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Article history: Objective: This study aims to develop an essay-based science literacy assessment
Submitted: June 12, 2026 instrument that integrates local gamelan wisdom into the topic of sound waves for
Final Revised: June 30, 2025 high school students, in accordance with the PISA 2025 science literacy framework.
Accepted: June 30, 2025 Method: The ADDIE (Analysis, Design, Development, Implementation, and
Published: July 01, 2026 Evaluation) development model was used, limited to the development stage. The
Keywords: instrument consists of ten essay questions, a question outline, and a scoring rubric.
Science literacy Validation was conducted by three experts, while the empirical test involved 35
Local gamelan wisdom students and was analyzed using the Rasch Model with Winsteps software. Results:
Sound waves Expert wvalidation showed a validity score of 86% (highly valid). Rasch analysis
Assessment instrument indicated that all test items met the criteria for empirical validity, with Point-Measure

Correlation values ranging from 0.36 to 0.77 and MINSQ values ranging from 0.52 to
1.35. The item reliability coefficient of 0.91 falls into the “very good” category, while
the person reliability coefficient of 0.76 falls into the “adequate” category. The Wright
Map shows item difficulty levels ranging from —1.20 to +4.00 logits, supported by an
item separation index of 2.91, indicating the instrument’s strong ability to distinguish
difficulty levels. Novelty: The novelty of this study lies in the integration of the
acoustic phenomena of the local wisdom of gamelan into a science literacy instrument
in the form of an essay, which is aligned with the PISA 2025 framework and tested
using the Rasch Model. This instrument has proven to be suitable for measuring
students’ science literacy in a contextual manner while supporting cultural
preservation and the achievement of SDG 4 of Quality Education.

INTRODUCTION

Quality Education

Quality education is a key pillar of the Sustainable Development Goals (SDGs),
particularly Goal 4 (SDG 4), which emphasizes the importance of providing inclusive,
equitable, and quality education to promote lifelong learning opportunities for all. In
the context of the 21st century and the Merdeka Curriculum, the primary focus of
learning has shifted from passive mastery of subject matter toward strengthening
foundational competencies that enable students to think critically, creatively,
communicatively, and collaboratively in addressing global challenges (Fauzan et al.,
2023). This improvement in quality demands a fundamental overhaul of both the
learning system and assessment tools in schools so that they can reflect future needs.

Science Literacy

One of the essential competencies that must be developed is science literacy the ability
of individuals to use scientific knowledge to explain phenomena, evaluate information,
and make decisions based on scientific evidence. This ability serves as a key indicator in
the Programme for International Student Assessment (PISA) conducted by the OECD.
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Within the PISA 2025 framework, science literacy encompasses three core competencies:
explaining phenomena scientifically; designing and evaluating scientific experiments;
and researching, evaluating, and using scientific information for decision-making and
practical action (OECD, 2023). Although important, students’ science literacy
achievements in Indonesia remain relatively low and consistently fall below the OECD
average, according to the PISA 2022 results (OECD, 2023). This situation is exacerbated
by the school assessment system, which generally remains focused on rote
memorization of scientific concepts rather than the development of higher-order
thinking skills (Adao & Morong, 2025). In addition, assessment practices tend to
emphasize routine problem-solving, limiting opportunities for students to demonstrate
scientific reasoning and analytical thinking (Heim et al., 2022). As a result, existing
assessment instruments often fail to comprehensively measure students’ abilities to
interpret data and evaluate scientific evidence (Santoso et al., 2023). Consequently,
students have limited opportunities to develop the science literacy competencies
emphasized in the PISA framework (Alfarizy et al., 2025). Therefore, authentic
assessment instruments that are closely aligned with students’ real-world environments
are needed to facilitate meaningful learning experiences. Such instruments should
encourage students to connect scientific concepts with real-life situations through
contextual learning experiences (Gilbert, 2006). In this way, the process of constructing
scientific knowledge becomes more meaningful because learning is built upon students’
interactions with their social and cultural environments (Vygotsky, 1978).

