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Digital Student Worksheet; The independent curriculum employs a differentiated
Process Differentiation; approach to learning. The differentiation approach is
STEM-PjBL employed to adjust the ability of students to comprehend

the material. One model that can be applied is the PjBL
model, which is integrated with STEM. Learners will
engage in problem-solving activities in the context of
physics education, utilizing technology as a tool. The
integration of the model with the learning media employed
is a harmonious process. Digital student worksheets
represent a potential solution for the integration of the
STEM-PJBL model. This research is a development
research (RnD) project that employs the ADDIE
development model. The development of digital student
worksheets is comprised of three stages: analysis, design,
and development. The analysis stage involves determining
the characteristics of digital student worksheets. The
design stage entails designing content for digital student
worksheets. Finally, the development stage aims to obtain
validation of feasibility and practicality from experts. The
results of the validation of material and media experts
indicate that digital student worksheet is suitable for use
with revisions. The results of the practicality test of digital
worksheets by teachers indicate that they are feasible,
while the results of the test by students indicate that they
are very feasible.

INTRODUCTION

The global pandemic of 2020 has precipitated a multitude of alterations in various aspects of life,
necessitating a swift and comprehensive readjustment. Among the domains affected is the sphere of
education, where the phenomenon of learning loss has led to a decline in the attainment of student
competencies. In response to this challenge, the government has initiated the implementation of the
Merdeka Curriculum. The Merdeka Curriculum is a program designed to restore learning. It
encompasses three key characteristics: project-based learning, which develops soft skills and character
in accordance with the Pancasila learner profile; learning essential material; and a more flexible
curriculum structure [1].
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The implementation of the Merdeka Curriculum places an emphasis on learner-centered learning,
wherein the teacher is not the primary actor in the learning process. Instead, the teacher serves as a
facilitator, employing a variety of approaches that are not monotonous and that engage students in a
dynamic manner. The approach promoted by the Merdeka Curriculum is differentiation.
Differentiation is a learning approach that adapts to the diverse levels of understanding of students. It
entails competency-oriented learning, which necessitates the use of varied and periodic assessments
[2]. The philosophy of differentiated learning is a methodology for addressing the diverse needs of
learners. Teachers employ a range of pedagogical approaches to accommodate the varying abilities
and preferences of their students. One strategy that has been shown to enhance learning outcomes is
process differentiation. This refers to the manner in which teachers provide instructions to learners
during instructional activities.

In the context of physics education, it is essential for teachers to provide instructions that align with
the specific sub-chapter of material being studied. This is because physics learning encompasses both
concrete and abstract concepts. One such abstract concept is that of waves, which must be understood
by students. Based on recent research, it has been found that 60.6% of students consider light waves to
be a challenging topic to grasp [3]. The majority of students encounter difficulty in comprehending the
intricacies of light wave sub-materials due to the abundance of formulas and the dearth of
supplementary instructional materials provided by educators. A novel learning model is therefore
essential to ensure that students do not solely rely on formulas for understanding [4]. One pedagogical
approach that can be employed to facilitate students' comprehension of light wave material and
mitigate boredom is the implementation of the Project-Based Learning (PjBL) model.

Project-based learning is a learner-centered knowledge model that provides a meaningful learning
experience for students. The project learning model facilitates understanding of the material by
offering direct practice rather than merely imagining, thus enabling students to analyze problems,
provide critical responses, and find solutions. This model also makes it easier for educators to provide
learning experiences to students [5]. The application of the PjBL model to light waves can be
enhanced by the incorporation of technology to facilitate the learning process. The PjBL model is most
effective when combined with the Science, Technology, Engineering, and Mathematics (STEM)
approach [6]. The integration of Project-Based Learning (PjBL) and STEM is a promising approach to
enhance students' science process skills. PjBL is a learning model that employs a STEM approach,
wherein students are tasked with solving problems based on scientific, technological, engineering, and
mathematical principles.

A worksheet is a pedagogical instrument that can be employed by educators to enhance student
engagement and activity within the learning process [7]. Teachers may provide students with
worksheets on material that has been previously delivered, thereby facilitating a more active and
student-centered learning process. Learners may work on student worksheets in accordance with the
directions and instructions provided therein.

