from relevant books and journal articles to support the theoretical foundation
and development process.

Data Analysis

The analysis was limited to descriptive statistics intended to determine the feasibility
level of the developed learning media, as the primary objective of this stage was
formative evaluation and initial product refinement rather than hypothesis testing or
measurement of instrument reliability. Data obtained from the questionnaires were
analyzed to determine the feasibility level of the developed learning media. Each
response was rated using a four-point Likert scale ranging from 1 to 4 (Joshi et al., 2015;
Sugiyono, 2017) as shown in Table 1.

Table 1. Likert scale ranging and category

Scale Category
1 Strongly Disagree (SD)
2 Disagree (D)
3 Agree (A)
4 Strongly Agree (SA)

A forced-choice scale without a neutral option was intentionally employed to
encourage respondents to provide more definitive evaluative judgments regarding the
feasibility of the developed media. Previous methodological studies suggest that the
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absence of a midpoint can reduce central tendency bias and generate clearer response
patterns in evaluative research contexts.

The aggregated scores were then transformed into percentage values to allow
comparability across indicators. These percentage results were subsequently used to
classify the feasibility level of the BASA Booklet based on predefined interpretation
ranges, providing a descriptive overview of the media’s quality in terms of learning
content, media presentation, and gamification components (Table 2). This analysis
approach enabled the identification of general trends in respondents’ evaluations and
supported decision-making regarding product revision and refinement. The use of
percentage-based interpretation also facilitates clearer communication of evaluation
results by summarizing multiple indicators into an easily interpretable format.
Consequently, the analysis provides a systematic basis for determining whether the
developed learning media meet acceptable feasibility criteria for instructional use.

Table 2. Interpretation of percentage responses (Akbar, 2013).

Percentage (%) Interpretation Description
x < 25% Very Poor (VP) The media/content/ model is not feasible for use.
The media/content/model is less effective and
25% < x < 50% Poor (P)

needs major revision.

The media/content/model is appropriate and

effective, with minor improvements needed.

Very Good The media/content/model is excellent and highly
(VG) effective.

50% < x < 75% Good (G)

75% < x < 100%

RESULTS AND DISCUSSION

Results

Need Assessment

The results are presented descriptively to illustrate respondents’ evaluations of the
developed learning media, as this study focuses on the feasibility and formative
refinement stages of product development. Data on media needs were collected through
the distribution of questionnaires to Grade XI senior high school students. The
questionnaire consisted of indicators related to the need for innovative learning media,
students’ interest in innovative media, and the practicality of media use. These indicators
reflect students’ expectations for learning media that are more engaging, interactive, and
supportive of independent learning, which align with the design principles of contextual
learning and the incorporation of structured challenges in the developed BASA Booklet.
The results of the needs analysis indicated that most students required new learning
media that are engaging and contextual, which can facilitate their understanding of the
learning materials. The results of the needs analysis are presented in Table 3.

Table 3. Need assessment from learning media result

No. Indicators Percentage

1 Learning in the classroom has been engaging so far. 46.43%

2 Students often experience difficulty understanding the material 78.57%
when it is explained only through lectures.

3 The learning media used by teachers are sometimes unclear or 49.29%
boring.
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No. Indicators Percentage

4 There is a need for learning media that support independent 68.57%

study at home.

5 Learning materials are easier to understand when teachers use 81.43%
learning media.

6 Students are interested in learning when technology-based media 80.00%
are used.

7 Students enjoy learning when instructional materials are 77.14%

complemented with interactive media.
8 Learning media should be equipped with example problems and 76.43%
practice exercises.

9 There is an expectation for new learning media that make 85.71%
learning easier and more enjoyable.
10  There is a desire for learning media that can be accessed via 79.29%

mobile phones or laptops.

The analysis results indicate that students show a high level of interest in the use of
gamified learning media and a strong preference for linking physics learning with
elements of local culture. In addition, students identified resonance as one of the topics
that is relatively difficult to understand without visual media and experiment-based
activities.

