
Project 10

turnitin unesa1

Document Details

Submission ID

trn:oid:::3618:142100657

Submission Date

Jun 8, 2026, 12:09 PM GMT+7

Download Date

Jun 8, 2026, 12:18 PM GMT+7

File Name

similarity erta_10+Layout+Article+176.pdf

File Size

1.8 MB

20 Pages

9,984 Words

59,034 Characters

Page 1 of 22 - Cover Page Submission ID trn:oid:::3618:142100657

Page 1 of 22 - Cover Page Submission ID trn:oid:::3618:142100657

186 Production



*% detected as AI
AI detection includes the possibility of false positives. Although some text in 
this submission is likely AI generated, scores below the 20% threshold are not 
surfaced because they have a higher likelihood of false positives.

Caution: Review required.

It is essential to understand the limitations of AI detection before making decisions 
about a student’s work. We encourage you to learn more about Turnitin’s AI detection 
capabilities before using the tool.

Disclaimer
Our AI writing assessment is designed to help educators identify text that might be prepared by a generative AI tool. Our AI writing assessment may not always be accurate (i.e., our AI models 
may produce either false positive results or false negative results), so it should not be used as the sole basis for adverse actions against a student. It takes further scrutiny and human 
judgment in conjunction with an organization's application of its specific academic policies to determine whether any academic misconduct has occurred.

Page 2 of 22 - AI Writing Overview Submission ID trn:oid:::3618:142100657

Page 2 of 22 - AI Writing Overview Submission ID trn:oid:::3618:142100657



 
Journal of Current Studies in SDGs 
Homepage : https://journal.i-ros.org/index.php/JOCSIS 
Email : jocsis@i-ros.org  

   e-ISSN 3089-7564 
                Vol.3, No.2, June 2027 

© 2027 Journal of Current Studies in SDGs 
 

 
JOCSIS: https://journal.i-ros.org/index.php/JOCSIS       186 - 1 

 
Designing Joyful Fraction Learning Using PhET Simulation to Support 

SDG 4 in Primary Schools 
 

Zetra Hainul Putra*1, Jesi Alexander Alim1, Arisya Ruspina Putri2, Astri Resti Rahmadani1, Indah 
Maslakhatul1, Rahmadhani Fitri1, Yahya Gunawan1, and Mohd Ridhuan Mohd Jamil3  

 

1University of Riau, Pekanbaru, Indonesia 
2Universitas Respati Indonesia, Jakarta, Indonesia 

3Universiti Pendidikan Sultan Idris, Tanjung Malin, Malaysia 

   DOI : https://doi.org/10.63230/jocsis.3.2.186    
Sections Info  ABSTRACT  
Article history: 
Submitted: February 24, 2026 
Final Revised: April 4, 2026 
Accepted: June 9, 2026 
First Available Online: July 19, 2026 
Publication Date: June 27, 2027 

Objective: To develop and evaluate the effectiveness of PhET Simulation-based 
learning media in creating joyful mathematics learning, particularly for teaching 
fractions to primary school students, while supporting the implementation of SDG 4 
(Quality Education). Method: Research and Development (R&D) approach using the 
Four-D (4D) development model, consisting of the define, design, develop, and 
disseminate stages. Data were collected through observation, evaluation, and 
reflection. The participants were 20 fourth-grade students from a public elementary 
school in Pekanbaru. The effectiveness of the developed learning media was assessed 
based on students' engagement and learning experiences during the implementation. 
Results: The findings revealed that the PhET Simulation-based learning media 
effectively enhanced students' interest and active participation in mathematics 
learning. Students reported feeling more motivated and challenged during the 
learning process. Furthermore, the interactive visualization provided by the 
simulation enabled students to better understand fraction concepts by transforming 
abstract mathematical ideas into concrete learning experiences. Novelty: Introduces 
a joyful learning approach by integrating PhET Simulation into fraction instruction 
for primary school students. The research demonstrates that interactive simulation-
based learning media can improve conceptual understanding and student 
engagement, providing an innovative instructional strategy to support quality 
mathematics education in primary schools. 
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INTRODUCTION 
Nowadays, technical innovations are becoming more complex and advanced (Appio et 
al., 2019; Baykara et al., 2015; Hossain et al., 2022; Lu et al., 2024). They have addressed 
every area of human existence, including education. Technology in the sphere of 
education is regarded as vital since it will improve learning activities (Nepo, 2017). 
Technology can help students optimize their potential and progress, preventing them 
from falling behind in learning activities. However, as technology has advanced, it has 
not been extensively used equitably in Indonesian education and learning, particularly 
mathematics (Mailizar et al., 2020). Mathematics is a discipline of science that examines 
abstract things and, as a result, emphasizes how people think (Antonio & Prudente, 2024; 
Koparan et al., 2023; Thanheiser, 2023). Mathematics education aims to help students 
improve their skills and use them in real-life situations (More, 2018). 