Based on this, a development research project will be conducted with the objective of producing
digital student worksheets based on process differentiation with a STEM-PjBL approach to the subject
of light waves. This is with the aim of determining the feasibility and practicality of digital student
worksheets based on process differentiation with a STEM-PjBL approach to the subject of light
waves.

METHOD

This research employs a type of research and development, a process utilized to develop and validate
educational products. Research and development encompasses a multitude of models, with the ADDIE
model representing a prominent example. The ADDIE model is a development model that can
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facilitate the creation of media, teaching materials, learning models, and learning strategies. This
model is comprised of five stages, namely Analysis, Design, Development, Implementation, and
Evaluation [8]. In this study, the ADDIE stages were only implemented until the development stage.
Data collection methods included observation and questionnaires. Observation was employed to obtain
information about the conditions in the field. Questionnaires in the form of validation and practicality
questionnaires were used to determine the feasibility of student worksheets.
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Case Study
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__________________________________________ e i o o e e o e s s 2 s
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| Small Scale Test
]
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Fig 1. Research Stages

The results of the practicality test of digital student worksheets are calculated using the percentage
formula, while the feasibility of digital student worksheets is calculated using the V-Aiken's formula.
The equation and practicality criteria used are as follows [9].

R
—_— 0
NP = - x 100% 1)
Description:
NP : percentage value
R : number of assessment scores
SM : maximum score

Table 1. Practicality Criteria

Percentage range Criteria
81% - 100% Very Feasible
61% - 80% Worth
41% - 60% Decent Enough
21% - 40% Less Feasible
0% - 20% Not Worth it

The V-Aiken equation and the criteria employed are as follows [10].

zs

V= -] @)
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Table 2. V-Aiken’s Criteria

Value Range Criteria
0,81-1,00 Very Valid
0,61-0,80 Valid
0,41 -0,60 Moderately Valid
0,21 -0,40 Less Valid
0,00-0,21 Not Valid

RESULTS AND DISCUSSIONS

The development of digital student worksheets is a process that begins with research and ends with the
implementation of the final product. The process is divided into five stages: analysis, design,
development, implementation, and evaluation. In the analysis stage, the characteristics of digital
student worksheets are determined. This is done through a process of differentiation based on the
STEM-PjBL approach. In the design stage, the design of the digital student worksheets is created. This
is done with the goal of determining the feasibility and practicality of the digital student worksheets.
The stages of developing digital student worksheets are as follows.

Analysis Stage

A literature search was conducted by entering keywords into Google Scholar. Articles were found
based on the keywords entered into the search, including "digital student worksheets," "process
differentiation,” and "STEM-PjBL." The first search was conducted four times by entering the
keyword "digital student worksheet," and 11,100 articles from 2020-2024 were obtained. The second
search by entering the keyword "process differentiation™ obtained 15,700 articles. The third search,
conducted by entering the keyword "STEM-PjBL," yielded 17,200 articles. The fourth search, which
involved entering all keywords into "process-differentiated digital student worksheets with a STEM-
PjBL approach,” returned two articles within the 2020-2024 range. The results of the search for
articles that are most closely aligned with the research are used for comparison of the digital student
worksheets developed. The initial article addresses the topic of differentiation in research,
encompassing aspects such as process, content, and product. The differentiation of the process is
achieved through the provision of distinct guiding questions, tailored to the predetermined learning
readiness group. Additionally, differentiation of the process is accomplished through the
implementation of variations in time allotted for learners to complete the student worksheet [11]. The
second article presents an application of the STEM-PjBL model, assisted by e-student worksheet, with
renewable energy as the material. The STEM-PjBL model, designed in the e-student worksheet,
guides students in the construction of simple windmills for power generation. The e-student worksheet
incorporates STEM aspects, which facilitate the organization of learner activities in the windmill
project process [12].

The results of the literature search conducted through Google Scholar indicate that the primary
characteristic of the digital student worksheet lies in its integration of the STEM-PjBL learning model
with process differentiation. The STEM-PjBL model, comprising six distinct learning syntaxes, serves
as the foundation for the activities within digital student worksheet. These activities are then combined
with process differentiation through the formation of groups tasked with completing the
aforementioned activities within the digital student worksheet.