Research and Literature Study

The research and literature review stages were conducted to identify theoretical
foundations and cultural contexts that informed the design of the BASA Booklet (Bamboo
Acoustic STEM Approach). The development of this learning media is grounded in the
ethnophysics perspective, which emphasizes the integration of local cultural knowledge
as a meaningful context for understanding scientific concepts. In the context of sound
waves, traditional bamboo flute instruments represent observable applications of
physical principles related to vibration, resonance, and frequency formation. The use of
culturally familiar objects enables abstract physics concepts to relate to students’ daily
experiences, thereby supporting more contextual and meaningful learning processes.

Sound resonance is a fundamental phenomenon in acoustics that occurs when the
frequency of a sound source matches the natural frequency of an air column, resulting in
the amplification of sound waves. As illustrated in Figure 2, resonance in an air column
can be observed when sound waves propagate through a medium and are reflected at
the boundary of the tube, forming standing wave patterns consisting of nodes and
antinodes. This phenomenon provides a scientific basis for understanding how sound
intensity can increase under specific physical conditions. An understanding of resonance
is essential for explaining sound production mechanisms in various musical instruments
that rely on vibrating air columns.

The open-pipe organ model represents a system in which both ends of the air column
are open, allowing standing waves to form with antinodes at each end of the pipe. Under
this condition, resonance produces a fundamental frequency and higher harmonics, as
presented in Figure 3.

JPPS https://journal.unesa.ac.id/index.php/jpps 23


https://journal.unesa.ac.id/index.php/jpps

Development of the BASA (Bamboo Acoustic STEM Approach) Booklet with Gamification Design
Understanding of Open-Pipe Resonance

N
e

=

)

E

Garputala A —
—~

0 / air column

/ Water

Figure 2. Resonance in the Air Column

It harmonic (fundamental) 2" harmonic (1* overtone) 39 harmonic (2" overtone)

Figure 3. Frequency of notes on an organ pipe

The resonant frequency of an open pipe is inversely proportional to the effective length
of the air column, meaning that shorter air columns produce higher frequencies, while
longer air columns produce lower frequencies. This principle explains how variations in
air column length influence pitch differences in wind instruments. The working
mechanism of the bamboo flute corresponds to the open-pipe resonance principle, in
which pitch variations are produced by adjusting the effective length of the vibrating air
column through the opening and closing of finger holes. These structural characteristics
make the bamboo flute relevant as a contextual representation for explaining the
relationship between air column length, wavelength, and frequency. From an
ethnophysics perspective, traditional musical instruments provide authentic examples of
how scientific principles are embedded in cultural practices developed by communities.
How the flute works is presented in Figure 4.
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Figure 4. Notes on the flute
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The flute is a wind musical instrument that operates based on the principle of an open-
pipe organ, in which both ends of the air column are open. Sound in a flute is produced
when the blown airflow passes over the embouchure, creating turbulence that
subsequently triggers resonance within the air column inside the bamboo tube. Changes
in pitch are achieved by opening and closing the finger holes, which function to alter the
effective length of the air column and, consequently, the resulting resonant frequency. As
more holes are opened, the effective length of the air column becomes shorter, producing
a higher pitch. These characteristics indicate that the working mechanism of the flute
corresponds to the open-pipe organ model in physics, making this instrument relevant
as a contextual representation for explaining resonance concepts and the relationship
between air column length and sound frequency.

Ethnophysics views physics concepts as phenomena that can be identified and learned
through cultural practices and local wisdom that develop within communities. In the
context of sound waves, various traditional musical instruments represent the natural
application of physical principles such as vibration, resonance, and frequency formation.
Wind instruments, including the flute, demonstrate how sound wave phenomena are
empirically utilized by communities through the regulation of air column length to
produce variations in pitch. The ethnophysics approach allows concepts of sound and
resonance to be understood not only theoretically but also interpreted through cultural
experiences that are closely related to students” daily lives. Therefore, local culture serves
as an authentic context that bridges abstract physics concepts into more concrete and
meaningful learning experiences.

