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1. INTRODUCTION

Science learning in elementary schools still faces challenges in increasing student active involvement,
especially in abstract materials. Activities that let students observe, try, and relate the material to everyday life
can improve understanding of concepts [1], [2]. In this context, science as the basis of science learning is not
only oriented towards mastering facts and concepts, but also emphasizes the scientific process and scientific way
of thinking as a unit [3]. However, classroom learning is still often dominated by theoretical explanations and
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passive learning activities, limiting students’ opportunities to construct understanding through meaningful
experiences.

Students’ active involvement is essential in developing 21st-century skills such as critical thinking,
creativity, collaboration, and problem-solving [4], [5]. In science learning, students are expected not only to
master concepts but also to develop scientific processes and ways of thinking [6], [7]. Research has shown that
contextual and problem-based learning can improve conceptual understanding and critical thinking through
meaningful learning experiences [8]. Furthermore, socioscientific discussions encourage students to evaluate
information, formulate arguments, and make evidence-based decisions related to real-life scientific phenomena
[9], [10]. Based on the distribution of questionnaires to fifth-grade students at Elementary School 016 Samarinda
Ulu, a significant gap was identified between the expected implementation of active learning and its actual
classroom practice. Although students showed interest in IPAS learning (76.84%), their understanding of sound
material and its properties remained moderate (69.73%). This condition was reinforced by students’ responses,
indicating difficulties in understanding abstract concepts (71%).

The limited availability of digital teaching materials was identified as one of the main contributing
factors. Learning activities were still dominated by worksheets (88%) and textbooks (36%), while e-modules
accounted for only 6%, even though most students agreed that digital media made learning easier and more
engaging (80.78%). In addition, students perceived science learning as overly theoretical (64.57%) and less
connected to everyday life contexts (72.89%). Although students expressed interest in Project-Based Learning
(70.26%), many considered its implementation difficult and time-consuming. Teachers also reported classroom
management and limited instructional time as major obstacles in implementing PjBL and SSI approaches,
despite strongly agreeing with their effectiveness (90%).

These findings indicate that existing learning resources have not adequately supported contextual,
interactive, and meaningful science learning experiences. Although students showed interest in Project-Based
Learning (PjBL), they considered project implementation difficult and time-consuming. Teachers also identified
classroom management and limited instructional time as obstacles in implementing PjBL and SSI approaches.
Modules as structured teaching materials can support students’ independent learning [11]. Along with
technological development, digital teaching materials are increasingly needed to facilitate interactive and flexible
learning [12], [13]. E-modules supported by multimedia elements such as images, videos, animations, and
simulations can increase students’ engagement and conceptual understanding [14], [15].

The integration of e-modules with active learning models is essential for fostering flexible and
meaningful learning. E-modules support students through the combination of textual explanations and visual
elements such as images, animations, and simulations, allowing concepts to be understood more interactively
[16]. However, e-modules alone are not sufficient to create meaningful engagement; therefore, integration with
the PjBL model is needed to encourage student participation in project-based activities and real problem-solving
[17]. In its implementation, PjBL not only requires students to understand concepts but also encourages them to
take action to solve problems by creating products or project outcomes. These activities can be strengthened
through the SSI approach, which presents everyday-life contexts to make learning more meaningful and
reflective [18]. SSI also encourages students to evaluate information, discuss evidence, and develop decision-
making skills through authentic socio-scientific problems relevant to daily life [19]. In addition, SSI learning
facilitates argumentation and discussion activities that help students consider scientific concepts alongside moral
and social perspectives when responding to real-world issues [20].

Various studies have shown that integrating PjBL and SSI can improve science learning. Alya &
Purwaningsih [21] found that SSI-based e-modules integrated with projects improved science process skills.
Fitriyani et al. [22] reported that integrating PjBL with SSI enhanced elementary students’ critical thinking skills
more effectively than conventional learning. Syarlisjiswan et al. [23], also showed that PjBL-SSI e-modules
increased student engagement with real-world issues. Other studies confirmed that PjBL-based e-modules
improved cognitive learning outcomes and critical thinking skills among elementary school students [24], [25].

However, previous studies mostly focused on secondary education and have not specifically explored
the integration of PjBL and SSI within digital e-modules designed for elementary school students, particularly in
abstract science materials such as sound and its properties. This study, therefore, addresses this gap by
developing and validating an integrated e-module for elementary science learning on sound and its properties,
integrating PjBL and SSI. This gap highlights the urgency of providing contextual, interactive, and visually
supported learning materials that enhance students’ conceptual understanding and engagement.

Therefore, this study aims to develop and validate a Soundwise e-module based on Project-Based
Learning (PjBL) and Socio-Scientific Issues (SSI) for fifth-grade science learning on sound materials and their
properties. Accordingly, this study seeks to answer two main research questions: (1) how is the development
process of the PjBL-SSI-based Soundwise e-module for fifth-grade science learning on sound material and its
properties, and (2) what is the validity level of the developed Soundwise e-module based on material, media, and
language expert assessments?
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2. RESEARCH METHOD

This type of research is Research and Development. Research and Development (R&D) is a systematic
process of stages focused on developing or improving new products [26]. In line with this, According to [27]
emphasize that this approach not only focuses on product outcomes but also encourages innovation that increases
student engagement and maintains relevance to learning objectives. This study employs the research and
development (R&D) method, adhering to Thiagarajan’s 4D model, comprising the Define, Design, Develop, and
Disseminate phases [28]. This study is confined to the Development stage, consistent with the stated research
objectives and scope. The development procedure is illustrated in Figure 1.

