The critical thinking effect of the computer
simulation in the physics teaching and

learning
By TRIKINASIH HANDAYANI



Journal of Physics: Conference Series

PAPER - OPEN ACCESS

The critical thinking effect of the computer simulation in the physics

teaching and learning

To cite this article: D Sulisworo et al 2019 J. Phys.: Conf. Ser. 1157 032003

gtew the article online for updates and enhancements.

Bringing you innovative digital publishing with leading voices

to create your essential collection of books in STEM research.

This content was downloaded from IP address 103.19.181.1 on 19/12/2019 at 07:15




International Conference on Mathematics and Science Education (ICMScE 2018) IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1157 (2019) 032003  doi: 10.1088/1742-6596/1157/3/032003

The critical thinking effect of the computer simulation in the
physics teaching and learning

D Sulisworo'", T Handayani’ and D A Kusumaningtyas'

"Program Studi Pendidikan Fisika, Universitas Ahmad Dahlan, JI. Kapas No. 9,
Yogyakarta 55164, Indonesia

ZProgram Studi Pendidikan Biologi, Universitas Ahmad Dahlan, Jl. Kapas No. 9,
Yogyakarta 55164, Indonesia

*dwi.sulisworo(@uad.ac.id

Abstract. Critical thinking skills (CTS) are essential leamning outcomes. The development of
computer simulation applications is so fast need to be utilized in learning for improving CTS.
This study aims to find out the effect of computer simulation, in this case, PhET simulation to
the CTS in physics learning for the subject of Work and Energy. This study was conducted on
8th-grade high school students in Yogyakarta, Indonesia. The research method used was
posttest only controlled group design. The control group and treatment group each consisted of
32 students. The leaming for the treatment group was arranged in the form of a practicum
using PhET simulation for 10 hours conducted in 5 meetings. The CTS was measured with
essays covering five questions that had been tested for item discrimination, the degree of
difficulty, validity, and reliability. The analysis technique used was ANOVA with the margin
of error of 5%. The results of this study show that learning performance (CTS) by using
computer simulation tends to better (77.89) compared with conventional learning (64.75) after
the learning process.

1. Introduction

In physics learning, students sometimes experience some difficulties and misconception in
understanding the particular phenomenon [1.2.3]. It becomes an obstacle in the learning process:
including in learming the concept of Work and Energy which is abstract in the 8th-grade students.
Learning by demonstrating on the particular level can help the leaming performance. However, the
existence of complex variables results in the demonstration which does not always match the theory
students learns [4].

The development of technology has opened opportunities for various learning media to mdnipuldte
multiple natural phenomena by focusing on particular aspects [3.5.6]. PhET simulation (PhET) is one
of the computer simulations dev reloped to meet the needs [7.8]; including in understanding the concept
of Work and Energy. This simulation was generated by using a specific mathematic model to
accurately figure out the particular phenomenon by controlling various unexpected variables. Through
this simulation, students can visualize the objects and the process which can't be controlled in the real
condition [8]. Thus, students can experience scientific activities such as hypothesizing, experimenting
and synthesizing in the solving problem related to a phenomenon [5.9].
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Numbers of researchers in science learning have utilized PhET by using various learning strategies
[1.2.3.4.5]. These researchers showed that using PhET can improve multiple aspects of learning
performance such as motivation, understanding, misconception and active learning. As current
learning demand, learmning performance related to higher order thinking skills become immensely
valuable [10.11]. One of them is critical thinking skill (CTS). Unfortunately. in Indonesia the number
of research related to science learning particularly physics learning which is utilizing PhET to improve
learning skill is relatively low. It becomes a significant part of this article to contribute to science
learning field.

Student’s scientific activities in interacting through computer simulation can encourage the CTS
improvement. fundamental 1dea of PhET development 1s using constructivist learning perspective.
PhET provide dynamic access to multiple representations. make the invisible visible. scaffold inquiry.
and allow for safe and quick access to various trials while being engaging and fun for students and
teachers [12,13].

By considering the physics learning problem on the subject of Work and Energy and the
opportunity to utilize the computer simulation for learning, the problem formulation of this article is
whether there is an influence of PhET utilization on the subject of work and energy towards the CTS
improvement.

