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Abstract

During the Industrial Revolution 4.0 (IR 4.0), the rise of a young generation
that is creative, innovative, able to adapt to technology, competitive, and
productive to meet the needs of globalization begins at the school level by
elevating the quality of pedagogy in the classroom. This initiative can be
achieved through active learning applied through the practice of computa-
tional thinking (CT) as a problem-solving skill. Nevertheless, due to an insuf-
ficient understanding of CT skills and the absence of particular modules to
direct teachers, the integration of CT as a problem-solving skill is still declin-
ing in the classroom. Therefore, the ME-CoT module has been developed to
provide a platform to help teachers and students apply CT as a prob-
lem-solving skill in the classroom to improve achievement in STEM subjects,
especially Biology, build CT, and develop metacognitive awareness. Thir-
ty-one secondary school students from the Jempol district (16 in the control
group whereas 15 in the treatment group) engaged in this research. Further-
more, to analyze the efficiency of the ME-CoT module, a quasi-experimental
study with a pre-test and post-test design was carried out. The treatment
group applied the ME-CoT module, while the control group utilized the tra-
ditional method. The instruments used are the Respiratory System in Hu-
mans and Animal Achievement test, MAI (Metacognitive Awareness Inven-
tory), as well as CT as Problem Solving Questionnaire. Both inferential and
descriptive statistics were employed to analyze the data. Wilcoxon T-Test and
Mann-Whitney U Test were implemented in inferential statistics because the
number of samples used was less than 20 students per group. Although there
was an improvement in the control group, the treatment group’s inferential
test results demonstrated a more significant improvement. Therefore, the
study’s findings cannot be generalized. Still, the implications of this study
suggest that the application of CT as a problem-solving skill may enhance
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achievement, establish computational thinking, as well as develop metacogni-
tive awareness among Form 4 Biology students.
Keywords

Interdisciplinary Projects, Human-Computer Interface, Pedagogical Issues,
Secondary Education, Teaching/Learning Strategies

1. Introduction

When information technology spreads across all industries and has a revolutio-
nary impact on the economy, business, governments, and countries, as well as
society and humans, IR 4.0 emerges (Mokhtar et al., 2019). The revolution in
technology is rapidly changing, producing new models and methods of educa-
tion for the future and enhancing the universities” capabilities to prepare gra-
duates for life in the real world (Rahardja et al., 2019). IR 4.0 will advance the
establishment of smart robots and replace humans in certain job sectors and in-
dustries. However, specific skills, knowledge and emotional intelligence can
never be replaced by robots (Alaloul et al., 2018; Rahardja et al., 2019). Because
of technological advancement, the education sector is forced to begin its tech-
nological revolution, focusing on educational innovation and agility, ultimately
changing traditional learning methods (Rahardja et al., 2019).

Malaysia’s development horizon in the Science and Technology field holds a
crucial role in fostering a culture of excellence in Engineering, Science, as well as
Technology (Malik, 2019). However, student enrollment statistics in science
streams for all government and government-aided schools (secondary and upper
secondary) still do not reach the 60:40 Policy, where MajalahSains.com (2017)
recorded the overall achievement of 60:40 Policy till 2017 was only 20:80. The
issue of student shortage in STEM education is closely related to the decline in
achieving Policy 60:40 (MajalahSains.com, 2017). Meanwhile, the decline in
achieving the 60:40 Policy was due to the defects in the application of the na-
tional Science curriculum, which changed significantly starting from 1965 to
2017 (KSSM revised curriculum 2017). This shortcoming is due to the lack of
sensitivity to changes in learning strategies in the Malaysian education system,
which is still examination-oriented and teachers, which also contributed to the
deterioration of Policy 60:40. The economic and social development of a country
depends on the capabilities of science and technology (MajalahSains.com, 2017).
If traced, the development of the country in terms of science and technology is
dependent on science education (Lilia et al., 2018) which is now specified as a
STEM field (Ah-Nam & Osman, 2017). Science, Technology, Engineering, and
Mathematics Education or better known by the acronym STEM, has become a
major component in the Malaysian Education Development Plan (PPPM
2013-2025) that is emphasized in the curriculum and co-curricular activities of