Specifications & Learning

Student Nees Analysis Material Analysis Objectives

h 4

Media Plan

Develompment (Research is limited to this stage)
Validation by Subject Matter, Media, & Language

Product develompment

Disseminate

Product Deployment

Figure 1. 4D Development Model Research Procedure

The participants in this study consisted of grade V students and teachers at Elementary School 016
Samarinda Ulu who participated in the needs analysis phase. A saturated sampling technique was employed,
including all grade V students at Elementary School 016 Samarinda Ulu as research participants. This approach
was selected due to the relatively small and accessible population, which enabled inclusion of the entire
population without sampling.

The inclusion criteria for participants were as follows: (1) students enrolled in grade V at Elementary
School 016 Samarinda Ulu; (2) students who had participated in science learning on the topic of sound; and (3)
teachers who actively teach science in grade V. The product's feasibility was evaluated by three material experts,
three media experts, and three language experts to ensure comprehensive validation of the developed e-module.

Data were collected using Likert-scale questionnaires. The instruments consisted of: (1) a needs
analysis questionnaire was administered to identify students’ learning needs, which served as the foundation for
developing the Soundwise e-module. (2) a validation questionnaire was used to evaluate the feasibility of the
developed e-module. The variables assessed in this study were material feasibility, media feasibility, and
language feasibility. The variables were assessed through expert validation utilizing a five-point Likert scale,
with values ranging from 1 (very poor) to 5 (excellent).

The validation instruments used in this study were adapted from previously validated studies. The
material validation instrument was adapted from [28], the media validation instrument from [28], and the
language validation instrument was adapted from [29]. Content validity was ensured through expert judgment
from specialists in the fields of materials, media, and language. The instruments were adapted from previously
validated instruments, ensuring content validity and relevance to the research context. The adaptation was
carried out by maintaining the structure and indicators from the original instruments, while adjusting the wording
to fit the context of this study. Therefore, the instruments were considered appropriate for data collection based
on their prior validation in prior studies. Each instrument consists of aspects and indicators as presented in Table
1,2, and 3.
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Table 1. Material Expert Validation Instrument
Aspects Indicator
Material accuracy with Learning Outcomes
Material Accuracy
Serving Techniques
Presentation Support
Project Based Learning Compatibility with the PjBL Model Stages
Socio-Scientific Issues Compatibility with the SSI approach

Content eligibility

Presentation Eligibility

Table 2. Media Expert Validation Instrument

Aspects Indicator
Media Display Clarity
I Cover Design
Audio Visual Completeness of Layout Elements
Page Layout
Media Engineering Effectiveness and efficiency
Aspects Precision in selecting media

Reliability of the material used if used for a long time
Security Use of learning media
Cost-effectiveness in the long run

Media Usage Implementation
Media Flexibility
Table 3. Linguist Validation Instruments
Aspects Indicator
Accuracy with student Precision with the level of emotional development
development Precision with the level of emotional development
Students' understanding of the language being delivered

Communicative Accuracy of the illustration of the problem conveyed with

the substance of the message
Sentence structure accuracy
Standardization of terms

The Meaning of Meaning in Alenia
Standardization of terms

Accuracy with the correct Grammatical accuracy

Indonesian language rules Spelling linkage

Straightforward

Coherence and Cohesion

Each response option is assigned a distinct score that indicates the quality of the e-module teaching
materials. The scoring for each answer option is shown in Table 4.

Table 4. Scoring Criteria

Score Category
5 Excellent
4 Good
3 Moderate
2 Poor
1 Very Poor

Data analysis in this study employed descriptive quantitative analysis. The feasibility level of the e-
module was determined by calculating percentage scores using the following formula: Based on the score
obtained, it can be calculated using the formula from [31] as follows:

f
P= 5 X 100%...(1)

Description:

P = Percentage numbers and questionnaires
f= Total score obtained

N = Maximum number of scores

Furthermore, to measure the average percentage of each aspect according to the criteria for the e-
module, with the calculation formula of [32] as follows:
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EDY'?
X == - % 100% ... (2)
Description:
X = Average
Y X = The number of values of each validator
n = Number of validators

This study employs descriptive quantitative analysis to assess the product's feasibility rather than
conducting hypothesis testing. Data obtained from expert validation were analyzed using percentage
calculations, comparing the obtained scores with the maximum possible score. The results were then interpreted
descriptively to determine the quality and feasibility of the developed e-module against predetermined validity
criteria.

The results of the validation questionnaire calculations are categorized based on the validity criteria
presented in Table 5.

Table 5. Validity Criteria

Interval Persentase (%) Criteria
81% - 100% Highly Valid
61% - 80% Valid
41% - 60% Quite Valid
21 -40% Invalid
0-20% Highly Invalid

3. RESULTS AND DISCUSSION

The research findings are organized according to three primary stages of the 4D model: define, design,
and development. The 4D model was selected due to its clear, systematic, and efficient development procedures.
The main focus of this study was to develop a PjBL- and SSI-based Soundwise e-module that meets the
standards of material, media, and language validity for sound and its properties materials.

The developed Soundwise e-module integrates PjBL-SSI, and multimedia features to support contextual
and interactive science learning. PjBL encourages students’ critical thinking, collaboration, creativity, and
communication through project activities, while SSI connects scientific concepts with real-life social issues and
promotes reasoning and decision-making skills [34], [35]. In addition, multimedia support such as videos,
animations, and images helps students understand abstract science concepts more effectively by reducing
cognitive burden and improving information processing [36]. Therefore, the integration of PjBL, SSI, and
multimedia features within a single digital learning resource represents the novelty of this study, as it was
specifically designed for elementary science learning on abstract materials, such as sound and its properties.