Fractions are one of the contents taught in mathematics classes. Fractions are a difficult 
subject for elementary school students to grasp because their knowledge of natural 
numbers cannot be instantly applied to understanding fractions (Oktasari et al., 2022). 
Students must be able to have conceptual changes or praxeological changes (Afriyani et 
al., 2018; Prediger, 2011). According to Charalambous and Pitta-Pantazi, the fraction 
construction consists of five constructions: part-whole, ratio, operator, quotient, and 
measure. The part-whole concept refers to an object that is continuously divided into 
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equal portions (Charalambous & Pitta-Pantazi, 2007). The ratio concept is defined as a 
comparison of two quantities, such as three males and four girls, which can be expressed 
as 3:4 or 3/4. Meanwhile, the operator concept is defined as the result of multiplying two 
integers (Ambarita & Zulkardi, 2020; Nusantara et al., 2020; Stacey et al., 2014; Zulkardi 
et al., 2019). For example, ¾ can be understood as 3 times ¼ of a unit, or ¼ x 3 units. The 
quotient concept is connected to fractions through division. For example, 1/3 represents 
one unit divided by three persons. Finally, measure may be described as the outcome of 
measuring an object's length or a numerical value that can be printed on a number line. 
Meanwhile, fraction learning in Indonesia focuses on comprehending fractions as part-
whole connections (Aththibby et al., 2021; Hasyim et al., 2020; Nurita et al., 2024). 

PheT simulation is one of several digital technologies that may be used to teach 
primary school mathematics. Phet simulation is an internet simulation application 
created by the University of Colorado (Arifin et al., 2023). It is one of the digital learning 
media that instructors are supposed to employ in teaching and learning activities, and it 
may assist students comprehend fraction ideas, particularly in mathematics learning 
(Arifin et al., 2023). Several research on the usage of PhET simulation have been 
undertaken earlier. One example is Arifin et al.'s research which used PhET interactive 
simulation to improve primary school pupils' mathematics knowledge and participation 
in learning mixed fractions. The study found that students' grasp of mixed fractions 
improved following two cycles of PhET simulation-assisted mathematics instruction. 
Furthermore, when students learned mixed fractions via PhET simulation, their interest 
and passion for learning increased. 

Given that fractions are a tough issue for most primary school pupils in Indonesia, 
particularly in Pekanbaru, this study aims to construct interactive learning activities 
based on PhET simulation. The design centers on the notion of fractions. Researchers 
anticipate that students' grasp of fractions will improve as a result of the multiple fraction 
representations offered through the PhET simulation (Minarni & Napitupulu, 2017; 
Scheitlin et al., 2023). 
 
RESEARCH METHOD 
The research method used in this study is Research and Development (R&D), and the 
development model employed is the 4D development model. The 4D model has four 
stages of development: definition, design, development, and dissemination (Arvianto & 
St Y, 2023; Hl et al., 2023; Mulyati et al., 2022). The research instrument employs 
observation, evaluation, and reflection. The participants of this study were 20 fourth 
grade students from a public elementary school in Pekanbaru, Riau, Indonesia. In the 
define stage, the researchers define or establishe what is required in advance so that it 
can subsequently become information and be developed. Several things are observed, 
including students' learning styles, the learning mediums employed, acceptable learning 
resources, and so on. The second stage is the design stage, which is beneficial for deciding 
the design that will be employed by the researchers based on the information gathered at 
the definition stage, such as the selection of learning materials, methodologies, models, 
learning media, and others. Then, in the third stage, known as the development stage, it 
is useful for developing the previously completed design, specifically at the design stage, 
based on the information collected during the definition stage. The fourth step is the 
disseminate stage, which involves a testing of the material's development. The 
researchers test the design of learning fractions using PhET simulation with 20 fourth 
grade primary school students. 
 
