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Introduction

Science is a konowledge that deals with nature. Science includes a science that
examines everything in nature and studies events that occur in nature. Studying science is not
only learning declarative forms of knowledge, both concepts, laws, principles, and facts but
studying science is also learning the process of getting reports in science, which will improve
critical thinking skills and logical reasoning and can solve problems creatively (Mutmainnah
et al., 2021). Critical thinking skills need to be developed in science learning because these
skills can train students to solve problems based on scientific thinking (Handayani et al.,
2022; Muhasabah et al., 2025). Critical thinking is a process of intellectual discipline actively
and skillfully conceptualizing, applying, analyzing, synthesizing, and evaluating information
obtained from observation, experience, reflection, reasoning, and communication that guides
beliefs and actions (Akihary et al., 2023). Critical thinking skills will help students reason,
develop analytical and decision-making skills when facing many choices, and
comprehensively connect and evaluate all aspects of the problem (Fatmawati et al., 2024;
Putri et al., 2023). Critical thinking raises caution and anticipates every possibility that might
occur in the future (Adri et al., 2022).

Learning in the 21st century requires students to develop their thinking skills.
However, the state of education and student competence is contrary to the needs of the 21st
century (Rachmawati et al., 2023). The field’s reality shows that students' critical thinking
skills are still relatively low. Based on the Indonesian education report card of Bondowoso
district in 2024, the literacy skills of junior high school students in Bondowoso district are in
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the medium category, namely 40.00% - 70.00% of students reach the minimum literacy
competency. Literacy skills are essential for students in the school environment and society as
a basis for knowledge, developing critical and analytical thinking skills, and providing
competitiveness in globalization and technology (Kemdikbud, 2024). One of the contributing
factors is the unavailability of teaching materials that can train critical thinking skills (Rianti
et al., 2021). The knowledge presented in the teaching materials is limited to science concepts
and less associated with daily life events (Hidayati et al., 2023).

One solution that can be applied to improving students' critical thinking skills is the
development of ethnoscience-based science e-modules. Modules are teaching materials in the
form of books that aim to enable students to learn independently without or with teacher
guidance (Febriati et al., 2021). Along with the times and technology, modules can be
presented in a different format, namely digitally packaged or e-modules. E-modules are
modules accessed and used through electronic devices such as laptops, computers, tablets or
smartphones (Permana et al., 2023). Ethnoscience is a strategy for creating a learning
environment by integrating culture into the science learning process. Learning science by
using ethnoscience-based teaching materials will make students more interested and
enthusiastic about learning (Mardianti et al., 2020). Students can develop critical, creative,
and innovative thinking skills by studying and understanding the local wisdom contained in
ethnoscience. They can learn how traditional communities observe, understand, and utilize
the natural phenomena around them and how this knowledge can be translated into scientific
concepts and principles (Ismail et al., 2024).

Several studies have been conducted to improve students' critical thinking skills.
Saputra & Salim's (2020) research on applying teaching materials based on critical thinking
skills in Pasarwajo State High School grade XI students. Another research is developing
science teaching materials oriented to the discovery learning model (Lugmanto et al., 2024).
However, the teaching materials used in the study still used printed teaching materials.
Technology is essential for introducing and developing critical thinking skills in the digital
era. In addition, the study has not connected learning with local culture or ethnoscience. One
of the best ways to improve students' critical thinking skills is to connect what they learn with
their culture, community, and life (Nur et al., 2023).

One of Bondowoso's ethnosciences is the traditional music art of Kentrung. The
character of Bondowoso Kentrung is related to one of the science materials, namely
vibrations and waves. Vibration and wave events occur when the Kentrung Trebeng is hit or
beaten, and it will make a sound. The vibrating Trebeng Kentrung causes the sound. The
particles in the Trebeng Kentrung that vibrate make the surrounding air vibrate until they are
heard in the human eardrum. Sound reaches the ear and propagates through waves
(Kemendikbud, 2017). Other Bondowoso ethnosciences include Kona Mask Dance, Singo
Ulung, Wayang Kattok, Ojung Dance, Macapat, and Bondowoso Batik. The movements of
the dances, the sounds produced, and the dripping of the night during batik-making can also
be related to vibrations and waves. Vibration and wave materials are physics materials
pertaining to everyday life. The material can train students' critical thinking skills
(Khumairok et al., 2021).

