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ABSTRACT

This study aims to see is there a significant effect of the use of
PhET simulations in science learning of static liquid pressure
topics towards creative thinking skill of middle school students.
This research was conducted at SMPIT Al-Ghozali Jember in 8th
grade of C class and D class where each class consisted of 21
female students. The design of this research is Control Group
Pretest-Posttest in which the learning in experimental class uses
the PhET simulation while in control class uses the experimental
video. The results of Wilcoxon Signed-Rank Test on students'
creative thinking skill test scores are differed significantly both in
the experimental class and the control class. The results of Mann-
Whitney test are the students' student worksheets in the
experimental class differed significantly from the control class. It

can be concluded that there is a significant effect of the use of
PhET simulations in this study.

Copyright Luthfin, 2021, this is an open access article distributed under the terms of the Pancaran
Pendidikan Journal license, which permits unrestricted use, distribution and reproduction in any medium,
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INTRODUCTION

In the last researches, often stated that together with the development of 21%
century, the education field also changed dynamically to meet the need of better
qualities human resources. Those caused the 21% century skill should be integrated
especially in science curriculum which one of them is creative thinking skill [1], [5].
Student-centered learning known to be help emerge creative thinking skill in class.
Concepts within the Nature of Science are built by scientific process and attitude so that
when learning science, the condition that can help students understand and construct the
concept need to be provided [4], [5].

Static fluid pressure is one of the topics contained in the range of material science
lessons. Concepts that are contained in the topic are very complex so it is classified as a
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difficult matter for students to understand. To understand the concepts of liquid
pressure, students still find some difficulties in constructing knowledge from basic
concepts so that the direction of the matter will be easier for students to understand if it
is conveyed through learning media. The use of learning media can represent abstract
ideas and concepts in static fluid pressure topics [6], [7].

One of many multimedia namely PhET (Physics Education Technology)
Simulation known could be used as a learning media to foster students’ creativity.
Through the simulation that based on research of real-world phenomena, students are
offered with concept exploration by interactive fiture [8]. Several studies on the use of
PhET simulations in learning material on liquid pressure include correction of student
misconceptions [9], [10], [11], improve the understanding of concepts and learning
motivation of students [12], improve learning outcomes [13], improve higher-order
thinking skills where PhET is combined with the PBL model [14], and improve creative
thinking skills where PhET is combined with the HOTVL model [15].

Based on these descriptions, it can be seen that research in looking for the effect
of PhET simulation as a science learning medium on students' creative thinking skills
still needs to be done. Therefore, this study aims to see whether there is an effect of the
use of PhET simulation media in science learning with static fluid pressure on the
creative thinking skills of junior high school students.

Science learning is a learning that is in accordance with the nature of science
learning, which is process-oriented and achievement based on a scientific attitude. To
support this, science learning should be carried out by scientific inquiry so that students
can improve their ability to think, work and behave scientifically, and are well-skilled in
communication [16]. Science learning at the junior high school level is an integrated
science learning. Content in science subjects is a combination of concepts from the
fields of biology, physics, chemistry, and earth and space sciences [17]. Integrated
science learning is a learning approach that can help students get used to actively
exploring, elaborating, confirming, and communicating the results of their knowledge
construction [18].

Multimedia is a combination of two or more integrated media formats such as
graphics, text, animation, and video that forms a structure of information into a
computer system [19]. The newer types are equipped with additional features such as
interactive multimedia. Interactive multimedia is a medium that brings together
elements of text combination, graphics, sound and video which provides flexibility of
control to the user. Interactive multimedia simulation type is generally used in real
models of conditions that are contained in a system. One of interactive multimedia is
laboratory experiment simulations which were developed to avoid unexpected impacts
from experiments in real laboratories [20].

PhET (Physics Education Technology) is an interactive simulation provided free
of charge which was developed by the University of Colorado Boulder. PhET
simulation provides a simulation based on physical phenomena based on research
results so that it is relevant to the existing concepts and facts [21]. PhET interactive
simulation provides a series of more than 160 simulations for science and math learning.
Each simulation available on the website http://phet.colorado.edu is free, accessible
online and offline via download, and is openly licensed. The material contained in the
simulation has been developed to make it more supportive for teachers' use in learning
[22].
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The virtual stimulus provided by the PhET simulation initiates the curiosity of
students to construct concepts and apply them through the manipulation of variables that
can affect the experiment results [23]. An interactive simulation on the topic of static
fluid pressure contained in PhET simulation entitled Fluid Pressure and Flow can be
used to create a more effective learning environment [24]. In Science learning process
of the static fluid pressure matter uses the PhET simulation, students are expected to be
able to creatively modify the various components available in the simulation to achieve
learning outcomes. Here are some display images in the PhET simulation used for
learning science on static fluid pressure tng)ics.

