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ABSTRACT

Misconceptions regarding sound waves are a common challenge in physics education, necessitating
instructional materials that can help students improve their conceptual understanding. This study aims to describe
the characteristics of a cognitive conflict-based e-module that integrates deep learning and local wisdom to
remediate students’ misconceptions about sound waves, as well as to assess the validity and practicality of the
developed product. This study employed a research and development method using Plomp’s development model,
which includes the stages of preliminary research, prototype development, and evaluation. The e-module was
developed using Canva and Google Sites by integrating the stages of cognitive conflict: activation of
preconceptions and misconceptions, presentation of cognitive conflict, discovery of concepts and equations, and
reflection. The principles of deep learning include mindful learning, meaningful learning, and joyful learning,
while the local wisdom of Nagari Surian specifically the saluang, talempong, and rabab was used as the learning
context. Product validation was conducted by three physics lecturers from Padang State University. A practicality
test was carried out through one-on-one evaluations involving three students representing high, medium, and low
academic ability levels, as well as assessments by teachers. The validation results showed that the e-module falls
into the “highly valid” category with an average Aiken’s V index of 0.94. The results of the one-on-one evaluations
showed that the e-module falls into the “highly practical” category with an average percentage of 95.7% based
on student assessments. Meanwhile, the teacher assessment results indicated a practicality percentage of
96.875%, also falling into the “highly practical” category. Overall, the research results indicate that the
developed e-module meets the criteria for being highly valid and highly practical for use in physics instruction.
This study was limited to testing the validity and practicality of the product; therefore, the effectiveness of the e-
module in remediating students’ misconceptions cannot yet be concluded and requires further testing.
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I. INTRODUCTION

In the 21st century, physics education focuses not only on mastering formulas and memorization but also
emphasizes a deep and meaningful understanding of concepts. Students are expected to understand concepts
holistically and relate them to phenomena in everyday life. Conceptual understanding is crucial in physics
education because physics concepts are interconnected and organized systematically [1]. Errors in understanding
basic concepts can lead to misconceptions that impact the understanding of more advanced concepts [2]. Therefore,
physics instruction must be designed so that students can build accurate scientific understanding from the very
beginning. However, this goal has not yet been fully achieved because misconceptions remain a problem in physics
education. A misconception is an understanding that does not align with scientific concepts but is believed to be
true by students [3]. Misconceptions can arise from everyday experiences that are interpreted incorrectly, as well
as from learning processes that do not take students’ prior knowledge into account [4]. Students who already have
incorrect prior conceptions tend to cling to their existing understanding, making it difficult to correct these
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misconceptions through conventional instruction. This situation highlights the need for instruction that not only
conveys information but also helps students identify and correct their misconceptions [3].

One topic in physics that frequently leads to misconceptions is sound waves. This topic is abstract in nature
because it involves wave propagation through a medium, the properties of sound, and the phenomena of resonance
and reflection [5]. Some of the misconceptions identified include the belief that the speed of sound is influenced
by the frequency of the sound source, that sound can propagate without a medium, and errors in understanding
wave superposition and reflection [6]. In addition, students also have difficulty understanding the conditions for
resonance in air columns and strings. These various misconceptions indicate the need for instructional materials
that can connect abstract concepts with concrete phenomena so that students can develop an accurate scientific
understanding [7].

One alternative to address these issues is to develop digital instructional materials in the form of cognitive
conflict-based e-modules. E-modules can serve as learning resources that present material through a combination
of text, images, and various multimedia elements, thereby capturing students’ attention and supporting the learning
process [8]. The integration of the cognitive conflict-based learning model (PbKK) enables students to compare
their initial understandings with phenomena or scientific evidence that contradicts their concepts [9]. Cognitive
conflict-based learning consists of four stages: activation of preconceptions and misconceptions, presentation of
cognitive conflict, discovery of concepts and similarities, and reflection [9]. Through these stages, students are
guided to identify their initial understanding, confront conceptual conflicts, discover scientific concepts, and
reevaluate their understanding.

The development of cognitive conflict-based instructional materials has been undertaken in several previous
studies. Study [10] conducted a needs analysis for cognitive conflict-based instructional materials integrated with
augmented reality on the topic of sound waves. The results indicated the need to develop technology-based
instructional materials to support the identification and remediation of misconceptions. Study [11] developed
cognitive conflict-based instructional materials that integrated a virtual laboratory into optics content and achieved
validation results in the “highly valid” category. Meanwhile, study [12] developed print-based physics modules
grounded in cognitive conflict using a 4D model, which was deemed highly feasible based on expert and
practitioner evaluations as well as limited pilot testing. These studies have contributed to the development of
cognitive conflict-based instructional materials, both in digital and print formats. However, these developments
have not yet specifically integrated cognitive conflict, the deep learning approach, and local wisdom into a single
e-module on sound waves.

The development of e-modules must also consider learning approaches that support student engagement in
building conceptual understanding. One relevant approach is deep learning. This approach emphasizes three main
principles: mindful learning, meaningful learning, and joyful learning [13]. Mindful learning helps students
recognize their prior knowledge and understand their learning process. Meaningful learning connects new
knowledge with experiences and phenomena in daily life, while joyful learning creates an engaging learning
environment that encourages student engagement. The integration of the deep learning approach with cognitive
conflict is expected to support the process of conceptual change through activities such as identifying
misconceptions, addressing conflicts, discovering concepts, and engaging in reflection [14].