Local Wisdom of Gamelan

Integrating local wisdom into assessment instruments can serve as a strategic approach
to implementing contextual assessment practices that are relevant to students' daily
lives (Shufa, 2018). In addition, the incorporation of local cultural values into
educational assessment contributes to preserving cultural heritage while strengthening
students' national identity (Sakti et al., 2024). One cultural heritage with strong scientific
relevance is the Javanese gamelan (Sukerta, 2015). From a physics perspective, various
gamelan instruments, such as the saron, bonang, kenong, peking, and gong, exhibit
acoustic phenomena that are closely related to the concepts of sound waves, frequency,
amplitude, and resonance (Gee, 2009). These acoustic characteristics make gamelan an
appropriate contextual medium for learning and assessing sound-wave concepts in
physics (Yunior Erlangga et al., 2022). Recent studies have also demonstrated that the
physical characteristics of gamelan instruments, including their material composition,
resonance, and sound production mechanisms, provide authentic examples for
explaining sound-wave concepts in physics learning (Damarsha et al., 2023).

Through the Culturally Responsive Pedagogy approach, the use of gamelan as an
assessment context not only measures students' understanding of physics concepts but
also encourages them to appreciate the relationship between science and their cultural
heritage (Saputra et al., 2025). Such culturally relevant learning experiences promote
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meaningful knowledge construction because students learn scientific concepts within
authentic social and cultural contexts (Mathis et al., 2023).

Rasch Analysis

In addition to contextual appropriateness, the theoretical and empirical quality of the
assessment instrument must also be comprehensively tested. Item quality analysis in
this study utilized the Rasch Model because it provides objective estimates of construct
validity, reliability, and item difficulty that are independent of sample characteristics
(Sumintono & Widhiastrini, 2015). Several previous studies have integrated the local
wisdom of gamelan into physics learning materials to provide contextual learning
experiences (Bagas Damarsha et al., 2023). Other studies have also developed learning
media and instructional resources based on gamelan to enhance students' conceptual
understanding and engagement in physics learning Trisiani et al. (2023). In addition,
gamelan has been utilized as a contextual learning resource to facilitate students'
understanding of sound-wave concepts through local cultural phenomena (Maulida &
Sunarti, 2022). Recent research has continued to explore the integration of gamelan into
physics education by developing culturally relevant learning innovations (Camacho-
Sanchez et al., 2023). Furthermore, gamelan-based learning has been shown to improve
students' learning experiences by connecting scientific concepts with local cultural
contexts (Salsabilla Izzah et al., 2023). Nevertheless, most previous studies have focused
primarily on learning media and instructional implementation rather than developing
an essay-based science literacy assessment instrument on sound waves that is aligned
with the PISA 2025 framework and validated using the Rasch Model (Abdul Raof &
Musta’amal, 2021).

Research Objectives

Given this gap, this study aims to develop a science literacy assessment instrument in
the form of essay questions on the topic of sound waves, integrated with the local
wisdom of gamelan, for high school students (Indasa et al., 2024). The novelty of this
study lies in the development of acoustic phenomenon stimuli from gamelan that are
aligned with the three core competencies of the PISA 2025 framework and evaluated
using the measurement characteristics of the Rasch Model (Wahyuni & Ragil Widianto
Atmojo, 2024). It is hoped that this instrument will serve as a valid and reliable
alternative for diagnostic assessment, support cultural preservation, and make a
tangible contribution to the achievement of SDG 4 (Quality Education) in Indonesia
(Adipat & Chotikapanich, 2022).

RESEARCH METHOD

This study is a development research project that employs the ADDIE model (Analysis,
Design, Development, Implementation, and Evaluation). However, the study is limited
to the development stage, which includes needs analysis, instrument design, expert
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validation, revision, and pilot testing. The implementation and evaluation stages are
planned for a follow-up study through a large-scale pilot test.

Figure 1. Flowchart of the ADDIE Research Model (Branch, 2009)

During the analysis phase, a literature review was conducted on science literacy, the
PISA 2025 framework, sound wave material, and the integration of local gamelan
wisdom as the assessment context. The design phase included drafting instrument
specifications, developing stimuli based on gamelan acoustic phenomena, drafting 10
essay questions, and developing a scoring rubric. A summary of the instrument
specifications is presented in Table 1. Instrument validation was then conducted by
three validators selected through purposive sampling, consisting of two physics
education lecturers and one high school physics teacher who possess expertise in the
fields of learning assessment, science literacy, and assessment instrument development.
Content validity was analyzed using the validity percentage and the Percentage of
Agreement (PoA) to determine the level of agreement among validators, calculated
using the following formula:

A-B
Percentage of Agreement = 100% x (1 - m) (1)
Notes:
A = Frequency of aspects rated by the validator with high frequency.
B = Frequency of aspects rated by the validator as low.