Intra | Buoyancy layoround |

Under P!

Figure 1. Display of (a) PhET “Under Pressure” and (b) “Buoyancy” Simulations

PhET simulation with the theme "Under Pressure” implements the use of vessels
that can be modified into three types, namely closed vessels, related vessels, and
hydraulic pump models. Therefore, in addition to the concept of hydrostatic pressure,
PhET simulation with the theme "Under Pressure” can also be used for the concept of
Pascal's Law. PhET simulation with the theme "Buoyancy" presents two experiments,
namely "Intro" with a modification of two types of liquids but without mass
modification and "Buoyancy Playground" with more complete modifications covering
mass, volume and type of load, as well as five kinds of liquids.

The ability to think creatively is the ability to reveal new relationships, see a
problem from various points of view, and form a new blend of concepts that have been
mastered [25]. According to Torrance (1996), creative thinking skill consists of four
abilities that can be taught and measured, namely fluency, the ability to generate a
number of ideas; Flexibility, the ability to generate different types of ideas; Originality,
the ability to generate one idea among various ideas; and Elaboration, the ability to add
details or expand on ideas [26].

METHODOLOGY

This research is a quasi experimental study conducted by providing treatment to
determine the effect of using PhET simulation media in science learning with static
fluid pressure on students' creative thinking skills in the experimental class. The
expected effect of this study is that students' creative thinking skills after treatment
(post-test) differ significantly from those before treatment (pre-test). The design used in
this study was the Control Group Pretest-Posttest Design which provided different
treatment between the experimental class and the control class as well as tests before
and after treatment [27]. This design can be described in the following table.

Table 1. Research Design of Control Group Pretest-Posttest
E Tie X Tze
K Tip Tap

(Source: Sanjaya, 2013)
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Where:

E: Experimental class

K: Control Class

X: Treatment

Tie: pre-test of experimental class
Tip: pre-test of control class

Toe: post-test of experimental class
Top: post-test of control class

. This research was carried out at SMPIT Al-Ghozali Jember with the research
subjects of 8th grade of odd semester academic year 2020/2021. Determination of the
research location using purposive sampling area technique with several considerations,
namely the availability of facilities and infrastructure needed in the research, the
willingness of schools to be used as a place to carry out research, and school
cooperation for the facileness of the research process. The population used in this study
were all class of 8th grade students of SMPIT Al-Ghozali Jember, 2020/2021 academic
year. Class of 8th grade at SMPIT Al-Ghozali consists of 2 male classes and 3 female
classes. The sample in this study was taken of two classes from all classes of 8th grade
students of SMPIT Al-Ghozali Jember, there are one class as the experimental class and
one class as the control class. Before determining the research sample, a homogeneity
test was carried out on the data from the daily test results of the previous subject to find
out whether the population had a homogeneous ability or not. Because the data tested
was homogeneous, the sampling was done by using the cluster random sampling
technique.

The data needed in this study relates to the scores of students' creative thinking
skill obtained through test results and student worksheets. The test used is a written
essay test with an open-ended question type consisting of 4 items in which each
indicator of creative thinking skill is represented by 1 question. Student worksheets are
the results of student experiments with PhET simulations which are done in groups. The
scores of the students' exam results were then categorized into the criteria for creative
thinking skill, namely very good (85-100), good (69-84), moderate (53-68), less (37-
52), and very less (<36) [28].