The purpose of this research is to produce Bondowoso ethnoscience-based science e-
modules on vibration and wave material that are suitable for use in learning activities so that
they can improve student’s critical thinking skills. Students learn science through contextual
events about art related to science concepts. Students can analyze each part of the art and
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relate it to the topic of vibration and waves so that critical thinking skills are expected to
improve.

Research Method

This development research uses Thiagarajan's (1974) 4D model with the stages of
defining, designing, developing, and disseminating. The development of Bondowoso
ethnoscience-based science e-modules is based on the 4D development model stages. The
first stage defines conducting needs analysis activities to determine the media or teaching
materials used, conditions or learning processes, and student characteristics. The second stage
is design, which involves designing Bondowoso ethnoscience-based science e-modules and
compiling the instruments used. The third stage is development, which consists of conducting
validation activities with two lecturers and one science master teacher.

The needs analysis data collection technique was obtained through interviews with
8th-grade science teachers in Bondowoso Regency and Bondowoso Kentrung art activists
(GAS) using interview guidelines. Validation data was collected by providing validation
sheets and developing products for validators. Validators can also offer comments and
suggestions about the products that have been created.

The results of the data analysis of the feasibility validation of Bondowoso
ethnoscience-based science e-modules obtained from the validation sheet given to the
validator using the following formula:

V= Ise X 100%
" Tsh 0

Description:

V = Validation Percentage

Tse = Total empirical score obtained

Tsh = Maximum expected total

The analysis was continued using the combined validation calculation
v Vahl + Vah2 + Vah3

3

Description:

V = Validation (Combined)
Vahl = expert validation 1
Vah2 = expert validation 2
Vah3 = expert validation 3
(Safitri & Fadillah, 2021).

Table 1. Criteria for Validity

Percentage (%) Interpretation of Validity
85< x <100 Very valid, or can be used without revision
70< x <85 Moderately valid, or can be used but needs minor revisions
50< ¥ <70 Less valid, recommended not to be used because it needs
major revision
0< x<50 Invalid, or should not be used

(adapted from Agung, 2024)

Results and Discussion
At the defining stage, it was found that in class VIII science learning, no teaching
materials were available that could train critical thinking skills and had not been connected to
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local culture or ethnoscience. The teaching materials used are still in printed form; one of the
teachers said he had used only e-modules during the pandemic. At the design stage, starting
with the selection of applications to design e-modules. The application used is Canva. Canva
is an application that provides an alternative design convenience. Canva is an online-based
application that provides attractive designs with themes, features, and categories. An
appealing design in learning media aims to make the learning process not monotonous and
boring so that it creates enthusiasm and interest (Ende et al., 2022). The design of e-modules
is adapted to the times and technology, that printed teaching materials can be presented in a
different format, namely digitally packaged. This is supported by data contained in the
publication of statistics on the welfare of the people of Bondowoso Regency in 2023 namely
70.96 percent of the population of Bondowoso Regency aged over 5 years stated that they
had used a cellular telephone in the last three months (BPS, 2024). The next step was to
select 8th-grade science learning materials, namely vibrations and waves, which were then
connected to Bondowoso ethnoscience.
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Figure 1. Example display of Bondowoso ethnoscience-based science e-module
The third stage in the development of the 4D model is development. At this stage, the e-
module is validated by experts. The validators were two lecturers and one science master
teacher. The validators provided input in the form of comments and suggestions, such as
adding a button to return to the previous page on the exercise question, making the table of
contents numbering flat, adding a description to the image, and adding the author to the end
of the e-module.
Table 2. Media Expert Validation Results
Validation Aspect | Percentage | Interpretation of validity
Construct 87.5% Very Valid

