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Abstract

The purpose of this study was to analyze the module development process to improve skills for students in junior
high school and then conduct a limited test on prospective teacher students. The development method used in
this research is the ADDIE method by using analyzing the results of validation and limited testing using samples
from prospective science teacher students, the purpose of using prospective teacher students as research
samples because this module was developed for junior high school students, therefore prospective teacher
students must understand the module developed before it is implemented to junior high school students. The
results of module development resulted in a content validity value of 88.1%, science concepts 87.8%, Construct
94.7, Language 89.3%, layout 88.9%, on average the validity value of the module that has been developed
reaches 89.7%, this indicates that the module developed is categorized as very valid and ready to use.
Implementation of the module in a limited class resulted in an increase in the average value of posttest from 27.9
to 87.5 and resulted in an N-gain value of 0.82. based on these results it can be concluded that the developed
module is able to direct and improve the ability to think computationally.
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Background

In the 21st century, learners must develop computational thinking skill to succeed in an increasingly
digital world (Pérez-Marin et al., 2020). Computational thinking is a process of problem-solving with
computational concepts, enabling students to gain deeper knowledge and expertise in this field (Angeli &
Giannakos, 2020). Computational thinking skill goes beyond coding and programming and is related to the
students' higher-order thinking skills, these skills involve understanding how computers work, problem modelling,
data analysis, and solving problems, as well as abstract and logical information (Ridlo et al., 2024).

In the context of the accelerated evolution of the 21st-century, the integration of technology into the
educational sphere is of greater consequence than ever before. Among these skills, computational thinking is
particularly noteworthy as a foundational competency that fosters digitalization and prepares students for future
challenges. The computational thinking skill plays an instrumental role in 21st-century science education,
providing a powerful foundation for students to cultivate profound scientific comprehension and sophisticated
problem-solving abilities. Computational thinking represents an effective means of developing 21st-century skills
(Lye and Koh, 2014; Agbo et al., 2019). In 1980, Seymour Papert first employed the term "computational
thinking" and proposed that computers might facilitate cognitive processes and alter patterns of knowledge
accessibility (Papert, 1980). Further years, Papert (1996) additionally underscored the necessity of providing all
children with access to computers as a means of influencing their learning and facilitating the expression of their
ideas. Subsequently, Jeannette Wing (2006) posits that computational thinking is a universally applicable attitude
and skill set that all individuals would be eager to learn and utilize. Wing asserts that computational thinking
should be integrated into the curriculum alongside reading, writing, and arithmetic, as part of a comprehensive
approach to cognitive development.

The Development of Module for Improving Computational Thinking Skills on Science Education based on Google 57
Colaboratory

Silvi Putri Ayu Ningsih', Zainur Rasyid Ridlo’


mailto:*silviputriayuningsih@gmail.com
https://odelia-journal.seamolec.org/

&L M ODEL fA

SE HM®L€ G

Southeast Asia Journal on Open and Distance Learning

Computational thinking is a skill that is typically associated with professionals in fields such as computer
science, engineering, mathematics and others who do programming. However, recent research suggests that
programming is a valuable skill that can benefit students from a wide range of academic disciplines (Lockwood &
Mooney, 2017; Castro et al., 2021). Recent research highlights the importance of teaching basic computer
programming to junior high school students for science education. Studies show that Python training can
effectively improve students' understanding of programming concepts and computational skills (S. Supian et al.,
2023). In the contemporary era, the expectation is that individuals across the lifespan will possess computational
thinking abilities, in conjunction with the ongoing technological advancements (Kalelioglu et al., 2016). The ability
to think computationally is a crucial skill for students to acquire in order to adapt to the advent of artificial
intelligence in the future (Sun et al., 2021). Computational thinking skill is identified as a crucial skill for science
education, with specific stages like task decomposition, abstraction, and generalization optimizing computational
thinking construction for science students (Y. I. Tanjung et al., 2023). Overall, integrating programming into junior
high school curricula enhances digital literacy and prepares students for future technological challenges. It is
therefore imperative to integrate computational thinking into the primary and secondary school curriculum as a
means of preparing students to compete in a global and digital environment (Lyon & Magana, 2020).