Design Stage

The design stage involves the design and preparation of digital student worksheets. The design of
digital student worksheets is adjusted to align with the level of class Xl/phase F with light waves
material. The digital student worksheet scheme comprises several sections, namely an introduction,
content, and closing. The introduction section comprises a cover, table of contents, learning outcomes,
and objectives. The content section comprises material and activities that will be carried out by
students. The closing section contains conclusions and a cover. The framework of the digital student
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worksheet can be seen in Table 3.

Table 3. Framework of digital student worksheets-based process differentiation with STEM-PjBL

Content

Description

STEM-PJBL
Learning Syntax

Cover

Table of
Contents

Introduction

Light Wave
Material

Problem
Solving

Practicum
Guide

Conclusion

Contains the title of the student worksheet, Figure on light waves,
identity column to be filled in by students, author's identity

Contains the table of contents of the student worksheet developed

Contains instructions for conducting group discussions with 2
members and discussing learning videos about light wave events
in life. The video contains several light wave events. At the
bottom of the video will be given a google form link which will
be the place to collect the first task.

Contains literature materials for students in the form of written
material descriptions and videos on the properties of light waves.

Contains the problems of the properties of light waves that have
been presented and instructions to conduct group discussions of 4
people to find solutions to problems. There is a blank column that
will be used by students to template answers to questions that will
be sent on google form.

Contains a practicum guide that will be carried out by students on
the properties of light waves. The results of the practicum that
have been carried out are used to fill in the columns available
under the practicum guide. The blank column will guide students
in collecting data during the practicum. Supporting questions will
be presented under the data collection column.

Contains a conclusion column that will be filled in by students
regarding the results of the practicum that has been carried out
and will be presented with instructions for making infographics
regarding the results of the practicum that has been carried out.

Reflection Phase

Research Phase

Discovery Phase

Implementation
Phase

Evaluation Phase

The digital student worksheet scheme is created using a graphic design application, namely Canva,
which is then converted into PDF form. Digital student worksheets that have been designed in
accordance with references and literature are then surveyed to physics subject teachers in class
Xl/phase F to determine the suitability of the characteristics of digital student worksheets developed
with learning in schools in terms of process differentiation and STEM-PjBL learning models. The
survey was conducted online via a questionnaire that compared the digital student worksheets
developed with those already available on the internet. The survey was conducted with three physics
subject teachers of class Xl/phase F. The survey results can be seen in Figures 2, 3, and 4.
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Manakah bagian LKPD yang memenuhi diferensiasi proses dalam pembelajaran |_D Copy
Gelombang Cahaya?

beragam di sesiap 1ahapan calam LKPD

Fig 2. Survey result of process differentiation characteristics of digital student worksheet

Pilihlah bagian LKPD yang mengindikasikan pembelajaran PjBL (Project Based |_|:| Copy
Learning)

3 responses

membuat kesimpulan dan grafi

Fig 3. Survey result of digital student worksheet with PjBL characteristics

Manakah bagian LKPD yang memuat unsur STEM (Science, Technology, Engineering, IO copy
Mathematics)

3 responses

sin
sifat gelombang cahaya

Fig 4. Survey result of STEM characteristics of digital student worksheet

The survey results indicate that the developed digital student worksheet schematic figures meet the
requirements of the STEM-PjBL learning model and process differentiation. The schemes are then
refined into digital student worksheet with references and literature related to the STEM-PjBL
learning model and process differentiation. The digital student worksheet consists of several parts
adapted to the syntax of the STEM-PjBL learning model. The material presented in the student
worksheet is light waves, with the subject matter of the six properties of light waves, namely
reflection, refraction, dispersion, diffraction, interference, and polarization, in accordance with the
independent curriculum. The digital student worksheet section that has been prepared adapts to the
characteristics of learning in high school as follows.

a. The reflection phase is evident in Activity 1 (concocting), wherein students are tasked with

identifying and categorizing an event that aligns with the nature of light waves. This activity
aligns with the reflection phase.

DOI: 10.26737/jipf.v10i1.5609 6



JIPF, Vol. 10 No. 1, January 2025

C.