In addition to the instructional approach, the use of contexts relevant to students’ lives is also necessary to
make learning more meaningful. Local wisdom can serve as a learning resource that connects scientific knowledge
with the culture and experiences of the local community [15], [16]. Research [17] indicates that local wisdom in
Indonesia has the potential to be utilized in physics instruction because it encompasses various concepts, including
vibrations and waves. In the context of Minangkabau society, there is the philosophy of “Alam Takambang Jadi
Guru,” which teaches that the environment and all phenomena within it can serve as sources of learning [18].
Therefore, this study utilizes the local wisdom of Nagari Surian in the form of traditional musical instruments the
saluang, talempong, and rabab as a learning context for sound waves.

The selection of these three musical instruments is based on their close connection to the cultural life of the
Minangkabau people as well as their distinct physical characteristics in producing sound. The saluang is a wind
instrument that produces sound through the vibration of a column of air, making it relevant to the concepts of
frequency and resonance. The talempong is a metal percussion instrument that produces sound through the
vibration of the instrument’s body when struck, making it suitable for discussing frequency, amplitude, and the
sound’s “ ” [19]. Meanwhile, the rabab is a stringed instrument that produces sound through the vibration of its
strings and the resonance of the instrument’s body. The differences in the sound-production mechanisms of these
three musical instruments provide students with the opportunity to observe and compare sound phenomena based
on physics concepts. The use of traditional Minangkabau musical instruments as a learning context is also
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consistent with a study [20] that examined the physical parameters of Minangkabau wind instruments as a
meaningful learning context. Thus, local wisdom serves not only as a cultural element in the e-module but also as
a context for constructing an understanding of the concept of sound waves.

Based on previous research, the development of instructional materials based on cognitive conflict has been
conducted across various subjects and media [10]-[12]. Study [21] also developed an interactive e-module based
on cognitive conflict and a deep learning approach for light waves, which was rated as highly valid and highly
practical. However, that study focused on light waves and did not integrate local wisdom as a learning context. On
the other hand, research on local wisdom in physics education has demonstrated its potential as a contextual
learning resource [17], but it has not yet been specifically integrated with the stages of cognitive conflict and the
principles of deep learning in the development of e-modules on sound waves. Thus, there is a research gap in the
form of the lack of integration of these three elements into a single digital learning product on the topic of sound
waves. The novelty of this study lies in the development of a Google Sites-based e-module that integrates the four
stages of cognitive conflict, the three principles of deep learning, and the local wisdom of Nagari Surian
specifically the saluang, talempong, and rabab as a learning context to support the remediation of students’
misconceptions.

The e-module was developed using the Plomp model, which includes the stages of preliminary research,
prototype development, and evaluation [22]. This model enables systematic product development based on needs
analysis, design, and product evaluation and refinement. Product evaluation was conducted through expert
validation and practicality testing to assess the appropriateness of the content, instructional design, visual
presentation, and ease of use of the e-module. Both aspects are necessary to ensure that the developed product
meets quality criteria before further testing is conducted.

Based on the above description, this study aims to describe the characteristics, determine the validity, and
assess the practicality of a cognitive conflict-based e-module that integrates the deep learning approach and local
wisdom to remediate students’ misconceptions regarding sound waves. This study focuses on product development
as well as testing validity and practicality using the Plomp model. Thus, the research results are expected to provide
an alternative contextual digital teaching material that supports efforts to remediate students’ misconceptions in
physics learning.

II. METHOD

This study is a research and development (R&D) project, specifically educational design research, aimed at
designing, developing, and validating a product as a solution to a complex research problem [22]. The development
model used is the Plomp and Nieveen (2013) model, which consists of three phases: preliminary research,
development or prototyping, and assessment. This study is limited to the one-to-one evaluation phase. This
limitation was imposed because the research objective is to produce a valid and practical e-module, which can be
assessed through expert evaluation and initial practical testing. Testing the effectiveness of the e-module and its
ability to remediate misconceptions requires a further evaluation phase with a larger number of participants.
Therefore, the small-group testing and field testing phases were not conducted in this study.

A preliminary research phase was conducted to identify learning problems related to sound waves as the basis
for developing the e-module. This phase included a needs and context analysis as well as a literature review. The
needs analysis was conducted through interviews with physics teachers to gather information regarding
instructional practices, the teaching materials used, and the challenges students face in understanding the concept
of sound waves. Additionally, an analysis of the suitability of the textbooks used in schools was conducted based
on the four criteria of suitability according to the National Education Standards Agency (BSNP) 2006. Student
misconceptions were identified using a four-tier diagnostic test (S7TDT-HoTS) adapted from Firdausi [23] and
administered to 22 students at SMAN 1 Pantai Cermin. The instrument consists of four levels: accuracy of answers,
level of confidence in answers, accuracy of reasoning, and level of confidence in reasoning. The STDT-HoTS
instrument developed by Firdausi has undergone validity testing by four experts and reliability testing. The test
results showed an overall validity value of 0.80, classified as “highly valid,” and a Cronbach’s Alpha reliability
value of 0.953, indicating “highly reliable” reliability [23]. The results of the “ ” test were analyzed based on a
combination of these four components and then grouped into three categories conceptual understanding,
misconceptions, and lack of conceptual understanding to determine students’ prior understanding of sound wave
material. A literature review was conducted based on the issues identified during the needs analysis phase to
identify the material sources of misconceptions, the types of misconceptions that occurred, and the learning
problems that caused them. The results of this analysis served as the basis for determining the requirements and
characteristics of the e-module being developed.

