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Abstract—This study aimed to assess the effectiveness of 
Web-Based Simulation integrated with Guided Discovery 
Learning (WBS-GDL) model in improving the critical thinking 
skill in Physics Grade XI students in Islamic State School 
Yogyakarta, Indonesia. The GDL-WBS model was compared 
to the Direct Instruction model (DI). The comparison of their 
level before and after learning was determined to assess the 
effectiveness of WBS-GDL and DL group. The level of 
students’ critical thinking skill in these groups before and after 
they thought with the model was determined. Pretest and 
posttest with experimental group design and descriptive 
comparative was used to processing data from 50 students. We 
use ANOVA mixed design, independent sample t-test, and 
paired sample t-test to analysis data. The result of the study 
are (1) Level of students’ critical thinking skill of both group 
before learning is generally very low and increased after 
learning; (2) there is a significant differences in the level of 
students’ critical thinking skill in the WBS-GDL group with n-
gain 0.42 (medium); (3) In this study, the WBS-GDL model 
improve students’ critical thinking skill as 57.8% while DI only 
6.7%. The conclusion of this study is WBS-GDL can be used to 
enhance students’ critical thinking skill and more effective 
than DI model. For the next study, our recommendation is to 
assess other aspect of critical thinking skill with some learning 
model integrated simulation based learning.

Keywords: web-based simulation, guided discovery, critical 
thinking

I. INTRODUCTION
The main objective in physics is to make mathematical 

models that can predict and explain physical phenomena [1]. 
In physics learning, there is more than one representational 
form that is often used in conveying information and 
supporting knowledge construction [2]. Students who study 
physics must use and move between various forms of 
representation including describing concepts, using 
conceptual diagrams or computer simulations, using

mathematical equations to calculate, and explaining changes
in variables in tables or graphs [3].

Physics learning must apply a new learning paradigm that
has the potential to facilitate efforts to develop students'
social spiritual attitudes, character, and critical thinking skills
[4]. The process of physics learning must be applied into
activities of scientific inquiry or discovery, in order to grow
students' critical thinking skills and scientific attitudes so
they are able to solve problems [5]. Some physics teachers
agree that the reason students choose physics majors is to
learn critical thinking [6].

Critical thinking is a wise process that is done
intentionally in making a decision to judge, reject or accept
an idea delivered [7]. As stated in Ref [8], it is a skill that
combines the use of evidence and / or logic to evaluate and
draw conclusions. Critical thinking is a metacognitive
process carried out through deliberate judgment, by
increasing the ability to produce logical conclusions on an
argument or problem solving solution [9].

Critical thinking is an important aspect of everyday life in
all fields of international relations, justice, economics,
politics, and health to education [10]. However, many studies
show that students' critical thinking skills still in middle level.
As stated in Ref [11] the students’ critical thinking skill
levels are mostly in middle level (77.3 %), only a few parts
of them (22.4 %) have high level critical thinking skills, and
only one of the students (3 %) has low level critical thinking
skills.

In Indonesia, students’ critical thinking skill is rather
below. As stated in [12] the students’ critical thinking skills
level also in middle level (42.8%), only a few of them (25%)
have a high level and a few students (32.2%) has low level
critical thinking skill. Reference [13] found that the average
score of students is still low level critical thinking skill (65.7).
Therefore, it is necessary to develop learning tools/teaching
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material to enhance students' critical thinking skills in
Indonesia. The research question in this study are (1) How is
the level of students' critical thinking skill in Islamic State
School on Yogyakarta, Indonesia? (2) How is level of
effectiveness of WBS-GDL in enhancing students' critical
thinking skill? (3) Is any significant difference between
WBS-GDL compared with DL in enhancing students' critical
thinking skill?

II. METHODOLOGY

A. Participant
This research was conducted in two classes randomly

selected from science XI students from the Islamic State
School in Yogyakarta, Indonesia. The first class as an
experimental group with the WBS-GDL model, consisted of
30 students with 10 males and 20 females. The second class
as the experimental group with the DI model consisted of 20
students, 7 males and 13 females. All classes have four
sessions, with each session consisting of 60-90 minutes.
Teaching materials used are (1) WBS-GDL learning matrix
that contains desired competencies based on physical topics
(kinetic theory of gases), learning activities, and assessment
mechanisms given to students. This matrix has been
validated by experts including two professional physics
teachers, two graduate students, one doctor, and two
professors. (2) Guidelines for teachers based on the learning
of the WBS-GDL which consists of learning plans
implemented by the teacher, (3) Learning materials which
are modules made by the researcher. This module consists of
several subtopics about the kinetic theory of gases for class
XI students, (4) Test of students' critical thinking skills tests.
They were asked to complete 10 questions with 60-90
minutes. All items have been validated by experts. The items
of critical thinking skills are analyzed with the assessment
rubric using levels 0 - 4. Table 1 shows the level of critical
thinking skills.