Overall, the Soundwise e-module is arranged in several main components, namely the title of the
material, instructions for use, learning outcomes, learning objectives, learning materials, learning videos,
discussion of socioscientific issues as the context of the problem, group projects, and practice questions, so as to
support contextual and independent learning.

3.1. Define Stage

At the definition stage, the researcher defines learning needs by analyzing the questionnaires given to
students and teachers. This stage aims to systematically identify learning needs, especially in the implementation
of PjBL and SSI. The focus of the analysis at this stage is only on student needs, based on questionnaire data.
The analysis was carried out on 56 grade V students and 2 teachers at Elementary School 016 Samarinda Ulu.
Based on the questionnaire results, 71% of students agreed that abstract IPAS material was difficult to
understand. Although 69.73% of students stated that they understood the material, some students still
experienced difficulties in understanding abstract concepts related to sound. A contextual approach through daily
activities can make the concept of IPAS easier to understand and potentially reduce misconceptions [37].

In terms of teaching materials, the use of e-modules remains very low at 6%, while learning is still
dominated by worksheet (88%) and textbooks (36%). This condition indicates that the use of interactive digital
teaching materials in elementary schools is still limited. In fact, e-modules serve as systematic, interactive
teaching materials to support independent learning, allowing students to control their learning process according
to their individual capacity and pace [38]. This situation reflects the need for digital transformation in
instructional media at the elementary school level.

Student interest in PjBL reached 70.26%, showing a positive tendency towards project-based learning.
However, 70% of students stated that projects were difficult, and 75% considered projects to take a long time.
These findings indicate that although PjBL is in demand, its implementation faces obstacles, making it
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suboptimal. Meanwhile, SSI-related skills, such as decision-making (66.57%), delivery of results (66.57%), and
understanding of science uncertainty (65.26%), showed progress that was beginning to be seen, but had not
reached the optimal level.

These findings indicate that students need contextual, interactive, and digitally supported learning
resources that can facilitate the understanding of abstract science concepts while supporting project-based and
socioscientific learning activities. Overall, the results of this needs analysis show various weaknesses in science
learning, including understanding concepts, using teaching materials, and applying learning methods. Therefore,
the findings of the needs analysis served as the basis for developing a contextual and interactive Soundwise e-
module integrating PjBL and SSI approaches.

3.2 Design Stage

The design stage begins with designing an e-module structure based on learning outcomes (CP) and
learning objectives (TP) on nature and sound materials. In this Soundwise e-module, interactive navigation
buttons are prepared, namely home to return to the front page, materials to access content properties and sounds,
SSI to display sound issues, projects for project-based activity stages, and practice questions for evaluation of
student understanding. All components of the module are arranged into a complete form, including front and
back covers, table of contents, instructions for use, concept map, introduction, property and sound material, noise
pollution, sound phenomenon as part of SSI, IPAS project with PjBL syntax, summary, Wayground-based
practice questions, glossary, bibliography, author profile, and interactive navigation.

The design stage continues with the creation of the e-module interface using Canva. The use of Canva
enabled the development of an attractive, interactive e-module interface accessible across various devices. In this
case, Taufan et al. [39] stated that Canva is an online-based graphic design platform that facilitates the creation
of interesting and interactive learning media and can be accessed through various devices such as mobile phones,
computers, laptops, and tablets, and can be used as an innovative alternative in creating interactive learning
media in the digital era that is effective to increase students' interest in learning [40], [41]. Interactive digital
media can also increase students’ motivation and engagement in elementary learning through game-based and
visually attractive activities [42].

The learning content in this Soundwise e-module is designed by integrating the PjBL model and the SSI
approach. The implemented Project-Based Learning (PjBL) framework comprises several stages: formulating
the essential question, designing a project plan, establishing a schedule, monitoring student and project progress,
assessing outcomes, and evaluating the overall experience [43]. Prior studies demonstrate that project-based and
contextual learning approaches foster active inquiry, collaboration, and meaningful learning experiences in
science education [44].

The SSI approach is integrated through the presentation of real issues related to daily life, namely the
phenomenon of sound horeg. The integration of SSI was intended to encourage students to relate scientific
concepts to real-life social problems through reasoning and decision-making activities. SSI-based learning also
encourages students to develop scientific argumentation, communicate ideas, and actively participate in
problem-solving discussions related to real-life issues [45]. The inclusion of socio-scientific issues in learning
sparks debates that require students to analyze problems in depth; This integration has proven to be effective in
improving decision-making competence, although it still faces challenges in forming a flexible attitude towards
risk at the primary school level [19], [46]. The SSI stages used in this Soundwise e-module include subject-
matter knowledge, informal reasoning, decision-making, character and reflective judgment, argumentation,
moral reasoning, and life experiences [47].