A new curriculum focusing on developing computational thinking has been introduced in developed
countries for grades 7-12 (Iris Zur Bargury, 2012). To teach computational thinking in the classroom there needs
to be consideration about what pedagogical approach and learing tools. While computational thinking can be
applied to a wide range of problems that may not involve programming tasks directly (Roman-Gonzalez et al.,
2022). Furthermore, it is convinced that computer programming is the most effective way to develop
computational thinking abilities (Lye and Koh, 2014). Students must be guided to connect between concepts and
activities from students by creating computer programming (Ridlo et al., 2022). Some educational software tools
like Scratch, Logo, and ToolKid have proven useful in making programming more attractive and accessible to
young learners (Metodija Jancheski, 2017). These tools offer features such as immediate feedback, visual
programming, and object-oriented concepts. But, it has some limitations because these software only focused on
block based programming.

For that reason, there is a need for technology integrated as learning media to improve computational
thinking skill, one of the learing media to improve Computational thinking skill that is integrated with
programming and the internet, namely Google Colaboratory. Google Colaboratory was chosen as a learning
integration because students do not need to install any programs and can be easily used to open and edit
programming to solve problems (Duda et al., 2021). The ease of accessibility can be utilized by teachers to
improve students' Computational thinking skill at the junior high school level in science learning.

Nevertheless, there is a need for a learning model to teach and guide students about Google
Colaboratory and improve computational thinking skill, hence using a guided inquiry teaching model is
appropriate to use. Regarding the structuring of learning processes and the enrichment of such processes with
computational media, inquiry learning in science education and computational education are closely related
(Hoppe & Manske, 2022). Also, It is essential to provide students with effective learning materials that can guide
them through activities and the learning process, particularly learning modules. In light of this, this study aims to
develop a learning module integrated with Google Colaboratory to improve junior high school students'
computational thinking skill in science education.

Research Method

2.1 Research Design

This research was conducted by Research and Development (R&D) with the ADDIE development
model (Branch, 2009). ADDIE model involves Analyze, Design, Development, Implement, and Evaluate. The
stages of the research method are explained in Table 1.
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Table 1. The ADDIE research design

Stage Description

Analysis At this stage, information is collected about learning needs, learmning objectives
to be achieved, and students’ characteristics.

Design This stage, the module will be designed based on the results of the data
analysis
Development The development of teaching materials is based on the design prepared at the

preceding stage.

Implement The module was implemented with students to improve computational thinking
skill.
Evaluate The evaluation constitutes a form of reflection on the research conducted

At the stage of development, there is a validity test to obtain validation of the module developed with the
suitability of the material. Validators at the validation stage involved lecturers and science teachers at junior high
school. Validation results can be measured by the following formula. The calculation results of the validity are
aligned to the criteria that can be observed in Table 2.

=—— 100%
Description : V : validation percentage ; Tsv : validation result ; Tsm : maximum result.

Table 2. Criteria of Validity Score

Range score (%) Criteria
85-100 Strongly Valid
69 - 84 Valid
53-68 Netral
37-52 Invalid
20- 36 Strongly Invalid

(Nyutu et al., 2020).

At the stage of implementation, the module was implemented with students to improve computational
thinking skills. Pretest and posttest are used to measure students computational thinking skill, the results of
pretest and posttest will be measured using N-gain score with following formula below. N-gain score will be
aligned to the criteria that can be observed in Table 3.
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-g =

Description : N-gain = Average gain score ; Xpre = Average posttest score ; Xpost = Average pretest score ;
Xmax = Maximum value

Table 3. Criteria of N-gain Score

Range Score Criteria
07< <1 High

03< <07 Moderate
0= =03 Low

(Hake, 1998).