Table 1. Level of Critical Thinking Skill

Range of Level Description

0 – 2.39 Very low

2.40 – 2.79 Low

2.80 – 3.19 Average

3.20 – 3.59 High

3.60 – 4.00 Very high

After selecting the experimental class and control class,
participants from both classes were given a pretest question
according to the indicators of determining critical thinking
skills. The results of this test are used to analyze the level of
students' critical thinking skills. The experimental class is
taught with the WBS-GDL model, while the control class is
taught with the DI model, according to the learning module.
In the WBS-GDL model, there are several learning stages.
The first stage is introduction. This stage is the initial stage
where students are given a brief explanation of the learning
that will be carried out. The purpose of this stage is to
stimulate students to get involved and be active when the
learning process takes place. The next step is to provide
stimulus or stimulation to students. At this stage the students

displayed problems with online simulations from the website
provided. Then, they were asked to form a group consisting
of 5-6 people to conduct experiments virtually. They are
given time to work together to solve problems and complete
the experimental phase so that they discover the concept of
kinetic theory of gases themselves. In addition, they were
given freedom to open other websites to add data, propose
reasonable solutions, support their logical reasons and make
the conclusions.

B. Item of Critical Thinking Test
There are 10 questions prepared by the researchers

according to the indicators of critical thinking skills that are
measured. This indicator is integrated with topics in kinetic
material theory of gases. The items prepared were assessed
by seven experts in the field of physics education - two
professors and one doctor at a leading university, two
graduate students and two physics teachers. After evaluating
the material and based on recommendations from experts,
the topics tested in this study are pressure on ideal gas,
characteristic of ideal gas, Boyle’s Law, Boyle-Gay Lussac’s
Law, Charles’s Law, Root Mean Square Velocity, Average
velocity, kinetic energy, and temperature in ideal gas.

C. Assessment and Data Collection
In this study, we used SPSS version 16 to analyze data.

Data regarding the profile of students' critical thinking skills
were analyzed quantitatively and descriptively using percent
and frequency. To determine whether there are significant
differences in students' critical thinking skills between our
pretest and posttest using paired sample t-test. Independent
sample t-test was used to determine whether there were
significant differences regarding the level of critical thinking
skills of students in the DI group and WBS-GDL. The gain
score and partial eta square values are used to determine the
effectiveness of the DI and WBS-GDL models for students'
critical thinking skills. The gain score is used to determine
the level of effectiveness while partial eta square to
determine how much influence of the model has on the
learning output. The partial eta square value is obtained by
using the ANOVA mixed design test on the results of the
student's pretest and posttest. The score gain value is
determined by Hake’s equation [14] :

Gain (g) =
X�posttest − X�pretest

maximum score − X�pretest (1)

Where Gain is gain score of the class, X �posttest is
mean of posttest, and X �pretest is mean of pretest. The
range of effectiveness levels based on the above equation is g
� 0.3 (low)� 0.3 � g � 0.7 (medium) and g � 0.7 (high).

III. FINDING AND DISCUSSION

A. DI Group
In the test of critical thinking skills, students are given 10

questions according to aspects of this skill during the pretest
and posttest. The results of the analysis of their answers are
shown in Table 2. This table shows the level of their critical
thinking skills based on the answers in the pretest and
posttest.
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Table 2. Level of CT Skill in DI Group
Indicator
of CT
skills

