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INTRODUCTION

Transformation in science education is growing in 
tandem with the development of 21st-century education 
that integrates 4C elements of communication, critical 

thinking skills, collaboration, and creativity (Ministry of 
Education, 2017). Science education is a key ingredient to 
enable the workforce to compete in the industrial revolution 
(IR) 4.0, the umbrella term for the revolutionary application of 
biotechnologies, alternative fuel technology, nanotechnology, 
new materials, and other recent breakthroughs to industrial 
production. The IR 4.0 combining automation and cyber 
technology require students to have a higher level of thinking 
skills, computational thinking (CT), problem-solving skills, 
creative, innovative, as well good Information Communication 
Technology (ICT) skills. CT skills can be used to break problems 
down into smaller components to help solve them (Swaid, 2015). 
Using Scratch for teaching and learning can link learning to real 
life. The isolation of everyday life elements in the classroom 
learning process makes it difficult for students to apply the 
knowledge gained in real life (Akınoğlu and Tandoğan, 2007). 
Therefore, science education should serve as a catalyst for 
developing students who are not only knowledgeable in science 
and technology but also have a range of soft skills.

Science Module integrates CT skills by incorporating plugged-
in CT skills. The plugged-in Science Module was implemented 
using a computer through the computer programming of 
Scratch 3.0 in the topic “Matter” in Form One science subjects. 
The teaching approach is plugged-in using Scratch. Scratch 

is a visual tool used for teaching and programming activities 
that gives novice programmers the opportunity to understand a 
basic concept such as variables, logic structures, event-driven 
processing, and debugging (Yukselturk and Altiok, 2016). 
Interestingly enough, Scratch programming is very useful 
because factors such as visual interface, pedagogy, and CT 
provide an engaging learning platform that is even easier to 
use (Saltan and Kara, 2016; Yukselturk and Altiok, 2016). In 
addition, previous studies have shown that CT skills through 
Scratch enable students to solve problems and understand a 
concept (Kalelioğlu and Gülbahar, 2014; Moreno-León and 
Robles, 2015; Su et al., 2014).

This module was based on the collaboration and use of ICT. 
This module used the application Scratch to increase the level 
of interest in teaching and learning while also enhancing 
CT and the integration of CT in science subjects. Scratch 
applications are well known for developing students CT skills 
as they have several elements of CT such as decomposition, 
pattern recognition, abstraction, generalization, algorithm, 
and evaluation in solving problems. Scratch is a graphical 
programming language and an environmentally friendly, 
effective, and attractive programming language for teaching 
coding (Werner et al., 2014) and was developed by the Lifelong 
Kindergarten Group at MIT Media Laboratory (Zaranis et al., 
2016). There is a lot of support from past studies that show 
“Matter,” as a topic in science, is a difficult topic to master and 
has caused conceptual errors because particles are invisible to 
the naked eye and require students to imagine them. Findings 
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of Lajium et al. (2005) show that misconceptions occur when 
students believe that: Changes in Matter cause material mass 
change, atoms can be destroyed under normal conditions, 
or temperature and changes in the state of Matter result in a 
material change of Matter.

A pre-study needs analysis conducted with 20 teachers and 72 
students indicated that Matter was a difficult topic in science 
education; 65% of teacher thought that it was difficult, as 
did 69% of students. Table 1 shows the level of difficulty of 
the study in the Standards-based Curriculum for Secondary 
Schools (KSSM) science subjects form one according to the 
perceptions of teachers and students. For those with the highest 
meanings, the topics are considered difficult. Based on Table 1, 
it was found that there was a similar perception between 
students and teachers that the subject “Matter” was difficult.

The result reveals that teachers (75%) and students (85%) 
considered the printed module alone was sufficient for 
understanding this topic. The needs analysis also showed that 
a large majority of teachers (65%) and students (95%) agreed 
that computerized visual learning was needed for teaching 
and learning. Visual learning may help teachers overcome 
student misconceptions, such as increased particle size and 
more as the image or visual. Besides that, the students can 
develop in Scratch programming may provide a more concrete 
and accurate understanding of the changes that Matter may 
undergo. Through the study of Rohana (2006) that computer 
animation of the topic Matter is a proposed method to 
overcome the difficulties of delivering teacher teaching while 
helping students to learn more easily and effectively. In the 
study of Dalhar and Ali (2009), it was found that it is difficult 
for most students to use imagination for intangible elements 
with rudimentary views and difficult to describe. Table 2 and 
Table 3 show the module elements proposed by teachers and 
students when performing the needs analysis.

