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Abstract. This study aims to examine the effect of PBL used simulation named adobe
flash on critical thinking skills. The research was quasi-experimental using a pretest-
posttest control group design. The population of this study was all of the 11th graders at
one of SMA in Medan. The sample class experiment using PBL were used adobe flash and
control using traditional. The Data were collected by the student's critical thinking test
based on the contextual problem in an essay. The Data were analyzed by using a t-test and
N-Gain. The results indicated resources that the pretest scores for the experimental and
control group were 38.93 and 36.25 and the posttest scores were 74.45 and 53.95. Based
on the result of the t-test, there was a significant effect between critical thinking skills
applied PBL used with adobe flash.

Keywords: Problem-based Learning, Critical Thinking, Computer Simulation

1 Introduction

The development of the 21%t century has a significant impact on the community. People are
increasingly aware of the importance of preparing young people to be able to meet the demands
of the 21st-century skills are a must-have in the 21st century are grouped into three sections,
namely learning and innovation skills (critical thinking, innovation, creativity, and problem-
solving), information and technology skills (information and media literacy and technology
literacy) and life and career skills (skills social skills, adaptability, leadership, productivity and
being flexible [1].

Critical thinking is one of the 21st-century life skills need to be developed through a process
of education. Critical thinking is a fundamental skill in learning in the 21st century that can be
trained through education [2]. Critical thinking is the ability to give reasons in an organized and
evaluate the quality of a reason systematically [3]. Critical thinking is a process, the aim is to
make sensible decisions about what to believe and what to do [4]. A person who has the skills
of critical thinking tends to more quickly identify relevant information, separate the irrelevant
information and use that information to find solutions problem or make a decision, and if
necessary seek the relevant supporting information. Critical thinking is also able to enhance
one's creativity and serves also for reflection or self-evaluation of the decisions that have been
taken [2].

One of the subjects that provide the opportunity to develop students' critical thinking is a
physics lesson. Physics is one branch of Natural Sciences (IPA) which provides knowledge of
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the universe as well as interaction within it. Physics can be used as a tool to train the ability to
think critically and analytically in a problem-solving both qualitatively and quantitatively and
to develop the knowledge, skills, and confidence. Physics can train critical thinking skills of
students as it is essentially a process of learning physics is to define the concepts, principles,
theories, and laws of nature, as well as to cause a reaction, or an answer that can be understood
and accepted in an objective, fair and rational. Physics has a very important role because of the
phenomena that occur in nature very closely related to physics and in everyday life, for example,
the phenomenon of sound, light, motion, and force.

The importance of critical thinking skills students is not in accordance with the facts on the
ground. Based on preliminary studies using baseline testing in one high school in Medan showed
that 80% of students have a lower critical thinking skill. Initial results were confirmed by
interviews conducted by the researchers. Based on interviews of students showed when asked
to give an argument about a problem student was silent and could not give his argument, in
concluding the settlement problem students also found it difficult. Students also have not been
able to determine which action to solve a problem.

One of the causes of the low critical thinking skills of students for learning presented in the
classroom is still traditional. The learning-centered teacher, presents only a theory, formula,
example problems which emphasizes mathematically so that students lacking an argument, do
not facilitate the students to decide a course of action to resolve the problem so as to make the
students can only receive an answer from the teacher alone, does not present phenomena / the
problem to be solved, and does not provide an opportunity for students to make a further
explanation of the phenomenon in life.

Based on these descriptions, critical thinking skills are very needed to be provided to
students so that students can solve problems logically and creatively. One effective learning
model that is suspected to increase creative thinking and critical thinking of students is a
problem-based learning (problem-based learning, (PBL), PBL is a set of teaching models that
use the issue as a focus to develop critical thinking skills, problem-solving, materials, and self-
regulation [5], PBL is a model that provides a variety of problem situations authentic and
meaningful, providing a space for investigation and investigation of the problem and support
student learning [6]. The aim of PBL is to help students develop critical thinking skills, problem-
solving abilities, and intellectual skills, to study the role of adults and become independent and
autonomous learning. PBL challenges students to solve authentic problems in the information-
rich settings [7], PBL begins with the assumption that the learning process is active, integrated
and constructive designed to make students independent learners, working together to solve
problems and learn to find out [8], PBL model is effectively used to enhance students' critical
thinking as the primary goal rather than a model of PBL is not the delivery of the majority of
knowledge to the students, but rather on the development of critical thinking skills and problem
resolution [9]. PBL can increase students' ability to think critically and develop their ability to
adapt to new knowledge [10].