The development stage aimed to design a product in the form of a cognitive conflict-based e-module
integrated with deep learning and local wisdom to remediate students’ misconceptions regarding sound waves.
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The product was then evaluated through formative assessment based on the Tessmer diagram. The e-module was
designed using Canva Pro and published via Google Sites to make it digitally accessible. The formative evaluation
consisted of three steps: self-evaluation, expert review, and one-on-one evaluation. The self-evaluation was
conducted by the researcher to check the completeness of components, the appropriateness of content and
presentation, and potential errors in the initial product. The expert review was conducted by three physics lecturers
from the Faculty of Mathematics and Natural Sciences at Padang State University, who acted as validators to
assess the validity of the e-module using a validation instrument. The assessment results and recommendations
from the validators were used as the basis for revising the product. Subsequently, a one-on-one evaluation was
conducted to assess the practicality of the e-module, involving three students from SMAN 1 Pantai Cermin
representing high, medium, and low academic ability levels, as well as two physics teachers from the same school.
Student selection was based on physics grades and teacher recommendations. Research data at this stage included
quantitative data in the form of self-evaluation scores, validity, and the practicality of the e-module, while
qualitative data was obtained from the results of the needs analysis as well as suggestions and feedback from the
validators.

The assessment phase of this study was limited to the one-to-one evaluation stage. The assessment focused
on obtaining information regarding the initial validity and practicality of the e-module through evaluations by
experts, students, and teachers. The small-group testing and field testing stages were not conducted because this
study focused on product development and initial testing, rather than on testing the effectiveness of the e-module
in remediating students’ misconceptions. The self-evaluation scores were analyzed by the researcher to refine the
e-module before submitting it to validators using a percentage-based technique formulated as follows.

Score = ——2 %100 (1)

Maximum score

Product validity was assessed using an instrument completed by three physics lecturers from the Faculty of
Mathematics and Natural Sciences at Padang State University, who served as validators. The instrument was
designed using a Likert scale based on [24], which is a scale used to measure the attitudes, opinions, and
perceptions of an individual or group toward a particular object. This scale consists of five response options:
strongly disagree, disagree, undecided, agree, and strongly agree. The validity results were then analyzed using
Aiken’s V validity index, which is formulated as follows.

%S
V=—"_
n(c—1)
2

s=r—1I,

VvV =validity index
> S = the sum of all s values from all validators

n  =number of validators

ly  =the lowest validity score

¢ = the highest validity score

r  =the score given by the validator

The resulting Aiken’s V index is then interpreted based on the validity criteria used in the study.

Table 1. Validity criteria based on Aiken’s V index

Interval Category
<04 Invalid
04<V<08 Valid
08<V<1 Highly Valid

(Source: [25])
These criteria were used to determine the validity level of the e-module and served as the basis for product

improvements based on suggestions and feedback from three expert validators. After revisions were made, the e-
module was then implemented in a one-to-one evaluation phase involving three students representing high,
medium, and low academic ability levels, as well as two physics teachers at the school.

The practicality assessment was conducted by having students and two physics teachers at SMAN 1 Pantai
Cermin complete an evaluation instrument. The practicality questionnaire covered four assessment aspects: ease
of use, appeal, efficiency, and the benefits of the e-module. The practicality data were analyzed by calculating the
percentage of the score obtained relative to the maximum score using the following formula.
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Weighted score

Score = x 100 3)

Maximum weight
The e-module’s practicality level was determined based on the percentage of the assessment results on the
practicality instrument. This percentage was then interpreted into five categories: very practical, practical, fairly

practical, less practical, and impractical [26], as presented in Table 2.

Table 2. E-Module Practicality Categories

Score Category
81%—-100% Very Practical
61%-80% Practical
41%—-60% Fairly Practical
21%-40% Not Very Practical

0-20% Not Practical

(Source: [26])

This categorization aims to determine the level of practicality of the e-modules based on student and teacher
evaluations, particularly in terms of ease of use, appeal, efficiency, and benefits for learning.

III. RESULTS AND DISCUSSION

RESULTS

The following presents the research results from the preliminary research phase and the development or
prototyping phase. The research results include a needs and context analysis, a literature review, the design of the
e-module prototype, the results of self-evaluation, the results of expert review, and the results of practicality testing
through one-to-one evaluation. Additionally, a discussion linking the findings from the preliminary research phase
to the product development results is presented.

Preliminary Research Phase
Needs and Context Analysis

A needs and context analysis was conducted to identify learning problems related to sound waves, which
served as the basis for the development of the e-module. A concept comprehension test was administered to 22
11th-grade students in Class F at SMA Negeri 1 Pantai Cermin using a four-tier diagnostic instrument adapted

from [23]. The test results are presented in Table 3.

Table 3. Percentage of Misconceptions by Content Indicator

Category Average Percentage (%)
Conceptual Understanding 6.4
Lack of Conceptual Understanding 28.4
Misconceptions 65.2

The diagnostic test results in Table 3 show that the majority of students fall into the misconception category
(65.2%), followed by the “lack of conceptual understanding” category (28.4%), while only 6.4% of students
demonstrate conceptual understanding. These figures confirm that misconceptions are the primary issue in the
teaching of sound waves. The high prevalence of misconceptions means that students hold ideas that contradict
scientific concepts, while the proportion of students who do not understand the concept indicates that there are still
students who lack the foundational understanding needed to explain sound phenomena. Therefore, the identified
problems cannot be adequately addressed simply by repeating explanations or adding more practice problems;
rather, instruction is needed that encourages students to recognize and re-examine their initial ideas.

