Mathematics Learning Design using Phet Interactive
Simulation to Support Students Mathematical
Understanding

Slamet Arifin®, Febby Fajar Nugraha, Pajar Anugerah Prasetyo
Universitas Kuningan, Kuningan, Indonesia

{slamet.arifin@uniku.ac.id}

Abstract. Technology has a significant role during the period of Pandemic Covid-19 to
support students learning. The purpose of this study was to enhance 3rd-grade primary
school students’ mathematical understanding using PhET Interactive Simulation in
fractions learning. The quasi-experiment research design was administered in order to
answer the research question. The participants of this study were 48 3rd grade students in
Kuningan, West Java. The data were collected through tests of students’ mathematical
understanding of fractions and classroom observation. The result of this study proves that
PhET Interactive Simulation was significantly improved students' mathematical
understanding of Fractions.
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1 Introduction

The spread of the 2019 Corona Dieses Virus (Covid-19) has affected education systems
around the world. In response to these conditions, most schools have implemented physical
distancing (social distancing) and implemented teaching and learning practices through
distance learning (PJJ) to prevent the spread of transmission to students [1]. The Indonesian
government through the Ministry of Education and Culture (Kemdikbud) has decided to
implement the PJJ policy or in other terms known as distance learning/remote learning since
March 24, 2020 (Kemdikbud, 2020). This condition makes students in Indonesia experience
the same thing as in other countries, where they are taught by teachers through online media
during the period of the spread of Covid-19 [2].

As a consequence of the implementation of PJJ, today we are witnessing students using
their laptops or smartphones to access online learning content from home as a consequence of
the spread of the 2019 Corona Dieses Virus (Covid-19), this also occurs in the practice of
learning mathematics. However, there is debate among experts in the field of mathematics
education about the most optimal way to teach mathematics. On the one hand, some experts
argue that teaching mathematics should include a clear explanation from the teacher about the
procedures followed by practice and correction [3]. On the other hand, those who argue that
good mathematics learning occurs when students learn to complete mathematical tasks and
understand mathematical concepts independently through reasoning, investigation, and proof
[4] [S]. The debate then raises the question " PJJ will be optimal for teaching mathematics to
students?"
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Research evidence shows that online-based mathematics learning is much more
problematic than other subjects [6]. Mathematics which tends to be abstract requires teachers
to be able to provide a strong conceptual and procedural understanding and develop reasoning
abilities for students in learning mathematics. The reality on the ground in the context of
mathematics education in Indonesia during the pandemic shows that mathematics learning is
still dominated by learning activities that are rigid and less interactive [7]. This may happen
considering that during the pandemic, time, location and distance are a big problem at this
time [8]. It should be realized that the unpreparedness of teachers and students towards online
learning is also a problem. The shift from conventional learning systems to online systems is
very sudden, without proper preparation. But all of this must be carried out so that the learning
process can run smoothly and students actively participate even in the conditions of the Covid-
19 pandemic. The application of distance learning with online media raises various debates
related to accessibility, affordability, flexibility, and learning pedagogy [9]. Distance learning
makes it difficult for teachers to provide explanations and provide the desired tasks to meet
student learning needs [S]. The results also show that students who study online are more
anxious than students who study in traditional classes on learning materials that are considered
complex [10]. High mathematics anxiety affects student learning achievement or low
mathematics learning achievement [11]. Satisfaction during online learning or distance
learning is considered an important factor for student success [12].

Based on the description of the problems described in the previous paragraph, this study
offers a solution by using PhET interactive simulation to improve students' mathematical
understanding and reasoning skills in learning mathematics.

2 Method

2.1. Research Design

A quasi-experimental study was conducted to answer the research questions. There were
two research groups of 3rd-Grade students participating in this research. One group was
conducting mathematics learning using PhET Interactive Simulation, and the other one
conducting mathematics learning through normal teaching. In particular, the research design
presented in Table 1.

Table 1. Quasi Experiment Control Group Pre-Test and Post-Test Design

Group Pre-test Treatment Poat-test
Experiment O1 PhET 02
Control O1 Powerpoint (0)3

2.2. Participants

Two groups (each 24) of fourth-grade students (9 to 10 years old), who were learning
fractions in the school participated in this quasi-experimental study. The two classes of the
participants were located in an elementary school in Kuningan, Indonesia

2.3. Intervention

The instructional design in the experimental group was delivered by the first author while
the students in the control group delivered by the teacher. The experimental group was
conducting mathematics learning using PhET interactive simulation, and the control group
was conducting mathematics using PowerPoint. The treatment in each group was conducted in



three time series of a mathematics lesson, 3 x 150 minutes. The lesson plan was developed to
deliver mathematics learning on the topic of fractions.

2.4. Data Analysis

Statistical analysis of the quantitative data was conducted using independent sample t-test.
The prerequisite tests consist of normality, homogeneity, and balance tests that were
conducted before the independent sample t-test. The normality test was conducted to
determine whether the sample under study is normally distributed or not. The normality test in
this research used the Kolmogorov Smirnov. The homogeneity test was conducted to
determine whether variants of the populations are homogenous or not. All the statistical tests
were conducted through a statistical software program named IBM SPSS 26.