The use of PBL models will be more interesting if the maximum and collaborated with the
use of instructional media, either a simple or a technology-based media. Instructional media are
all means of communication such as printing, graphics, animation, audio and audiovisual that
can be used to deliver learning [11]. One media-based technology that can be used for learning
is a computer simulation model of PBL. Computer simulation is a visualization computer-
generated from real-world objects that provide the environment, context and situation that
almost authentic learning task-based and computer simulations allow students to see the events,
processes, and activities that others may not have been available to them through the
involvement interactive [12], Computer simulations can provide an opportunity for students not



only to develop students' understanding and strengthening of the concept but also develop their
skills in scientific investigation and inquiry. In addition, computer simulations are also able to
enhance students' critical thinking skills. The use of computer simulations in the model PBL can
improve students’ critical thinking skills for computer simulation can stimulate the curiosity of
students to find solutions to the problems presented [13], This is also supported by [14] which
states that the use of computer simulation models assisted PBL provides a positive effect on
critical thinking skills.

Based on the exposure mentioned above, this study aims to investigate the influence
of PBL models using computer simulations of the students' critical thinking skills.

2 Methods

This study was conducted in one high school in the city of Medan in the second semester
of 2018/2019 consisting of 4 classes totaling 196 people. The sampling technique was conducted
on cluster random sampling. The sample in this study consisted of two classes of grade XI IPA
2 totaling 44 people as an experimental class taught by a model problem based learning using
computer simulations and XI 4 as many as 40 people as the control class is taught by
conventional teaching. This research is a quasi-experimental and design used is a two-group-
posttest pretest just as shown in Table 1.

Table 1. Two Group Pretest - Posttest Design.

Class Pretest Treatment Posttest
Experiment Y X1 Y
Control Y X2 Y

X1 =Problem based learning using computer simulations in 11" grade

X2 = Conventional learning on the material grade optical 11" grade

Y = Pretest and posttest were given the experimental class and control class before and
after treatment.

The research instrument is a test of critical thinking skills in the subject matter of optical
devices with sub-loop material, microscopes, eyeglasses, cameras, mirrors, and lenses. The
instrument comes in the form of a problem-based essay as many as 10 items that have been
validated in content and construct. The hypothesis test used was t-test. As a prerequisite before
the test t-test, data from the two classes should be normal and homogeneous. Normality test,
homogeneity, and t-test were performed using SPSS. Percentage increase in critical thinking
skills is calculated using the formula N-Gain, namely equation (1):

posttest score—pretest score

g= 1)

maximal score—pretest score

[15]



3 Results and Discussion

Before starting the study, two classes were given an initial capability test (pretest) of critical
thinking skills with the results shown in Table 2.

Table 2. Pretest Data of Critical Thinking Skills in Control and Experiment Class.

Control Class Experiment Class

Range of  Frequenc  Normalit Rangeof  Frequenc  Normalit —Homogeneity

Values y y Values y y (Sig)

(Sig) (Sig)

25-29 9 25-29 1

30-34 5 30-34 9

35-39 8 0.69 35-39 8 0.47 0.06

40-44 7 40-44 12

45-49 6 45-49 10

50-54 5 50-54 4
Informatio X =36.25 Normal Informatio ¥ =38.93 Normal Homogeneou
n n s

The experimental class treated with PBL using computer simulation and control classes
were given conventional learning. Learning has been completed respectively in sub optical
instrument material, the second class is a matter of critical thinking skills posttest identical to
pretest questions that aim to look after the students' learning treated. The posttest results of
critical thinking skills in this study are shown in Table 3.