primary and secondary schools and at higher levels, namely high institutions. At
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the same time, the National Science Curriculum includes the curriculum of core
science subjects and elective science subjects. Biology is an elective science sub-
ject available at the upper secondary school level rooted in The Nuffield O Level
Pure Science Syllabus. Now, in addition to developing science-literate students,
high-level thinking skills, and applying scientific knowledge, the biology subject
curriculum is specially designed to empower and strengthen students’ know-
ledge and skills in STEM so that lifelong learning occurs in students (KPM,
2018). Yet one of the consistent issues that are still at an alarming level is the dif-
ficulty of students studying Biology. Teaching and learning practices practiced
by teachers are often disputed with difficulty in mastering the concepts and con-
tent standards of Biology (Cimer, 2012).

Besides that, there is a problem with implementing learning strategies that
arise from the variations in the educational environment between western and
eastern education in terms of content delivery (Phang & Tahir, 2012). Teachers
at secondary schools use innovative instructional strategies such as inquiry- and
problem-based learning, which diverge from traditional educational norms. Ful-
ly student-centered learning remains a question mark as many teachers still
practice traditional learning and are still less sensitive to the Industrial Revolu-
tion 4.0 challenges (Anealka, 2018; Mokhtar et al., 2019). This challenge must be
overcome to produce active human capital. Students who are active and capable
of developing society and the country are students who pursue STEM. Note that
students that have a STEM mindset and are critical, inventive, and creative may
solve problems and make judgments in their daily lives based on scientific prin-
ciples. In addition, students are also more dynamic, viable, fair, and responsible
to society and the environment. However, critical, creative, innovative, and
skilled human capital (KPM, 2018) that cultivates STEM alone is not enough to
achieve the Malaysian Digital Policy in the 4.0 educational revolution. An inter-
disciplinary approach to STEM and computer science is necessary because of the
spreading of digital technologies in the digital world. Therefore, using the up-
dated KSSR and KSSM, an initiative to include computational thinking (CT) ab-
ilities in teaching and learning started in Malaysia in 2014. CT is closely related
to computer science subjects; hence, an interdisciplinary approach to the STEM
field, including computer science, is much needed (Burbaite et al., 2018; Rubins-
tein & Chor, 2014; Tran, 2019).

CT has been integrated since the development of 21st-century abilities
through digital literacy (Mohaghegh & McCauley, 2016; Susan & Nurfaradilla,
2019). However, in Malaysia and international education, the efficiency of inter-
disciplinary methods is a contentious issue (Mohd Tafizam & Ramlee, 2017;
Weintrop et al., 2016). CT skills may help students accomplish the computer and
digital technology requirements in STEM fields. This is because CT incorporates
computer science ideas (conditions, loops, subroutines) as well as methods (de-
bugging and abstraction) that may be implemented in other science fields, for
instance, mathematics, physics, biology, social sciences, engineering as well as
language arts (Kotsopoulos et al., 2017; Lye & Koh, 2014). Many researchers ar-
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gue that CT must guide in disciplines other than computer science because of
the ability of CT to form powerful cognitive skills, which may possess a positive
influence with respect to children’s intellectual development. A student’s cogni-
tive skills are based on the development that exists in the cognitive domain
(HOTS) and the knowledge domain (metacognitive awareness) of the student.
Although the integration of CT in KSSM Semakan 2017 exists now, the main is-
sue is implementing CT in schools, and integration in the classroom is still a
question mark. CT is still new in the world of education (Lockwood & Mooney,
2018). Teachers still need guidance in the form of professional training, compu-
ting tools and support materials, such as modules to guide and practice CT in
the classroom (Lockwood & Mooney, 2018; Puganesri & Puteh, 2019; Rich et al.,
2020; Tran, 2019; Weintrop et al., 2016), particularly in the STEM field (Khine,
2018; Najibulla et al., 2018; Rich et al., 2020; Tran, 2019; Weintrop et al., 2016).
CT skills can be taught in the classroom utilizing appropriate pedagogy strate-
gies to assist students in developing metacognitive awareness and improve stu-

dents’ achievement in STEM subjects.