Furthermore, the Soundwise e-module was transformed into a flipbook on the Heyzine platform. As a
web-based tool, Heyzine converts PDFs into interactive digital books that look and feel like physical books. The
flipbook incorporates multimedia elements, including links, videos, and audio, that enhance learner engagement
and minimize monotonous instructional delivery [48], [49].
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Mementas kesicpan proyek dan kesesusion rencana awal
proyek *Earmuff: Guordian Ear”

A. Tabel Monitoring Kesicpan Proyek
Beri fenda centarg (¥ ) pada kolom Sudch/Belum jika
Kegiaten telah dilokukan. Jika belun, Seticp anggota mendopat

o CRSSE e SR
(d) ® (9]

Figure 4. Syntax of PjBL a) Determining fundamental questions b) Designing project planning c¢) Developing
project schedules d) Monitoring project progress ¢) Testing results f) Evaluation

1 | Komi bekerio soma dengon
aik dalem kelompok

3.3 Development Stage

In the development stage, the activity focuses on validating and revising the Soundwise e-module
developed in the previous stage. This validation assesses the product's validity in terms of materials, media, and
language before it is implemented in learning. The validation process in development research aims to ensure
quality and to assess the suitability of the developed products for meeting educational criteria [50], [S1].

In this study, the validators consisted of three subject matter expert validators (two PGSD lecturers and
one teacher of Elementary School 016 Samarinda Ulu), three media expert validators (Computer Education
lecturers), and three linguist validators (one PGSD lecturer, one Indonesian Language Education lecturer, and
one teacher of Elementary School 016 Samarinda Ulu). Experts are selected based on their academic background
and teaching experience [52]. This selection ensures the credibility and validity of the evaluation process.

After validation, the validators provided various suggestions and inputs that served as the basis for
product revisions. Revisions are made to address flaws and weaknesses identified during validation [53]. Based
on validation results from the material experts, several suggestions to improve the material's feasibility and
presentation were identified. The revisions include simplifying paragraphs, adding representative images,
grounding the material in a real-world context, and providing more in-depth explanations of concepts. A
summary of the revisions from the subject matter expert validators is presented in Table 6.

Table 6. Revision of E-Module Materials
Before Revision

Enter After Revision

. Bunyi Morambat ke Segala Ara

Gambar 1.5 Bunyi merambat ke segala arah

On page 5 the paragraphs
are simplified into one to
make it more concise.

Buny] memiliki sifat dapat menyebar ke segala arah, Berbeda dengan
cahaya yang merambat. lurus, bunyl dapat menyebar ke berbagai arah.
Oleh karena itu. kita tetap dapat mendengar suara teman yang
memanggil maskipun kia sedang membelskanginys atsu borsda di
rusngan sobolah,

Selaln Ru, bunyl dapat merambal melalui berbagal media, seperti
udara, alr, dan benda pada.

 Bunyi Dapat. di Pantulkan

Bunyi memiliki sifat dapat menyebar ke segdla arch
Berbeda dengan cahaya yang merambat lurus, bunyi dapat
menyebar ke berbagai arah.  Oleh karena itu. kita tetap
dapat mendengar suara teman yang memanggil meskipun kita
sedang membelakanginye

, Bunyi dapat dipantulkan

Bunyi dopat memontul ketika mengenai benda keras

misalnya dinding, tebing, atau gedung yang tinggi. Akibatnya,
bunyi tidak hilang, melainkan kembali den dapat terdengar
sebagai bunyi pantul.

ESERCIIIX < 00/
Merged into a single narrative
paragraph that is direct and
concise.

Bunyl dapat memantul ketika mengenai benda keras. Akibataya, banyl
tidak hilang. meloinkan kembali dan dapat terdengar sebagai bunyi
pantal.

") E-MODUL BUNYI B SITNVA _

Comprised three long, repetitive
paragraphs explaining wave
propagation theories.
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Enter

Before Revision

After Revision

On page 6, the use of images
is excessive and BioNews is
added, which explains that
modern large spaces such as
cinemas do not experience
echoes.

On page 7 add an
explanation of the frequency
and the difference in the
height of the sound

On page 13, an explanation
of the process of denying

Joris-janis bury! pantul yaltu:
. Bunyl pankal yang menguatkan bunyi asi

Bunyi ini membuat suara jadi lehih keras karena
panculannya datang hampir bersamaan dengan bunyi
adi. Biasanya terjudi jika jarak sumber bunyi dan
dinding pantul cukup dekat. Contohnya, ketika kita
berbicara di dekat dinding atau tembok.

Gaung adalah bunyi pantul yang bercampur dengan
[bunyi asl sehingga suars terdengar kurang jelas.

Gaung sering terjadi di ruangan besar, seperti gedung
Konser, aula, atau bioskop, karena bunyi memantul
& | beberapa kali sebelum sampai ke telinga kit

Gri E-MODUL BUNY! 8 SIFATNYA

Cluttered with four overlapping
sound reflection images without
structural context.

Gema adalsh bunyi pantul yang terdengar setelah
bunyi asli berhenti sehingga suara terdengar jelas.
tetapi datang terlambat.

Gema terjadi apabila jarak antara sumber bunyi
dan bidang pantul cukup jauh, misalnya saac
berteriak di gua atau di daerah pegunungan

dan Kerss Pelan

Tingg! Rendah
3 Bunyl
Bunyl tidak hanya Lerdengar, Latapl Juga mewiiki parbedesn sifat
yarg bisa kita rasatan, yaituting-rendsh dan beras-peian,
3. Tingg! rendah bunyi
Tinggi atsu rendsh bunyl ditentuksn oleh cepst steu lsmbatnye
gotarsn sumooe banyl Jika st bonds Borgetar somatin copat,
bunyl yang dihasilkan akan terdengar semakin tiaggl.
Sebalikya, Jka gotarsn suatu benda lambat, bunyl yang cihasitken

akan terdengar lebih rendsh.
E-MODUL BUNYI & SIFATNYA I
L=

Provided only a general definition
of sound without distinguishing
its core properties.