Statistical tests were carried out using the SPSS version 20 program through 2-
tailed hypothesis testing at a significance level of 25% or 0,025. To test the hypothesis
of the effect of PhET simulation media on static fluid pressure topics towards creative
thinking skills, the nonparametric Wilcoxon Signed Rank test was used to verify the
creative thinking skill test results while the Mann-Whitney test used to verify students’
worksheet scores. The statistical test used nonparametric because the data on test scores
and students’ worksheets were not normally distributed after being tested by the
Saphiro-Wilk test. The hypothesis offered in this research is the null hypothesis (HO)
and the alternative hypothesis (Ha). The null hypothesis (HO) is that the average value
of the students’ creative thinking skill before and after treatment is the same, while the
alternative hypothesis (Ha) is the average value of the students’ creative thinking skill
before and after treatment is different. The criteria for testing the hypothesis is if the 2-
tailed significance value < 0.025 then the null hypothesis (Ho) is rejected and the
alternative hypothesis (Ha) is accepted, but if the 2-tailed significance value is more
than 0.025 then the null hypothesis (Ho) is accepted and the alternative hypothesis (Ha)
is rejected.
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RESULTS AND DISCUSSION

Data analysis was carried out to answer the problem posed in the study, namely
whether there was a significant effect of the use of PhET simulation media on the
creative thinking skill of junior high school students in learning science on static fluid
pressure topics. Data from students' test of creative thinking skill analyzed through
average comparison test with Wilcoxon Signed Rank test while the results of students’

worksheet were tested with the Mann-Whitney test.
Table 2. Results of Wilcoxon Signed Rank Test

Score Class Sig. (2-tailed)
Creative thinking experimental (0,001
skill test control 0.009

Based on Table 2, it can be seen that the significance value of the Wilcoxon
Signed Rank test in the experimental and control classes is 0.001 and 0.009,
respectively. With a significance level of 0.025 (2.5%), the significance value of the two
classes based on the test is less than 0.025 (p-value <0.025) so that both the
experimental class and the control class have significant differences between the pre-
test and post-test results of their creative thinking skill. The difference and increase of
mean of both the pre-test and post-test of the experimental and control classes are
shown in Table 3. which then is depicted in graphical form in Figure 2. The difference
of mean score for each indicator of the creative thinking skill can be seen in Figure 3.
which is displayed in the form of a bar graph, while the differences of creative thinking
skills’ categories between the experimental and control classes are shown in the graph
in Figure 4. The test given consists of 4 questions. The score of the test was given in the
range of 1-4 points for each question so that the students’ test score will be in te range
between 1-16 points. The score obtained then conversed to the range score between 1-

100 points for categorizing the students’ creative thinking skill.
Table 3. Mean Score of Pre-Test and Post-Test Results

Pre-test Post-test
Class N (Gain in Mean
Mean sD Mean sD
experimental 21 3,003 0,930 519 2,118 1.285

control 21 3,619 0,650 4.5 1,084 0,881




40 ©Pancaran Pendidikan, VVol. 10, No. 4, Page 35-46, November 2021

m Pre-test mean score  m Post-test mean score  m Gain in mean

L i

Experimental class Control class

o B N W ~ o0 o

Figure 2. Mean Score and Gain in Mean of Experimental and Control Classes
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Figure 3. Mean Score of Creative Thinking Skill Indicators
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Figure 4. Categories of Creative Thinking Skill
Mann-Whitney test was carried out to see the differences between two unrelated
samples based on a nonparametric test. Because the data on students’ worksheets of
creative thinking skill were not normally distributed, the test then was carried out using
Mann-Whitney test which is shown in Table 4 below. The score of students’ worksheets
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was given in the range of 1-4 points for each work. The final results were the average

score of the whole score obtained.
Table 4. Results of Mann-Whitney Test

Mann-Whitney Test
Score of Meti- ) .
) i zZ Sig. (2-tatled)
Whitngy U -
Students”
100.5 -3.082 0.002
worksheet

Based on the data in Table 4. above, it can be seen that the students' worksheets of
creative thinking skill have a significance of 0.002 with a significance level used is
0.025 (2.5%). Because the significance value is greater than 0.025 (p-value > 0.025), it
can be concluded that there are significant differences in the student's worksheets of
creative thinking skill both in the experimental and control class.