1.1. Statements of Problems

The emergence of the 4.0 Industrial Revolution presents a great challenge in the
Malaysian Industrial Sector (Zafir et al., 2018). Role machines now, during the
IR 4.0, carry out duties automatically to suit human demands via various sys-
tems, for instance, Internet of Things (IoT), Cyber-Physical System (CPS), IR
4.0, Advanced Management Program, or Industrial Internet (Kamaruddin &
Che Aleha, 2016). In line with that, drastic changes in the integration of infor-
mation technology should be given serious attention as it has a profound impact
on the economy, business, government and country, society, and individuals
(Mokhtar et al., 2019). If traced, this phenomenon affects the education system
not only in the country but also in the world through the transformation of
education at the global level in addressing the rapid pace of innovation and
technology (Nurulrabihah et al., 2020) which is stated in PPPM (2013-2025) to
produce students who are high-minded and competitive at the global level as
well as enhance the STEM education quality. However, now the question mark
is; 1) Does the human capital of science and technology in Malaysia have the
competence to compete in the global economic market, and 2) Can educational
issues in the STEM education field be identified and addressed efficiently? Con-
clusive evidence shows that student participation and achievement in STEM are
very worrying.

It is quite concerning how few students pursue STEM fields, as seen by the
challenge of reaching 60:40 Policy (Science/technical: Literature). Based on that,
the Malaysian government’s intention to produce more STEM-skilled manpower
was also stalled when the government’s intention to achieve the 60:40 (Science/
technical: literature) Policy in education has not been fully achieved. The 60:40
Policy is also emphasized in the National Education Policy by providing more

science and technology packages for students to choose from. The Malaysian
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government’s decline in achieving the 60:40 Policy was due to more students
opting for the literary stream, which created a shortage of assets in order to sa-
tisfy the requirements of the labor force in the period of the 4.0 IR. Majalah-
Sains.com (2017) claims that the overall achievement of the 60:40 Policy up to
2017 was only 20:80.

Various initiatives have been taken, including the upgrading of the education-
al system, the formulation of the Primary and Secondary School Standard Cur-
riculum, which includes various elements across the curriculum, as well as the
integration of higher-order thinking skills and computational thinking. Howev-
er, the government’s efforts fell short of the desired requirements, and the inter-
national assessment’s outcomes are dismal. The problem of Malaysian students’
deteriorating performance in international Science and Mathematics assess-
ments, for instance, the Program of International Science Assessment (PISA), as
well as the Trends in International Mathematics and Science Study (TIMSS)
(KPM, 2016, 2017), is a cause for concern.

The issue of deterioration in the achievement of international assessments,
especially in the subject of Biology, is also influenced by the issue of difficulty in
mastering the subject of Biology or the lesson’s content. An extensive compre-
hension of the anatomical and physiological parts of the body is necessary for
The Respiratory Systems in Humans and Animals study. As is well known, the
majority of students who select STEM biology courses go for careers in medi-
cine. Core courses like physiology and anatomy are required in health and med-
ical science degrees, which are frequently more difficult than those in other areas
(Periya & Moro, 2019). Furthermore, issues related to the pedagogy approaches
used by teachers in delivering content to students are often major issues in edu-
cation (Cimer, 2007; Cimer, 2012; Tan et al., 2019). Learning with construction
in terms of student structuring and assimilation of knowledge from existing
knowledge possessed by students is entirely dependent on the planning and im-
plementation of pedagogy practices that take place in the classroom (Lilia et al.,
2018). It is the duty of teachers to contextualize science knowledge, modifying it
to meet the demands and requirements of the curriculum and students in order
to ensure that significant learning takes place (Piaget, 1972; Reinoso Tapia et al.,
2019). Nevertheless, rote learning in schools (Fazilah et al., 2016) prevents using
active learning. Additionally, in order to encourage passive learning, abstract
and difficult information is typically delivered to students through lectures (Ci-
mer, 2012; Fazilah et al., 2016; Kamisah et al., 2013; Ah-Nam & Osman, 2017).
The simplicity of controlling the class and the ease with which the syllabus could
be completed led to the selection of this approach (Fazilah et al., 2016). Memo-
rization learning methods enhanced the effects of deteriorating accomplishment
in Biology subjects as a result of students lacking exposure to problem-based
learning, which led to troubles in answering HOTS questions. This was in con-
junction with the ongoing issues of interest and motivation lacking (Ah-Nam &
Osman, 2017). The memorization effect also contributed to a decline in test
scores on problem-solving tasks for the TIMSS (KPM, 2018) as well as the PISA
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2012 (Fazilah et al., 2016).