Percentage of Agreement s are considered valid if they yield a PoA> of 75% (Borich,
1994). The pilot study involved 35 11th-grade high school students selected through
purposive sampling. This sample size met the minimum recommendations for Rasch
analysis during the initial pilot phase of the instrument to estimate item parameters and
detect potential instrument issues before conducting a large-scale pilot test. The pilot
test data were analyzed using the Rasch model with the assistance of Winsteps software
to determine the instrument’s empirical validity, reliability, difficulty level, and
discriminative power. Linacre (1994) also stated that a sample size of approximately 30-
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50 respondents is sufficient to produce relatively stable item calibration estimates
during the early stages of instrument development. Furthermore, Sumintono and
Widhiarso (2015) explain that the Rasch Model can be applied to small samples because
the resulting parameter estimates are relatively independent of sample characteristics
and still provide diagnostic information regarding the instrument’s quality. Therefore, a
sample of 35 students was deemed sufficient for the initial pilot testing of the
instrument and the analysis of item characteristics prior to testing on a larger sample.

RESULTS AND DISCUSSION

Results
The results of the analysis show that science literacy is a critical competency in physics

education and needs to be assessed using contextual instruments. The topic of sound
waves is closely related to acoustic phenomena in gamelan music, making it a potential
authentic context for the development of science literacy assessment instruments. Based
on the analysis results, an essay-based science literacy assessment instrument was
developed that aligns with the PISA 2025 science literacy competencies and integrates
local gamelan wisdom. The instrument consists of 10 essay questions accompanied by a
scoring rubric. A summary of the specifications of the developed instrument is
presented in Table 1.

Table 1. Science Literacy Instrument Rubric

PISA 2025 Science

Literacy General Indicators Numbf:r of Question Number
. Questions
Competencies
Explaining Using the concept of
sound waves to
Phenomena . 4 1-4
e explain phenomena
Scientifically :
in the gamelan
Designing & Designing and
Evaluating Scientific evaluating
Inquiries and investigative 3 5.7
Critically procedures related to
Interpreting Data sound phenomena in
and Evidence gamelan
Researchmg, Analyzing
Evaluating, and . |
Using Scientific information and
& determining 3 8-10

Information for
Decision-Making and
Action

solutions based on
scientific evidence

Based on the instrument’s specifications, stimuli were developed based on the
acoustic phenomena of the gamelan, linked to the concept of sound waves. These
stimuli were used as an authentic context to assess students” science literacy in solving
problems related to scientific phenomena and local culture. An example of the
developed instrument design is presented in Table 2.
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Table 2. Sample Specifications for Science Literacy Test Items Integrating Local Wisdom
on Gamelan

wavelength

A=v.T /—\
speed of sound bunyi [
v=Af

freque/ncy on bar

1
N/ > 7z

force (F)  strikingtool  cross-sectional area (A)

v
fn=ni

Image of Saron
Source: Personal modification
The Saron is a musical instrument from the Javanese Gamelan that produces sound when its

metal bars are struck. The sound is generated by the vibration of the Saron bars, which
propagates through the air in the form of longitudinal mechanical sound waves. Each Saron
bar has a different length and weight, resulting in varying frequencies. Shorter bars produce
higher pitches, while longer bars produce lower pitches. It is this variation in the length of the
bars that determines the pitch of the Saron. The strength and weakness of the Saron’s sound
are determined by the amplitude of the vibration, which depends on the force of the strike.
Additionally, the resonator box on the Saron serves to amplify the sound through resonance.
Saron players can stop the vibration of a bar with their hands to stop the sound prematurely,
which relates to the damping of sound waves.

Science Literacy Science
. Literacy Question Indicators Question
Competencies .
Indicators
Developing and Proposing Given a reading Based on the reading, a
evaluating designs for appropriate about the Saron student wants to
scientific investigations ~ experimental =~ musical instrument determine the effect of
and critically designs related to the striking force on the
interpreting data and concepts of loudness of the sound
evidence vibration and sound produced. Propose a
waves, students can simple experimental
propose an design that can be
experimental design conducted to demonstrate
to investigate the the relationship between
relationship striking force, vibration
between the force of amplitude, and sound
the strike and the intensity on a Saron.
loudness of the Explain the necessary
sound by explaining equipment and materials,
the experimental the experimental steps,
steps, independent  and what data should be
variables, observed!
dependent

variables, control
variables, and the
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data that needs to be
collected
scientifically.