Tellaga Tengah (Weneruskan Gotaran)

« Nomor § (Dandeng Teliags/Timgari): Selopst. tis yong akan

bergetar sssk Larkena suara. Fangsinya mengubsh suara menjedi
getacan,

« Namor § (Tulang Pendangaran; Tordii darl talang wertl landasan,
daa sanggundi. Fungsinys memparkust, gotaran dan meseruskannye
ke elinga daam.

« Saran Eustachivs: Sakursn yang menghabunghan telinga dengan
Lenggorokan uetak mesjaga Lekaras udara tetap selmbang.

F.

Ear anatomy functions were
presented statically without
explaining hearing protection
mechanisms.

jenis-jenis bunyi pantul yaitu:

. Bunyi pantul yang menguatkan bunyi asli
Bunyi ini membuat suara jodi lebih keros Karena
pontulannya datang hompir bersamoan dengon bunyi asli
Biasanya terjodi jika jerak sumber bunyi dan dinding pantul
cukup dekat. Contohnya, Ketika kit berbicara di dekat
dinding atay tembok

b. Gaung
Gaung odalah bunyi pantul yong bercampur dengan bunyi
asli sehingga suara terdengar Kureng jelas. Gaung sering
terjadi di ruang besar korena bunyi memantul beberopa
Kali sebelum sampal ke telinga

ant
(55 BIO NEWS
3T L7 ———
— Ruang besar seporti bioskop modern biasanya tidak

ol fuas. Hal ini karena dinding dan langit Jangsnyn dilapisi
| bahan penyerap suara seperti panel akustik, karpel tebal
i dan kurs) empuk yang berfungsi menyerap gelombang bunyi
o

b. Gema
Gema odalch bunyi pantul yang terdengar setelah bunyi
asli berhenti sehingga suara terdengar jelas, tetapi datang
terlambat.

= e-uoouLBunyi 8 ST EORERGTSRSRT

Reduced to two key images and
added a BioNews box about

cinema soundproofing.

Gema terjadi  cpabila
jorck  antara  sumber
bunyi don bidang pantul
cukup jauh, misalnya saat
berteriak di gua atau di
daerah pegunungan,

‘GAmbar . AnkSertesas o G2

5 Tinggi-Rendoh don Keras-
Pelan Bunyi
Bunyi tidak hanya terdengar, tetcpi juga memiliki
perbedaan sifat yang bisa kita rasckan, yaitu tinggi-rendah
dan keras-pelan
. Tinggi dan rendah bunyi
Tinggi dan rendah bunyi ditentukan oleh frekuensi
ofu cepat lambatnya getaron. Semokin cepat suatu
benda bergetar, semakin tinggi bunyi yang dihasilkan
Sebaliknya, semokin lambat getarannys, semokin rendah
bunyiny.

Namun, suora yong tinggi tidok selok terasa
mengganggu. Penyanyi yarg menyanyikan neda tinggi bisa
fetop terdengar nyaman karena getoron pita suaranya
feratur dan stebil. Selain ity, kerasnya suara juga
terkontrol sehingga tidak berlebihan
Berbeda dengan suara Klakson kendarean ateu feriakan
yong sangat keras

R - 0O/

Added text and diagrams to
differentiate between pitch

(frequency) and loudness
(amplitude).

Telinga Dalam (Mengirim Sinyal ke Otak)

« Saluron eustachius berfungsi menjoga keseimbangon
tekanan udara di telinga. Jika tekonon Tidak seimbang,
gendang Telinga bisa terasa sakit bahkon rusak.

« Rumch siput (koklea) berbentuk spiral seperti siput.
Bagion ini mengubah getaran bunyi menjadi sinyol saraf
yang kemudian dikirim ke otek

+ Saluran gelang (saluron setengah lingkaren) membantu
kita menjaga keseimbangan dan mengetahui posisi tubuh.

Proses telinga dopat mendengar adalah sebagai berikut:
Bunyi masuk melalui telinga luar — mengenai gendang telinga
— gendang telinga bergetar — getarcn diteruskan ke tulang
tulang pendengaran di telinga tengoh — getaran masuk ke
rumah siput (koklea) - divbah menjadi sinyal sorof ~» sinyal
dikirim ke otak — otak mengenali buny tersebut

Untuk lebih memahami bogaimana proses telinga dapat
mendengar buryi, simakich video berikut dengan saksama
dan perhatikan setiap tahapan yang dijelaskan!

0.~

Bisa

gaimana Teli

>

Sumber: Kiddy T

ESRIIIX - coo
Added a step-by-step flowchart
of hearing and text explaining
how materials damp sound
waves.
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Enter

Before Revision

After Revision

On pages 17-24 An
explanation of each stage of
SSI is added

£

_ FENOMENA i
¢+~ " SOUND HOREG

=
ute experinces
Tahap 2: Jejek Pengalamanmu
Diskusicanian suara bising apa saia yang pernsh kalian tawu 6 Kola
Samarindsl
Sumber Suara Bising | Lokasi Kejadion | Efek Pada Tuboh

Simaklah video dibawah ini dilawal ini!

Setelan menanten video tadi,
silakan berdiskusi dengan Leman
kefompokmy. Jewsblah deagan jujur
dan saling mengharyei pendapat yal

O fizm/ci E-MODUL BUNY! & SIFATNVA

Presented the sound horeg article
directly without guiding students
through structured analytical
steps.