The small percentage of students who understand the concept compared to the other two categories was also
a consideration in designing the e-module. The product needs to provide space for students to express their initial
hypotheses, test them through relevant phenomena or evidence, and then understand the correct scientific
explanation. It should be emphasized that the diagnostic test in this study was used to identify development needs,
not to prove the success of remediation. The results served as a reference for developing content, prompt questions,
cognitive conflict activities, and reflection sections in the e-module.
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In addition to this general overview, misconceptions were also analyzed for each indicator related to sound
waves. This step is important because the level of misconceptions varies from concept to concept. Thus, it is
possible to identify which concepts require greater emphasis in the presentation of material and learning activities.

Table 4. Percentage of Student Concept Understanding for Each Indicator of Sound Wave Material

Concept . .
No. Question Indicator Undelgso/t‘)a)nding Mlsco(l};f)ptlons t&:]cdke :sft f,?;;egp?)l/f:)l
1. Analyzing the characteristics of sound waves 6.8 70.5 22.7
Comparing differences in pitch and sound 13.6 72.7 13.6
intensity
3. Analyzing the propagation of sound in solids 0 86.4 13.6
4. Identifying the correct statement regarding the 0 81.8 18.2
Doppler effect
5. Formulate the concept of the Doppler effect 4.5 72.7 22.7
based on the events presented in the question
6. Calculate the frequency of the sound received 4.5 75.0 20.5
by the listener
7. Understanding the concept of sound waves and 9.1 45.5 45.5
calculating the frequency of sound waves
8. Formulating a hypothesis based on the concept 4.5 63.6 31.8
of resonance
9. Calculate the height of the air column when 18.2 50.0 31.8
resonance occurs
10.  Comparing the sound intensity levels received 0 54.5 45.5
by the listener
11.  Calculating sound intensity 18.2 59.1 22.7
12.  Comparing Sound Intensity Levels at Two 0 63.6 36.4
Different Points
13.  Comparing the lengths of open and closed 0 50.0 50.0
organ pipes
14.  Analyzing the pitch frequency of a closed 0 59.1 40.9
organ pipe
15.  Determining the tension in the strings 4.5 54.5 40.9

Based on Table 4, the highest rate of misconceptions was found in the indicator for sound propagation in
solids (86.4%). Next, the indicator for correct statements about the Doppler effect reached 81.8%, the indicator for
calculating the frequency received by the listener was 75%, and the indicators for comparing pitch with sound
intensity and formulating the concept of the Doppler effect were each 72.7%. In the “conceptual understanding”
category, there were six indicators with a 0% percentage: sound propagation in solids, statements regarding the
Doppler effect, comparison of sound intensity, comparison of sound intensity levels, and two indicators related to
organ pipes. The highest number of students who did not understand the concepts was found in the indicator
comparing the lengths of open and closed organ pipes (50%). This finding indicates that students have difficulty
understanding the relationship between the sound source, the medium of propagation, frequency, and the relative
motion of the source to the listener. These concepts are interconnected, so a misunderstanding of one concept can
affect the others. For example, students need to understand that the speed of sound is influenced by the properties
of the medium, while the frequency perceived by the listener depends on the relative speed of the source and the
listener, not on changes in the frequency emitted by the source.

The results of this needs analysis serve as the foundation for guiding the development of the e-module. The
content and activities are designed so that students can review their initial ideas, encounter situations that challenge
those ideas, discover scientific explanations, and reflect on their understanding. In this way, the needs analysis
provides an empirical basis for the characteristics of the developed product, particularly in the selection of
cognitive conflict models and the contextual presentation of sound wave material.

Literature Review

A literature review was conducted to establish a theoretical foundation for determining solutions to students’
conceptual understanding issues and misconceptions regarding sound wave material. The planned solution is the
development of a cognitive conflict-based e-module integrated with a deep learning approach and local wisdom.
An e-module is a digital instructional resource systematically organized to help students understand the material
through text, images, phenomena, activities, and assessments. [27] indicates that e-learning modules have the
potential to help remediate misconceptions in physics learning. Thus, e-modules can be designed as self-directed
learning tools that facilitate students’ understanding of sound wave concepts.
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The Cognitive Conflict-Based Learning Model (PbKK) is used to help students recognize and correct
discrepancies between their prior understanding and scientific concepts. This model consists of four stages:
activation of preconceptions and misconceptions, presentation of cognitive conflicts, discovery of concepts and
equations, and reflection [4]. A meta-analysis [3] supports the use of cognitive conflict in physics instruction.
Through these stages, students are expected to be able to identify misconceptions, reexamine their prior
understanding, and develop a more accurate conceptual understanding.

The deep learning approach is integrated through three principles: mindful, meaningful, and joyful [28]. The
mindful principle helps students recognize their prior understanding; the meaningful principle connects concepts
to real-world experiences; and the joyful principle encourages active engagement in learning. These three
principles support the process of cognitive conflict so that students do not merely memorize formulas but also
understand concepts and reflect on changes in their understanding.