Seteloh mengomati gombor di olos:
1Bersama teman satu bongku, kelompokkan
setiop peristiwa gel g cahaya sesual
dengon sifat-sifatnyo!
2 Submit jowaban poda link (bit ly/AktivitasSoty)

The discovery phase

Fig 5. Activity page 1 on digital student worksheet

Gelombang
Cahaya

Gelombang cohaya merambat diruang tanpa permukoan
medium sehingga dopat merambat pada ruang hampa
dan disebut sebagal gelombang elekiromagnetik. Cohaya
merupakan gelombang elektromognetik yong dapat
dilihat cleh mats, dengan panjang gelombang sekitar
380-750 nm. Setiop gelombang memiliki sifal dan
karakieristiknya masing-masing, berikut merupakon sifat-
sifat gelombang cahaya

Pemantulan

Amatl video Proktikum Pemantulan cermin dotor dan
cermin cekung poda wvideo di atas! Berdosarkan
praktikum pemantulan poda wvideo pembelajaran
didapatkan data Pemantulan pada Cermin Datar:

Sudut Datang | Sudut Pantul

o a0

Sudut pantul dan sudut datang memililkd besor yang
sama, begitu pula dengan jorak benda dan bayangan
nilginya sama.

Berdasarkan praktibum  pemantulon  poda  video

pembelajaran  didopatkan data Pemantulon  pada
Carmin Cekung

Fokus Cermin
Jarak Benda | Jarak Bayangan Cakung
Tem (007 m) | 13em (0313 m) 00,0455
-

Fig 6. Light wave material page

p-ISSN: 2477-5959 | e-ISSN: 2477-8451

The research phase encompasses a comprehensive examination of light wave material,
encompassing six distinct properties of light waves. Each property will be accompanied by a
detailed analysis, illustrated by figures and videos, to ensure that students have access to a diverse
range of learning resources. In addition to the detailed description of the material on the nature of
light waves, each sub-chapter will feature a practical video demonstration, accompanied by a
detailed analysis of the results of the practical demonstration.

is situated within Activity 2 (discussion column), which comprises a
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discussion column that is guided by a series of questions. Learners will engage in discussion with
a new group that comprises individuals who are distinct from those who participated in Activity 1
(gathering).

S
- Kolom Diskusi ) 1

M|
Sakilan - pictas s Kivitos 1 ( n

9 POk p sesual donaon stot
R4 b Diskcusik A
kelompok baru yong beronggotokan empot orong
dengon p P Ty dibowoh ini. Kemudion
submit jowaban poda link: (Rithy/AktivitasKedua)

1. Jumlah peristiwe yong benor dalom
(4

9 L
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2. Jumioch peristiwa yong soloh  dalom

Jawab:

3. Jeloskan soloh sotu peristiwa yong saloh
. finci

peng P contoh
permasalahon yang lain!
Jowaeb:

- =

Fig 7. Activity page 2 of the digital student worksheet

d. The Application Phase is included in Activity 3, and the Practical Guide contains several
commands and practical instructions for students to follow. There are six practicum guides, each
corresponding to a different wave property of light. The practicum instruction sheet includes a
table that students will use as a reference for taking practicum data.

f Dispersi

Berbantuan Simulasi PhET
B
.
Praktikum r—
P ks 3 ol Sovak-annk oln | N domBton
o Semdon T
proktikum sesuoi dengon permasaiohon . Lo
* Intermet
peristiwa gelombang cohoyo yong teioh .
dionalisis solusinyo. Proktikum terdiri dori: @ 00—
Pembiason . |
3.Dispersi P e ittt sl st sy !
4.Difroksi . KO bt Protoctor. Geropt dergen |
5 Interfarensi < Ry nar e oo |
Dato hosil proktikum ditulis sesuai dengon . e prame dengen 3 vorem |
format pada LKPD dan dikumpulkon pada fink B ool o - »
L

Fig 8. Activity page 3 and lab guide
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e.

The evaluation phase is located in Activity 4 (final project), which encompasses the conclusion
activities that students will undertake to reflect on the learning outcomes achieved.

4 KESIMPULAN

Buatioh k pulan dori kegioton pembelojoran
mengenol materi gelombang cahaya dalam bentuk
infografis otau video. Infogrofis dan video dibuat
sekreotif mungkin don memuat komponen, sebagai
berikut

1.Noma kelompok dan anggota

2 Materi yong dipraktikumkan

3.Hosil dori praktikum

4. Kesimpulon
Infografis don video yang teloh dibuot kemudion
dipresentasikan di depan kelos dan di uplood di
sosiol medio

S

Fig 9. Activity page 4

Development Phase

The design of digital student worksheets that align with the learning objectives of high school is
transformed into a product that is ready for testing for feasibility and practicality. The feasibility test
of digital student worksheets was conducted on three lecturers and three physics teachers, who were
selected as material experts and media experts.