Each test item is accompanied by a scoring rubric developed based on science
literacy indicators to ensure consistency and objectivity in the assessment of students’
responses. The scoring rubric is used during the instrument validation and pilot testing
phases. After the design phase was completed, the draft instrument was evaluated
through expert validation to assess the appropriateness of the content, construction,
language, integration of local wisdom, and scoring rubric. The results of the evaluation
by three validators are presented in Table 3.

Table 3. Instrument Validation Results by Validators

Validator Average

Aspect I 0 I Average (%)
Content Validity 0.80 0.75 0.90 0.81 81
Construct Validity 0.90 0.85 0.85 0.86 86
Language Validity 1.00 0.95 0.90 091 91
Integration of Local Wisdom in 0.90 0.90 0.90 0.90 90
Gamelan
Validity of the Assessment 0.85 0.80 0.80 0.81 81
Rubric

Final Score 0.86 86

Based on Table 3, the validation results show that the instrument achieved an
average validity percentage of 86%, which falls within the “highly valid” category. The
Percentage of Agreement (PoA) between validators also exceeded the minimum
threshold of 75%; therefore, the instrument was deemed suitable for limited pilot
testing after minor revisions were made in accordance with the experts’
recommendations. Next, a pilot study was conducted with 35 11th-grade high school
students to determine the empirical validity and reliability of the instrument. The
response data were then analyzed using the Rasch model with the assistance of
Winsteps software. A summary of the empirical validity based on item fit statistics is

presented in Table 4.
Table 4. Summary of Item Validity
Indicator Result
Number of Items 10
Valid Items 10
Range of Pt Measure Corr 0.36-0.77
Range of Outfit MNSQ 0.52-1.35

The results of the analysis in Table 4 show that all test items (10 items) meet the
criteria for empirical validity, with Point-Measure Correlation values ranging from 0.36
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to 0.77 and Outfit Mean Square (MNSQ) values falling within the ideal range of 0.52-
1.35. The evaluation of the Rasch model’s measurement reliability is then summarized
in Table 5.

Table 5. Reliability Results

Aspect Score Category
Person Reliability 0.76 Fair
Item Reliability 091 Very good
Cronbach Alpha 0.81 Good
Person Separation 1.78 Fair

Table 5 shows that the instrument has excellent measurement consistency, as
indicated by an Item Reliability value of 0.91 and a Cronbach’s Alpha of 0.81. The range
of item difficulty levels also varies logitically. The results of the item difficulty
distribution are presented in Table 6.

Table 6. Distribution of Item Difficulty Levels

Category Number of Items
Easy 1
Medium 7
Hard 2

The distribution of the interaction between students’ abilities and item difficulty
levels is visualized using a Wright Map in Figure 2.
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Figure 2. Wright Map Output
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Next, the instrument’s discriminant power was analyzed based on the separation
values and strata generated through Rasch analysis. The results of the discriminant
power analysis are presented in Table 7.

Table 7. Particle Size Distribution

Category Number of Items
Fair 1
Good 8
Very Good 1

The results of the analysis show that all items have discriminant power ranging from
moderate to very good, meaning they are capable of distinguishing students based on
their level of science literacy.

Discussion
Interest in The Subject Regarding The Decision to Choose a Study Programme
The results of the expert validation indicate that the developed instrument falls into the
“highly valid” category, with a high level of agreement among validators. These
findings suggest that the aspects of content, construct, language, integration of local
gamelan wisdom, and science literacy competencies align with the established
measurement objectives. These results align with the research by (Pradana et al., 2022),
which states that expert validation is a crucial step in ensuring the content and
construct validity of an instrument before it is pilot-tested with students. These results
are further supported by Rasch analysis, which indicates that all items meet the item-fit
criteria, thereby effectively measuring the same construct: science literacy in the topic of
sound waves (Yokhebed et al., 2025). From the perspective of the Rasch Model, the fit of
the items to the model indicates that the instrument provides a good representation of
the construct being measured (Pradana et al., 2022). Item fit demonstrates that each item
functions consistently in measuring the same underlying construct, thereby supporting
the validity of the measurement (Long et al., 2023). Consequently, the Rasch Model
produces more objective measurements by providing invariant estimates of item
difficulty and person ability that are independent of the specific sample used (Tesio et
al., 2024). In addition to being valid, the developed instrument also demonstrated good
measurement quality based on person reliability, item reliability, Cronbach’s Alpha,
and the separation index (Khalid et al., 2023). These results indicate that the instrument
is capable of producing consistent measurements while distinguishing students based
on their ability levels (Natsir et al., 2022). This finding aligns with the research by
(Wahyuni & Ragil Widianto Atmojo, 2024), which reported that science literacy
instruments with high reliability are capable of providing more accurate and stable
information regarding students” abilities. According to Rasch’s measurement theory,
high reliability indicates that score variation is influenced more by differences in
students’ abilities than by measurement error (Akbari, 2025). Therefore, the developed
instrument not only meets validity criteria but also possesses sufficient measurement
precision to be used as a science literacy assessment tool (Kusumaningrat et al., 2026).
The analysis results show that the instrument has a varied distribution of difficulty

