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skills helps students to adapt to the digital age of the 21st century. To improve these skills,
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effectiveness of the science module. The method used was a group pre-post test as
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student response questionnaire. The results of this study are the practicality of 92% which
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technological applications applied in the world of agriculture and get a positive response
with a score of 72% with a good category. From the results of the analysis obtained, it can
be concluded that the implementation of the module can improve students'
computational thinking skills.
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Introduction navigate the Industrial Revolution 4.0 and create a
generation capable of surviving and competing, several
Education is an important component in preparatory steps are necessary, including the
determining the quality of human resources in both  development of innovative learning systems, adaptive
developed and developing countries (Akbar et al., 2024).  policy adjustments, and the preparation of responsive,
Technological advances in education provide adaptive, and competent human resources to face these
opportunities for educational institutions to further changes (Mustofa et al., 2023).
adapt to improve the quality of learning (Angraini et al., One crucial skill that supports the rapid
2022). The development of educational technology, development of information technology is
including learning media infrastructure and the computational thinking (Barr et al, 2011).
advancement of various disciplines, as well as the Computational thinking is a way to find solutions to
mastery of information technology and learning problems from input data by using an algorithm as well
innovation techniques must be implemented in the as applying techniques used by software in writing
world of education (Qibtiyah & Sukarmin, 2022). To programs  (Cahdriyana &  Richardo,  2020).
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Computational thinking is a structured approach to
problem-solving that involves breaking down complex
problems into smaller, more manageable parts and
applying algorithmic processes to find solutions
(Anistyasari, 2020). It draws from concepts used in
software programming but extends beyond computer
science, making it applicable to a wide range of
disciplines  (Csizmadia et al, 2015). This
conceptualization is closely linked to the concepts and
practices of Computer Science (CS) — that is, thinking
like a computer scientist — which has been proposed as
an intellectual framework for thinking (Dilber et al.,
2009). Caeli & Yadav (2020) offer historical perspectives
on CT and highlight how current initiatives can inspire
students to engage with and learn CS. Computational
thinking redirects attention from programming and
coding lessons to areas such as problem-solving across
different disciplines through the use of coding or other
CT skills (Basu et al., 2020). According to Fitriani et al.
(2021) today, computational thought concepts are the
subject of much discussion in educational research.
Recognizing the significance of computational skills,
which encompass related terms like information
technology and digital skills, numerous articles address
the challenges of teaching programming in education
(Fulop et al., 2022). A range of both digital and non-
digital games has been utilized to engage learners in
computational thinking practices and computer
programming (Asbell-Clark et al., 2021). Although it is
widely recognized in the literature that computational
thinking (CT) encompasses various skills, such as
problem decomposition (breaking complex problems
into simpler ones), algorithm development (creating
step-by-step solutions), and abstraction, there is still
limited evidence regarding the challenges and issues
one must consider when designing effective learning
experiences for CT competencies (Angeli & Diannakos,
2020).

This method consists of several key components,
which is, decomposition is breaking down a complex
problem into smaller, more understandable sub-
problems (Palts & Pedaste, 2020). This makes it easier to
tackle each part individually before integrating them
into a complete solution (Saad, 2020). Pattern
recognition is identifying similarities or trends in
problems, which helps in predicting outcomes and
applying previously learned solutions to new situations
(Yadav et al, 2017). Abstraction is filtering out
unnecessary details to focus on the essential elements of
a problem, making it more efficient to process
information (Sa'adah et al., 2023). Ridlo et al. (2021)
further emphasize that computational thinking can train
students to analyze, identify, and develop solutions to
problems.
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In recent years, many countries have introduced the
concept of Computational Thinking (CT) into
compulsory education as part of general curriculum
reform efforts (Kampylis et al., 2023). However, in
Indonesia, the introduction of computational thinking
skills is still limited because lack of self-reliance learn can
also cause a lack of decision-making ability (Nuraini et
al., 2023). Computational thinking (CT) is highly
relevant and important in science learning because it
enhances problem-solving abilities, analytical skills, and
the capacity to work with complex data. The Ministry of
Education, Culture, Research, and Technology
(Kemendikbudristek) has conducted an internal study
revealing constraints in the implementation of
computational thinking learning (Ridlo et al., 2021). A
survey conducted by Zulfaniar et al. (2024) found that
conventional teaching models are still frequently used,
causing students to feel bored and drowsy during
lessons.