The integration of CT is intimately tied to pedagogical issues related to prob-
lem- and inquiry-based learning. Particularly among Malaysian teachers, CT is a
rather recent idea in the realm of education. The unconsciousness that exists in
Malaysian education today, particularly in the field of technology, limits the ca-
pacity of pupils who utilize technology to think, learn, and create (Ling et al.,
2017). Malaysian teachers’ attitudes and intentions in integrating CT through
programming and teaching, as well as Malaysian teachers’ awareness of CT, all
have a substantial impact with respect to CT integration inside the classroom
(Ling et al., 2017; Najibulla et al., 2018). Meanwhile, computational thinking’s
ability to promote the development of various skills (Najibulla et al., 2018;
Weintrop et al., 2016) proves that CT can guide students to think creatively and
critically and indirectly elicit metacognitive awareness (Cakiroglu & Er, 2020;
Cansu & Cansu, 2019). The importance of CT is seen in the proposal to integrate
CT into each child’s thinking skills for reading, writing, and arithmetic (Wing,
2006; Yagci, 2019). Meanwhile, metacognitive awareness also has a significant
impact on problem-solving and self-control, which is one of the strategies rec-
ommended in the Standard Based Curriculum for Secondary School through
inquiry learning. A student’s awareness of what they know and do not know is
known as metacognitive. When awareness exists in students, students can con-
trol their minds as cognitive strategies are utilized to plan, monitor, and evaluate
what has been learned (Koc & Kuvac, 2016). Metacognitive strategies or ways to
raise awareness of the thinking and learning process occurring are very impor-
tant and can be enhanced through knowledge of thinking. So, it is clear that stu-
dents themselves are the main human capital in determining their success in a
subject (Cardinale & Johnson 2017), whose role is to practice metacognitive
processes integrating new ideas with existing knowledge to create deeper learn-
ing (Cardinale & Johnson, 2017; Gémez-Veiga et al., 2018; Pratama et al., 2015)
Hence, CT represents a set of metacognitive and cognitive strategies in designing

a form of problem-solving creatively using digital technology.

1.2. Computational Thinking in Education

Although it is challenging to integrate CT in the field of STEM (Csizmadia et al.,
2019; Kong et al., 2018; Swanson et al., 2019) yet various initiatives have begun
to be undertaken around the world. It is crucial to ensure that the application of
CT takes place as planned (Burbaite et al., 2018; Weintrop & Wilensky, 2017).
The application of CT in the classroom starts from the study of Brennan and
Resnick (2012), who provide an extensive study of CT starting with computa-
tional thinking’s definition. The three main elements that make up the definition
of CT are 1) computational concepts, 2) computational practices, as well as 3)
computational perspectives (Brennan & Resnick, 2012). The three domains all
have a significant impact on the technological world. Nevertheless, computa-

tional concepts (for example, conditions, loops, as well as subroutines) and prac-
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tices (such as debugging and abstraction) are fundamental necessities in compu-
ting and computer science (Lye & Koh, 2014; Sengupta et al., 2013). Both do-
mains open opportunities for the integration of programming into the STEM
curriculum. The importance of the application of CT in the classroom received
the attention of various parties. Thereby, a taxonomy with four categories was
formed by David Weindrop and his research colleagues in 2016. The practice of
CT in STEM can be categorized into four main groups such as 1) data practices,
2) modeling and simulation practices, 3) computational problem-solving prac-
tices, as well as 4) systems thinking practices.