A significant difference between the means of the variables from the interrelated
samples can be found through the related-sample test. Two types of tests that are
commonly used are the paired-sample t-test for the parametric test and the Wilcoxon
signed rank test for the nonparametric test [29]. Data on students' creative thinking
abilities were tested with the Wilcoxon signed rank test because the data did not meet
the requirements for a normal distribution for the parametric type test so they were
tested using the nonparametric test. Based on the results of the Wilcoxon signed rank
test in Table 2. it is known that the creative thinking skill of students in the experimental
class differ significantly from before and after treatment in the learning with PhET
simulation media. In Table 2, it can also be seen that the results of students' creative
thinking skills tests in the control class that using experimental video learning media
also have significant differences from before and after being given treatment. Because
the experimental class and the control class gave significant differences, then the data is
presented in Table 3. to compare the difference of mean in the test results of students'
creative thinking skills both in experimental and control classes.

Although in the two classes were found the significant differences of the test
results from before and after treatment, the 2-tailed significance value in the class that
used PhET simulation media had a much smaller value than 0.025 (25%) compared to
the class that learned using experimental video media. The mean of creative thinking
skill test results was shown in Table 3.and illustrated in graphical form in Figure 2. In
Table 3, it is known that the increase of mean in students' creative thinking skill test
score in the experimental class is 1,285 while in the control class is 0,881. Based on the
graph in Figure 2. it can be seen that the increase of mean in the post-test score of the
experimental class is higher than the control class. Similar results have been found by
[30], in which the results of the creative thinking skill test of students in a class that
carried out learning with the PhET simulation of static fluid pressure topics had a higher
mean score than the class that did the learning without the PhET simulation media.

Based on the graph in Figure 3. we can see that the indicator of fluency has the
highest value and increase among other indicators. These results are relevant to previous
research conducted by Habibi et al., [31], which in learning physics using PhET
simulation, the gain score of students' creative thinking skill on fluency indicator has a
highest increase among three other indicators namely flexibility, novelty, and
elaboration. The fluency indicator represents the ability of students to understand and
show the relationship between concepts as a solution to a given problem so that it
greatly affects the further development of the creative process [32], [31].
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The increase in mean score of students 'creative thinking skill test in the
experimental class which was higher than the control class can be seen further in Figure
4. that shows a graph of the differences in the change of students' creative thinking skill
categories. In the experimental class, the students' creative thinking skill before learning
with PhET simulation was categorized as very low, as many as 20 students out of a total
of 21 students and 1 other student was categorized as less creative. After learning with
PhET simulation, the students' creative thinking categories in the experimental class
changed to 13 students in the very less creative category, while the less creative
category became 3 students, while the moderate and good category was 1 student. In the
control class, before and after learning with experimental video media gave the changes
that were not very meaningful where 21 students before learning were categorized as
very less creative and after learning, 20 students were categorized as very low and 1
other student was categorized as less creative.

The ability to think creatively is the ability to come up with a new solution
through the process of disclosing new relationships, reviewing problems from various
points of view, and forming new combinations of concepts that have been mastered
[25]. In a more specific way, the creative thinking skill of secondary school students
refers to the ability to productively generate, evaluate and improve ideas so that they
can produce new and effective solutions, increase knowledge, and express imagination.
Creative thinking skills can be emerged and developed through learning activities in the
classroom [33].

The development of creative thinking skills is supported by various conditions
that can be created in the classroom, like stimulating students with attractive problems
from everyday life phenomena, supporting students to have a high curiosity about
various possible solutions that can be used, facilitating discussion activities to construct
students’ knowledge, and facilitating students to work in groups [26], [34]. From the
descriptions above can be known that the students' creative thinking skill both in
experimental and control classes resulted in significantly different. This is because in
both classes, the learning process is carried out through group work and discussion
activities.

Based on Table 4, which shows the results of Mann-Whitney test for the result
score of students’ worksheets of creative thinking skills, it can be seen that the mean
score in the experimental class differs significantly from the control class. This means
that the use of PhET simulation media for static fluid pressure topics has a significant
effect on the students’ worksheet score of creative thinking skill. This result is relevant
to the findings of Bandoy et al., [35] which reported that PhET simulation for static
fluids topics can be used as a learning media to hone students’ creative work through
interactive features that provided in the simulation. Experiments that are carried out
using PhET simulations can be repeated according to user needs so it can help reduce
the fear of trying and the fear of failure. With the advantages of PhET simulation,
knowledge construction can be carried out in the learning process so that it will
positively impact the learning activities.