Pretest Descripti
on

Posttest Descripti
onMea

n SD Mea
n SD

Focus on
the

context of
the

problem

1.90 0.3
1 Very low 2.85 1.0

9 Average

Identify
the

conclusio
ns from a
statement

2.00 0.0
0 Very low 3.25 0.5

5 High

Consider
the

procedur
e for
finding
evidence

1.80 1.2
0 Very low 2.80 1.4

4 Average

Involves
any

assumpti
on

2.40 1.6
0 Low 1.85 1.3

1 Very low

Using
logical
condition

s

1.65 1.0
4 Very low 1.15 0.6

7 Very low

Identify
and use
distinctiv
e features

or
patterns
in the
data to
draw

conclusio
ns

1.35 1.1
4 Very low 1.75 1.3

7 Very low

Know the
content
validity
of a

definition

1.75 1.6
5 Very low 2.65 1.4

2 Low

Identifyin
g

assumpti
ons

needed
for a

particula
r

condition

0.90 1.2
5 Very low 1.00 0.7

9 Very low

Choose
criteria
for

consideri
ng

possible
solutions

1.20 1.4
7 Very low 1.25 1.2

1 Very low

See the 1.20 0.8 Very low 1.80 0.7 Very low

Indicator
of CT
skills

Pretest Descripti
on

Posttest Descripti
onMea

n SD Mea
n SD

total
problem
and take
an action

3 7

Overall 1.62 0.4
5 Very low 2.04 0.8

0 Very low

Note: 0 – 0.49 = “Very low”, 0.50 – 1.49 = “Low”, 1.50 – 2.49=
“Average”, 2.50 – 3.49 = “High”, 3.50 – 4.00 = “Very High”

Among the 10 indicators of critical thinking skills given
in the pretest, it was found that indicator 8 shows the lowest
mean of 0.90 (very low level). Item 4 shows the highest
average of 2.40 (low level). In the posttest results it was also
found that indicator 8 shows the lowest average of 1.00 (very
low level) and indicator 2 shows the highest average of 3.25
(high level). Table 3 presents the level of critical thinking
skills of students before and after they are taught using DI
models in class 11 kinetic theory of gasses concepts.

Table 3. Level of CT Skill Students before and after
learning with in DI model

Level of CT
Skills

Before After

f % f %

Very low 19 95 11 55

Low 1 5 8 40

Average 0 0 0 0

High 0 0 1 5

Very High 0 0 0 0

Overall mean = 1.62 (Very
low), SD = 0.62

mean = 2.04 (Very
low), SD = 0.63

Note: 0 – 0.49 = “Very low”, 0.50 – 1.49 = “Low”, 1.50 – 2.49=
“Average”, 2.50 – 3.49 = “High”, 3.50 – 4.00 = “Very High”

Based on Table 3, overall, students have a level of critical
thinking skills at the very low level (mean = 1.62, SD = 0.62)
before they were taught with DI models. Most (95% of the
total 20) students had very low level of critical thinking skills,
and 5% at low levels. Meanwhile, there were no students
who had a high and very high level of critical thinking skills.
After students in the DI model exposed group in learning the
concept of kinetic theory of gases, the number of students at
low levels increased slightly (40%) while the number of
students at very low levels decrease (55%). There are no
students at average, high and very high levels. Overall, the
level of students' critical thinking skills is still at the lowest
level. This shows that the DI model applied in the learning
process does not have a significant effect on improving
students' critical thinking skills. This can be caused by DI
models that are still focused on the teacher center, so
students are less motivated in developing and improving
these skills. According to [16], learning that is still a teacher
center cannot improve students' physics learning abilities and
lacks the corporation's critical thinking skills [17]. The level
of critical thinking skills of class XI students in the DI model
group is compared based on the results of the pretest and
post-test. The paired sample t-test was used to test whether
there were significant differences regarding this skill after
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being taught with DI models. The results of the paired
sample t-test in the DI model group are shown in Table 4.

Table 4. Paired Sample t-test of DI Group

Mean SD t-
value df Sig

Pretest 1.62 0.62
-3.132 19 0.05

Posttest 2.04 0.63

Table 4 shows that there are significant differences based
on the results of the pretest and posttest in the DI Group (t
value 3.23> t table1.729). The difference in the mean value
between post-test (2.04) and the pretest (1.62) is very small
only 0.42. This shows that DI models in this group are quite
helpful in improving students' critical thinking skills even
though they are very small.

B. WBS-GDL Group
The students in the WBS-GDL group were also given a

pretest and posttest with the same indicators as the DI group.
Their answers were analyzed using the same method. The
results of the analysis of student answers based on the
pretest and posttest in the WBS-GDL group are presented in
Table 5.