Table 3. Posttest Data of Critical Thinking Skills in Control and Experiment Class.

Control Class Experiment Class
Range of Frequency  Normality Range of Frequency — Normality =~ Homogeneity
Values (Sig) Values (Sig) (Sig)
40-44 8 60-65 4
45-49 7 66-71 13
50-54 6 0.49 12-77 14 0.25 0.25
55-59 6 78-83 8
60-64 5 84-89 2
65-69 8 90-95 3
Information ¥ =53.95 Normal Information ¥ =74.45 Normal Homogeneous

After testing the prerequisites and have been known to a normal and homogeneous
distribution of data, hypothesis testing is then performed using the t-test. The calculation result
of hypothesis testing using t-test. The experiment and control of pretest data can be seen in Table
4,



Table 4. Hypothesis Testing Pretest Critical Thinking Skills.

Class Average T Ttable
Control 19.00 1.875 1,992
Experiment 24.04

Table 4 shows the early ability of critical thinking skills of students in the experimental
class with students in the control class optical instrument material. Based on Table 4, it can be
concluded if both classes have the same initial ability in critical thinking because the result of
the t-test is t < tipie ( 1.875<1.992).

After giving a different treatment in the second grade, the posttest given and gained the
ability of different end as shown in Table 5.

Table 5. Hypothesis Testing of Critical Thinking Skills' Posttest.

Class Average T ttable
Control 53.95 11,14 1.66
Experiment 74.45

Based on Table 5 shows that the average value posttest experimental class is higher than
the control class and t > tipie is 11.14 > 1.66. Based on these results we can conclude that there
are differences in the student’s critical thinking skills due to the effect of problem-based learning
models using computer simulations.

Based on the results of the posttest data analysis, both groups of students experienced an
increase in N-gain. The percentage increase in N-gain to critical thinking skills is shown in
Table 6.

Table 6. Percentage of Increasing Critical Thinking N-Gain for Experiment and Control Class.

Class N-gain (%) Category
Experiment 58% Middle
Control 28% Low

A percentage increase in critical thinking can be seen with Gain Normalized (N-Gain).
Percentage increase in N-Gain critical thinking experiment class 58% and 28% control. The
maximum score of the items of critical thinking skills is 10. Each of the indicators is made in 2
critical thinking about.

Based on Table 6, the percentage increase in N-gain critical thinking in the experimental
class higher than the class of control. The percentage of N-gain experimental class was 58% in
the medium category and the control class was 28 % in the low category. The difference in N-
Gain of critical thinking between the experimental class and the control class is because, in the
experimental class, students are taught with PBL models and given LKS which contains
contextual problems that are close to students so that students are able to develop critical
thinking skills so students are able to solve given problems. The difference in N-Gain is also
influenced by the use of computer media, namely adobe flash-assisted computer simulations.
Computer simulations are presented to help and train students in critical thinking. The
simulation is designed to attract the attention of students so that they are more enthusiastic and
happy in learning. With the existence of computer simulation assistance, students are more
directed to think, argue, and find solutions to a problem. When students have finished practicum,



students can compare the results of their practicum with computer simulations that have been
made. If the results of their practicum are wrong, they can repeat it. This trains students to be
better able to observe, provide arguments, and infer their practical results so that students'
critical thinking skills increase.

Increased N-Gain critical thinking skills in the low control class (28%) because students in
the control class use the lecture method, question and answer, tend to continue to take notes and
listen to the teacher's explanation. Students in conventional classes are still less active in
learning activities, are not accustomed to observing problems and looking for solutions and only
asmall proportion of students dare to express their opinions. Students in problem-based learning
classes are more active in learning, eager to conduct experiments, and some students are active
in expressing opinions.

Based on the data analysis indicators of critical thinking skills have different N-gain
increases. The percentage increase in N-ga in critical thinking skills is shown in Table 7.

Table 7. Percentage of Increasing N-Gain for Each Critical Thinking Skills Indicators.