RESULTS AND DISCUSSION 
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Results 
The lesson begins with the teacher conveying the learning objectives and continues by 
explaining the fraction material to strengthen students' understanding of fractions. The 
teacher begins by drawing a fraction shape on the whiteboard and asking students to 
guess the fraction value from the picture presented. This activity is carried out so that we 
can find out whether students have understood the concept of fractions well in the 
previous lesson. The following is an excerpt from the implementation of learning in class. 
 

Teacher : Have you studied fractions before?  
Students : Yes. 
Teacher : Who can answer what a fraction is? 
Teacher : What shape is this? (pointing to the fraction shape on the board)  
Student 1: Round. 
Student 2: Fraction. Other  
Students: Circle. 
Teacher : Who answered fraction before?  
Student : Azka. 
Teacher : Why did Azka answer this is a fraction shape?  
Azka : Because there are lines. 
Teacher : If this is a fraction. What is the name of this fraction? (Pointing to the fraction 
shape on the board)  
Teacher : This is a circle. Divided by 2, shaded. Read what fraction? 
Students : One half. 
Teacher : This is a circle, divided by 2, divided by 4, shaded 1.  
Students : One quarter. 
 

After giving an explanation and students are considered to have understood the 
material, it is continued by playing games in PhET Simulation (Sugiman et al., 2018; 
Yusra & Saragih, 2016). In this game, students are divided into four groups with 
heterogeneous members. Then it is explained and given examples of how the games from 
PhET Simulation are. However, before the game starts, students will choose the level of 
games that will be played by each group of students, where the levels consist of level 3, 
level 4, level 5, and level 6. Then the teacher first give an example of how to play games 
using PhET Simulation and students start the game guided by the teacher. 

In the first game guided by group 2 with level 5 according to the spin activity that has 
been done before. In this section, the group representative will choose a number/fraction 
image that will be matched with the form of a fraction model according to the level that 
has been selected previously. Then other members of the group will provide directions 
to match the number/image that has been selected and then matched with the fraction 
model. And so on, and each group will be given 2 chances according to the rules in the 
PhET Simulation game to match the number/fraction image according to the correct 
fraction model form. 

 
Indah : Who wants to go first to answer the questions in this game?  
Students : Group 2 sis 
Teacher : Okay, please for the representative from group 2 to come forward and the 
other members give directions  
Teacher : Please choose which fraction you want to match 
Student 1: Fraction 1. 
Teacher : Come on, share it with your group members, pleas discuss which pair 
matches the fraction that has been chosen 
(Group) : Fraction 2 
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Teacher : Okay, are you sure about the answer you chose?  
Student 1 & Group : Sure 
Teacher : Okay, let's see. 
Teacher : The answer is correct, let's continue to the next Fraction. (Fig. 1) 

Figure 1. Group 2’s answer to the given task 
After all groups advanced, it was found that group 3 with level 6 worked on the 

questions in the game in 96 seconds (Fig. 2). This group became the fastest group in 
working on the questions in the PhET Simulation game. 

Figure 2. Group 3’s answer to the given task 
Based on the results of fraction games activities using PhET Simulation, it was found 

that students had difficulty in solving fraction problems with multiples. Because in this 
game there is also a multiple matching so that students find it difficult to match it with 
other fractions. Then the students also still have difficulty determining the numeration in 
the fraction image so that it takes a little longer in the process of matching the fraction 
image with other fraction options. However, for the entire activity in this game, many 
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students feel challenged in matching one fraction with another. In addition, they are also 
very enthusiastic when other groups are trying to match the fractions. 