Table 5. Level of CT Skill in WBS-GDL Group
Indicat
or of
CT
skills

Pretest
Descripti
on

Posttest
Descripti
onMea

n SD Mea
n SD

Indicat
or 1 1.63 0.9

6 Very low 3.37 0.8
1 High

Indicat
or 2 1.63 1.0

3 Very low 3.77 0.8
2

Very
high

Indicat
or 3 0.93 1.3

1 Very low 1.30 1.4
7 Very low

Indicat
or 4 1.17 1.4

6 Very low 2.07 1,7
0 Very low

Indicat
or 5 0.97 1.3

3 Very low 2.83 1.2
9 Average

Indicat
or 6 0.43 0.9

0 Very low 2.90 1.4
2 Average

Indicat
or 7 1.37 1.6

7 Very low 2.97 1.5
2 Average

Indicat
or 8 0.47 0.9

0 Very low 0.87 1.2
5 Very low

Indicat
or 9 0.30 1.0

2 Very low 1.60 1.7
7 Very low

Indicat
or 10 0.63 1.0

7 Very low 2.50 1.3
1 Low

Overall 0.95 0.8
2 Very low 2.42 0.8

6 Low

Note: 0 – 0.49 = “Very low”, 0.50 – 1.49 = “Low”, 1.50 – 2.49=
“Average”, 2.50 – 3.49 = “High”, 3.50 – 4.00 = “Very High”

Table 5 shows that grade XI students in the WBS-GDL
group generally have the lowest level of critical thinking
skills (mean = 0.95, SD = 0.82). Based on the pretest, among
the 10 indicators of critical thinking skills, the answers of
students with the highest average were indicators 1 and 2

with mean of 1.63 (very low level). Student answers that
show the lowest average are indicator 9 with mean of 0.30
(very low level). The very low level of critical thinking skills
of students in the WBS-GDL group before the learning
process shows that this skill was still not improved. The level
of students' critical thinking skills in the WBS-GDL group
before and after the learning process is presented in Table 6.

Table 6. Level of CT Skill Students before and after
learning with WBS-GDL model

Level of CT
Skills

Before After

f % f %

Very low 27 90 16 53.33

Low 2 6.67 6 20

Average 1 3.33 1 3.33

High 0 0 2 6.67

Very High 0 0 5 16.67

Overall mean = 0.95 (Very
low), SD = 0.82

mean = 2.42 (Low),
SD = 0.86

Table 6 shows that the level of critical thinking skills of
WBS-GDL group students before the kinetic learning theory
of gases was very low. Almost all students (90%) were at
very low levels and some were in the low level (6.67%) and
average level (3.33%). In general, students in this group had
very low levels of critical thinking skills with mean level of
0.95 with SD = 0.82 during pretest. None of the students
showed higher critical thinking skills.

The level of critical thinking skills is based on after
posttest, they are exposed to the learning approach to the
concept of kinetic theory of gases with the WBS-GDL at a
low level (mean = 2.42, SD = 0.86. In particular, most
(53.33%) students still show a level of thinking skills critical
at very low level. Some (20%) at low level, 3.33% at
average level, 6.67% at high level and even 16.67% at very
high level. It should be noted that the number of students at
very low levels comparatively decreased by 36.7% after they
were exposed to the WBS-GDL. On the other hand, the
number of students at high and very high levels
comparatively increased. This implies that the intervention
carried out has a positive effect in developing and improving
students' critical thinking skills. These results are similar to
[18] where guided discovery learning can improve critical
thinking skills because it creates learning situations where
students are guided in order to find facts, relationships and
solutions independently [19]. In addition, integrated with
internet technology-based learning, can help the development
of students' thinking abilities [20]. Similar to [21] found that
guided discovery strategies based on e-learning had a
positive influence on learning. The difference in the level of
critical thinking skills of students in the WBS-GDL group
before and after learning was analyzed using paired sample t-
test. The results of the paired sample t-test are presented in
Table 7.

Table 7. Paired Sample t-test of WBS-GDL Group

Mean SD t-value df Sig

Pretest 0.95 0.82 -6.651 29 .000
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Post-test 2.42 0.86

Based on Table 7, there are significant differences from
the results of the mean of the pretest and posttest level of the
critical thinking skills of the WBS-GDL group. Difference in
difference between posttest (2.42) and pretest (0.95) of 1.43
shows that the WBS-GDL significantly helps improve the
level of students' critical thinking skills.

C. Comparison of the DI and WBS-GDL Group
Comparison of DI and WBS-GDL groups were analyzed
using the gain score based on the results of the pretest and
posttest on indicators of critical thinking skills. The results
of the gain score analysis are presented in table 8.