2. Method

2.1. Participants

This research was conducted to 8th high school students in the physics teaching and learming on the
subject of Work and Energy in the academic year of 2016/2017 i Yogyakarlta Special Province,
Indonesia. The school where the research is conducted is not a favorite school. It is located in
suburban area with middle to low of economic level of the student’s background. This research was
done at that quality level of school to give broader impact to similar schools as the number of those
schools 1s higher than the favorite ones.

2.2. Research design

The research is a pretest-posttest controlled group design research. Since student’s randomization was
technically impossible, randomization was only conducted when choosing the class as control group
and treatment group from six classes (201 students). Sampling for control and treatment group was
taken by using simple random sampling technique. Control and treatment class each consists of 32
students. Students who were considered in the research were only ones entirely attended all learning
activities. Ones who didn't fully participate on the all activities were taken out from the research
sample.

In control group, students were taught with the conventional method by using lesson books at
school while in the treatment group, and students were taught with PhET by using scientific learning
strategies (observing, questioning, reasoning, experimenting, and networking). The research variables
were learning strategy as the independent variable and critical thinking skill as the dependent variable.

2.3. Material and learning activities
B} simulation used for work and energy leaming was The Ramp 1.07 taken from
https://phet.colorado.edw/en/simulation/legacy/the-ramp which runs offline on the computer. The
screenshot for the simulation 1s shown m Figure 1.

In conducting learning, the teacher prepared a lesson plan which had been validated, so it met the
learning objective. The learning stages undertaken in the treatment class was based on scientific
approach learning as follows:

2.3.1. Observing. In this stage, the teacher explained how to run the ramp downloaded from PhET.
Next, students tried by themselves to identify what they can do with the simulation application.

(5]
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2.3.2. Questioning. Students discussed with other friends or searched for other additional information
to find various alternative solutions for particular cases given by the teacher. Therefore, students could
estimate the situation of the phenomenon of the assigned cases.

2.3.3. Reasoning. By frequently using the simulation, students experiment various alternative solutions
for particular cases. As a result, students got the new understanding to explain the given cases.

2.3.4. Networking. Based on the experience, students shared information with all members of the class
to get shared understanding; it can be in the form of categorizing, associating or relating
phenomenon/information, finding a pattern, and concluding,
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Figure 1. The screenshot of the Ramp (1.07) as the simulation app

2.4. Data collection and analysis
The data of CTS was taken by using five essay questions. The questions were scored based on the
stages of solving a complex problem related to work and energy. The questions were developed by
referring taxonomy bloom on the level of C3 and C4. Previously the questions had been tested on item
discrimination, the degree of difficulty, validity, and reliability.

The data analysis used parametric statistics by dfsidering data normality and homogeneity. Next,
the data was processed by using one way ANOVA to find out the significance of the learning strategy
influence towards the CTS.

3. Result and discussion

3.1. Result
The measurement data of the CTS of control and treatment group was next processed with descriptive
statistic and analysis of variance. Table 1 shows the effect of the descriptive statistic.
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Table 1. Descriptive for the control and treatment group

N Mean Std. Deviation Minimum Maximum

Control Group 32  64.7500 9.25272 54.00 77.00
Treatment Group 32  77.0313 6.66471 62.00 85.00
Total 64  70.8906 10.11382 54.00 85.00

From Table 1, it can be seen that the average score of CTS for treatment group (70.89) is higher than
the control group (64.75). Also, the standard deviation of treatment group tends to be narrower (6.66)
than the control group (9.25). The two findings become significant on the effect of learning by using
PhET in the class. There 1s a tendency that treatment group students who study work and energy by
using PhET tend to have better CTS after learning. Besides, in the whole group, the distribution of the
CTS seems lo be more even among students. This effect can be seen [rom the standard deviation of
treatment group which is smaller than the control group (students taught conventionally). The
difference of standard deviation also shows that at the end of learning both groups become
heterogeneous groups. This heterogeneity can be seen from the result of the test of homogeneity of
variance with Levene statistic (i.e.. p= 0.002<0.05).

F-test with ANOVA on the margin of error of 5% was dBiducted to find out if there is a difference
of CTS score between control and treatment group. The c@cndcnt variable is CTS score, and the
independent variable is learning strategy. The F-test result is shown in table 2.

Table 2. Analysis of Variance (F-test) for the means of the critical thinking skills score.