Therefore, interventions need to be implemented and focus 
should be given to help students master the basic concepts 
of physical properties and chemical properties of the three 
physical states and the changing order of their particles. It 
aims to introduce the elements of nature made up of Matter. 

This mastery also helps students master in other topics such 
as periodic table and the air that include elements of nature 
and basic concepts to students in the fourth level chemistry 
subject at Atomic Structure.

The purpose of this study is to develop a Science Module on 
improving CT in form one science subjects using the Matter 
topic. This study has two objectives:
1. Develop a Science Module in the Matter topic; and
2. Evaluate the effectiveness of the Science Module on

achievement in the Matter topic.

To address the objectives of the study, the conventional teaching 
and learning approach needed to be transformed into a student-
centered approach with the use of ICT such as Science Module. 
The use of computer programming like Scratch in science 
subjects can be integrated with CT. The computer information 
technology used in teaching and learning should be well 
designed to teach more effectively, increase motivation, and 
enhance the knowledge and CT skills for students. CT skills 
through Scratch enable students to have the critical thinking, 
creative and innovative ideas and even solve problems. 
Therefore, this study investigates how pupils can develop their 
thinking processes and reflect on their own cognitive processes 
to produce meaningful learning experiences.

CT
Fundamentally, the term CT was introduced by Jeannette 
Wing, a computer science scientist in 2006. The goal of this 
approach is to promote thinking like a computer scientist 
among the general public, but Wing did not provide a universal 
definition for CT (Wing, 2006; Selby and Woollard, 2010). 
However, the results of the literature review by Selby and 
Woollard (2010) found that there was a consensus in the 
definition of CT as a form of thinking process involving the 
process of scaling and dissolving information. In 2012, Wing 

Table 1: Level of difficulty of the study in the standards-
based curriculum for secondary schools (KSSM) form one

Learning area Student Teacher

M SD M SD
Introduction to scientific investigation

Cells as a basic life unit 2.17 0.53 1.85 0.67
Coordination and response 2.83 0.41 2.35 0.49
Reproduction 2.72 0.63 2.50 0.61
Matter 3.99 0.57 3.65 0.49
Periodic table 3.51 0.61 3.10 0.55
The air 2.31 0.57 2.05 0.76
Light and optic 2.89 0.57 2.80 0.62
Earth 1.97 0.56 1.50 0.51

Table 2: The module element proposed by the teachers

Element module Percentage of 
teachers agreed (%)

Percentage of 
teachers disagree (%)

Cooperative learning 95 5
Simulation 95 5
Visualization 95 5
Printed module TMK 85 15
Power point 70 30
Print module only 20 80

Table 3: The module element proposed by the students

Element module Percentage of 
students agreed (%)

Percentage of 
students disagree (%)

Cooperative learning 52.7 47.4
Simulation 83.3 16.7
Visualization 89.5 10.5
Printed module TMK 68.4 31.6
Power point 70 30
Print module only 33.3 66.7
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described CT as a thought process and one of the branches of 
problem-solving skills. According to her, these skills are seen 
as a necessity for every individual in today’s digital age as they 
encourage creativity and innovation and are well applied in the 
context of complex problem-solving (Wing, 2012).

CT is a cognitive or thinking process that requires logical 
thinking in which problems are solved, procedures, and 
systems are better understood (Csizmadia et al., 2015). The 
power of CT not only reveals how to solve problems but 
also critical thinking, creative, logical, formulate problem-
solving processes that enable computers to improve human 
ability to solve problems while also developing attitudes, 
self-confidence, and communication International Society for 
Technology in Education (ISTE, 2011). Hence, the role of CT is 
not just to recognize Computer Science to CT as programming 
but rather to make CT a part of our lives (Voogt et al., 2015).