1. Material expert validation

The process of material expert validation encompasses three principal aspects: content feasibility,
presentation feasibility, and linguistic feasibility. The results of the validation are presented in
Table 4, which also includes the V-Aiken analysis.

Table 4. Recapitulation of material expert validation results

Aspect Criteria Mean V-Count Description
Content Appropriateness 5 0,83 Valid
Presentation feasibility 8 0,88 Valid
Language feasibility 3 0,89 Valid
Mean 0,87 Valid

The process of material expert validation encompasses three principal aspects: content feasibility,
presentation feasibility, and linguistic feasibility. The outcomes of the validation were subjected to
analysis using the V-Aiken method.

Media expert validation

The validation of digital student worksheets is comprised of three main aspects: the size and
format of the worksheets, the design of the covers, and the content design. The results of this
validation can be seen in Table 5.
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Table 5. Recapitulation of media expert validation results

Aspect Criteria Mean V-count Description
Size and format 2 0,86 Valid
Cover design 2 0,83 Valid
Content design 2 0,90 Valid
Mean 0,86 Valid

The results of the feasibility study indicate that media expert validation is a viable approach, with
an average acquisition of 0.86 across all valid categories on each criterion. The feasibility
validation results demonstrate that digital student worksheet can be utilized with an average V-
count of 0.87 in the valid category and with revisions from experts. Input suggestions from the six
experts can be seen in Table 6.

Table 6. Expert input and suggestions
No Input and suggestions
1. Reinforcing the STEM-PjBL part of the student worksheet
2. Improve the sentences contained in the theory so that they are easy to understand

The suggestions and input provided by the six experts were then incorporated into the digital student
worksheet, with the aim of enhancing its usability and suitability for educational purposes. The revised
student worksheet, which reflects the expert advice, is presented below.

1. The initial input is to be enhanced by the addition of a preface that will serve as a reference for

users in accessing digital student worksheet. Furthermore, STEM signs are to be incorporated at
each stage in accordance with the Science, Technology, Engineering, and Mathematics section.

’ LN

Interferensi

G
@ PRAKATA -

Puji syukur kehadirat Alioh SWT, karena atos
ijinNya penyusunon Lembar Kerjo Peserto Didik
(LKPD) digital berbosis diferensiosi proses

3

ol

2. The third input was the introduction of modifications to the sentences within the theory, with the

berpendekotan STEM-PJBL pada Materi Gelombang
Cahaya dopat diselescikan.
Penyusun tidok dopot menulis LKPD Ini sendirl
tonpa bantuan pihak loin, make podo kesempaten
kol ini penyusun mengucapkan terima kasih kepada
1.Dr. Ellanawoti, M SI, seicku dosen pembimbing
skripsi yong teloh memberikan bimbingon don
mosukan seloma proses penyusunan LKPD
2.0r. Bambang Subali, MPd. don Dr. Suhorto
Linuwih MSi, selaku anggota penelition Kerjo
Sama matching Grand Luor Negeri Tahun 2024
3.Validator ohli yang telah bersedia untuk
memvalidosi LKPD ini sehingga loyak untuk diuji
cobokan kepado peserto didik
4 Seluruh pihok yong teloh memboniu dolom
menyusun LKPD ini baik secora langsung
maupun tidak longsung.

Lembar Kerno Peserta Didik (LKPD) disusun
dalom rangko untuk meningkatkan kemampuan
pemecchon mosolch don motivasi peserta didik
dengan menggunaken model Project Bosed
Leomning (PiBL) terintegrosi Sclence, Technology,
Mathematic, Enggineering (STEM). Penelition in
dibioyal oleh Hiboh Motching Grant 2024 yong
diketual oleh Dr. Ellianawoti, MSi dengon nomor
kontrok 359.26 2/UN37/PPK 10/2024

e <

Interferensi cahaya merupoken Intercks! dori duo
gelombong cohoyo otou lebih yong berpodu
membentuk gelombong cohaya gobungan, Syorot
terjadinya Interferensi yaitu sumber cahaya harus
koheren (fose tetap don frekuensi sama) don sumber
cohayo harus monokromatis  (honye  mempunyol
ponjeng gelombang tunggol). Percobaon interferensi
cahaya pertoma didakukan oleh iimuwon bernama
Thomas Young. Adopun hasil yang diperoleh dari
percoboan yong menghubungken lebor celah (d), polo
ke-n gelop/terang don panjong gelombang yong
dinyatokan dengan persamoan berikut