2.2 Population and Sample

Participants are subjects who are involved in physical activities as part of the response to activities
carried out in the teaching and learning process, thus supporting the achievement of learning objectives. In this
study, a preliminary test was conducted on science education students, the validated module trials were
conducted on preservice science teacher students who will teach in secondary high schools. Additionally,
researchers engaged several participants or research subjects, namely expert validators, to validate the products
developed. This validation stage was collected with a validation instrument.

2.3 Data Collection Tools

The preliminary tests in this research are pretest and posttest for preservice science teacher students.
The pretest will be administered to students before they engage with the module, while the posttest will be
administered to students after they have completed the module. The test given is an assessment question
aligned with the Computational Thinking Skill indicators.

The instruments utilized in this research are instruments for expert validators to validate learning
modules produced and tests for students to evaluate implementation of learning modules. The objective of these
instruments is to ascertain the validity and feasibility of the learning modules. The instrument was administered
to three expert validators, comprising two science education lecturers and one science teacher in junior high
school. The aforementioned aspects serve as the criteria for evaluation by expert validators, namely content,
science concept, construct, language, and layout.

2.4 Data Analysis

The data analysis tests for students employed pretest and posttest. The student of this research was
conducted in the science education study programme with a total number of participants was 32 science teacher
candidate students. These tests aimed to evaluate the use of the learning module before it is widely used and
tested by junior high school students.

The data collection procedure employed in this research is that of product validity data. The data
obtained from the validation instruments administered to expert validators were analyzed using a Likert scale 1-5
with a response description. This scale ranged from 5 (indicating that the predicate was "very good") to 1
(indicating that the predicate was "very poor"). After obtaining the data from the study, a descriptive data analysis
was conducted.
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The Paired t-test statistical method is used to compare the means of two measurements taken from the
same group or individuals, under two different conditions or times. In this study, this method was used to analyze
the pretest and posttest results of 32 student teachers, with the aim of determining whether the application of the
module made a significant difference to their computational thinking skills.

The paired t-test begins by calculating the difference between the pretest and posttest scores for each
individual, then the average of the differences is analyzed for improvement. In addition, the standard deviation of
the difference was also calculated to determine the consistency of change between individuals. Based on the
mean difference and variability, the t value is calculated and compared to the critical value to determine statistical
significance. In hypothesis testing, if the t-value or p-value shows a significant difference, then the null
hypothesis that there is no difference between the pretest and posttest can be rejected. Paired t-test is very
effective in detecting significant differences by reducing the variability between individuals because the
measurements are made on the same group. Thus, this method allow to statistically verify that the improvement
in posttest results is indeed significant and not just a coincidence.

Result and Discussion

This section describes the validation results of the learning module that uses Google Colaboratory to
improve students' computational thinking skills. The validated module trials were conducted on preservice
science teacher students who will teach in secondary high schools. The five stages of module development
follow the ADDIE development model which refers to the characteristics of the material and the characteristics of
the students who will use this module. The science material used in this module is Physics material, namely
regular straight motion, focusing on deepening the material on the analysis of the formulas used and the
representation of answers using two ways of thinking, namely using manual solutions and computer
programming. The manual solution uses the Polya system, the method of solving problems in science according
to Polya's rules consists of four main steps that help students think systematically. The first step is to understand
the problem, where students must identify known information, what is asked, and relevant scientific concepts.
After understanding the problem, students move on to the second step, which is developing a plan. At this stage,
they have to think of the right method, such as the use of formulas or experimental steps, to solve the problem.
Once the plan is organised, students move on to the third step, which is executing the plan, where they apply the
planned steps carefully and thoroughly to get an accurate solution. Finally, the fourth step is to re-examine the
results that have been obtained. Students should evaluate whether their answer makes sense, whether it fits the
question, and whether there is a more efficient method. In the context of assessment, Polya's method
emphasises the importance of the scientific thinking process and not just the end result, so students are
assessed based on how they follow each step of problem solving.