The local traditions of Nagari Surian such as the saluang, talempong, and rabab are used as a learning context
to connect the concept of sound waves with phenomena in everyday life. Traditional musical instruments can be
used to observe frequency, amplitude, and sound characteristics. A study [29] demonstrates the potential for using
traditional musical instruments in teaching sound waves. Based on this study, an e-module on the Google Sites
platform was designed by integrating PbKK, deep learning principles, and local wisdom to support students’
conceptual understanding and address their misconceptions. This design aligns with the principles of Educational
Design Research, which prioritizes needs analysis and theoretical review as the foundation for product
development [22].

Development or Prototyping Phase
Product Design

The design phase aims to develop instructional materials in the form of e-modules designed to address
misconceptions and improve students’ conceptual understanding of sound waves. The e-module was designed
using Canva to organize the layout and learning content, then integrated into the Google Sites platform to make it
digitally accessible. The development of the e-module followed the module structure outlined by the Ministry of
National Education [30], which includes the title, learning instructions, competencies to be achieved, supporting
information, assignments, activity steps, and assessment. All these components are integrated with four stages of
cognitive conflict-based learning namely, the activation of preconceptions and misconceptions, the presentation
of cognitive conflicts, the discovery of concepts and equations, and reflection which are combined with the three
principles of the deep learning approach: mindful, meaningful, and joyful. In addition, the e-module integrates the
local wisdom of Nagari Surian such as the saluang, talempong, and rabab as a learning context to connect the
concept of sound waves with phenomena in everyday life.
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pertanyaan menarik, mengapa getaran yang tidak terlihat itu dapat berubah
menjadi bunyi yang bisa kita dengar, bagaimana perlakuan pukulan yang sama

(b)

Fig. 2. E-Module at: (a) the Activation of Preconceptions and Misconceptions stage and (b) the Presentation of Cognitive Conflict stage

The first phase, the activation of preconceptions and misconceptions, aims to identify students’ prior
knowledge before learning begins as a basis for determining appropriate instructional strategies. In this stage,
students are presented with statements related to the basic concepts of sound waves through a quiz link integrated
into Google Sites. This stage applies the principle of mindful learning by encouraging students to become aware
of, recognize, and identify their prior understanding before learning new concepts.

The second syntax, the presentation of cognitive conflict, aims to expose students to everyday phenomena
that contradict their prior understanding. These phenomena are designed to create a conflict between students’
initial conceptions and scientific explanations, thereby fostering conceptual change. At this stage, students are
asked to formulate tentative hypotheses based on the presented phenomena. The principle of meaningful learning
is applied by connecting the phenomenon of sound waves to everyday experiences and the local wisdom of Nagari
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Surian, such as the saluang, talempong, and rabab, while the principle of meaningful learning is also realized
through opportunities for students to relate their prior knowledge to the phenomenon being studied.

= 4 F-Modul Gelombang Buny Q = @ F-Modul Gelombany Bur

Tahap Penemuan Konsep dan
Persamaan

Mindful Learning

Joyful Learning And Meaningful
Learning

Petunjuk Tahap Penemuan Konsep dan Persamusan

(@) (b)

Fig. 3. E-Module at: (a) the Concept and Equation Discovery Stage and (b) the Reflection Stage

The third syntax, namely the discovery of concepts and equations, aims to help students build an
understanding of sound wave concepts through laboratory activities. In this activity, students make observations,
collect data, and analyze the results of the laboratory experiment to discover concepts and relationships between
physical quantities in sound waves. The principle of joyful learning is applied through laboratory activities that
actively engage students and provide an engaging learning experience, while the principle of meaningful learning
is realized through the process of discovering concepts based on observations and analyses related to real-world
phenomena.

The fourth phase, reflection, aims to assess changes in students’ conceptual understanding after completing
the previous three learning phases. This activity involves reviewing initial hypotheses and administering an
assessment using a four-tier multiple-choice diagnostic instrument. This instrument is used to identify students’
categories of understanding: conceptual understanding, lack of conceptual understanding, or misconceptions. This
stage applies the principle of meaningful learning by encouraging students to reflect on changes in their
understanding, connect the concepts they have learned with their prior knowledge, and build a more accurate
understanding of the phenomenon of sound waves in everyday life.

Self-Evaluation

A self-evaluation was conducted to verify the alignment of the e-module prototype with the development
plan before proceeding to the expert validation stage. The evaluation covered six aspects: the e-module itself; its
components, its design, cognitive conflict syntax, the integration of deep learning, and the integration of local
wisdom. This review aims to identify shortcomings in the structure, presentation, and application of the learning
approach so that they can be corrected before the product is assessed by validators.
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Fig. 4. Self-Evaluation Results

Based on Figure 4, the self-evaluation percentages are as follows: e-module aspect 96.92%, e-module
components 98.33%, e-module design 100%, cognitive conflict syntax 95%, deep learning integration 100%, and
integration of local wisdom 93.33%. The highest percentages were found in the e-module design and deep learning
integration aspects, while the lowest percentage was found in the integration of local wisdom. These results
indicate that the prototype meets most of the established criteria, although the integration of local wisdom still
requires attention during product refinement. However, the self-evaluation results cannot be treated as a substitute
for expert validation because the assessment was conducted by the developers on their own product. Therefore,
self-evaluation serves as a preliminary review, while the accuracy of the content, the appropriateness of the
instructional design, and the quality of presentation need to be further assessed through expert validation.