CT in the Context of Malaysia
In the context of education in Malaysia, CT was first introduced 
through the Basic Computer Science (ASK) subject in form 
one (students aged 13) that began to be offered in 2017 after 
Integrated Curriculum for Secondary School (KBSM) was 
replaced by Standard Based Curriculum for Secondary School 
(KSSM). In this subject, students are exposed to basic techniques 
in CT, pattern recognition, scaling, and repetition (Samudin 
et al., 2016). These four basic techniques are in accordance with 
the operating definition guidelines issued by ISTE and Computer 
Science Teachers Association (CSTA) in the United States. This 
should be seen as a good start to the development of CT in the 
education system in Malaysia as it is a highly thought-provoking 
process, especially for training students with more challenging 
high-level thinking and skills. An introduction to the basics of 
CT techniques enables it to be applied not only in computer 
science but also in other Science, Technology, Engineering, 
and Mathematics (STEM) subjects (Lee et al., 2016; Weintrop 
et al., 2016; Barr et al., 2011). Recognizing that CT capabilities 
can be applied across curriculum and disciplines, this thinking 
has been introduced into K-12 education system in the West 
(Barr and Stephenson, 2014). It is not only focused on computer 
science but also has expanded into other areas of science. The 
ISTE in collaboration with the CSTA has collaborated on a 
project to formulate the concept of CT that is applicable to K-12 
education in line with classroom education goals and practices 
(Barr et al., 2011). What ISTE and CSTA can conclude is that 
CT is a problem-solving process that involves: (1) The process 
of formulating problems that allow computers or other tools 
to be used to solve, (2) logical management and data analysis, 
(3) data representation through scaling, (4) automation through 
a series of algorithms, (5) identify, analyze, and implement 
reasonable solutions through efficient and effective methods 
and resources, and (6) generalize problem-solving processes to 
a broader scope of problems.

A teaching transformation needs to be made by the teacher 
so that the misconceptions or alternative concepts of 
student-related Matter are transformed into scientific concepts 

(Lajium et al., 2005). Misconceptions arise as a result of 
inaccurate or alternative concepts that students perceive to be 
true and appropriate to their existing knowledge or experience 
and are true to their daily life. Alternative conceptual or 
conceptual issues are often present in the instruction concerning 
the topic of Matter. For example, through the study of Lajium 
et al. (2005) showed that students still think that changes in the 
shape of Matter are the cause of a change in mass of Matter, 
atoms can be destroyed under normal conditions, temperature, 
and changes in Matter state cause material change. This is 
because teaching and learning in science subjects using the 
conventional approach is to memorize improperly not suitable 
and cause students are having understanding abstract concepts 
of science such as in Matter Topic. Salmiza and Haslinda 
(2015) stated in a study conducted that students often classify 
substances based on the physical properties of the substances 
and assume that not all substances are composed of particles.

The next issue to be solved through the development of this 
module concerns the effectiveness of visualization methods 
in teaching and learning topics. It is both difficult for many 
students to use their imagination to imagine things that are not 
visible to their eyes and then to portray it on paper (Baharuddin 
et al., 2006). Computerized animations of the Matter topic 
are one of the proposed methods to overcome the difficulties 
of delivering teaching while helping students to learn more 
easily and effectively. Furthermore, some studies support the 
effectiveness of visualization methods in teaching and learning 
such as visual learning in improving students’ understanding 
of learning mathematics (Wan Muda, 2017); three-dimensional 
visualization software to assist students with the low spatial 
ability to study Biological science subjects (Che et al., 2015); 
and Lasiun (2016) study emphasized the effectiveness of 
visualization methods to help improve the ability to solve 
life-long mathematics problems among students of dual-level 
cognitive levels in rural areas.

Kamaruddin et al. (2006) found that 22.78% of students/
teachers were able to give an explanation correctly, while 
the other half had no idea in regards Matter. This is possible 
because the term is common, but it describes an abstract and 
elusive concept. However, the real meaning of Matter is that it 
consists of any material that has mass and space. Instruction in 
the topic of Matter includes examples of the states of Matter, 
their characteristics, and their changes in state. Previous studies 
highlight students’ learning of the concept of Matter.