CONCLUSION

There is a significant effect of the use of PhET simulation media towards the
creative thinking skills of junior high school students in science learning on static fluid
pressure topics. This significant effect is known from the significant difference between
the results of students' creative thinking skill test from before and after obtaining
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science learning using PhET simulation. This significant effect is also indicated by a
significant difference in the student's creative thinking skill worksheet score between
the class that conducts science learning with PhET simulation media and the class that
conducts science learning using experimental video media.

REFERENCE

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Mihardi, S., Harahap M. B., and Sani, R. A. (2013). The effect of project based
learning model with KWL worksheet on student creative thinking process in
physics problems, Journal of Economics and Sustainable Development, 4, p.93-
106.

Alghafri, A. S. R. and Ismail, H. N. B. (2014). The effects of integrating creative
and critical thinking on schools students' thinking, International Journal of Social
Science and Humanity, 4, p.518-525.

Widiana, I. W. and Jampel, I. N. (2016). Improving students’ creative thinking and
achievement through the implementation of multiple intelligence approach with
mind mapping, International Journal of Evaluation and Research in Education
(1JERE), 5, p.246-254.

Khoiri, N., Riyadi, S., Kaltsum, U., Hindarto, N., and Rusilawat, A. (2017).
Teaching creative thinking skills with laboratory work, International Journal of
Science and Applied Science: Conference Series, 2, p.256-260.

Khoiriyah, I. J. and Husamah. (2018). Problem-based learning: creative thinking
skills, problem-solving skills, and learning outcome of seventh grade students,
Indonesian Journal of Biology Education, 4, p.151-160.

Multiyasih, Y., Sutopo, and Dasna, I. W. (2017). Identifikasi penguasaan konsep
tekanan zat cair siswa SMP berdasarkan taksonomi SOLO, Seminar Nasional
Pendidikan IPA 2017, 30" September 2017, 2, p.84-91.

Susilana, R. and Riyana, C. (2009). Media Pembelajaran: Hakikat, Pengembangan,
Pemanfaatan, dan Penilaian. CV Wacana Prima, Bandung.

Mirdayanti, R. and Wardani, S. (2019). Pelatihan super creative teacher dalam
pemanfaatan software interaktif berbasis PhET simulation pada guru mafia
(matematika fisika dan kimia) di madrasah aliyah negeri 3 Banda

Aceh, BAKTIMAS: Jurnal Pengabdian pada Masyarakat, 1, p.77-87.

Qosim, H., T. Djudin, and Oktavianty, E. (2016). Remediasi miskonsepsi fluida
statis menggunakan direct instruction berbantuan animasi PhET di SMA, Jurnal
Pendidikan dan Pembelajaran, 5, p.1-13.

[10] Dwidianti, B. and Sahala, S. (2017). Penerapan conceptual change text berbantuan

PhET simulation untuk meremediasi miskonsepsi fluida dinamis di SMA, Jurnal
Pendidikan dan Pembelajaran, 6, p.1-8.



44 ©Pancaran Pendidikan, Vol. 10, No. 4, Page 35-46, November 2021

[11]Iryani, 1., Tandililing, E., and Hamdani. (2018). Remediasi miskonsepsi siswa
dengan model pembelajaran children learning in science (CLIS) berbantuan
simulasi PhET, Jurnal Pendidikan dan Pembelajaran, 7, p.1-12.

[12] Khairunnisak, K. (2018). Peningkatan pemahaman konsep dan motivasi belajar
siswa melalui simulasi physics education technology (PhET), Jurnal Penelitian
Pendidikan IPA, 4, p.7-12.

[13] Raihanah, S., Susiowati, E., and Salam, A. (2019). Increasing student's activity and
learning outcome used guided discovery model asisted by PhET, Berkala limiah
Pendidikan Fisika, 7, p.123-133.

[14] Bakri, F., Ervina, E., and Muliyati, D. (2019). Practice the higher-order thinking
skills in optic topic through physics worksheet equipped with augmented reality,
AIP Conference Proceedings, 2169, p.1-8.

[15] Sapriadil, S., et al. (2019). Effect of higher order thinking virtual laboratory
(HOTVL) in electric circuit on students' creative thinking skills, Journal of
Physics: Conf. Series, 1204012025, p.1-6.

[16] Yuliati, Y. (2017). Literasi sains dalam pembelajaran IPA, Jurnal Cakrawala
Pendas, 3, p.21-28.