Based on the construct validation aspect calculation, the percentage obtained is 87.5%. Thus,
the interpretation of the validity of the media validation is very valid. The media used in the
Bondowoso ethnoscience-based science e-module is considered feasible to be implemented in
learning. Construct validation in educational design research aims to ensure that the product
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or learning design represents the theoretical construct on which it is based. Constructs about
critical thinking skills, collaboration, or self-regulated learning are visible in the design
elements developed. This validation is done through expert analysis, expert discussion, and
literature review to assess the suitability between theory and implementation in the design.
This process is essential so that the design is practically effective and conceptually valid.
Thus, the research product has a strong theoretical basis and can be academically accounted
for.
Table 3. Material Expert Validation Results

Validation Aspect Percentage | Interpretation of validity
Content feasibility 91.7% Very Valid
Presentation feasibility 91.7% Very Valid
Average 91.7% Very Valid

The percentages obtained from calculating the validation aspects of content and presentation
feasibility are 91.7% and 91.7%. The average score of the two validation aspects is 91.7%,
with a very valid interpretation indicating that the material validation is suitable for learning
activities. Images, videos, and illustrations presented in the Bondowoso ethnoscience-based
science e-module are related to local culture or Bondowoso ethnoscience. Integrating
ethnoscience into science learning has enormous potential to improve student competence in
the modern era (Ismail et al., 2024). Content validity refers to the extent to which the
developed learning product or design components reflect the relevant content or
competencies according to the educational objectives. This validity ensures that elements
such as materials, activities, and assessments in the design have thoroughly and
representatively covered the required content based on the curriculum or theory used. Content
validation is conducted through expert judgment to review whether the design aligns with the
scientific substance or targeted competencies. Content validity is essential to ensure the
design is innovative, academically, and practically relevant. With strong content validity, the
design results can be used more widely and scientifically justified.

Table 4. Results of Language Expert Validation
Validation Aspect | Percentage | Interpretation of validity
Language feasibility 89.3% Very Valid
Based on the calculation of the language feasibility validation aspect, the percentage obtained
1s 89.3%, and the interpretation of validity is very valid. This shows that the language used in
the Bondowoso ethnoscience-based science e-module is considered suitable for educational
implementation.

Table 5. Total Feasibility Test Score by Expert Validators

Validation Aspect Percentage | Interpretation of validity
Media Validation 87.5% Very Valid
Material Validation 91.7% Very Valid
Language Validation 89.3% Very Valid
Average 89.5% Very Valid

The media, material, and language validation results show that Bondowoso ethnoscience-
based science e-modules are feasible to use in learning activities with an average score of
89.5%, and the interpretation of validity is very valid. The assessment of teaching material is
valid if the validator gives an assessment classified as good or very good, and the validator
chooses the option worth using without revision or using with revision (Akram et al., 2023).
Using Canva-based e-modules as learning media is feasible because the layout and design of
e-modules using Canva are more attractive in terms of presenting shapes, images, colors, and
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letters (Maulinda et al., 2024). Based on the comments and suggestions the validators gave,
some improvements have been made to improve the quality of the e-module. The following
are the improvements made by researchers.
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Figure 2. Bondowoso ethnoscience-based science e-modules before and after revision
Bondowoso ethnoscience-based science e-modules that validators have validated will then be
implemented in learning; then, at the last stage, namely disseminate, Bondowoso
ethnoscience-based science e-modules will be disseminated. As a continuation of this
research, the developed products will be implemented in teaching and learning activities in
the classroom. Students and teachers use the product during teaching and learning activities.
Students perform various learning activities according to the product's guidelines to improve
critical thinking skills. The conceptual implication of the research shows that Bondowoso
ethnoscience-based science e-modules can improve student’s critical thinking skills. From a
practical point of view, the findings of this research present a new approach to teaching
science relevant to advances in educational technology.

Conclusion

From the development that has been done, it can be concluded as follows: The feasibility of
Bondowoso ethnoscience-based science e-modules on vibration and wave material from
media validity obtained 87.5% results, material validity obtained 91.7% results, and from
language validity obtained 89.3% results with an average score of 89.5% and interpretation of
validity is very valid. This shows that the Bondowoso ethnoscience-based science e-module
on vibration and wave material is suitable for use in learning activities.

Recommendation

Recommendations that can be given for further research are to develop science e-modules as
learning media for all science materials that can be connected to Bondowoso ethnoscience.
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For teachers to increase creativity in using and providing learning media by practicing the
making of learning media.
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