This illustrates that Matter is a difficult topic and requires more 
than just a printed module for students to understand. From 
the analysis of the needs also found that element of teachers 
(Table 2) agreed on the need for visualization of computer 
(95%) and students (89.5%) in teaching and learning. Based 
on previous results (Tables  1-3), researchers propose the 
ability to use more modern methods to teach science subjects 
such as module strategies. In addition, teachers will need to 
provide courses and training workshops to implement module 
strategies. Therefore, the module strategy provides textbooks 
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and references that the convenience of this teaching style. The 
teaching module is a systematic way of thinking in dealing with 
all the factors involved in the teaching and learning process. 
The importance of developing science teaching methods is part 
of how to implement the curriculum and achieve its purpose 
with different content and activities and to switch from teaching 
science from conventional methods to modern concepts. The 
idea of applying modern teaching methods and diversity such 
as module methods and strategies is considered appropriate 
for science subjects (Alelaimat and Raheem Ghoneem, 2012).

Application of CT Worldwide
CT skills are 21st-century skills for future generations that 
came to be developed (Seneviratne, 2017). However, less 
focus been made in terms of integrating CT skills with 
science subjects as a way to solve more complex problems. 
Today, most countries around the world have implemented a 
computerized curriculum that contains elements of Computer 
Science. In studying Computer Science, students not only 
gain knowledge but also their uniqueness in how to think and 
solve problems through CT skills (Curzon et al., 2019). The 
idea of introducing computer programming in the classroom 
was introduced in the 1960s by Papert. At that time, Papert 
and MIT College developed LOGO programming for children 
(Bers, 2018). According to Bers (2018), programming gives 
students the opportunity to engage in logic, abstract thinking, 
problem-solving, and creative design processes.

CT is growing rapidly around the world through the involvement 
of non-governmental organizations to adapt programming in 
the curriculum and promote participation in Computer Science. 
A  literature review of students understanding of the basic 
science concepts in categories, synthesis, and summary was 
conducted by Duit (2004) to study the holistic apprehension of 
the concepts. This study found that teachers did not effectively 
identify the misconceptions that students held, particularly in 
the early learning classroom (Costa et al., 2000). Teachers, 
therefore, must develop a strong interest in introducing 
appropriate methods to reduce student misconceptions of the 
basic concepts of science in line with their learning approach. 
Doing so may help promote positive attitudes and increase 
interest in science subjects (Harrison and Treagust, 2001).

Studies on CT that use computer programming are extremely 
critical in formal environments to provide students with the 
opportunity to develop their cognitive skills with problem-
solving skills using CT approaches (Basu et al., 2017). 
However, many studies are conducted without the guidance and 
implementation guidelines that make programming successful 
without involving the cognitive thinking involved in each 
step taken (Basu et al., 2017). Skills related to this aspect of 
cognition are important in CT but have been underestimated 
by researchers in research related to CT (Lye and Koh, 2014). 
Science researchers are less aware of students’ weakness and 
strengths and rarely perform student needs analysis, including 
consideration of their cognitive abilities and learning styles 
in designing teaching approaches (Chen and Osman, 2016).

Conceptual Framework
The conceptual framework of this study is based on variables, 
theories, models, and concepts that have the same focus relevant 
in producing effective synergy to achieve the objectives of 
the study outlined. The conceptual framework in this study 
provided an overview of the variables and theories used in 
the research. The Science Module used two theories, namely, 
the theory of Constructivism and Constructionism. This study 
was also based on the Social Constructivism Theory (Vygotsky, 
1978) which emphasized the importance of the relationship 
between individuals in the social environment. According 
to Vygotsky, social interaction between one individual to 
other individuals is important in the development of students 
cognitive skills. Vygotsky argued that the learning process 
would be more effective if students learned collaboratively 
in which they were guided by other students who were more 
capable than themselves, as well as with the help of teachers. 
A summary of the descriptions of the conceptual framework 
of the study is shown in Figure 1.

Based in the conceptual framework illustrated in Figure 1, 
this study developed the following research questions: Is the 
Science Module effectiveness in improving achievement in 
the Matter topic and Is the Science Module effective in CT in 
the Matter topic? Following the research question, the study 
developed the following null hypotheses:
H01: There is no significant effect of improving achievement 

in the Matter topic
H02: There is no significant effect on CT in the Matter topic.