Table 8. Gain score of DI and WBS-GDL Group
DI Group N = 20 WBS-GDL Group
Pret
est
Me
an

Po
st-
test
Me
an

Ga
in
sc
ore

Descri
ption

Pret
est
Me
an

Po
st-
test
Me
an

Ga
in
sc
ore

Descri
ption

C
T
Sk
ill

1.6
2

2.0
4

0.1
7

Low 0.9
5

2.4
2

0.4
8

Mediu
m

The results of the pretest and posttest on the questions with
indicators of critical thinking skills were analyzed so that
the value of the gain score was obtained. The two groups in
this study had a level of critical thinking skills at very low
levels with mean DI group = 1.62 and WBS-GDL group =
0.95. Where 95% in the DI Group and 90% in the WBS-
GDL group is at this very low level. Based on the gain score
criterion by [14] table 9 presents the results of improving the
skills of critical students. In the DI group, it can be seen that
the gain score is 0.17 (low), while in the WBS-GDL group
the gain value of the score is 0.48 (medium). This shows
that learning WBS-GDL is able to improve students' critical
thinking skills at the medium level, while DI is only at the
lowest level. The scores of students 'answers to the critical
thinking skills questions in each group were then tested by
the independent sample t test to determine whether there
were significant differences in the results of students' critical
thinking skills after the learning process. Analyze data are
based on the value of the pretest and posttest of each class.
The results of the analysis are presented in Table 9.

Table 9. Independent sample t-test of both group
Group
s

N Mea
n

SD t df P Descriptio
n

DI 2
0

0.15 0.2
7

-
2.87
7

4
8

0.00
6

Significan
t

WBS-
GDL

3
0

0.42 0.3
5

Based on the data presented in Table 9, there are significant
differences regarding the level of critical thinking skills of
students between DI and WBS-GDL Group where t
(2.887)> t table (1.684) and significance p 0.006 �0.05. The
average difference in the direct learning group (0.15) with
learning WBS (0.42) is 0.27 indicating that the level of

critical thinking skills in the WBS-GDL study group is
better than the DI group. Improvement in the WBS-GDL
group because students get experimented even though
visually. Through this learning students can solve problems,
draw conclusions, and discuss and other activities that can
improve critical thinking skills. To determine the greatest
influence between DI and WBS-GDL models on critical
thinking skills, we used a mixed ANOVA design test based
on student pretest and posttest. The results of the analysis
are shown in the table 10.
Table 10. Anova mixed design
Group Sig Partial Eta Squared
DI 0.069 0.067
WBS-GDL 0.000 0.568
Table 10 shows the value of Partial Eta Square (PES) for the
DI and WBS-GDL models. In the DI group the PES 0.067
value was obtained and the WBS-GDL group had a PES
value of 0.568. Based on [22] the meaning of PES value for
both models, the DI model only can improve students'
critical thinking skills as much as 6.7%, while the WBS-
GDL model can improve students' critical thinking skills as
much as 56.8%. These results indicate that in this study the
WBS-GDL model is more effective than the DI model in
improving students' critical thinking skills.

IV. CONCLUSION
Based on the findings in this study, we can conclude that
critical thinking skills before the learning process was very
low. Learning with the WBS-GDL model can improve
students' critical thinking skills. In addition, this learning
method is more effective than the DI model. Based on gain
score, DI model was low level while WEB-GDL was on
medium level. The DI model only can improve students'
critical thinking skills as much as 6.7% while the WBS-
GDL model can improve students' critical thinking skills as
much as 56.8%. All indicators of critical thinking skills
measured in this study also increased. These indicators
relate to aspects of critical thinking skills including
clarification of basic and basic skills, advanced clarification,
drawing conclusions, and applying strategies and tactics.
Physics learning with the WBS-GDL model can be an
alternative for teachers and policy makers to overcome the
problems of students' critical thinking skills. With the
characteristics of learning that are in accordance with the
curriculum needed in this century, learning with the WBS-
GDL model can improve students' affective, cognitive, and
psychomotor aspects.
This learning is able to improve every aspect of students'
critical thinking skills measured in this study. The
recommendation for further research is to develop a learning
model with a variety of additional technological devices and
innovative models. Therefore, the experience and insights of
students in critical thinking will continue to develop
according to the needs of the present. In addition, further
research can also measure other aspects of critical thinking
skills in physics with a variety of relevant topics.
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