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Abstract. The low level of computational thinking skills of students is a
problem of 21st-century skills. One of the efforts to support 21st-century
education is by applying a Project-based learning model. This study aims to
determine the effect of the application of a project-based learning model on
the computational thinking skills of students in class XI IPA. The research
was conducted at MA Al-Hikmah Bandar Lampung. The population in this
study was XI IPA class with samples of XI IPA 1 (experimental class) and XI
IPA (control class). Using saturated sampling technique with Quasi-
Experimental Research design. The results of this study indicate that the t-
test value with a significant level of 5% there is an effect of the project-based
learning model on the computational thinking skills of students in class XI
IPA with a sig value <0.05 which is equal to 0.000 then HO is rejected and
H1 is accepted. Therefore, computational thinking skills can be used to solve
problems in physics learning by applying indicators of decomposition,
abstraction, algorithms, and generalization of patterns.

1 Introduction

Globalization necessitates adaptation at all levels of society [1]. According to the OECD,
people in the 21st century should be able to create new values. Furthermore, the Center for
Curriculum Transformation (CCR) offers a comprehensive framework for embracing 21st-
century education through four educational dimensions [2]. In the 2013 curriculum, learning
is more focused on digital skills, creativity, communication skills, and innovation [3]. Many
experts believe that problem-solving skills are essential for 21st-century education [4]. A
person must process the problems they encounter in an appropriate sequence of solutions [5]
and be capable of thinking structurally, creatively, and logically [6]. Computational thinking
provides applications in a variety of sciences [7]. In recent years, computational thinking
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skills have been regarded as extremely important in learning [8] and have been widely
accepted in many countries [9]. Learning and assessing 21st-century computational thinking
skills remains extremely limited [10]. However, many countries have incorporated
computational thinking into their educational curricula [11] i.e., the United Kingdom, Japan,
Hong Kong, China, and Taiwan. They incorporate it into computer programming materials
in the primary education curriculum. Malaysia has also implemented computational thinking
in education since 2017 [12], The United States in 2016 [13]and Singapore [14], and
countries that joined the European Union in 2016-2017. This demonstrates that
computational thinking skills have been widely applied and adapted to new learning concepts
in a variety of countries [10].

The low level of problem-solving is evidenced by the results of research observations
conducted at MA Al-Hikmah Bandar Lampung and interviews with physics subject teachers,
Mr. Iswahyudi, S.Si, who stated that learning activities employ conventional models, causing
students to become bored and have difficulty learning physics. He also stated that the
eleventh-grade Natural Science major students' problem-solving skills have yet to be fully
developed. Pre-research data revealed that students' computational thinking skills remain
low. This data was supported by questionnaires to test students' attitudes toward problem-
solving, which remain relatively low. This finding is consistent with the lack of study on
computational thinking in Indonesia, which has resulted in few implementations of
computational thinking instruction in schools [1]. In Indonesia, computational thinking is
inextricably linked to information technology and computer science [15], officially
mentioned in the addendum to the Regulation of the Ministry of Education and Culture
(Permendikbud) No. 37 [13]. Computational thinking among Indonesian students needs to
be enhanced because it is currently lacking [16] and the government should consider making
computational thinking a compulsory topic in schools [12].

One of the learning models chosen for implementation is the project-based learning
model, which can significantly increase 21st-century skills by integrating students directly
into project assignments [17]. Furthermore, project-based learning is regarded as one of the
most promising learning models in science education, with the potential to improve science
process skills [ 18] which students are encouraged to be more active, creative, and constantly
instructed to solve problems and make their judgments [19].

Several more studies investigated the use of project-based learning models on
computational thinking skills [9], the application of project-based learning in computational
thinking skills activities using Matlab [5], project-based programming learning to develop
computational thinking skills [8], the development of project-based models, Project-based
robotic learning for computational thinking skills [20], and computational thinking skills
practice via modeling [7].

Although there have been numerous studies done to increase computational thinking
skills, the project-based learning model for computational thinking in the eleventh-grade
Natural Science major has never been applied to physics lessons. The goal of this study is to
investigate the influence of the adoption of a project-based learning model on computational
thinking Skills.