Critical Thinking Control Class N Criteria  Experiment Class N Criteria
Indicators Gain Gain
Pretest  Postest %) Pretest  Postest %)
Elementary 6,63 6.78 4 low 6.78 7.69 28 Low
Clarification
Basic support 3.13 6.48 49 middle 3.91 8.62 77 high
Interference 2.92 4.95 29 low 3.28 7.3 60 Middle
Advanced 151 49 40 middle 1.55 7.25 67 Middle
Clarification
Strategy and 3.95 3.96 0.2 low 3.95 6.42 41 Middle
tactics

Based on Table 7, it can be concluded that the basic support indicator has the highest
percentage increase with a 77 % increase. The increase in basic support indicators becomes the
highest due to the fact that during learning in the experimental class, students are trained to solve
problems by practicing (observing) and comparing the results obtained with reliable sources,
such as textbooks. In addition, during the practicum (observation), students are also assisted
with computer simulations that are adapted to the practicum that is being done so that students
are better able to make observations. The lowest increase in critical thinking indicators is
elementary clarification, which is 28%. This is because students have not been able to focus
questions appropriately, although there are some students who have been able to focus questions
from the given problem.

Critical thinking skills of students by implementing PBL models using computer
simulations better than the conventional one. For example, at the first meeting, in the first phase
of learning, students are given an authentic problem-related material flat mirror. The problem
given is how to make a room look spacious with an only used flat mirror. Some students begin
trained to give a simple explanation to give a hypothesis to answer these problems. A similar
trend was also made at the meeting 11 and I11. Once briefed, had more students who are trying
to provide hypotheses and on other issues that researchers give even a debate between students



associated with the given hypothesis. After the treatment is given, the skills give a simple
explanation of students' increased by 28%.

The second phase was to organize students to learn. This organization provides a space for
students to collaborate in investigating the problem. Students are divided into groups of 7
heterogeneous and researchers share Worksheet Students (LKPD) which presents a problem
that explores the creative and critical thinking skills of students. Students in the group began to
organize their strategies and tactics such as determining the things they would do in the lab,
divide tasks during practicum, and identify action steps in LKPD together. Students also begin
to build up their basic skills by finding reliable reading material on a flat mirror in each book.

The third phase is to assist the investigation independently and in groups. Investigations
conducted in a group of student activities to construct their own knowledge through
experimental activities that foster independent learning in students. Students began work in
groups lab, lab results in data processing and make conclusions from the lab they can. When
students do lab work, critical thinking of the five indicators.

The fourth phase is to develop and present the artifacts and the exhibit. In this phase, critical
thinking skills indicators that summarize and make further explanation trained. Students are
asked to present the group's work and concluded that they can be solutions. After being given
the treatment, concluded skills as well as making further explanation students increased by 60%
and 67%.

The fifth phase is to evaluate the solution. This phase is intended to help students analyze
and evaluate their thinking processes to present the work. Researchers guide students to
synchronize the existing concept circuitry answers given each group in LKPD. Teacher as
facilitator guide students to reflect on the process of the investigation conducted.

Computer simulations are presented to assist and train students to think critically.
Simulations are designed to attract students more enthusiastic and happy in learning. The
advantages of the model PBL using computer simulations including providing activity in the
learning process so that teachers only act as a facilitator by providing orientation about the
problem to the students, then the teachers to motivate students to get involved in addressing the
problem, organizing students to examine, define and organizing tasks associated with the
problem [16]. Aid simulation, students will also be easier to remember and know the physics
concepts that are abstract. define and organize the tasks associated with the problem. Aid
simulation, students will also be easier to remember and know the physics concepts that are
abstract. define and organize the tasks associated with the problem. Aid simulation, students
will also be easier to remember and know the physics concepts that are abstract.

4 Conclusion

Based on the results of this study, it can be concluded that there was the effect of problem-
based learning by computer simulation in improving student’s critical thinking skills. The
percentage of increase in critical thinking in control and experiment class was 27.8% and 57.8%.
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