Expert Review

The e-module was validated by three physics lecturers from the Faculty of Mathematics and Natural Sciences,
Padang State University, using an assessment instrument consisting of four components. The validation data were
analyzed using Aiken’s V index. A summary of the validation results for all components is presented in Figure 5.
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Fig. 5. Expert Validation Results

Figure 5 shows that the validity scores of the e-module range from 0.93 to 0.96, placing it in the “highly
valid” category. These results indicate that the developed e-module meets the validity criteria based on the experts’
assessment. Based on the graph, all four assessment aspects showed high and relatively consistent validity scores.
The content substance and visual communication aspects received the highest score of 0.96. These results indicate
that the presented material is appropriate, accurate, and relevant to the learning objectives, and that the e-module’s
visual design is well-structured and easy to understand. Meanwhile, the instructional design and software
utilization aspects each received a score of 0.93. This indicates that the instructional content was organized
systematically and that the software used effectively supported the development of the e-module.

Overall, all four aspects received high validity scores, with a difference of only 0.03 between the highest and
lowest scores. Thus, the developed e-module falls into the “highly valid” category and is suitable for proceeding
to the practicality evaluation stage.
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Product revisions were made based on feedback from the validators to improve the quality of the developed
e-modules. Revisions included corrections to the text on the cover, changes to the concept map layout,
improvements to the formatting of source links and formulas, and adjustments to the instructions for each exercise.
Additionally, images in Worksheet 2 and the experiment in Worksheet 3 were replaced to better align with the
material. In terms of presentation, the text layout was adjusted for greater neatness, more contrasting text colors
were selected, and explanations regarding musical instruments were refined. Furthermore, the learning pages were
restructured using subtopics as headings; a column for student understanding was added during the activation stage
addressing preconceptions and misconceptions; and the exercises for that stage were combined into a single set.
The display of YouTube videos was also improved to allow for direct viewing; validator information was updated;
and the objectives of the experiments were aligned with the IKTP.

Practicality (One-to-One Evaluation)

A practicality assessment was conducted with three students from SMAN 1 Pantai Cermin representing high,
medium, and low ability levels. The assessment used an evaluation instrument consisting of four aspects: ease of
use, appeal, efficiency, and benefits. The three students completed the evaluation instrument independently while
being supervised by the researcher to ensure all items were filled out. Comments and suggestions from the students
were also collected but have not been analyzed further in this article. This feedback will be used as input for
revisions should development proceed to the small-group testing or effectiveness testing phases. The results of this
evaluation are presented as preliminary evidence regarding the practicality of the e-module, taking into account
the still very limited number of respondents.
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Fig. 6. Student Practicality Results

Based on Figure 6, which shows the students’ practicality results, scores were obtained for four assessment
aspects: ease of use (97.7%), appeal (95.5%), efficiency (96.6%), and usefulness (93.3%). The ease of use aspect
received the highest score, indicating that the e-module is easy for students to use. The efficiency aspect received
a score of 96.6%, indicating that the e-module is considered efficient in supporting the learning process.
Furthermore, the appeal aspect received a score of 95.5%, indicating that the e-module is highly appealing to
students. Meanwhile, the benefit aspect received a score of 93.3%, which was the lowest compared to the other
aspects but still reflected a positive assessment of the e-module’s benefits in supporting the learning process.

Overall, these results show that the developed e-module has a very high level of practicality based on
students’ evaluations. Thus, it can be concluded that the product’s practicality from the students’ perspective falls
into the “very practical” category. This means the product can be used to optimize the physics learning process in
schools and support students in independent learning, whether with or without a teacher present. However, these
results represent preliminary evidence of practicality; therefore, further testing with a larger number of students is
needed to obtain a more comprehensive picture of its practicality.

Practicality of the E-Module as Assessed by Teachers

The practicality of the e-module was assessed by two physics teachers at SMAN 1 Pantai Cermin. The
teacher-led practicality assessment aimed to evaluate the extent to which the e-module based on cognitive conflict
and integrating deep learning and local wisdom to address students’ misconceptions regarding sound waves can
be utilized in the learning process from an educator’s perspective. The practical testing phase began by providing
the teachers with access to the e-module, followed by a briefing on how to use it and an explanation of its
components. The teachers were asked to study the material, instructions, and learning activities presented.
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Afterward, they were given instructions on how to complete the practical testing evaluation instrument and asked
to fill it out based on their experience after reviewing the e-module.

Through this practical assessment, teachers’ responses to the e-module were gathered based on four
evaluation aspects: ease of use, appeal, efficiency, and benefits. The data from the teachers’ practical assessment
are presented in graph form in Figure 7.
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Fig. 7. Results of the Teacher Practicality Assessment

Based on the graph in Figure 7, it is evident that the e-module which integrates deep learning and local
wisdom based on cognitive conflict received very high scores from teachers across every evaluation aspect. The
ease-of-use and appeal aspects each scored 100%, the efficiency aspect scored 90%, and the benefit aspect scored
97.5%. Overall, the average practicality score of the developed e-module was 96.875%, placing it in the “highly
practical” category. This indicates that the e-module can be effectively utilized in the learning process.