An alternative approach to enhancing students'
computational thinking in earth sciences is through the
use of microcontroller-assisted modules as teaching
materials. The use of microcontroller-based learning
media has been tested by Manalu in Husada et al. (2020),
demonstrating that microcontroller learning media can
be adapted to meet students' needs, helping them master
the material more effectively. Similarly, Morton in
Husada et al. (2020), in his study titled "A Student
Constructed Microprocessor Development Board for
Teaching Microcontrollers," found that students were
more engaged and interested when assembling and
programming circuits themselves, as they felt a sense of
ownership over their work.

Field observations indicate that the low level of
computational thinking among students is due to
lecturers relying on limited references without
developing their own teaching materials to support
learning activities (Yayuk, 2019). Learning using
interactive multimedia-based teaching materials can
improve students' CT abilities, this is certainly new
because so far research that links the application of
interactive multimedia, in this case using quizizz as a
tool in completing practice questions from algebraic
structure material to improve computational thinking
skills has not been found (Angraini et al., 2022).
Additionally, the lack of engaging learning media, such
as interactive modules, has hindered students'
computational thinking development. Therefore,
developing teaching materials is essential for improving
students' computational thinking skills. In the 21st
century, technological advancements are accelerating,
making computational thinking crucial for both students
and learners (Tabesh, 2017). Computational thinking
involves understanding problems, reasoning through
them, and developing automated solutions (Ramadhani
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& Yahfizham, 2024). This development aims to meet
students' needs in facing 21st-century challenges and
enhance the quality of higher education learning in line
with the rapid advancement of educational technology.
Most research on computational thinking focuses on
computer science or mathematics. This study has a
different focus. This study offers a new approach by
using microcontrollers in learning earth science, which
is rarely done in previous research.

Method

Research Design

This research conducted one group pretest-posttest.
Serves as a robust framework for assessing the
practicality and effectiveness of an implementation of a
science module based on a microcontroller by
establishing students” pretest score measurements prior
to its implementation and comparing them with
students” posttest score after learning used science
module. This research will measure practicality and
effectiveness of implementation of science module and
its impact on improving students’ computational
thinking skills.

The practicality of the module was carried out by
observing the implementation of learning by three
observers in each meeting through the practicality
observation sheet, this sheet employed questionnaires
using Likert scale 1-4 will be filled by observers and the
scores obtained will be aligned with category following
in the Table 1.

The effectiveness of the module was carried out
within two analyses, they are N-gain score and students’
response questionnaires. Students will do the tests
pretest and posttest, the test scores will then be analyzed
using the N-gain score so that it can be seen how much
improvement of implementation of the module. The N-
gain value can be determined using the following
calculation formula according to Hake (1998) and its
score will be aligned following Table 2. Additionally, the
student response questionnaire to gain students’
feedback after they learn used module based on
microcontroller and its activities inside and to measure
the effectiveness of implementation. The student
response questionnaire will be analyzed using a Likert
scale 1-4 and the scores obtained will be aligned with the
same category as practicality score following the Table 1
below. All the formula to measure practicality and
effectiveness of this research given in formulas below.
Practicality calculation formula:

A
KP = 5 X 100% 1)

Description:
KP = Practicality score
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A= Result score
N= Maximum score

Calculation formula for student response
questionnaire:
S
P=—x100% 2
N
Description:

P = Effectiveness score
S = Results score
N = Maximum scores

Table 1. Category of practicality score

Score (%) Criteria
80 <P <100 Very good
60 <P <80 Good
40<P<60 Pretty good
25 <P <40 Not good
(Murniati et al., 2023)
Calculation of formula N-gain
<g>= (Xpost) — (Xpre) 6)
Xmax — (Xpre)
Description:
<g> = Average of N-gain score
Xpre = Average posttest score
Xpost = Average pretest score
Xmax = Maximum score
Table 2. Category of N-gain
Range Score Criteria
0.7<gain<1 High
0.3 <gain <0.7 Moderate
0<gain<0.3 Low
(Hake, 1998)

Population and Sample

The research was located in the Bachelor of Science
Education study program, Faculty of Teacher Training
and Education, University of Jember with the research
time during the odd semester of the 2024 /2025 academic
year. Research participants were 3rd semester students
of the Bachelor of Science Education study program with
33 students in total. This class uses one group pretest -
the posttest was presented in Table 3.