A Interferensi konstruktif (saling menguatkan don

menghasilkan polo terang

dsin@=ni

B. Interferensi destruktif N
(saling melemahken )
dan menghasilkan
pola gelop

(2n+1)A
dsin@ ’

Fig 10. Page for adding preface and STEM marks

objective of enhancing their intelligibility.
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Pemantulan
Pemantulan

Pementulan Cohaya terjodi kareno terpancarnya
Cohayo dipantulkan terjodi kareno terpancarnyo kemball cahaya dari bagian permukaon benda yang
kembali cahaya dari baglon permukeon benda yang terkena cohaya. Pemantulan cohaya pada permukoan
terkena cohaya. Pemantulon cohayo pada permukoon rato diomoti pertama kali cleh Willebrord Snellius dan
rota diomati p: kali oleh W d Snellius don dikenal sebogoi Hukum Snelfius. Hukum Snellius
dikenal sebogol Hukum Snellius. Sinor yong berasal menjelaskan fenomena pemantulon cahaya

dori sumber cohaya disebut sinor datang, sinar yong
dipontulkan disebut sinar pantul, don goris yang tegak
lurus dengan bidong pantul disebut goris normol
Pemantulon cohoyo dibogi menjodi duo yoitu
pemantulon terctur don bour. Pemontulon teratur
terjodi korena berkos cohaya memaontul sejojor.
Pemantulon bour merupakan pemantulon cahaya yang
terjodi pada permukaon tidok rata

W Huoe  See1Sinar dotong, goris normol don sinor
: pantul terletak pada sotu bidang dotor.
2 Sudut dotong besarnya soma dengan
sudut pontul

Sinar yang berasal doni sumber cahaya disebut sinar
datong. sinar yang dipontulkan disebut sinor pontul dan
garis yong tegok lurus dengon bidong pantul disebut

garis normal

Fig 11. Material page before and after revision

The revised digital student worksheets underwent a practicality test conducted by physics teachers and
students of class XIlI IPA 2 SMA Negeri 13 Semarang. The assessment of the digital student
worksheet by teachers was carried out using a practicality questionnaire consisting of 12 criteria
covering aspects of appearance, content, and benefits. The average score obtained was 3.75 with a
percentage of 75% in the decent category.

A readability questionnaire was employed in the practicality test conducted by students, with 29
respondents. The questionnaire encompassed 11 criteria, addressing aspects of appearance, content,
and presentation. The results of the practicality test conducted by students are presented in Table 7.

Table 7. Recapitulation of practicality test results by students

Aspect Criteria Mean Score Percentage
Practicality of appearance 3 4,81 96,2%
Practicality of content 4 4,72 94,5%
Practicality of presentation 4 478 95,6%
Mean 4,77 95,4%

The results of the analysis indicate that the practicality of digital student worksheets obtained from the
assessment of students is in a very feasible category, with an average score of 4.77 and a percentage of
95.4%.

CONCLUSION AND SUGGESTION

The characteristics of digital student worksheets based on process differentiation with a STEM-PjBL
approach on the topic of light waves are characterized by a combination of STEM-PjBL learning
syntax with process differentiation in each phase, in the form of group variations based on gender and
learning style, and the validation of digital student worksheets based on process differentiation with a
STEM-PjBL approach. The BL approach on light waves material is included in the valid category with
a V-aiken value of 0.87 in the highly valid criteria. Digital student worksheets based on process
differentiation with a STEM-PjBL approach on light waves material are practical, with an 87 in the
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very valid criteria. Digital student worksheets based on process differentiation with A STEM-PjBL
approach is used in practice for physics learning, as evidenced by the acquisition of a practicality score
from teachers of 3.88 with a percentage of 75% in the feasible category and the acquisition of scores
by students of 4.77 with a percentage of 95.4% in the very feasible category.
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