The theme of “practice” or “practical” is used in defining the “skills” and
“concepts” of CT within the framework of the Taxonomy of CT in Mathematics
and Science because the practice of scientific investigation is not limited to skills
but includes specific knowledge for each practice. Although the Taxonomy of
CT in Mathematics and Science encompasses four different sets of categories,
the practice of the four categories is interrelated and dependent on each other
(Weintrop et al., 2016). To achieve scientific goals, these practices are often used
together. Following these findings, this study uses a combination of practices
such as; 1) modeling and simulation practices, as well as 2) computational prob-
lem-solving practices. Practice is often associated with pedagogy activities that
take place in the classroom, where this study involves a combination of the four
practices of the Taxonomy of CT in Mathematics and Science (Weintrop et al.,
2016). Although among these four practices, Modeling and Simulation Practices
are among the most frequently used practices in the study of Biology. Kong et al.
(2019) express that developing the practice of CT in the STEM field context is a
productive endeavor and have identified key activities related to CT-STEM prac-
tice. Meanwhile, programming has been focused on in this study showing com-
putational problem-solving practices have been focused on directly.

Programming is inseparable from the practice of CT (Jodo et al., 2019; Rome-
ro et al., 2017; Rubinstein & Chor, 2014; Scherer & Siddiq, 2020). Programming
not only helps students improve their computational skills, but it can also help
them think more systematically (Jodo et al., 2019; Scherer & Siddiq, 2020). To
achieve optimum comprehension of course content among students, program-
ming must be accompanied by guidance in the form of support materials, assis-
tance from teachers, or more skilled (Rehmat et al., 2020; Scherer & Siddiq,
2020). As a result, programming techniques using the modeling and stimulating
practices included in the construction of ME-CoT modules are projected to help
secondary school students acquire CT abilities.

The world is rapidly evolving toward a digital era, necessitating a greater re-
quirement for programming expertise among students (Stripeikaité, 2017). Now
programming education has become a fashion (Hermans & Aivaloglou, 2017),
and programming has become one of the universal languages in the digital world
(Jancheski, 2017). The importance of creating a skilled workforce in program-
ming has urged the world of education globally to teach programming starting

from the school realm (Stripeikaité, 2017). In addition, there are various me-
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thods, tools, books, and applications for teaching programming (Hermans &
Aivaloglou, 2017) gradually and easily for children on the market. Programming
learning also benefits students in terms of cognitive or thinking construction,
information processing, and communication. These benefits can help foster
21*-century skills among students (Basu et al., 2017; Jancheski, 2017; Scherer &
Siddig, 2020).

In Malaysia, research and initiatives have been taken by the MOE in intro-
ducing and teaching students to master the programming language with scratch
and robotics activities. Furthermore, various studies involving scratch and ro-
botics have gained the attention of researchers to guide CT in students (Cheah,
2016; Saad, 2020; Sharifah Maryam et al., 2017). Meanwhile, in the analysis of
long-term effects, the importance of programming puts pressure on students
when students majoring in computer science after graduation often end up with
desperate results or switch to other subjects (Becker, 2019). However, the very
bright job opportunities are only focused on students who are capable of han-
dling digital technology in the IR 4.0 era. Furthermore, students who are
high-minded and globally competitive should master problem-solving skills
more explicitly. According to Cheah (2016), Wing (2011) and Wing & Stanzione
(2016), CT possesses the ability to build problem-solving skills. Simultaneously,
problem-solving skills are regarded as part of programming learning because
they make a difference in a student’s cognitive ability (Qian & Lehman, 2017).
Programming is a valuable teaching tool that allows students to form a diverse
set of problem-solving skills within themselves (Malik et al., 2019). CT skills, for
example, problem-solving suggested by Kalelioglu et al. (2016), are applied
through programming activities using programming language to guide students
to improve their level of cognitive thinking in acquiring content knowledge,
build computational thinking, and also foster students’ metacognitive awareness.