levels, ranging from easy, moderate, to difficult. This variation is a key characteristic of
a well-designed instrument because it allows for the measurement of students” abilities
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across various competency levels. This aligns with (CHAN et al., 2023) research, which
states that instruments with a varied difficulty range are more effective in
comprehensively identifying students” abilities. Items in the difficult category generally
require students to integrate the concept of sound waves with gamelan phenomena,
evaluate scientific information, and construct arguments based on evidence, whereas
easier items tend to measure basic abilities in explaining scientific phenomena. These
findings are supported by the results of the discriminative power analysis, which
showed a range from adequate to very good, indicating that the instrument can
accurately identify differences in science literacy abilities among students. Similar
results were also reported by (Ifiarrairaegui et al., 2022), who noted that good
discriminative power demonstrates the items’ ability to consistently distinguish
between high- and low-ability students. Thus, the developed instrument possesses
adequate item quality to comprehensively measure science literacy skills (Syarifa et al.,
2024).

The use of gamelan context in the instrument provides a more contextual assessment
experience because students are presented with phenomena closely tied to their cultural
environment (Yunior et al., 2022). These findings align with the Context-Based Learning
approach, Situated Learning Theory, and Culturally Responsive Pedagogy, which
emphasize that conceptual understanding becomes more meaningful when linked to
students’ social and cultural experiences (Anyichie et al., 2023). Research by (Maftukh
Fajar et al., 2023) also indicates that integrating local wisdom into science learning can
enhance students’ engagement with and understanding of scientific concepts.
Therefore, the integration of gamelan serves not only as the context for the questions
but also as a means to connect the concept of sound waves to real-life situations
(Nasution et al., 2023).

In addition to serving as an evaluation tool, the instrument developed has the
potential to be used as a diagnostic assessment in physics education (Dharma et al.,
2024). The essay question format allows students to explain scientific phenomena,
evaluate information, and use evidence to support decision-making, thereby fostering
the development of higher-order thinking skills, which are an essential component of
science literacy (Kelvin Kurniawan et al., 2024). These findings align with the research
by (Sheptian et al., 2024), which states that science literacy-based essay assessments are
effective in revealing students’ reasoning and argumentation abilities. Teachers can use
the information obtained from the assessment results to identify students’ science
literacy profiles and design learning strategies that are better suited to their needs
(Kusumaningtyas et al, 2025). Thus, this instrument not only supports the
improvement of assessment quality in physics education but also contributes to the
achievement of SDG 4 (Quality Education) by providing a valid, reliable, contextual,
and 21st-century competency-oriented assessment tool (Emiliannur et al., 2026).

CONCLUSION
Fundamental Findings: This study successfully developed an essay-based science
literacy assessment instrument integrating the local wisdom of gamelan into the topic of
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sound waves based on the ADDIE model up to the development stage. The instrument,
consisting of ten essay items aligned with the PISA 2025 science literacy framework,
demonstrated high content validity (86%), satisfactory empirical validity, good
reliability that is item reliability = 0.91 and Cronbach’s Alpha = 0.81; varied levels of
difficulty, and adequate discriminative power based on Rasch analysis, indicating that
it is capable of objectively and consistently measuring students’ science literacy.
Implications: These findings contribute theoretically by enriching the development of
culturally contextualized science literacy assessment based on the PISA 2025 framework
and the Rasch measurement model, while practically providing physics teachers with a
valid and reliable assessment instrument that supports culturally responsive learning,
promotes the preservation of local wisdom, and contributes to the achievement of SDG
4 (Quality Education). Limitations: However, this study was limited to the
development stage of the ADDIE model and involved only 35 Grade XI students from a
single educational context, thereby limiting the generalizability of the findings. Future
Research: Therefore, future studies should continue the implementation and evaluation
stages through large-scale trials involving more diverse participants and educational
settings, investigate the effectiveness of the instrument in improving students” science
literacy, and explore its adaptation to other physics topics and different local cultural
contexts to strengthen its applicability and broader educational impact.
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