DISCUSSION

The results of the preliminary study indicate that students’ understanding of sound wave material remains an
issue that requires attention, particularly in distinguishing scientific concepts from ideas formed based on everyday
experiences. This issue is related to the characteristics of sound wave material, which require an understanding of
the relationships between concepts and physical quantities. The findings of [7] on students’ misconceptions
regarding mechanical waves, as well as those of [6] on misconceptions regarding the concepts of vibration and
waves, indicate that conceptual understanding issues are also present in wave-related material in general. These
findings are supported by [31], who, through a literature review, identified misconceptions in several subtopics of
sound waves, particularly sound propagation, the relationship between speed of sound, frequency, and wavelength,
sound intensity, and the Doppler effect. These research results are consistent with the findings of a preliminary
study indicating that students’ difficulties are spread across several indicators of sound wave material. Thus,
identifying students’ prior understanding is a crucial step in determining the needs and characteristics of the
instructional materials to be developed. This situation served as the basis for the development of a cognitive
conflict-based e-module designed to help students express their prior understanding, revisit their ideas, and build
understanding based on scientific concepts.

Analysis of each content indicator revealed that students’ difficulties are not only related to the characteristics
of sound waves but also encompass sound propagation, the Doppler effect, sound intensity, resonance, and organ
pipes. These findings highlight the need for instructional materials that link conceptual understanding with the
application of physics equations. The use of a four-tier diagnostic test in the preliminary study provided insight
into students’ understanding through their answers, justifications, and levels of confidence in both. This aligns
with the research by [5], who developed a diagnostic test to identify high school students’ conceptual
understanding of sound waves. Meanwhile [20] developed a five-tier diagnostic test oriented toward Higher-Order
Thinking Skills (HOTS) on the same subject matter. Both studies highlight the importance of diagnostic
instruments in identifying conceptual understanding issues in a more targeted manner. The results of Nugraha’s
[32] study also indicate that the use of a four-tier diagnostic test can reveal categories of student understanding
regarding mechanical waves and light waves. Although they covered different subject matter, these studies
reinforce the relevance of using tiered diagnostic tests to identify students’ understanding and misconceptions.
Therefore, the results of the preliminary study were used as the basis for determining the scope of the subject
matter, contextual phenomena, learning activities, and reflective questions included in the e-module.
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The e-module that was developed integrates learning instructions, content, contextual phenomena, learning
activities, hands-on activities, and reflections into a single digital learning resource. The content and visual of the
e-module were designed using Canva and then published via Google Sites so that students can access it through
digital devices. The product’s structure aligns with the instructional material development guidelines from the
Directorate of Senior High School Development [30], which emphasize the completeness of components and the
systematic presentation of instructional materials. The product’s development also follows the principles of
Educational Design Research proposed by [22], namely that development is based on needs analysis and
theoretical foundations, followed by gradual evaluation to gather feedback for product refinement. These
characteristics align with the research by [33], who developed a cognitive conflict-based e-module on measurement
material involving the stages of preconception activation, presentation of cognitive conflict, concept discovery,
and reflection. The similarity between the two studies lies in the use of cognitive conflict stages as the structure of
learning activities. The differences lie in the material developed and the integration of learning approaches. This
study specifically developed an e-module on sound waves by integrating deep learning principles and local
wisdom. Thus, the product’s contribution lies in the combination of digital instructional materials with learning
activities tailored to students’ comprehension challenges regarding sound waves.

The application of the Cognitive Conflict-Based Learning (PbKK) model is one of the key characteristics of
the developed e-module. Learning activities are organized into four stages: activation of preconceptions and
misconceptions, presentation of cognitive conflicts, discovery of concepts and equations, and reflection. In the
first stage, students are guided to express their initial understanding of sound wave phenomena. The second stage
presents phenomena that can create a conflict between students’ initial ideas and scientific explanations. Next, the
third stage guides students to discover concepts and equations through learning activities and laboratory
experiments, while the fourth stage provides students with an opportunity to review their understanding. This
design is based on the CBLC model proposed by [4]. Its suitability is also supported by the results of a meta-
analysis by [3], which showed that cognitive conflict-based learning has a positive effect on conceptual
understanding and the management of misconceptions in physics learning. Research by [33] also showed that the
stages of cognitive conflict can be integrated into the design of e-modules for different physics topics. These
findings indicate that the cognitive conflict model can serve as a foundation for developing digital instructional
materials. However, this research is still in the early stages of development and evaluation. Therefore, the
application of the cognitive conflict stages in the e-module demonstrates the alignment of the design with the
theoretical framework, not evidence that students’ misconceptions have changed.

The integration of the deep learning approach and local wisdom further strengthens the characteristics of the
e-modules. The principle of mindfulness is applied through activities that identify students’ prior understanding;
the principle of meaningfulness is realized by linking concepts to everyday phenomena; while the principle of
enjoyment is applied through laboratory activities that engage students in observing and analyzing phenomena.
This design is based on [13], who discuss the deep learning approach through conscious, meaningful, and enjoyable
learning experiences. These three principles are integrated with the local wisdom of Nagari Surian namely, the
saluang, talempong, and rabab as the learning context for sound waves. The use of traditional musical instruments
provides a context closely tied to students’ lives and culture for learning the concepts of vibration, frequency,
amplitude, and sound characteristics. The integration of cultural context into learning is also in line with [15], who
discusses the importance of local wisdom in the learning process. Additionally, Sriwahyuni [34] examines physics
concepts in the creation of the traditional Tennong-Tennong musical instrument, while Louven [35] discusses the
characteristics of the stone talempong in Talang Anau, West Sumatra. These studies demonstrate that traditional
musical instruments possess physical aspects that can be linked to learning. Nevertheless, the use of the saluang,
talempong, and rabab in this e-module represents a form of contextualizing the material based on the local cultural
environment. This integration is expected to provide a learning experience more closely aligned with students’
daily lives; however, its contribution to changes in conceptual understanding still requires further testing.