Numerous studies on improving CT skills among school students have been
conducted in Malaysia and abroad using various methods such as scratch, ro-
botics, and other block programs. Yet scratch has disadvantages compared to the
use of programming languages for programming activities. The most notable
disadvantage of the use of scratch is that it has no procedures. Therefore the use
of Scratch cannot produce an impressive phenomenon, which is one of the main
ideas in computer science. In addition, using natural language in block naming
in Scratch applications can minimize and limit students’ exposure to program-
ming terminology that should be known, such as loops and functions (Li et al.,
2019). While Scratch builders accept this opinion, their reason is not to want to
threaten children with programming languages (Harvey & Monig, 2010). Thus,
various initiatives were taken by Scratch to further strengthen the Scratch pro-
gramming system by dividing it into kids users and advanced users (Harvey &
Monig, 2010). This clearly shows that the founders of scratch developed the
scratch system for advanced users but still adopted the concept of block-based
programming instead of text-based programming, which is a form of program-

ming that can be integrated among high school students (Krpan et al., 2017).
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Although the teaching of programming language is favored by students, the dif-
ficulty of students in understanding and applying the programming language is
a question mark due to the complexity of the programming language itself.
Meanwhile, (Vygotsky, 1979) criticized Piaget’s opinion to introduce program-
ming languages such as Java through Smalltalk teaching (Angeli & Jaip-
al-Jamani, 2018; Khine, 2018) to school students with his justification that this
effort lies outside a student’s proximal zone development. Nevertheless, support
and assistance from adults or teachers (Angeli & Jaipal-Jamani, 2018; Basu et al.,
2017; Scherer & Siddiq, 2020) can guide students in mastering programming
languages, for instance, C++, C, C# as well as Java. Despite the general criticism
of programming languages, researchers began to explore an alternative method
to introduce programming to high school students more interesting and effec-
tive, namely a form of programming, “Text-based Programming,” that utilizes
the C# programming language.

In this study, the choice of programming language also mattered. Researchers
make sure that the usage of programming languages is consistent with Vy-
gotsky’s Social Theory of Constructivism, which holds that new ideas are created
in the Proximal Development Zone to establish that students do not incur cog-
nitive burdens. Because of this, Stripeikaité (2017) compared students using
Scratch and C-Syntax in terms of their programming skills and discovered that
C-Syntax users had a deeper understanding of programming. Additionally, stu-
dents that learn C-Syntax programming (for instance, Java, C++, and C#) are
better able to master the language than those who learn block-based program-
ming, like Scratch (Stripeikaité, 2017). The use of Python and C# has been wide-
ly adopted by students in secondary and primary schools in the nation of Croa-
tia. Both programming languages are extremely well-liked and benefit from be-
ing translated or extended to other languages (Krpan et al., 2017). Thus, it can be
concluded that the weakness of Scratch, which acts as the most basic program-
ming that is only suitable and can be introduced to kindergarten children and
primary school students (Jancheski, 2017; Stripeikaité, 2017), has opened up
opportunities for researchers to find a suitable form of programming and easy in
terms of use to high school students to study the Respiratory Systems in Humans
and Animals which accumulate full of images. Compared to Python, the re-
searcher chose C# programming for this study because of the Visual Studio
Community 2019 software that had been selected. Furthermore, programming
involving programming languages also plays a role in guiding students to master
metacognitive awareness more efficiently (Basu et al.,, 2017; Scherer & Siddiq,
2020). Therefore, the researcher chose C# programming used in WPF (Window
Presentation Foundation) with Visual Studio software. Meanwhile, researchers
also agree with Jodo et al. (2019) that when students are showered with pleasant
experiences in the use of programming languages in building interesting pro-
gramming products starting in the school world, then, obviously, students’ fears
of learning programming will disappear (Becker, 2019). Students are becoming

interested in learning the subjects taught and gaining new knowledge through
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programming activities. Therefore, the researcher took the initiative to give a
touch of text-based programming to STEM students, especially Biology students,
so that their job opportunities are not only focused on medicine but more

broadly on Biology and technology.