METHODOLOGY
Research Design
This study was a quasi-experimental field study conducted 
outside the laboratory (Cohen et al., 2007). Experimental 
quizzes involved experiments conducted on field interventions 
with a random selection of groups and using classes. This is 
because researchers did not interfere with the school’s existing 
administrative system. Students remained in their respective 
classes during the intervention. There was a disturbance when 
researchers formed a new class with the concept of random 

Figure 1: Research conceptual framework
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distribution in actual experimental studies. However, a study 
involving a random selection of students for the control and 
treatment groups is currently underway. Design of pre-test and 
post-test control and treatment groups are shown in Table 4.

There are two types of teaching approaches that were 
implemented: The traditional or conventional and the Science 
Module approach. Participants in the control group studied the 
subject of Matter using a conventional approach. Conventional 
teaching approaches using existing learning materials such 
as textbooks provided by Ministry of Education Malaysia 
(MOE), computers and teachers’ teaching and learning 
approaches also use higher-order thinking (HOT) questions 
that require problem-solving among students as emphasized 
by the MOE. Participants in the treatment group using the 
Science Module consisted of one group. The purpose of this 
study was to compare the effectiveness of the Science Module 
on achievement in the subject of science and CT in science. 
Therefore, this study involved one independent variable: 
(1) Group and two dependent variables that were measured were
(1) achievement in the subject Matter and (2) CT in science.

Samples
The study was conducted in the district of Kunak, in the Tawau 
Division of Sabah, Malaysia, and all students in the study 
population were from form 1 year of students (13-year-old 
age), with a total study group of 67 students. The criteria for 
this study were as follows:
1. Only form one students in Kunak
2. School with computer laboratory
3. Science teacher with at least 5 years of teaching experience

in science subjects.

The achievement test was administered twice, namely, a pre-
test and post-test administered to the participating students. The 
pre-test was used to determine students existing knowledge 
and the homogeneity of the two treatments and control 
groups in the subject of Matter before the intervention. The 
post-achievement test was used to test the effectiveness of 
the Science Module in improving achievement compared to 
conventional methods. The two science teachers involved in 
this study were experienced teachers who had been teaching 
science for more than 5 years.

Instrument
The achievement test was used to evaluate the effectiveness 
of the Science Module on student knowledge of the subject of 
Matter. A pre-test and post-test were administered in this study. 
Both sets of questions have the same number of questions, 
type of questions, difficulty level, and scope. The pre-test was 
administered before the intervention and the post-test after the 
intervention. The format of the test was based on the Form 

Three Assessment (PT3) requirement and on the Standard 
Document of Curriculum and Assessment of Form 1 (DSKP) 
(Ministry of Education, 2015a) which consisted of multi-form 
objective questions (Ministry of Education, 2014a). The open 
response questions which were the HOT questions asked the 
students to analysis the data, give ideas based on the correct 
concepts, evaluate, and provide the reasoning behind their 
choice. In addition, these items were taken from form one 
science textbooks and reference books and collection of actual 
examination questions based on the PT3 format developed by 
Ministry of Education (2014b).
The questions developed in the pre-test and post-test were 
based on the Test Specification Table which is based on 
Bloom’s Taxonomy consisting of six categories, namely, 
knowledge, understanding, applying, analyzing, evaluating, 
and creating. The scope of the content in the pre-test and 
post-test questions ensured that the questions covered all of 
the teaching and learning that was covered in the course. The 
pre-test and post-test questions were made up of two forms: 
Objective questions and essays. There are fifteen objective 
questions and three essay questions in both pre-test and 
post-test. The validity of the content in the test questions 
was evaluated and reviewed by two experts comprising 
experienced teachers and excellent teachers in science 
subjects. The scoring rubric provides analytic and holistic 
scoring methods for the test and was based on the DSKP 
(Ministry of Education, 2015b). In this study, the researchers 
used quasi-experimental design and results were analyzed with 
inference statistics and using a t-test to determine whether 
there were significant mean differences in the use of Science 
Modules in achievement and CT. As illustrated in Table 5, 
a summary of the instruments was used in assessing the 
effectiveness of the Science Module.