Expert validation results indicate that the e-module received valid ratings in the areas of content substance,
instructional design, visual communication, and software utilization. These results indicate that the product has
met the evaluation criteria based on the validation instrument used. The content aspect relates to the
appropriateness of sound wave concepts and the accuracy of material presentation, while the instructional design
aspect covers the appropriateness of cognitive conflict stages, the integration of deep learning principles, and the
alignment of activities with learning objectives. The aspects of visual communication and software utilization
relate to readability, layout, navigation, and the ease of accessing the product via Google Sites. The evaluation by
expert lecturers provided input from the perspectives of science, learning, and media, ensuring that product
refinement is not limited to visual appearance alone. Validity analysis used Aiken’s V index in accordance with
the use of this coefficient to measure content validity based on expert evaluation. These results align with the
research by [11], who developed cognitive conflict-based instructional materials on optics and conducted a validity
assessment of the developed product. Research by [33] also showed that e-modules based on cognitive conflict
can receive valid ratings from experts. The similarity of these results indicates that expert validation is a crucial
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step in ensuring the appropriateness of both the content and design of instructional materials before their further
use. However, the validation results in this study only indicate the feasibility of the product based on the assessed
aspects and cannot yet serve as a basis for concluding the effectiveness of the e-module in enhancing conceptual
understanding or remediating students’ misconceptions.

The results of the practicality evaluation from the students’ perspective indicate that the e-modules were rated
as easy to use, engaging, efficient, and beneficial in supporting learning activities. The ease-of-use aspect relates
to students’ ability to follow learning instructions, access materials, and utilize available components. The aspect
of appeal relates to the presentation of the material and the product’s appearance, while the aspects of efficiency
and usefulness reflect students’ assessments of the e-module as a learning resource. The involvement of students
with high, moderate, and low academic ability levels provides an initial insight into the product’s use by students
with different ability characteristics. These results align with the study by [33], which involved students with
varying academic ability levels in evaluating the practicality of e-modules based on cognitive conflict.
Additionally [26] also emphasized the importance of assessing validity and practicality in e-module development.
These similarities indicate that user evaluations are necessary to obtain information regarding the product’s ecase
of use and usability. However, one-on-one evaluations involving a limited number of students cannot fully
represent the experiences of all students with diverse characteristics and learning conditions. Therefore, the
students’ usability results in this study serve as an initial assessment of the product’s usability and provide a basis
for identifying areas that still require improvement.

Teachers’ assessments of practicality also indicate that e-modules can be used as supplementary teaching
materials for physics instruction based on their ease of use, appeal, efficiency, and benefits. Teachers’ assessments
complement students’ responses because teachers can evaluate how well the learning activities align with learning
objectives, the consistency of material presentation, and the ease of using the product to support learning activities.
These results indicate that e-modules have the potential to serve as an alternative digital teaching resource that
supports structured learning and independent study. This aligns with [22], who position formative evaluation as a
crucial component in the development of educational products to gather feedback and refine the design. Although
the results of teacher and student evaluations provide a positive outlook on the product’s practicality, this study
remains limited to expert validation and an initial practicality evaluation conducted through a one-to-one phase.
The study has not yet included small-group evaluations or field tests; therefore, the product’s applicability in
broader learning contexts remains unknown. Furthermore, the effectiveness of the e-module in remediating
misconceptions cannot yet be concluded, as no testing of changes in students’ understanding categories has been
conducted before and after instruction. Thus, the results of this study provide preliminary evidence regarding the
validity and practicality of a cognitive conflict-based e-module that integrates deep learning and local wisdom in
the topic of sound waves. Further research is needed to test the product in larger groups and to empirically evaluate
changes in students’ understanding and misconceptions.

IV. CONCLUSION

A cognitive conflict-based e-module integrating deep learning and local wisdom on the topic of sound waves
has been successfully developed in the form of digital instructional materials based on Google Sites. The
characteristics of the e-module lie in the application of the four stages of cognitive conflict, the integration of the
principles of mindful learning, meaningful learning, and joyful learning, as well as the use of the local wisdom of
Nagari Surian as the learning context. The research results indicate that the e-module has been evaluated and meets
the criteria for high validity and high practicality based on assessments by experts, students through one-on-one
evaluations, and two physics teachers. Thus, the research objectives of developing the e-module and evaluating its
validity and practicality have been achieved. However, this study has not yet tested the effectiveness of the e-
module in remediating students’ misconceptions. Therefore, future research is recommended to conduct an
effectiveness test to determine the e-module’s contribution to the remediation of misconceptions regarding sound
waves.
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  S c o r e =  Score  Maximum   score × 100


  V =    ∑  S  n  ( c − 1 )


  s = r −   l 0


  V


   ∑  S


  n  


    l 0


  c


  r  


  ≤ 0 , 4


  0 , 4 ≤ V ≤ 0 , 8


  0 , 8 ≤ V ≤ 1


  Score =   Weighted   score  Maximum   weight × 100