1.3. Metacognitive Awareness

At the secondary and primary school levels, pedagogy approaches are based on a
teaching system that emphasizes the content knowledge and skills of the subjects
taught. The ability to read and comprehend scientific content is known as scien-
tific literacy. Scientific reading is essential in the realm of research since it entails
not only the retrieval of scientific data but also an active approach that includes
techniques of analysis, data interpretation, and data processing (Dori et al.,
2018). Most instructors overlook where learning strategies should be cultivated
in students rather than independently throughout the delivery of established
subject requirements while adopting content learning. Meanwhile, students
should be given a conducive learning environment to acquire and use metacog-
nitive awareness (Cakiroglu & Er, 2020).

In this context, combining metacognitive strategies while delivering content
knowledge is critical to effective learning outcomes. The success of a student
depends on the student’s capability to use learning strategies in learning a sub-
ject and subsequently build a deep understanding of the topic studied (Sun,
2013). Metacognitive learning strategies possess a significant impact on know-
ledge acquisition and the outcome of learning. Moreover, researchers in this re-
search emphasize the fact that problem-based learning approaches are closely
related to metacognitive awareness (Cakiroglu & Er, 2020) in addressing such
problems by finding procedural solutions using CT involving computer pro-
gramming. The concept of “thinking about thinking” refers to metacognitive
awareness, as we already know (Astuti et al., 2017; Koc & Kuvac, 2016; Mazli
Sham & Saemah, 2014; Sun, 2013). Metacognitive comprises two main elements,
which are cognition knowledge as well as cognition regulation (Caviola et al,,
2009; Koc & Kuvac, 2016; Rahimi & Katal, 2012). The ability to understand and
manage one’s own thinking and learning processes is known as metacognitive
(Astuti et al., 2017; Chou, 2017). A person’s awareness with respect to what they
know and do not know is also referred to as metacognitive. Students employ
metacognitive strategies as a way to become more conscious of their own inter-
nal processes of thought and learning. Planning, observing, and assessing the
knowledge taught can help students better manage their thoughts (Koc & Kuvac,
2016; Hasan et al., 2017). Building metacognitive in students is the existence of
awareness of learning processes and strategies that lead to success. When
awareness exists in students, then students have high self-confidence and high
motivation to plan ways to achieve success.

The success of a student depends on the student’s learning style, which can
guide the student to form metacognitive awareness (Crowe et al., 2008). In addi-

tion, a high level of metacognitive students can improve student achievement
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(Mohamad Masrizan, 2019) and teachers should be prepared to present an in-
teractive teaching style to meet the needs of the diversity of learning styles avail-
able to students (Fraenkel et al., 2012). The importance of metacognitive aware-
ness is even more evident in the field of computing. The ability of students to
solve a problem using or accessing technological tools can often enhance meta-
cognitive awareness (Basu et al., 2017; Scherer & Siddiq, 2020). Furthermore,
computer-based learning often focuses on the domain of students ‘knowledge in
terms of their ability to implement cognitive and metacognitive processes during
the problem-solving process. Symbiosis with this, several studies of metacogni-
tive enhancement through the practice or fostering of CT among students have
caught the attention of researchers (Basu et al., 2017; Scherer & Siddiq, 2020).

Metacognitive awareness is already available in the experience of prob-
lem-solving computational thinking. Debugging or troubleshooting skills can
help students correct their errors (Lai et al., 2015; Schraw & Dennison, 1994)
and complete assignments more accurately and transparently. Increased meta-
cognitive awareness and self-organization of the students are often associated
with students’ strengths in identifying and correcting misconceptions and errors
as well as developing efficient and effective problem-solving strategies (Basu et
al., 2017). From a metacognitive perspective, complex problems require students
to develop strategies for elaborating learning as well as problem-solving tasks.
Nevertheless, students have choices in the process of decomposing, planning,
sequencing, and completing a given task. Furthermore, it is the responsibility to
coordinate, manage, evaluate, monitor, and reflect on suitable metacognitive
strategies and cognitive processes as they interpret, seek, and apply information
to build and assess the possibility of problem-solving occurring in students.
Viewed from another angle, this process is a major challenge for students when
students do not have the skills to use computing system tools (Scherer & Siddiq,
2020) or the experience and understanding to organize learning and prob-
lem-solving explicitly (Basu et al., 2017).