2 Research Methods

The method employed was quasi-experimental research with a quantitative approach using
the Non-equivalent Control Group Design. This research was carried out at MA Al-Hikmah
Bandar Lampung. The population consisted of 60 eleventh-grade Natural Science Major
students. The sampling technique utilized was the saturated sampling technique [21], with
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class XI IPA 1 as an experimental class (the class that received project-based learning model
treatment) and class XI IPA 2 as a control class (the class that received problem-based
learning model treatment) of 30 participants each. Figure 1 and Table 1 show the research
design:

Table 1. Quasi-experimental Design

Pretest Treatment Posttest
O X (0]
(0] C 04

The experimental and control classes were initially given a pretest to determine the initial
ability [21,22] and After being treated, students were given posttests on computational
thinking skills that had been evaluated for feasibility using validity tests, reliability tests,
level of difficulty tests, and discriminant tests. Figure 1 shows the research technique for
determining students' computational thinking skills:

Thermodynamics
Material

}
v '

Control Class ~ ———p Pretest o Experimental
CT Class
Utilizing Prob.lem-based Pretest Utilizing PI'O_j ect-based
Learning CT — Learning

\ bata analy5is /

Conclusion

Fig. 1. Research Flowchart

The following instruments were employed in this study: a computational thinking skills
essay test, documentation, and an observation sheet for the project-based model
implementation. Documentation and observation sheets were utilized to collect qualitative
data during the learning process, while the essay test was used to quantitatively assess the
progress of students' computational thinking skills.

This study employed the N-Gain test, the Kolmogorov-Smirnov normality test, the
Levene test for homogeneity, and the t-test for hypothesis testing. The test can be applied if
the data being investigated is normally distributed and homogeneous[23]. The t-test was
calculated using SPSS version 24, with a level of significance of 0.05.



E3S Web of Conferences 482, 04005 (2024) https://doi.org/10.1051/e3sconf/202448204005
YSSSEE 2023

2.1 N-gain Test

The formula to see the gain score is as follows [24]:
gain = (posttest score) — (pretest score) (1)

The formula to see the N-gain score is as follows [25]:

posttest score—pretest score
maximum score—pretest score

N — gain (g) = @)

Table 2. N-gain Interpretation

Gain Interpretation
g=07 High
03<g<07 Moderate
g<03 Low

2.2 Normality Test

The normality test was performed using the Kolmogorov — Smirnov formula [26]

- If the Significance value is higher than 0,05, Ho is rejected and H1 is accepted, which means
that the sample comes from a normally distributed population.

- If the Significance value is lower than 0,05, Ho is accepted and H1 is rejected, which means
that the sample does not come from a normally distributed population.

Table 3. Normality Test Interpretation

Probability | Description Interpretation
Sig > 0,05 | Hois rejected Data is normally distributed
Sig < 0,05 | Hois accepted | Data is not normally distributed

2.3 Homogeneity Test

The Levene test was performed to test the homogeneity of variances of several populations.
Using a one-way analysis of variance, the data was transformed by finding the difference
between each score and the group average [27]. The hypothesis test is as follows:
HO: 012 = g2?
Hl:01%# g22
- Determine the level of significance a = 0,05
- Determine the critical value, namely the area where Ho is rejected if W >F(a; k-1,n-k)
- Determine the test statistic:
(n— k) ¥ = 1ni(Z; — 2)?

(k- DX (2 - 20)?

- Determine the criteria for testing Ho:

Table 4. Homogeneity Test

Probability Description
Sig > 0,05 Homogeneous
Sig < 0,05 Not homogeneous
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2.4 Hypothesis Test

After the research data is known to be normally distributed and has a homogeneous variance,
a t-test is carried out with a significant level of o = 0.05. Here is the formula:

X1 — X3
Lobserved = 1 1
Sgab |7 +—
n, Ny

(ny —1D)siz + (ny — 1)s,2
nl + 712 - 2

Sgab -

And degrees of freedom (dx) =n1+nz— 2,

Description:

x1= Average score of physics learning outcomes of experimental class students
x,= average score of physics learning outcomes of control class students

n; = Number of experimental class samples

n, = Number of control class samples

s12 = Experimental class variance

s22 = Control class variance

S = pooled standard deviation [28].

The provisions of the t-test in this study are as follows:

If Sig > 0,05, then Hy is accepted and H1 is rejected

If Sig < 0,05, then H1 is accepted and HO is rejected

Description:

HO = There is no effect of the PjBL model on Computational Thinking ability.
H1 = There is an effect of the PjBL model on Computational Thinking ability. [29]

3 Result and Discussion

The pretest and posttest scores in the experimental class and control class can be seen in Table
5 and Figure 3.