Table 3. One group pretest - posttest

Pretest Treatment Posttest
O1 X 02
Description:
O1 = Pretest

X = Implementation of the use of module
O2 = Posttest
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Data Collection Tools

There are three data analyzed in this research, first
practicality observation sheet to measure how the
module that has been developed can improve
computational thinking skill and this sheet used
questionnaire is filled by three observers per meeting.
The practicality observation sheet filled by three
observers aims to find out how the implementation of
module in the classroom works and practice to improve
students” computational thinking skill. This sheet uses
likert 1-4 from very poor until very good.

The second is a student's test using pretest and
posttest. Either pretest and posttest obtained with
several indicators of computational thinking skill,
namely abstraction, generalization, decomposition,
algorithms, and debugging. The test is implemented in
the form of a pretest before students use the product and
a posttest is given after students use the product. The test
serves to determine the extent to which the module can
improve students’ computational thinking skill, later the
scores will be analyzed using N-gain score and paired t-
test. Test results are useful as data to determine the
effectiveness of the implementation of the module itself.

Additionally, the third is students’ response
questionnaires to measure how students feedback after
using the science module and to measure effectiveness
of implementation of the module. This questionnaire is
filled after the posttest and all of the meetings are over.
Students respond using questionnaires with likert scale
1-4 from very poor until very good.

Data Analysis

This study examines three key aspects: the N-gain
score, practicality score, and effectiveness score. The N-
gain score is calculated by analyzing students’ pretest
and posttest results. The practicality score is determined
using the practicality observation sheet completed by
observers, while the effectiveness score is assessed
through student response questionnaires. The research
was conducted at 3rd semester students of the Bachelor
of Science Education study program with 33 students in
total.

The paired sample t-test was used with Jamovi
software to compare the means of two measurements
taken from the same group of individuals under
different conditions. This method effectively minimizes
individual variability since measurements are taken
from the same group. In this research, the paired t-test
analyzed the pretest and posttest scores to evaluate
whether the module significantly improved their
computational thinking skills. It then determines
whether the average difference is statistically significant.
A significance level of 0.05 was set for the analysis. If the
p-value obtained from the test is less than or equal to
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0.05, it indicates a statistically significant difference
between pretest and posttest scores.

Result and Discussion

In the implementation stage, field trials of products,
namely modules, are conducted to measure the
effectiveness and practicality in learning. The product
was tested in learning for five sessions. The trial was
carried out only once, because through the trial, the
researcher had obtained the results or an overview of the
students' shortcomings. The results of the product
practicality analysis are measured through assessment
activities carried out during learning, such as the
usefulness of the implementation of activities in the
module and the readability of the module, which when
described in student activities are in the following table.

Table 4. Module practicality test results

Aspects Meeting to Average

observed 1 2 3 4 5 (%) Category
Introduction 100 85 89 96 96 93 Very practical
Core 93 98 91 89 100 94 Very practical
Closing 9% 89 8585 85 88 Very practical
Average presentation (%) 92