3 Result

4.1. Descriptive Statistic Result

The first phase of the data analysis process was conducted using the descriptive analysis to
draw the data collected from the pre-test and post-test of control and experimental groups. The
descriptive statistic result of pre-test and post-test of control and experimental groups are
presented in Table 2.

Table 2. Descriptive Analysis of Control and Experiment Groups

. Score
Group Statistic Pre-Test Post-Test
Mean 33.95 66.87
Std. Deviation 9.08 10.91
Control -y fiimum 10.00 35.00 2
Maximum 50.00 90.00
Mean 35.20 76.04
Experime  Std. Deviation 7.50 13.10 24
nt Minimum 20.00 40.00
Maximum 50.00 100.00

The data presented in Table 2 shows the descriptive statistic score of the pre-test of SMU
score on the control group that conducted learning through PowerPoint (M = 33.95, SD=9.08,
Min = 10.00, Max = 55.00). Following this result, the post-test of SMU on the control group
students shows (M = 66.87, SD=10.91, Min = 35.00, Max = 90.00). On the other hand,
according to the data presented in Table 2, the experimental group of students who were
conducting learning through PhET Interactive Simulation show that the pre-test score of SMU
(M = 3520, SD=7.50, Min=20.00, Max=50.00). Moreover, the post-test score shows
(M=76.04, SD=13.10, Min=40, Max=100).

4.2. Normality and Homogeneity test

The normality and homogeneity test was conducted as a prerequisite test to determine the
type of hypothetical test conducted through the parametric or non-parametric test. The
normality test of the post-test score is presented in Table 3.



Table 3. Normality Test of Post-Test Score

Variable Group Kolmogorov-Smirnov

Statistic df Sig.

Powerpoint .140 24 .200"

SMU PhET ' Interactive 135 24 200"
Simulation

According to the normality test result of the post-test score of SMU presented in Table 3,
the normality test for SMU of students that participating mathematics learning using
PowerPoint indicates that (D(24 = 0.200, P > 0.05), therefore it can be concluded that the
SMU score of students with PowePoint is normally distributed. Moreover, the result of the
normality test for students who participated in mathematics learning using PhET interactive
simulation indicated that (D(24 = 0.200, P > 0.05), therefore it can be concluded that the SMU
score of students with PhET interactive simulation is normally distributed.

After the prerequisite test conducted through the normality test, then the homogeneity test
of the variance was conducted to determine whether the data were homogenous or
heterogenous. The result of the homogeneity test is presented in Table 4.

Table 4. Test of Homogeneity of Variance

Variable Levene Statistic dfl df2 Sig.
SMU 519 1 46 475

As the data presented in Table 4, the post-test score of SMU shows (P = 0.475, > 0.05).
Therefore, the result of the homogeneity test presented in Table 4 indicates that both the post-
test score of SMU is homogeny. Following this result of the normality and homogeneity test,
then the hypothetical test was conducted through a parametric test using the Independent
sample t-test.

4.3. Independent Sample T-Test

The hypothesis test was conducted through an independent sample t-test using. The use of
independent sample t-test in hypothesis testing was underlined by the normality and
homogeneity test of the post-test score of students’ fractions understanding. The result of the
test are presented in Table 4.

Table 4. Independent Sample T-Test of Post-Test Score

Levene’s Test for Equality of Variance

Variable Sig. T df Sig. (2-tailed)
Post-Test
b 519 475 2633 46 o1l

According to the data presented in Table 4, the result of the independent sample t-test
shows that (t(48)= -2.63, P < 0.05). Therefore, it proves that PhET Interactive Simulation was
significantly improved students' mathematical understanding of Fractions.



4 Discussion

Mathematics teaching and learning in the pandemic period was challenging for the
teachers to support students’ understanding of mathematics concepts. Therefore, the use of
digital technology have an important role to support teaching and learning practice in school.
Educational technologies that afford students a virtual environment have the potential to
scaffold and support teaching and learning [13].

This research provides evidence of the implementation of alternative media name PAET
Interactive Simulation to help students understand mathematics concepts, especially in
understanding fractions. The findings of our study proved that PAET Interactive Simulation
has significantly enhanced students’ mathematical understanding of fractions. This is in
accordance with the previous research conducted by [14] proved that students that learn
mathematics using PhET Interactive Simulation significantly enhance students’ performance.
The use of interactive simulation also could give students more deep conceptual
understanding.

5 Conclusion

According to the findings and the discussion mentioned earlier, there are some conclusions
related to this study. The PhET interactive simulation was proved that have a significant effect
on the SMU on learning fraction. The PhET interactive simulation media was influential in
developing SMU. Therefore, the PhET interactive simulation is decent to implement by
mathematics educators as an alternative learning media in teaching mathematics.
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