Table 5. The Results of Pretest, Posttest, and N-Gain

Average Pretest  Average Posttest Average N-Gain N-Gain
No. Class .
Score Score Score Interpretation
1. Experimental 69,80 78,67 0,285 Moderate
2. Control 67,80 74,97 0,219 Low
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Fig. 3. N-Gain Value Percentage

According to the calculation results, there are differences between the experimental
class's pretest and posttest outcomes and the control class. The average Ngain percent value
for the experimental class was 0.285, whereas for the control class, it was 0.219. The average
pretest score in the experimental class was 69.80, while in the control class it was 67.80. The
average posttest value in the experimental class was 78.67, while in the control class, it was
74.97. This demonstrates that the pretest and posttest scores in the experimental class are
greater than those in the control class. The results of computational thinking skills can also
be displayed in the form of a bar chart graph shown in Figure 4 below:

The Scores Computational Thinking

S0 7 - > ; X y
3 0% 7_5 7_5 6_4 8_3 74i97 22_49
& 70%
s 60% 70 68 62 71 67,8 2034
15 50%
5 40%
~ 30%
20%
10%
0% L t  Highest A Total
Modus Median owes ighes verage ota
Score Score Score Score
posttest control 75 75 64 83 74,97 2249
pretest control 70 68 62 71 67,8 2034
H posttest experiment 78 78 75 90 78,67 2360
B pretest experiment 67 70 61 77 69,8 2094
H pretest experiment M posttest experiment pretest control posttest control

Fig. 4. The Pretest dan Posttest Scores

Based on the data analysis, it is clear that the average pretest results of the computational
thinking ability of experimental and control class students are poor, which is because neither
the control nor the experimental classes examined the content under consideration. Another
factor that distinguishes students' computational thinking skills is that both the experimental
and control classes use the same physics teacher's teaching technique. The researchers also
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used the observation sheet for learning model implementation to assess the learning process.
Table 6 shows the following percentages:

Table 6. PjBL Observation Sheet

Meeting Observation Score Percentage Category
1 11 100% Excellent
2 11 100% Excellent
3 11 100% Excellent

Based on the analysis of the observation sheet, it was discovered that the results of the
implementation of the project-based learning model at the first meeting obtained a percentage
value of 100% in the excellent category. At the second meeting, a percentage value of 100%
was obtained in the excellent category. At the third meeting, a percentage value of 100% was
obtained in the excellent category. The average percentage of observation scores is 100%,
implying that the project-based learning model was successfully implemented in the teaching
process in the experimental class. Table 7 shows the processes for applying the project-based
learning model to computational thinking skills in the experimental class.

Table 7. Storyboard of the PjBL-CT Model Implementation

PjBL Syntax Activity Description CT Indicator Image

The teacher asks questions
about the material to be

Opening learned. Students answer Abstraction
questions that they know.
Project’s Students elaborate on the .
. . . . Decomposition
Design given problem by designing

Formulation a project that will be made.

Students are given time to

Project’s determine how long it will Algorithm
Schedule take for the project to be &
completed.
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PjBL Syntax Activity Description CT Indicator

The teacher monitors
students making projects
while understanding the Abstraction
process related to the
material learned.

Project
Monitoring

Students present the results
of the project by testing the
Project project then they begin to Pattern
Assessment collect the results ofthe ~ Generalization
discussion based on the
theory and the project.

Teachers and students
evaluate the results of the
project work made, then
Evaluation  concludeand also reflect on ~ Abstraction
the learning
activities carried out.

The storyboard above illustrates how the project-based learning model allows learners to
gain abilities. At the start of each meeting, the teacher asks basic questions about the material
being covered. The question is one of the motives provided by the teacher to students to solve
difficulties that develop. This activity is designed to train learners to think by applying
computational thinking abilities following the components used, such as abstraction or the
approach used to retrieve crucial information in an issue that emerges.

Furthermore, learners can create projects that will be built. This level teaches students
how to express their simple problems using decomposition techniques. In this model, learners
are also given the option to choose the timeline for the project until it is done. This level
provides learners with algorithmic abilities, or the ability to execute assignments in the form
of projects in a methodical and structured manner.

Following that, pupils grasp the process of creating projects based on the subject being
studied. This stage gives students abstraction skills. Another computational thinking talent is
the generalization pattern, which is applied when students test their work. At this point,
students use their projects to draw together the findings of the theoretical discussion.
Furthermore, learners form inferences and reflect on learning activities, which encourages
them to use reasoning or abstraction skills. Figure 5 is an example of computational thinking
skills inquiries about the substance of the law of thermodynamics employed in the
investigation [30].
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* Learners are expected to be able to generalize the ideal gas

Pattern Generalization problem in the thermodynamic process.
« First Law of Thermodynamics.

« Learners are expected to be able to recognize the processes
in the Second Law of Thermodynamics.

* Gradually complete step by step the Second Law of
Thermodynamics.

Algorithm

« Learners are expected to be able to categorize effort, heat
and energy based on appropriate thermodynamics.

« Effort in Thermodynamic process.

* Learners are expected to be able to problem solve the law
of Thermodynamic process by analyzing and working
principle of carnot engine to be more easily understood.

» Thermodynamic process and how the carnot engine works.