Sum of Squares Df Mean Square F Sig.
Between Groups 2413.266 1 2413266  37.118 .000
Within Groups 4030.969 62 65.016
Total 6444.234 63

From the result of F-test, it can be scen a significant difference in the average score of the CTS
between control and treatment group. In conclusion, the learning outcome in this case CTS with PhET
sim 1s higher than the conventional one.

3.2. Discussion

As previously mentioned, this research aims to find out the effect of physics learning on the subject of
work and energy by using PhET. The learning process conducted to students who learn by using PhET
followed the scientific approach learning procedure. The implementation of the learning could run as
planned. From the statistical analysis, students who were taught by using PhET shows the better result
on higher order thinking skills (CTS).

Another finding is that more similar CTS occur in students. Student's interaction during the
learning seems to have the good effect on the CTS. It can be seen that distribution of student’s CTS
tends to be evener. This finding shows that learning strategy which was carried out could encourage a
better student’s interaction. This interaction furthermore gives effect towards various aspects. One of
them is an opportunity to share knowledge, so student’s understanding towards one phenomenon
becomes more similar. This result parallel to the othe research that the deviation among students
become closer [14,15].

Another explanation related to the two findings in learning is explained with the concept of Edgar
Dale's of experience wherein learning by using PhET students do activities by involving skill, attitude
and knowledge [16,17] when running the Ramp application to solve particular problems. During the
learning process, students experience some stages of scientific learning from observing, questioning,
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reasoning, and networking. Those activities were done both individually and in the group. As a result,
in learning, students do activities that involve more domains. This process is the reason for the
increasing skills besides the existence of student’s interaction. Facing the penetration of mobile
technology on learning in Indonesian education [18,19], this result can be combined to better
improvement of learning performence in science learning.

There are several limitations related to this research, particularly on external validity. In this
research, sample randomization was not conducted. Control and treatment class were formed by
choosing the existing courses. This choice was based on the assumption that they had same
characteristics and were normally distributed. In this research. the similar learning process was carried
out and controlled by the validated lesson plan. Also, it has been ensured that sample never attended
learning with the same strategy as applied in this research. In the next study, what needs to consider
are to conduct pretest and choose several covariates to control other influence factors besides the
observed variables.

4. Conclusion

This research finds out the mnfluence of learning strategy towards CTS. The experimental strategy is
learning strategy for the subject of work and energy on grade 8. Learning was done with scientific
approach supported by PhET sim with the Ramp application. The result shows that students who were
taught by using this strategy tend to have higher CTS after learning compared to ones who were
conventionally taught. Students who were trained by using this strategy also tend to have more even
CTS after learning. The limitation of this research can be improved by adding covariate on the
research.

Elcknowledgments
This research was funded by Research and Development Agency of Ahmad Dahlan University,
Indonesia for the Year 2017 under the contract number PHB-058/ SP3/ LPP-UAD/ IV/2017.

References

[1] Chen R F, Eisenkraft A, Fortus D, Krajeik J, Neumann K, Nordine J and Scheff A (Eds) 2014
Teaching and learning of energy in K-12 education New York: Springer

[2] Martinez G, Pérez A L, Suero M I and Pardo P J 2013 The effectiveness of concept maps in
teaching physics concepts applied to engineering education: Experimental comparison of the
amount of learning achieved with and without concept maps Journal of Science Education and
Technology 22 p 204

[3] Anderson J L and Barnett M 2013 Learning physics with digital game simulations in middle
school science Journal of Science Education and Technology 22 p 914

[4] Muis K R and Gierus B. 2014 Beliefs about knowledge, knowing, and learning: Differences
across knowledge types in physics The Journal of Experimental Education 82 p 408

[5] HouH T 2015 Integrating cluster and sequential analysis to explore learners’ flow and behavioral
patterns in a simulation game with situated-learning context for science courses: A video-
based process exploration Computers in human behavior 48 p 424

[6] LinTJ, DuhHB, LiN, Wang H Y and Tsai C C 2013 An investigation of learners' collaborative
knowledge construction performances and behavior patterns in an augmented reality
simulation system Computers & Education 68 p 314

[7] Shen J, Lei J, Chang H Y and Namdar B 2014 Technology-enhanced, modeling-based mstruction
(TMBI) in science education. In Handbook of research on educational communications and
technology (p 529-540) New York: Springer

[8] Zhang M 2014 Who are interested in online science simulations? Tracking a trend of digital
divide in Internet use Computers & Education 76 p 205