[17] Yuliani, N. J., Subali, B., and Paidi. (2018). Aktualisasi pembelajaran metode
ilmiah pelajaran IPA di SMPN Kota Yogyakarta dan Kabupaten Gunungkidul,
Jurnal Prodi Pendidikan Biologi, 7, p.187-194.

[18] Lukum, A. (2015). Evaluasi program pembelajaran IPA SMP menggunakan model
countenance stake, Jurnal Penelitian dan Evaluasi Pendidikan, 19, p.25-37.

[19] Saifuddin. 2018. Pengelolaan Pembelajaran Teoritis dan Praktis, Deepublish,
Yogyakarta.

[20]Oka, G. P. A. (2017). Media dan Multimedia Pembelajaran, Deepublish,
Yogyakarta.

[21] Sulisworo, D., E. Nursulistiyo, and Artha K., D. 2018. Panduan Pelatihan Mobile
Cooperative Learning, Deepublish, Yogyakarta.

[22] Auer, M. E., Azad, A. K. M., Edwards, A., and de Jong, T. (2018). Cyber-Physical
Laboratories in Engineering and Science Education, Springer International
Publishing AG, Cham.

[23] Rahayu, Sapitri and Erman. (2017). Penerapan pendekatan saintifik dengan media
simulasi PhET pada materi gelombang untuk meningkatkan pemahaman konsep
siswa SMP. Pendidikan Sains. 5, p.253-256.



Luthfin et al.: The Effect of PhET Simulation in Science ... 45

[24] Spitznagel, B., Weigal, J., and Rodriguez, J. (2019). Visualizing viscous flow and
diffusion in the circulatory system. The Physics Teacher, 57, p.529-532.

[25] Sumarmo, Utari. (2017). Konsep Dasar Matematika dan Pengembangan
Kemampuan Berpikir Kritis-Kreatif, UPI Press, Bandung.

[26] Drapeau, Patti. (2014). Sparking Student Creativity: Practical Ways to Promote
Innovative Thinking and Problem Solving, ASCD, Alexandria.

[27] Sanjaya, Wina. (2013). Penelitian Pendidikan: Jenis, Metode, dan Prosedur,
Kencana.Prenada Media Group, Jakarta.

[28] Sumarni, W., Wijayanti, N., and Supanti, S. (2019). Kemampuan kognitif dan
berpikir kreatif siswa melalui pembelajaran berbasis proyek berpendekatan STEM,
Jurnal Pembelajaran Kimia, 4, p.18-30.

[29] Leech, N. L., Barrett, K. C., and Morgan, G. A. (2015). IBM SPSS for Intermediate
Statistics, Routledge, New York.

[30] Simajuntak, M. P., Marpaung, N., Barus, P., Lestari, R. I., Nova, B., and
Ompusunggu, E. (2020). The effect of problem based learning supported by
computer simulation student's creative thinking skills, Journal of Physics:
Conference Series, 1567, p.032071.

[31] Habibi, H., Jumadi, J., and Mundilarto, M. (2020). PhET simulation as means to
trigger the creative thinking skills of physics concept, i-JET, 15, p.166-172.

[32] Trianggono, M. M. (2017). Analisis kausalitas pemahaman konsep dengan
kemampuan berpikir kreatif siswa pada pemecahan masalah fisika, Jurnal
Pendidikan Fisika dan Keilmuan (JPKF), 3, p.1-12.

[33] Organisation for Economic Cooperation and Development. (2019). PISA 2021
Creative Thinking Framework, Third Draft, OECD, Paris.

[34] Ridlo, Z. R., Nuha, U., Terra, I. W. A., and Afafa, L. (2020). The implementation
of project-based learning in STEM activity (water filtration system) in improving
creative thinking skill, Journal of Physics: Conference Series, 1563, p.012073.

[35] Bandoy, J. V. B., Pulido, M. T. R. and Sauquillo, D. J. (2015). The effectiveness of
using PhET simulations for physics classes: a survey, The Proceedings of the
International Conference on Engineering Teaching and Learning Innovation
[ICEE-PHILI 2015], Philippine Association of Engineering Schools (PAES) Inc,
loilo.



46

©Pancaran Pendidikan, Vol. 10, No. 4, Page 35-46, November 2021