Decomposition

Fig. 5. Computational Thinking Skills Indicators

The results of the research may be observed in the posttest normality test, which yielded
a value of 0.069 in the control group and 0.188 in the experimental group. As a result, if the
normality value is at a significant level of 5% or 0.05, Ho is accepted. This result signifies
that the pretest-posttest findings from the control and experimental classes exceeded the
normality criterion, implying that the two research samples were drawn from a normally
distributed population. The posttest homogeneity in the control and experimental classes was
calculated using the Levene test with a significant level of 5% or 0.05 in the experimental
and control classes, yielding a value of 0.400. As a result, we can conclude that the two
samples employed in this investigation are homogeneous. Tables 8 and 9 present the results
of the normality and homogeneity tests.

Table 8. Normality Test Result

Group Significance Description
Control Pretest 0,123 Normal
Posttest 0,069 Normal
Experimental Pretest 0,200 Normal
Posttest 0,188 Normal
Table 9. Homogeneity
Group Significance Description
Experimental
Control 0,400 Homogeneous

The above data from both class groups are normally distributed and homogeneous, so the
next step is to test the hypothesis with the Independent Samples t-test. Table 10 presents the

t-test results:
Table 10. Independent Sample T-test Result

Learning Outcomes f Sig. (2-tailed) t df
Equal Variances assumed 718 .000 4.057 58
Equal Variances not assumed .000 4.057 57.090
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The t-test findings show the significant value is less than 0.05 (0.000), indicating that HO
is rejected and H1 is accepted. This finding implies that there is a relationship between the
experimental class using the project-based learning model and the control class using the
problem-based learning model. This finding is consistent with previous research, which
claims that the study was conducted utilizing a quasi-experimental design with assessment
instruments in the form of pretests and posttests with varying results. The control class's
initial post-test results showed that the guided teaching model was less effective than the
project-based learning model. Students who implement this approach respond positively, and
they are excited about strengthening their computational thinking abilities [9].

According to Azmi and Ummah's research, there was a considerable increase in student
scores before and after the activity by 22.83%. Programming interest also increased, however
not dramatically by 8%. After the activity, students Scratch skills improved by 71%. At this
percentage, the teacher considers that this practice is sufficient to introduce Scratch to
students. Thus, the enthusiasm assessment yielded a score of 88.00%, indicating that students
like learning. Finally, 87% satisfaction indicates that activities are being implemented
successfully and satisfactorily [5].

According to Francesca Bertacchini et al.'s research, project-based learning works and
proves to be an effective and very interesting learning method. It can motivate students to
find ways to program in new ways through the development of critical thinking and problem-
solving skills [31]. According to Aslina's research, the use of the Project-based Learning
model promotes the integration of computational thinking skills into real-world project
experiences. Students are successful in PBL-CT software development and testing, as
evidenced by survey results after completing the course, management and communication
significantly improved. This project strengthens students' reasoning and thinking skills
through problem-solving tasks such as project planning, modeling, system design,
development, and execution [9].

The present research concludes that the learning process through project activities has
trained students' creativity to increase problem-solving skills. Students become more active
and creative in their learning when they are expected to understand and solve their problems
through project activities. At the end of the learning process, students must give project
assignments to determine the relationship between physics ideas and the projects they create.
Overall, the experimental class demonstrated superior problem-solving skills than before.

The project-based learning model can help students to be directly involved in the learning
process because they must be more active and creative to find out the solution to the problems
that have been given by the teacher. Students are always faced with projects that must be
completed and connected with the physics concepts they are learning. Thus, their level of
problem-solving increases because they are given many opportunities to explore their skills.
The disadvantage of this study is that it does not assess computational thinking skills across
all indicators. The samples only implemented abstraction, decomposition, algorithm, and
generalization skills in the thermodynamics material.

4. Conclusion

Based on the research findings and data analysis, it is possible to conclude that the
implementation of the project-based learning model affects the computational thinking skills
of students in class XI IPA at MA Al-Hikmah Bandar Lampung. The results of data analysis
for hypothesis testing show that if Sig is higher than 0.05, Hy is accepted and H; is rejected,
but if Sig is lower than 0.05, H; is accepted and Hp is rejected. The t-test hypothesis test
resulted in a significant value of less than 0.05 (0.000), indicating that HO is rejected and H1

10
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is accepted. It means that there is an influence of the project-based learning model on the
computational thinking skills of the eleventh-grade science students at MA Al-Hikmah
Bandar Lampung on the material of the law of thermodynamics.

Future research can apply the same learning model to measure students' computational
thinking skills using appropriate learning models with different materials and can test
computational thinking skills on all indicators, namely decomposition, abstraction,
algorithms, pattern generalization, and evaluation, and pay attention to the allocation of
classroom time because this research takes a relatively long time.
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