International Conference on Mathematics and Science Education (ICMScE 2018) IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1157 (2019) 032003  doi: 10.1088/1742-6596/1157/3/032003

[9] Scherr R E and Robertson A D 2015 Productivity of “collisions generate heat™ for reconciling an
energy model with mechanistic reasoning: A case study Physical Review Special Topics-
Physics Education Research 11 010111

[10] Silva E 2009 Measuring skills for 2 Ist-century leaming Phi Delta Kappan 90 p 630

[11] Van Laar E. van Deursen A J, van Dyk J A and de Haan J 2017 The relation between 21st-
century skills and digital skills: A systematic literature review Computers in human behavior
72 p 577

[12] Moore E B. Chamberlain J M. Parson R and Perkins K K 2014 PhET interactive simulations:
Transformative tools for teaching chemistry Journal of Chemical Education 91 p 1191

[13] Moore E B, Smith T L and Randall E 2016 Exploring the Relationship Between Implicit
Scaffolding and Inclusive Design in Interactive Science Simulations. In Infernational
Conference on Universal Access in Human-Computer Interaction (p 112-123) Springer

[14] Lee W P and Hwan C L. 2015 A computer simulation in mechanics teaching and learning: A case
study in circular motions Computer Applications in Engineering Education 23 p 865

[15] Miller K, Zyto S, Karger D, Yoo J and Mazur E 2016 Analysis of student engagement in an
online annotation system in the context of a flipped introductory physics class Physical
Review Physics Education Research 12 020143

[16] Dhandabami L. and Sukumaran R 2015 Use of multple mtelligences and instructional
technologies in learning theory of computation: An experimental case study. In Advanced
Computing and Communication Systems. 2015 International Conference on (p 1-6) IEEE

[17] Nikolaenko V 8 2016 The training simulator for the project activity In SHS Web of Conferences
28 EDP Sciences

[18] Sulisworo D and Toifur M 2016 The role of mobile learming on the learming environment shifting
at high school 1n Indonesia International Journal of Mobile Learning and Organisation 10 p
159

[19] Sulisworo D, Agustin S P and Sudarmiyati E 2016 Cooperative-blended learning using Moodle as
an open source learning platform International Journal of Technology Enhanced Learning 8 p
187




The critical thinking effect of the computer simulation in the
physics teaching and learning

ORIGINALITY REPORT

oI

SIMILARITY INDEX

PRIMARY SOURCES

.

> B - B~ B - B~

B B B

Sebastian Glane. "Combining dynamics and numerics 1 %
: . ; 27 words —

using the falling ladder problem", European Journal of

Physics, 2019

Crossref

: : 4 0
ﬁ:;(ﬁzeerx.lst.psu.edu 16 words — /0
: 40
heaig.org 13 words — /o
. : 40
Itgsrfile(tjalsg.|an|bnet.aC.|n 13 words — A)
: o
eme.ihme.us 10 words — < 1 /o
: e o : o
Sulisworo, Dwi, Sri Puji Agustin, and Endang 9words — < 170

Sudarmiyati. "Cooperative-blended learning using
Moodle as an open source learning platform", International Journal
of Technology Enhanced Learning, 2016.

Crossref

educationaltechnologyjournal.springeropen.com (0]
Internet 9l pring P 9W0rdS— < g /0

www.myjurnal.my 8 words — < 1 %

Internet

: o : o
SU|ISWOI'O,.DWI. Thg Effect of Gender and Onllng 8 words — < 1 /0
Collaborative Learning Strategy to Student Learning



Motivation", International Journal of Learning and Development,

2012.
Crossref
. 0
?/n\gr\g\é\t/.mattruffonl.lt 8 words — < 1 A)
(0)
#
swords < 1%

D. Galassi, P. Tamain, H. Bufferand, G. Ciraolo, Ph. < 7 %
. . ) 7/ words —

Ghendrih, C. Baudoin, C. Colin, N. Fedorczak, N.

Nace, E. Serre. " Drive of parallel flows by turbulence and large-

scale x transverse transport in divertor geometry ", Nuclear

Fusion, 2017

Crossref

—_
N

ON OFF
ON



	The critical thinking effect of the computer simulation in the physics teaching and learning
	By TRIKINASIH HANDAYANI

	The critical thinking effect of the computer simulation in the physics teaching and learning
	ORIGINALITY REPORT
	PRIMARY SOURCES