The first stage in developing this module is the analysis stage. The research analysis includes the
analysis of the current curriculum used in general in junior high school. The second stage of analysis is the
analysis of student characteristics and material characteristics, the character of student thinking that exists in
junior high school is able to think abstractly, the character of the material used in this module is Physics material
that uses many mathematical equations/formulas. The results of this analysis will be integrated into the module
and indicators of computational thinking skills. After the analysis stage is completed, the second stage is to
design the module based on the results of the data analysis obtained. The module design considers the layout of
the module preparation, and the suitability of the module content with the indicators of computational thinking
skills and the language used in the module. Module development as a teaching material is carried out based on
the design that has been prepared at the previous stage. At this stage of development, development is carried
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out in the field of content / material which is the most important part of the module, the development in question
is a detailed explanation of the concept which includes the proof of the formula used.

In addition to the content of the material, the supporting part was also developed, namely the use of
programming languages integrated with Google Colaboratory. After the module development stage is complete,
the module will be tested for validity. The purpose of validity testing is to obtain a valid module that can train
students' computational thinking skills. The validators used in the validation stage consisted of lecturers and
science teachers at the research school.

Modules that have been validated and declared valid by validators are tested on a limited basis on 32
science teacher candidate students before being tested on students in schools. The implementation of electronic
modules based on computer programs using Google Colaboratory on the material of Kinematics for junior high
school students can be done through several stages. First, learning needs analysis was conducted by identifying
materials, basic competencies in accordance with the curriculum, and determining learning objectives that focus
on understanding the concept of Kinematics and motion simulation using computer programs. After that, the
module design is carried out by compiling a material structure consisting of an introduction to Kinematics, the
concept of acceleration, Kinematics equations, visualisation of motion graphs, and the application of Python in
Google Colaboratory for simulation. In the development stage, the module begins with an introduction to Google
Collaboratory and continues with the preparation of Python code to model the Kinematics equation, including
visualisation of velocity-time and position-time graphs using the ‘numpy" and "matplotlib™ libraries. Students can
interact directly with the simulation, try to change parameters such as initial velocity and acceleration, and
explore the effects on the motion of objects.

Once the module was developed, it was validated and trialled by involving a co-teacher and a small
group of students to ensure its suitability and effectiveness. Feedback from students was collected and used to
revise the module before its implementation in the classroom. At the implementation stage, students used their
respective devices to access Google Colaboratory and run the simulation, with monitoring from the teacher. The
module is completed with assignments and quizzes to evaluate students' understanding of the material and the
simulations they create. Finally, learning evaluation is conducted through tests and analysis of learning outcomes
to ensure that learning objectives are achieved and students have mastered the motion concept as well as the
technology skills that support it.

At the evaluation stage in the development of ADDIE-based modules, the effectiveness of computer
programming modules that have been implemented to improve the computational thinking skills of prospective
science teachers is measured. The evaluation begins with collecting data on learning outcomes through pretests
and posttests to measure changes in student abilities before and after using the module. Furthermore, N-gain
calculation and analysis using SPSS using the paired sample t-test method were carried out to assess the
effectiveness of the improvement, by comparing the difference in pretest and posttest scores. The data collected
was then analysed to assess the overall effectiveness of the module and identify aspects that require
improvement. Based on the results of the analysis at the evaluation stage, recommendations will be made for
improving the module to make it more effective in improving students' computational thinking skills in the future.
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The illustration of the Validation result of the learning module shows on Table 4 below.