Score criteria Very practical

The practicality of the microcontroller-assisted
module is shown by the implementation of the learning
process using the microcontroller-assisted module
which will be measured based on the learning
implementation sheet by three observers. When viewed
based on Table 4, the implementation of learning in five
meetings obtained an average percentage value of 92%.
Based on this percentage value, it can be interpreted that
learning by applying microcontroller-assisted modules
is included in the practical category when implemented.
In accordance with the criteria for the level of practicality
of learning implementation stated by Nesri & Kristanto
(2020) that microcontroller-assisted modules can be said
to be very practical if they obtain a percentage of
learning implementation in the range of 80-100%. This
statement is also reinforced by the research of Masruhah
et al. (2022) that the average percentage of
implementation using the module is very practical to use
with a score of 87%. The implementation of learning
using the microcontroller-assisted module teaching
materials, students are quite enthusiastic and play an
active role when learning takes place. Students are not
considered to have difficulties in using microcontroller-
assisted modules. However, there are some obstacles in
the implementation of learning using the module,
namely there are some students who are a little unclear
about the questions given in some of the activities in the
module because each question is inserted with
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computational thinking indicators, besides that there are
some students who are a little difficult in assembling the
sensors they will use to complete the project together
because they did not enter the previous meeting.

Table 5. Module effectiveness test results
Class B

Component Pretest  Posttest N-gain Category
Total Students 33

Lowest Score 12 72 0.78 High
Highest Score 50 94

Based on Table 5, it can be seen that the students' n-
gain value is 0.78, which is in the high category. These
results indicate an increase in students' computational
thinking skills after using a microcontroller-based
module on the topic of Earth's Past Directions,
determining the age of rocks, atmosphere, and
microclimate parameters. The test consisted of ten items,
with each item consisting of five computational thinking
indicators (abstraction, generalization, decomposition,
algorithm, and debugging). In addition, validity data
were also analyzed based on each indicator.

Table 6. Results of N-gain analysis of computational
thinking indicators

Indicator Average Average  N-

computational thinking  pretest pos-test gain Category
Abstraction 3.97 8.70 0.78 High
Generalization 4.85 9.18 0.84 High
Decomposition 3.73 785 0.66 Medium
Algorithms 0.48 8.97 0.89 High
Debugging 0.79 8.28 0.81 High

Table 6 shows the results of the analysis of each
indicator of students' computational thinking, students'
ability to recognize patterns to formulate problems
(decomposition) is still relatively low because students
still have difficulty in gathering information and
connecting the problems given. This is in line with the
results of research by Litia et al. (2023) the generalization
indicator (pattern recognition) obtained the lowest
average percentage compared to other computational
thinking indicators, namely 74%. Meanwhile, what has
a very significant increase is the algorithm indicator
because students can design problem steps after fully
going directly to the field to see the surrounding
conditions and learn in advance about programming
that is organized and logical to solve the problems given.
In line with the statement Selby (2014), computational
thinking promotes analytical and algorithmic skills
necessary for problem solving. Logical thinking is
closely related to problem solving, because
computational thinking, whose thinking comes from
computer science, is an important problem-solving skill
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that learners will need in the era of the Industrial
Revolution 4.0 (Cahdriyana & Richardo, 2020).

However, it is not uncommon for some students to
still be confused about how to do the pre- and post-test
computational thinking questions. This happens
because students have never been presented with
questions that include indicators of computational
thinking skills. The result of the n-gain analysis is 0.78,
where according to Hake (1998), the N-gain is said to be
high if it exceeds 0.70, which means that the students'
computational thinking skills have increased. Based on
Figure 1 all of N-gain scores show good value, except
indicator of decomposition shows N-gain 0.66 in
medium category. According to Mustofa et al. (2023), the
use of modules in learning helps students to better
understand the material independently and the
effectiveness of the teaching and learning process can be
known through test results that meet the learning
objectives.

1.00 -

0.80 -

0.89
0.78 0.81
0.66  0.66
0.60 -
0.40 A
0.20 A
0.00 A : : : :

Abstraction Generalization Decomposition ~ Algorithm

Debugging

Figure 1. N-gain score of each indicator of computational
thinking skills

Paired Samples T-Test

statistic df p Mean difference  SE difference Effect Size

A B Studentst  -26.2 320 <001 -524 200 Cohen'sd -456

Note. He ezeure 1 veszure 2 2 0

Figure 2. Results of paired t - test

The next analysis of students’ test uses paired
sample t-test with Jamovi software shown in Figure 2
above. A paired sample t-test was employed to ascertain
whether a notable distinction existed between the
pretest and posttest scores in regard to the utilization of
the learning module (Anazifa & Djukri, 2017). The table
shows a p value < 0.001, which is much smaller than the
threshold of 0.05, which strongly indicates that the
implementation of the science module has a significant
and substantial positive impact on improving students'
computational thinking skills. This result is not
coincidental, but is supported by a valid comparison
between pretest and posttest scores, which consistently
show significant improvements. Thus, it can be
concluded that the changes that occur are the result of
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effective interventions, not just coincidence factors or
other variables.