£

I‘ENOHENA [ ]
® SOUND HOREG

’n“a‘

R e

Tahep 2: Jejok Pengalamanmu
Diskusikaniah suara bising apa 5aja yang pernah kalian temui
di Kota Samarindal

Lokasi Efek Pada

Sumber Suara Bising o e

ESERTIIEIY = GO0
Integrated explicit sub-headings
and discussion prompts for each
of the seven SSI stages.

After improvements are made based on the validator’s suggestions, the product is reassessed. The
results of the reassessment are presented in Table 7.

Table 7. Recapitulation of Subject Matter Experts after Revision

Material Expert Validator Eligibility
Aspects Assessed Validator ~ Validator  Validator  Percentage Categories
1 2 3 (%)
Content Eligibility 100% 100% 96% 98% Highly Valid
Presentation Eligibility 96% 96% 100% 97% Highly Valid
Aspects of Project Based Learning 100% 88% 100% 96% Highly Valid
Socio-Scientific Issues Approach 100% 100% 95% 98% Highly Valid
Average Percentage 97% Highly Valid

The percentage of material expert validation results for the PjBL-SSI-based Soundwise e-module
applied in the learning process reached 97% and was included in the "Highly Valid" category. This finding
indicates that the developed material, PjBL syntax, and SSI integration were deemed appropriate for elementary

school learning objectives.

Based on the validation results from media experts, several inputs on audio-visual aspects, media
engineering, and usability were obtained. The revisions included optimizing audio elements, enhancing
navigation flexibility, and making typographic adjustments to improve readability. A summary of the revisions
from the media expert validators is presented in Table 8.

Table 8. Media Expert Recapitulation after Revision

Enter

Before Revision

After Revision

On page 18 Add audio
sound horeg to improve the
learning experience of
students.

FENOHENA —
SOUND HOREG

rv.'é % Derl borbagal kejadi

hareg biss mencepai el

STV ogho i sangat tinggi jike dibandingkan dongan swers

yang sman untuk tellags manatls, Susra yang Lorlals

> ‘ keras dop. membut. alings berdanging. Lorseo seki.
dan ik sering Lersad bisa merusak peadengaran

-MODUL BUKYI 6 SIFATNYA I

Featured only static text and
photos of trucks, lacking actual
auditory perception

5
_ FENOMENA
* SOUND HOREG

Untuk memahami lebih lanjut

tentang karokteristik bunyinya,
Kik audio di samping dan
dengarkan contoh suara sound
horeg berikut ini  dengan s
saksamal
Apokah Sound Horeg Aman untuk Telinga Kita?
Dari berbagai kejadian yang dilaporkan, suara
b sound horeg bisa mencapai sekitar 120 sampai
135 desibel Angka ini sangat tinggi jika
dibandingkan den

telinga manusia

membuat telinga berdenging, terasa sokit, dan
Jika sering terjodi bisa merusak pendengeran

A BIO NEWS

T TR P
Menurut World Health Organizatian (WHO), suara yang |
terlabu keras dapat merusak pendengaran jikn didengar
dalam waktu lama. Suara dengin tmgkat di ates 8

. desibes (4R) dapst memhahayakan felinga, terurama fika |

v:nng Aldeng ek Smres s WG memmiion K

| membtas volume sura dan wac d fempat g

BRI - oo
Embedded an interactive audio
link of authentic sound horeg
bass vibrations.
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Enter

Before Revision

After Revision

Added a navigation button
so that users can directly
access the desired part of the
material.

PETUNJUK PENGGUNAAN I

Basod Loaring-Socko
dan Bunyl, Agar kamu dopal. bogar dengen

Solomat. datang snok-anak dalam o-Modul
Sclont i issues materi Sial

yaman dan menyonangkan, bacalah poturguk Derfeut i dengan bk yo

=" PETUNJUK PENGGUNAAN f
Lacked a shortcut menu, forcing
users to flip pages manually one
by one.

Bunyl dapat terdengar apabila momanshi tiga syarat barliat:

0 Sumber Bunyi

Sumber bunyl adalah bends yang dapet
71 menghasiltan  buryl  karens  bergetor.
Contobnya adalah senar gitar yang dipeik,
terompet yang ditiup. dan gendang yeng
dipukul,

jenis-jenis bunyi pentul yaitu:

a Bunyi pantul yang menguatkan bunyi asli
Bunyi ini membuat suara jodi lebih keros karena
pantulannya datang hampir bersamaan dengan bunyi asli
Biasanya Terjadi jika jarak sumber bunyi dan dinding pantul
cukup dekat. Contohnya, ketika kita berbicara di dekat
dinding atau tembok

Goung

Goung adalah bunyi pantul yang bercampur dengan bunyi
asli sehingga suara terdengar kurang jelas. Goung sering
terjadi di ruang besar karena bunyi memantul beberapa
kali sebelum sampai ke telinga.

§
{5 BIO NEWS

WL Tahukah Kamu?............ —
iang besar seportl bioskop modern biasanya tidak |
‘memilii gaung yang mengganggu, walaupun wkurannya
uas. Fialini Karena dinding dan langit langitnya dilapisi |
bahan penyerap suara seperti panel akusti, karpel tebal |
§ dan kursi empuk yang berfungsi menyerap gelombang bunyi. {
i sehingga pantulan suara berkurang dan terdengar lebih felas. |

b. Gema
Gema adalch bunyi pantul yang terdengar sefelah bunyi
asli berhenti sehingga suara ferdengar jelas, tetapi datang
terlambat.

o=} o E-MODUL BUNYI & SIFATNYA

Added a navigation menu
(Home, Materials, SSI, Project,
Quiz) on every page.