Planning

Based on the results of the needs assessment, the BASA Booklet (Bamboo Acoustic STEM
Approach) was designed by integrating four main elements: (a) the cultural context of
the bamboo flute, (b) the STEM approach, (c) gamification elements, and (d) challenge-
based learning activities. The planned structure of the booklet development is presented

in Figure 5.
BASA Booklet (Bamboo Acoustic STEM Approach)

( Media Spec:f/catlon ) Level I: The Sound Reflection
Explorer 1
( ROdeOP ) Level 2: The Resonance ( Back Cover )
l Coder
( Attention ) Level 3: The Bamboo
Designer
Level 3: The Frequency
Analyst
Level 5: The Master of
Harmony

Figure 5. Structure of BASA booklet with gamification
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The BASA Booklet (Bamboo Acoustic STEM Approach), which is based on local wisdom,
provides gamified features consisting of five progressive levels that can be utilized in
learning activities (Figure 6).
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Figure 6. BASA Booklet display with gamification in the context of local wisdom

Preliminary Field Testing

At this stage, six respondents were intentionally involved to use the booklet and provide
feedback through a questionnaire using a four-point Likert scale (1-4). In accordance with
the Borg and Gall development framework, preliminary field testing is specifically
designed to employ a small number of participants to obtain focused formative feedback
for identifying design weaknesses and improving product quality. Therefore, the limited
sample size at this stage represents a deliberate methodological choice aimed at
supporting iterative product refinement rather than statistical generalization. The results
of the preliminary study are presented in Table 4.

Table 4. Preliminary field-testing result

Usability Mean Score Percentage (%) Interpretation
Aspect
Media 33.09 87% Very Good (VG)
Content 3.25 81.25% Very Good (VG)
Gamification 3.11 79% Very Good (VG)
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Main Field Testing

The field testing of the learning media was conducted to examine how the BASA Booklet
was directly evaluated by pre-service teachers or in-service teachers, to obtain an
overview of the media’s practicality, functionality, and attractiveness in the learning
process. The assessed aspects included media design, content quality, and gamification.
Data obtained during the main field-testing stage served as the basis for evaluating the
stability of the product’s quality and for identifying aspects that still required adjustment
at the operational product revision stage. The results of the evaluation for the media
aspect are presented in Figure 7.

100
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< 70
S
o 60
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S 50
=
8 40
3
a. 30
20
10
0
Visual Design Text Readability Ilustration/Images Navigation Booklet Features Learning
Independence
Indicators

Disagre (D) mAgree (A) ®Strongly Agree (SA)
Figure 6. Learning media responses of BASA booklet

Based on the data presented in Figure 7, educators’ or pre-service teachers’ responses
to the BASA Booklet were generally positive, as indicated by the dominance of Agree and
Strongly Agree responses across all measured indicators. The indicators of navigation
and learning autonomy showed the highest proportion of Strongly Agree responses
compared to the other indicators, while indicators related to visual design, text
readability, and illustrations/images also received positive responses without the
dominance of negative responses. Overall, these findings suggest that the developed
media was well received in terms of appearance, ease of use, features, and support for
independent learning.

Based on the data presented in Figure 8, educators’ or pre-service teachers’ responses
to the learning content of the BASA Booklet were generally positive, as indicated by the
dominance of Agree and Strongly Agree responses across all indicators. The indicator
related to relevance to real-life contexts showed a relatively high proportion of Strongly
Agree responses, while indicators concerning content presentation, learning activities,
language use, and activity instructions were predominantly rated as Agree. Overall, these
results indicate that the learning content of the BASA Booklet was well accepted by the
respondents.
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Figure 7. Learning content responses of the BASA booklet
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Figure 8. Gamification responses of BASA booklet

Based on the data presented in Figure 9, educators’ or pre-service teachers’ responses
to the gamification aspects of the BASA Booklet showed a positive tendency, as reflected
by the dominance of Agree and Strongly Agree responses across all indicators. The
indicators related to game levels, local contextualization, and cultural internalization
exhibited relatively high proportions of Strongly Agree responses, while indicators
concerning game challenges, meaningful learning, and relevance were dominated by
positive responses. Overall, these findings indicate that the gamification elements of the
BASA Booklet were well received by the respondents.