Table 7. Student response questionnaire analysis results

Assessment indicators Percentage (%) Category
Attraction 85 Very good
Material 71 Good
Language 60 Good
Average Score 72 Good

Effectiveness is also seen from the students'

responses to the microcontroller-based modules. In
Table 5, the results of the analysis of the student
response questionnaire include 3 indicators consisting of
5 items of interest indicators, 3 items of material
indicators, and 3 items of language indicators. The
analysis of students' responses is useful for measuring
students' comments after using a microcontroller-based
module. The results of the analysis of the questionnaire
answers filled out by 33 students after using the
microcontroller-based module showed that the average
percentage of achievement was 72%, which is included
in the good criteria. This is also supported by the
research of Tukan et al. (2020), which suggests that the
results of student response questionnaires in the good
category show that modules are classified as effective
teaching materials in attracting student interest in
learning. This figure was obtained after analyzing
various aspects that were measured, such as
understanding concepts, application of technical skills,
and the level of student satisfaction with the material
provided. Thus, it can be concluded that most students
showed a positive response to this module, although
there is still room for improvement in certain aspects.
According to Pradhana (2020) and Murniati et al. (2023),
the acquisition of high scores in the student response
questionnaire is an indicator that the teaching materials
used have a high appeal to students. The effectiveness of
the product is described based on the improvement of
students' computational thinking as measured by
computational thinking tests in the form of tests. A more
in-depth analysis by Wahab et al. (2021) is in line with
the results of this study, which has resulted in the
conclusion that computational thinking (CT) has become
more general and interdisciplinary, which seems to
drive progress in STEM education. However, further
research is needed, especially regarding its long-term
effects.

Similar research has been conducted where the
development of a module specifically for use in fifth
grade science T&L, to enhance science content
knowledge and CT skills, has been validated in content
and can be used as a reference by science teachers to
diversify their teaching strategies in enhancing
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systematic thinking skills among children in an active
and collaborative learning environment (Mensan et al.,
2020). A wider body of evidence on CT pedagogy,
assessment, and teacher professional development in
computing education is also explored in a study by
(Bocconi et al. (2022). The findings from the review
suggest that the debate on CT definitions has reached a
plateau, with current discussions primarily centered
around key CT concepts, including abstraction,
algorithmic thinking, automation, decomposition,
debugging, and generalization (Wing, 2006). Cateté et al.
(2020) argue that effective professional development
equips teachers with the skills needed to teach computer
science and address the needs of diverse student groups,
including those with varying ethnicities, socioeconomic
backgrounds, and genders.

A similar study by Waterman et al. (2020) that
aimed to integrate computational thinking (CT) with
core elementary content areas showed positive
outcomes. Students shared ideas reflecting a deeper
understanding of both CT and subjects like science or
mathematics. Teachers expressed interest in continuing
the initiative, and most project participants indicated
they had either explored or planned to explore further
opportunities to incorporate CT into their future lessons.

Conclusion

The microcontroller-based module is feasible to be
used as a learning medium in earth science courses, with
a practicality and effectiveness value of 92% and 0.78,
respectively. The advantages of the microcontroller-
based module as a learning medium lie in the students'
experience of directly connecting sensors related to
technological applications applied in the world of
agriculture and receiving a positive response with a
value of 72% in the good category. It is hoped that future
research can focus on integrating computational
thinking with subjects such as literature, social science
or art to explore how these skills can be applied outside
the STEM field. This could help to identify new ways to
promote creativity and critical thinking through
computational concepts.
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