Table 4. Validation Result of Modul

Aspect Score
Content 88.1%
Science concept 87.8%
Construct 94,7 %
Language 89,3 %
Layout 88,9 %
Total 89.7 %

The content validity of the module assessed reached 88.1%. This shows that the module has good
quality in terms of the suitability of the material presented with the learning objectives to be achieved. The
validators assessed that the module material was in accordance with the expected competencies and relevant to
the computational thinking skills to be developed. However, there is room for slight improvement in the aspect of
material delivery to further support learning outcomes. In the aspect of science concepts, the module received a
validity score of 87.8%. This means that the science concepts presented in the module are appropriate and in
accordance with applicable scientific principles. This almost perfect validity indicates that the module is able to
integrate science materials with computational-based learning effectively. Some suggestions for improvement
may be given by the validators related to the presentation of simpler or more applicable concepts. This module
has a construct validity of 94.7%, indicating that the structure or framework of the module is very strong and
supports successful learning. The validator assessed that the flow and structure of the material presentation is
very logical, systematic, and makes it easy for users to follow the learning stages. This score is one of the
highest, indicating that the module preparation has been very well designed to facilitate the development of
computational thinking skills.

The linguistic aspect of the module received a validity score of 89.3%. This indicates that the use of
language in the module is good enough in terms of clarity, suitability to the audience, and appropriate use of
terms. Validators may find some parts that could be simplified or explained in more detail to clarify the intent and
purpose of the material to make it easier for users to understand. The layout aspect of the module scored 88.9%.
This validity reflects that the layout of the module is quite attractive and makes it easier for users to access
information. The validators considered that the arrangement of text, images, graphics, and other visual elements
was well organised. However, there may be some suggestions related to improving aesthetics or readability to
optimise the layout and support more effective learning. Overall, the module you developed demonstrates
excellent quality with high validity scores in various aspects. Although there are some areas that could be further
improved, these results indicate that the module has met the expected standards and is suitable for use in the
learning process to train computational thinking skills.

The following is a complete description of the results of the module trials that have met the valid
category. The module you developed was tested on 32 student teachers. This number of participants is
representative enough to see the effectiveness of the module in training computational thinking skills. Student

teachers are the right target since the module is designed to develop their ability to integrate programming and
-
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computational thinking into learning. Before the application of the module, students underwent a pretest with an
average score of 27.9. This pretest score indicates that prior to the use of the module, students' initial level of
understanding of the material taught was still relatively low. This is reasonable, because the module is designed
to improve computational thinking skills that may still not be well mastered by students before training. After the
implementation of the module, students underwent a posttest, and the average result increased significantly to
87.5. This shows that the module you developed successfully improved students' understanding and skills
significantly. This posttest value reflects the success of the module in delivering the material and training the
skills that are the main objectives of module development. The N-gain value obtained is 0.82 which is included in
the high category. N-gain is an indicator that measures the relative increase in learning outcomes, compared to
the maximum score that can be achieved. This value of 0.82 indicates that there is a very significant increase in
student ability after participating in learning by using the module.

This ‘high’ category indicates that this module is very effective in improving students' computational
thinking skills. Overall, the pilot test data shows that the module that has been developed and validated is able to
significantly improve the computational thinking skills of student teachers. The module is highly effective in
providing understanding and skills relevant to the learning objectives, with measurable improvement through high
N-gain, The illustration of pretest and posttest show in Image 1 below

Results of Students Tests
100
90
80
70

87,5

60
50
40
30
20

. I
0

Test Score

27,9

® Pretest ®Posttest

Image 1. Pretest and Posttest Score

Furthermore, 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. Table 5 shows a Sig.
(2-tailed) of 0.000, which is smaller than the threshold of 0.05, indicating that the implementation of the learning
module had a significant positive effect on the improvement of computational thinking skills.
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Table 5. Paired sample test

Paired Differences t df Sig.(2-tailed)
Mean Std, Std. Error 95% Confidence Interval of
Deviation Mean the Difference
Lower Upper
Pair 1 -59.53125 19.23368 3.40007 -66.46573 -52.59677 -17.509 31 .000
Pretest-
Posttest