Discussion

The results of the main field testing indicate that the BASA Booklet received positive
responses from physics teachers and pre-service physics teachers across the aspects of
media design, learning content, and gamification. Within the Borg and Gall development
framework, these findings indicate that the developed BASA Booklet has reached the
field-tested product stage, which refers to a product that has undergone main field testing
and demonstrated preliminary feasibility prior to proceeding to the operational field-
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testing stage. The positive responses from teachers as potential users demonstrate that
the media structure, the flow of content presentation, and the designed learning activities
are considered appropriate for the characteristics of senior high school physics learning,
particularly for abstract topics such as sound waves and open-pipe organ systems. The
media was perceived not merely as a supplementary learning resource, but as an
instructional tool that can assist teachers in organizing the learning process in a more
systematic and structured manner (Arlinwibowo et al., 2023; Asyiqin et al., 2025; Fazrin
et al.,, 2025; Gumilar et al., 2025). These findings are consistent with previous studies
indicating that gamification can enhance learning engagement and support structured
learning processes (Arlinwibowo et al., 2023; Hou, 2023; Lopes et al., 2024; Rahim &
Mohammed, 2025; Zeybek & Saygi, 2024). However, this study extends prior research by
integrating ethnophysics-based local wisdom into a gamified STEM learning medium,
thereby providing a culturally contextualized approach for representing abstract physics
concepts such as open-pipe resonance.

From a pedagogical perspective, the acceptance of the BASA Booklet indicates that the
integration of the STEM approach and gamification is perceived as relevant in supporting
physics learning. The STEM approach embedded in the booklet enables scientific
concepts to be connected with aspects of technology, engineering, and mathematics in an
integrated manner, thereby making learning experiences more structured and analytical
(Arifin, 2020; Khasanah et al., 2024; Sulistyawati et al., 2021). Meanwhile, gamification
elements such as levels, challenges, and missions are regarded as instructional
mechanisms that assist teachers in managing the learning flow in a gradual and
systematic way (Ariani, 2020; Manzano-le et al., 2021; Mislia et al., 2025; Oliveira et al.,
2023). Gamification is not viewed merely as an entertainment element, but rather as a
pedagogical strategy with the potential to enhance learning engagement and sustain
learning activities, particularly for topics that require strong conceptual understanding
and the integration of interrelated physics variables (Dinihari et al., 2025; Martdana &
Atno Atno, 2025).

Furthermore, the integration of local wisdom through the context of the bamboo flute
as a representation of the open-pipe organ strengthens the ethnophysics dimension of the
developed media. From the teachers’ perspective, the use of local cultural objects as
learning contexts provides opportunities to connect physics concepts with students’
experiences and cultural identities, thereby making learning more contextual and
meaningful (Pilendia, 2024). This approach positions physics not as knowledge detached
from everyday life, but as an integral part of cultural practices that can be scientifically
analyzed (Sasmi et al., 2025; Zaini et al., 2024). However, it should be noted that the
tindings regarding the cultural relevance of the BASA Booklet are based on respondents’
perceptions, as the product has not yet been implemented directly in classroom learning.
Therefore, further research involving classroom implementation is necessary to examine
how the integration of ethnophysics-based local wisdom influences students’ conceptual
understanding and learning engagement in real instructional contexts. Therefore, further
studies are recommended to conduct experimental or quasi-experimental research
designs to evaluate the effectiveness of the developed media in improving students’
learning outcomes, conceptual understanding, and higher-order thinking skills.
Additionally, future research may examine students’ cognitive gains and engagement
levels when interacting with the gamified learning environment in order to provide
stronger evidence of its pedagogical impact.
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CONCLUSION

Fundamental Finding: The development of the BASA Booklet demonstrates that
integrating STEM, gamification, and ethnophysics within a physics learning medium is
a relevant strategy for addressing the need for contextual learning in sound wave topics.
Conceptually, this study highlights that local wisdom, when positioned as an object of
ethnophysics, can serve as a meaningful foundation for developing structured learning
media that help bridge abstract physics concepts with real-world contexts. Implication:
The developed BASA Booklet contributes an alternative model of culture-based learning
media that conceptually supports the teaching of abstract physics topics through a
structured and contextual design. Limitation: This study is limited to the development
and feasibility evaluation stages based on responses from pre-service physics teachers,
without classroom implementation. Future Research: Future research should involve
experimental or quasi-experimental studies to evaluate the effectiveness of the media in
improving learning outcomes, conceptual understanding, and students’ cognitive gains.
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