After conducting a series of learning activities on fractions using PhET Simulation, an 
evaluation activity was carried out to determine the level of students' understanding, and 
continued with a reflection activity to determine students' interest in the learning carried 
out. From the evaluation activity, it was found that many students answered question 
number 3 incorrectly (Yabo, 2020). The question discusses the numerator of a fraction, 
therefore according to the study, grade 4 students cannot distinguish between the 
numerator and denominator (Table 1). However, they can mention the value of the 
fraction when viewed from the picture or vice versa. This can be seen from the evaluation 
results Table 1. 

Table 1. Students’ successful of solving the tasks 
Task Percentage 

Task 1 100% 
Task 2 90% 
Task 3 15% 
Task 4 95% 
Task 5 90% 

 
Teacher : How was the learning process? Fun or just so-so?  
Students : Fun. 
Teacher : Were you interested during the learning process? Which part interested 
you?  
Students : Interested, in the games section 
Teacher : Do you think the next fraction learning activity should be like the one before 
or use concrete/real media?  
Students : Like the one before. 
Students : Direct media. 
Teacher : What were the challenges in the learning activity earlier?  
Students : Matching pictures or fractions in games. 
 

From the results of the reflection, it can be seen that some students enjoy learning 
fractions using PhET Simulation. With the games provided, it can be a challenge for all 
students. Where they have to find a suitable partner, calculate the value of the fraction in 
the picture, then the students also race against the time displayed. It can be concluded 
that students understand fractions better if the fractions are displayed/illustrated with 
pictures or vice versa, but students still find it difficult to determine which is the 
denominator and which is the numerator. So that in the future, students may be expected 
to be able to practice fraction problems more often, starting from the easiest to the most 
difficult, of course they can use the PhET Simulation website to practice well. 
 
Discussion  
The findings of this study indicate that students have an interest in the learning process 
and they also feel challenged. The use of PhET Simulation media can be an alternative to 
eliminate boredom and can increase student activity (Arifin et al., 2023; Hasyim et al., 
2020). In addition, the use of PhET Simulation can also provide experience for them, 
where this media provides concrete visualization so that students can understand well, 
especially in fractional material in eelementary school (Eveline et al., 2019; Nurita et al., 
2024). A recommendation from this study to teachers to be able to implement PhET 
Simulation media into learning activities, because PhET Simulation itself does not only 
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present mathematics learning but also other materials. By implementing the use of PhET 
Simulation media to encourage teaching and learning activities, students will be able to 
more easily explore learning concepts and can increase students' learning motivation. 
 
CONCLUSION 
Fundamental Finding: This study demonstrates that the use of PhET Simulation-based 
learning media effectively creates a joyful learning environment for teaching fractions in 
primary schools. The findings indicate that students showed greater interest, active 
participation, and motivation during the learning process. The interactive and visual 
features of PhET Simulation enabled students to better understand abstract fraction 
concepts by providing concrete learning experiences, thereby improving conceptual 
understanding and engagement in mathematics learning. Implication: The findings 
suggest that PhET Simulation can serve as an effective digital learning medium for 
supporting innovative mathematics instruction in primary schools. Teachers are 
encouraged to integrate interactive simulation media into classroom activities to promote 
student-centered learning, increase learning motivation, and facilitate deeper conceptual 
understanding. The implementation of technology-enhanced learning also supports the 
achievement of SDG 4 (Quality Education) by fostering inclusive, engaging, and high-
quality educational practices. Limitation: This study was conducted with a limited 
sample of 20 fourth-grade students from a single public elementary school in Pekanbaru. 
Therefore, the findings may not be generalizable to other educational contexts or grade 
levels. In addition, the study focused specifically on fraction learning and did not 
examine the long-term effects of PhET Simulation on students' academic achievement. 
Future Research: Future studies should involve larger and more diverse samples from 
different schools and educational levels to improve the generalizability of the findings. 
Further research is also recommended to investigate the effectiveness of PhET Simulation 
in other mathematics topics and different subject areas, as well as to examine its long-
term impact on students' learning outcomes, critical thinking, problem-solving skills, and 
motivation. 
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