FINDINGS
Table  6 shows the descriptive statistics of the mean post-
achievement scores by group. The mean post-achievement score 
of the control group, M = 12.548 (SP = 2.706) while the mean 
post-achievement score of the treatment group, M = 18.333 
(SP = 3.985). The mean post-treatment achievement score 
exceeded the control group means achievement score of 5.785.

The Levene test was first implemented to determine whether 
there was a difference in achievement after the intervention. 
Table 7 shows that the result of the Levene test for the variance 
of the homogeneity for the post-achievement test was not 
significant (F = 2.350, ρ = 0.130). This shows that the difference 

Table 4: Quasi-experimental design

Groups Pre-test Intervention Post-test
Control U1 Conventional approach U2
Treatment U1 Using Science Module U2

Table 5: Instruments in pre-test, post-test, and 
intervention

Groups Pre-test Intervention Post-test
Control Science 

achievement test
Conventional 
approach

Science 
achievement test

Treatment Science 
achievement test

Using science 
module

Science 
achievement test
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between the control and treatment groups was the same as the 
variance assumed.

The results of the analysis found that there was a significant 
difference in mean post-achievement scores between the 
control and treatment groups (t = −6.835 and df = 65, 
ρ < 0.05). The results show that the treatment groups have 
an impact on science achievement, which is effective after 
the intervention was given to the group in improving student 
science achievement.

DISCUSSION
The findings suggested that the Science Module approach 
was effective in increasing students’ achievement in science. 
Technology increases productivity and motivation supports 
indirect teaching and unique teaching abilities and enhances 
information literacy (Roblyer and Schwier, 2003). This 
indicates the importance of using technology-based teaching 
modules. Science subjects require creativity and alternative 
presentations that support animation and visualizations so 
that students can more clearly and easily understand scientific 
concepts.

In relation to this, it has also been suggested that that the 
computational thinking modules approach (Wing, 2006) has 
the potential to be applied across the curriculum as part of 
the 21st-century instructional styles or thinking approaches. 
This was confirmed by Bower et al. (2017), who also pointed 
out that CT should be integrated into the curriculum, as it 
is a universal skill and competence that all children should 
possess. Previous studies have found that issues related to low 
or unsatisfactory scientific motivation, interest, achievement, 
and perceptions among students (Lay and Kamisah, 2018) 
contributed by teaching methodologies, subject difficulty, and 
low science literacy (Kamisah et al., 2007) can be overcome 
if students are given the opportunity to become involved in 
cognitive processes more consciously and more actively. They 
should be exposed to more systematic and practical thinking 
skills to apply high-level thinking, promote their ability to 
succeed and perform critical evaluation not only in relation to 
the STEM subjects but also in other fields. In this context, CT 
can be useful to all students. Therefore, modules that integrate 
CT skills in structured and systematic Science are needed as a 

guide in the classroom (Ung et al., 2018). Continuing with the 
demands and needs of this education, this study was conducted 
to contribute to the development of CT skills through science 
subjects. The role of teachers to guide the development of CT 
should also be given priority (Alba and Huett, 2017) in make 
the activity successful and develop CT skills in students. In 
addition, students want good teachers and are able to tell you 
what makes a good teacher for them (Sexton, 2017). In fact, 
to create excitement and to stimulate students’ curiosity to 
engage them in learning, all depends on the activities of the 
teaching and learning itself. More importantly, teachers need 
to understand not only the content they convey to their students 
but also the pedagogy behind how their students learn (Bell 
and Sexton, 2018).

CONCLUSION
The aim of the study was to identify the effectiveness of Science 
Module on achievement in science subject. The study found 
that the Science Module approach was effective in helping 
secondary students increase on achievement on in science 
subjects. Therefore, the adoption of CT in the teaching and 
learning of science subjects is very relevant as it can provide 
teachers with input on the thinking process experienced by 
students and their application in problem-solving through an 
inquiry approach. It is hoped that this study will further enhance 
the problem-solving skills among students as well as promoting 
student achievement in science subjects and its potential to be 
applied across the curriculum as one of the 21st-century styles or 
thinking processes. This learning approach is expected to create 
a stimulating learning environment and experience for students. 
Thus, further enhance their existing educational practices as it 
is a highly thought-provoking process, especially for training 
students with more challenging high-level thinking techniques 
and skills today.
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