Bunyi dapat tardsagar apabils memenubi tiga syarat berilut:

. Sumber Bunyi
Sumber bunyi odalsh benda yang dopat
bunyi  haren  borgetar.
Contobnya sdalah senar gltar yang dipebik,

menghasilkan

terompet yaag @Riup. dsn geadang yang
[ e dipukal.
% Jika tidak ada benda yang bergetar, maka
bunyi tidsk dapat. dinasikan,

Gambar 13 Anak Ber

Jika tigak ata benda yang bargetar, maka
bunyt Udak dapat Ghasikan.

n Gltar

Ada Zat Porantaranys
s Zat Persntaranys

Bunyi tidak dapat merambat.
sondirl, totapi momerivkan
28, perentans.

2at perantars adsloh wedia
ying  membanty  bunyi
marambat. dar susber bunyi
hingga ko telings ks

2ot porantara banyi tardici | (1
atas Uga mecam, yoity zat ¢
padat, 2 cai. dan zat gas.

Changed to a kid-friendly

"Comic Sans" font to optimize
readability for elementary
students.

Buny tidsk dapat mersmbat
sendiel, tetapl memerlakan

Change font types and sizes
to make them clearer and ey
improve readability. e s e |

marambat. Gari sumber bunyi
hingga ks telinga kits.

Zat perentara bunyi tendini |
stas tigs macam. yiku 7t
padat, zat cair, dan zat. gas.

Guusbar 1.4 Anal

Used a decorative "Rustico" font
that was too dense and hard to
read on screens.

After improvements are made based on the validator’s suggestions, the learning media are reassessed.
The results of the reassessment are presented in Table 9.

Table 9. Recapitulation of Media Expert Validation after Revision

Material Expert Validator Eligibility
Aspects Assessed Validator ~ Validator ~ Validator ~ Percentage Categories
1 2 3 (%)
Audio Visual 90% 91% 97% 93% Highly Valid
Media Engineering 85% 92% 97% 91% Highly Valid
Aspects of Project Based Learning 86% 100% 93% 93% Highly Valid
Average Percentage 92% Highly Valid

The percentage of media expert validation results for the PjBL-SSI-based Soundwise e-module reached
92% and was included in the Highly Valid category. These results indicate that the developed media meet the
standards for functional design, readability, navigation, and multimedia integration in digital learning.

In addition to the material and media aspects, validation of the linguistic aspect is also carried out to
ensure that the information in the module can be conveyed effectively. Based on the linguist's validation, several
suggestions for improving the accuracy of the term, the effectiveness of the sentences, and the clarity of the
context were provided. The revisions include replacing foreign terms with Indonesian equivalents, changing
passive sentences to active voice, and adding explanations of technical terms such as sound horeg and earmuff.
A summary of revisions from linguist validators is presented in Table 10.
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Table 10. Language Expert Revision Summary

Enter

Before Revision

After Revision

On page 1 change the term

to the correct Indonesian
equivalent.

On page 12 Omit the first

paragraph and directly

present the material of the

ear parts.

BUNYI &
SIFATNYA |4y

ol tamen-tenan! Pernabkah kalian
«

bingung meogapa kita dapat

mondangar suara, padahel —
AL Ok
‘® 2
b | e § -
W ) e b w2 /
L ok sompoi ke g 837 ‘ ’
' Yl pindai kode 08 daa simak.

vidoo berikut!

Mixed non-standard English
phrases into navigation prompts
(e.g., "click button home").

Tolings kka bukan cuma yong Lorlihat di pinggir

S kepala saja, tho. Ada Liga bagian utama yang bekerje
‘:"i\ sama supsys kita bisa dengsr suara musik atau
- panggilan temsn:

Tefinga Luor inga Tengal Telinga Do

Telinga Luar (Menangkap Suars)
« Momor 2 (Daun Telinga): Fungsinya untuk menangkap getarsn suars
dari lar.
« Momor 3 (Saluran Tolinga): Lubang Jalan mesuknya suara menuju
gendang telinga. Di sii juga terdapat rambut halus untuk menyaring
kotoran,

%
@a\ BUNYI &

[#i= SIFATNYA By

Hai eman-temanl_Pernahkah
Kalian mendengar suana

podanal bentukrye tidk

sesiber?
- -

‘simalk video berikut!

l ol
BV i
s | §

Pincal Kodel &

()
C)
- [-MGDUL ‘.m; ﬁ‘:_;z.no r
Replaced completely with
formal, standard Indonesian
terms (e.g., "klik tombol
beranda").

G 1 g g s
Telinga Luar (Menangkap Suara)
+ Doun Telinga, berfungsi untuk menangkap getaran suara
dari luar.
« Saluran Telinga, berfungsi berfungsi menangkap debu
yong masuk ke saluran telinga dan mencegh hwan
berukuran kecil mesuk ke dalam telinga

Telinga Tengah (Meneruskan Getaran)

« Gendang telinga/timpani berfungsi manangkap gelombang
suara dan mengubahnya menjedi getaran yang diferuskan
ke tulong telinga

* Tulang  felinga  (maleus/martil,  inkus/landasan,
Stapes/sanggurdi), berfungsi meneruskan getaran dari
gendang telinga ke rumah siput.

[ com o SIS

Opened with a wordy biological Removed the text completely to
narrative about anatomy that open directly with the human ear
drifted from physics concepts. diagram.