Each indicator of computational thinking skill involves abstraction to debugging is also analyzed on
Image 2. Specifically in the pretest, students' abstraction skills were at a moderate level with an average of 57.8.
This shows that before the application of the module, students already had a basic understanding of the concept
of abstraction, but not optimal yet. Abstraction is the ability to simplify complex problems by focusing on the
essential elements, and this score indicates that there is a chance for improvement. After module implementation,
the average score of abstraction skills increased significantly to 78.1. This indicates that the module successfully
improved students' ability to identify and simplify complex problems, improving their skills in managing and
organising relevant information. In the pretest, students obtained an average score of 60.9 on the generalisation
indicator, which measures their ability to apply general patterns and principles from specific situations to other
situations. This score indicates that they have a fairly good foundation, but still need further improvement. After
using the module, students' generalization skills increased sharply to 92.2. This shows that the module is very
effective in training their ability to find patterns and apply them across new situations, an important component of
computational thinking. In the pretest, the decomposition indicator score was 21.9, indicating that prior to the use
of the module, students were not very capable of breaking down large problems into smaller, more manageable
parts. This score indicates that students' decomposition skills are still very low at the initial stage.

After the implementation of the module, students' decomposition skills improved very significantly with a
score of 96.9. This shows a remarkable improvement in their ability to break down complex problems into smaller
and more manageable components. The module was very effective in improving this ability. In the pretest,
students' algorithm skills were at zero. This means that before taking the module, they have absolutely no
understanding or skills in making systematic steps to solve problems (algorithms). After using the module, the
algorithm indicator score jumped dramatically to 96.9.

Result of Students' Tests

120

100 922 96,9 96,9

50 78,1 73,4

60,9
57,8 4
60 -

40
21,9

20 . B N
0,8
" . . || 0

Abstraction Generalization Decomposition Algorithm Debugging

8 PRETEST ®POSTTEST

Image 2. Results of students’ test
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The module we developed successfully provided students with a deep understanding of algorithm
design and implementation. They became very capable of organising structured steps to solve problems
systematically. Last indicator analysis is debugging. In the pretest, the debugging skill score was almost non-
existent, with a score of 0.8. This indicates that students at the initial stage do not have sufficient ability to identify
and correct errors in the programming process or solution. After the module was implemented, the debugging
score increased significantly to 73.4. Students became much more skilled in recognizing errors and correcting
them effectively. This shows that the module has been successful in teaching debugging as part of
computational thinking skills. The pretest and posttest results showed a very significant improvement in all
indicators of computational thinking skills. The greatest improvement was seen in algorithm, decomposition, and
debugging skills, indicating that the module was very effective in developing students' ability to solve problems,
create algorithms, apply patterns found in new contexts and also fix the syntax errors. Despite in the pretest the
students' abilities were still low in some aspects, especially algorithms and debugging, after the use of the
module, all computational thinking skills experienced a huge improvement.

Conclusion and Suggestion

Based on the results of the study, it can be concluded that the module developed to train the
computational thinking skills of prospective teacher students proved to be effective. Module validation by experts
showed high scores, including content, science concepts, constructs, language, and layout. The pilot test on 32
students showed a significant increase from pretest to posttest, with an average pretest of 27.9 and posttest of
87.5, and N-gain of 0.82 which is in the high category. Further analysis based on computational thinking skills
revealed significant improvements in all aspects, such as abstraction, generalization, decomposition, algorithm,
and debugging. The result of a statistical test with the Paired t-test method confirmed that the difference between
pretest and posttest was statistically significant, indicating that this module is effective in improving computational
thinking skills. As a suggestion, this module can be applied on a wider scale, for example in other institutions, to
see if similar results can be generated in various contexts. Although there were significant improvements in all
skills, the debugging aspect still had relatively lower posttest scores compared to other skills.

Therefore, further development is recommended to focus on improving materials or exercises related to
debugging. Integration of more interactive technologies, such as augmented reality or computer simulation, is
also suggested to enrich the learning experience. In addition, a project-based collaborative learning approach
can help improve students' cooperation and communication skills. Further research can also be conducted to test
the effectiveness of this module at other education levels or in different fields of study.
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