5 5
@m FENOMENA | ‘ﬁ§ FENOMENA —
* SOUND HOREG

Ea ? SOUND HOREG
N ) = Subject Matter Knowledge
e@Yound Ioreg: Contoh Suara Keras di Daerah Lain —2|Peserta didik memahami konsep iimiah dasar yong berkaitan
M g topik yorg Gpekijord

Suara koras saport] yang kita dongar 6l sokiar kita Juga torjadi di
daerah lain di Indonesia. Di beberspa daersh, Lerutams di Jawa Timur,
suara muslk yang sangat. keras dari kendaraan bosar disobut sound horog.
Sound horeg bissanys digunokan sast keensval steu pests rakyal dan

menggunakan pengeras suara berukuran besar. Sl =T 2

wene =<
RUMAN WARGA RUSAK MBAS | IR
RARNAVAL SOOMD HOMEC

Saat i, fenomena sound horeg menjodi perhatian
masyarakat. Banyak orang menganggap sound horeg sebagai
hiburan karena menghasilkon musik yang sangat keras dan

On page 17 add the

getoren yang kuat, Namun, suara yang terlalu keras ini juga
menimbulkan masaloh, seperti gangguan kesehatan, kebisingan,
dan bahkan kerusakan bangunan di sekitar. Oleh karena itu,

definition of sound horeg so

that readers understand the PPN ] o e s s s
sekitarnya merasa janggu. Bahkanm, menurut berita, suara ini daj - >

context of the phenomenon_ s T ot WL s Gl T Sk Apalty o 1fooue?

Sound horeg merupakan istilah yang digunckan untuk
warga.

menyebut sistem pengeras suara berdaya sangat tinggi
Oieh karena itu, pemerintah di beberapa dacrah mulsl membuat aturan R s e I O 009 1)

dipasang pada kendaraon besor, seperti truk, dengon tujuan
pombatasan suara agar kogiatan totap berlangsung dengan aman dan tidak

menghasilkan bunyi musik yang sangat keras dan bertenaga
mengganggu oreag lain.

£ EEEDIEXe 0008
Definition of sound horeg to Added a clear operational
clarify the context.Introduced the  definition explaining "sound
local cultural term "sound horeg"  horeg" as a localized high-
abruptly in the text without any intensity audio parade

prior explanation. phenomenon.

After improvements are made based on the validator’s suggestions, the product's linguistic aspects are
reassessed. The results of the reassessment are presented in Table 11.
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Table 11. Recapitulation of Language Expert Validation after Revision

Material Expert Validator Eligibility
Aspects Assessed Validator ~ Validator ~ Validator  Percentage Categories

1 2 3 (%)
Accuracy with Student Development 100% 100% 90% 98% Highly Valid
Communicative 90% 100% 90% 97% Highly Valid
Straightforward 100% 100% 100% 96% Highly Valid
Coherence and Cohesion 100% 100% 90% 98% Highly Valid
Accuracy with Indonesian Language Rules 90% 90% 100%

Average Percentage 97% Highly Valid

The percentage of linguist validation results for the PjBL-SSI-based Soundwise e-module reached 95%
and was included in the Highly Valid category. This finding indicates that the language employed in the module
was clear, accessible, and suitable for the developmental stage of elementary school students. The validation
results demonstrate that the developed Soundwise e-module has high validity and feasibility for implementation
in elementary science education.

The results indicate that the Soundwise e-module demonstrates high validity across material, media, and
language. This suggests that integrating PjBL, SSI, and multimedia features is suitable for elementary science
instruction on sound and its properties. The integration of structured project activities, socioscientific reasoning,
and multimedia learning supports contextual science learning for elementary students. The findings support
previous studies reporting that integrating PjBL and SSI can improve science learning, critical thinking, science
process skills, and student engagement with real-world issues [21]-[23]. Furthermore, PjBL-based e-modules
have been shown to enhance cognitive learning outcomes and critical thinking skills among elementary school
students [24], [25].

However, previous studies mostly focused on secondary education and did not specifically integrate
PjBL and SSI within digital e-modules for elementary science learning on abstract materials such as sound and
its properties. Therefore, the novelty of this study lies in the development of an integrated Soundwise e-module
that combines PjBL syntax, SSI stages, and multimedia features in one contextual digital learning resource for
elementary students.

Practically, the Soundwise e-module can support teachers in implementing interactive, contextual, and
technology-based science learning in elementary schools. However, this study was limited to the development
and validation stages and did not include classroom implementation or effectiveness testing. Therefore, future
research is recommended to examine the practicality and effectiveness of the Soundwise e-module in improving
students’ learning outcomes, critical thinking, and socioscientific reasoning abilities.

4. CONCLUSION

A Soundwise E-Module was developed utilizing PjBL integrated with the SSI approach for fifth-grade
science learning on sound and its properties. Validation results indicated that the e-module met the criteria for a
highly valid instructional resource across material, media, and language quality. The contribution of this study
lies in the development of an integrated digital learning resource that combines PjBL activities, SSI stages, and
multimedia features within a single instructional design for elementary science learning. This study also
addresses the gap in previous research, which mostly focused on secondary education and rarely integrated PjBL
and SSI within digital e-modules for abstract elementary science materials. Practically, the Soundwise e-module
can support interactive, contextual, and technology-based science learning in elementary schools. This study was
limited to the validation stage. Consequently, additional research is required to assess the implementation,
practicality, and effectiveness of the Soundwise e-module in diverse educational contexts.
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