In addition to traditional distractions, guiding students in solving a problem
in a complex and intricate environment requires a more systematic framework
of tasks that lead to the evolution of problem-solving (Basu et al., 2017; Rehmat
et al., 2020; Scherer & Siddiq, 2020) that is practiced in computational thinking.
Furthermore, Hadad et al. (2020) in their study have stated that formative train-
ing provided while applying computational thinking-based activities can foster
metacognitive awareness in students. However, Hadad et al. (2020) suggested
within the limitations of the study that this practice should be developed in other
fields and subjects to see metacognitive development broadly with a variety of
formative activities. Meanwhile, Romero et al. (2017) have interpreted cognitive
skills and metacognitive awareness to be under the umbrella of computational
thinking. The study of Romero et al. (2017) also suggested that programming
other than Scratch should be applied not only to students at the university level,
but the study should involve various ages or at the school level again. Allsop

(2019) suggested that the assessment of CT skills includes the metacognitive as-
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sessment. Metacognitive awareness plays an important role in computational
thinking. Metacognitive awareness is inseparable from computational thinking.
In conclusion, this study also serves to prove the existence of increased meta-
cognitive awareness of students through programming activities. The increase in
metacognitive awareness among students in this study can be seen from the
overall beginning of metacognitive awareness, cognitive strategies, planning, as
well as self-assessment of students (Allsop, 2019).

Furthermore, CT represents a form of problem-solving framework that can
guide metacognitive awareness in each student in mastering the content of the
lesson and can improve student achievement in the field. The ability of students
to apply metacognitive awareness indicates that students can act on their know-
ledge. Metacognitive awareness can improve students academic achievement
across ages, cognitive abilities, and learning domains (Mohamad Masrizan,
2019). The increase in achievement is closely related to the metacognitive
awareness of students’ levels (Cakiroglu & Er, 2020). In his research on matricu-
lation biology students, Mohamad Masrizan (2019) discovered that “metacogni-
tive awareness has a vital influence on students’ academic improvement.” Thus,
the researcher clearly shows that metacognitive awareness can be built by apply-
ing CT skills via the integration of CT skills from the CT Framework as a Prob-
lem-Solving Process (Kalelioglu et al., 2016). At the same time, Farah Aida and
Che Nidzam (2016), who stated a very weak relationship between metacognitive
awareness and KBAT, are at odds with the findings of Burbaite et al. (2018). The
latter stated that the cognitive domain plays a role in building students” meta-
cognitive awareness. Students with high metacognitive awareness can help stu-
dents improve student achievement (Mohamad Masrizan, 2019). The decline in
terms of students’ ability to self-learning can be identified through the study by
Cardinale and Johnson (2017), which stems from teachers’ teaching that is less
effective in developing metacognitive awareness. This study states that teaching
and learning that guides students to improve metacognitive awareness rests on
the shoulders of teachers (Cardinale & Johnson 2017), who should design a crea-
tive and efficient form of pedagogy approaches (Mohamad Masrizan, 2019).
Training students to master metacognitive awareness can help them change their
behavior based on understanding biology’s function and its application in
learning and positively influencing achievement. The learning strategy used by
teachers to communicate subject material has a direct impact on how metacog-
nitive awareness and CT develop. In this research, problem-based and inquiry-
based learning were selected and implemented to ensure maximum mastery in
the integration of CT to foster metacognitive awareness in students and directly
impact students’ achievement in Biology education.

1.4. ME-CoT Teaching Module

Considering the issues discussed, the need for improvement and innovative
teaching pedagogy approaches need to be implemented in the Biology class-

room. ME-CoT module is designed with plugged-in activities that immediately
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develop students’ computational skills through programming activities that di-
rectly empower students’ metacognitive awareness, even though several up-
growing modules concentrate on delivering Biology content knowledge. In this
study, the ME-CoT module is an interaction of three key learning theories, spe-
cifically a combination of constructivist, social, and cognitive learning theories.
These three theories of learning are Vygotsky’s Social Constructivist Theory,
Robert Gagne’s Information Processing Theory, Constructivist Theory, as well
as Metacognitive Theory. Through CT activities, the combination of learning
theories can promote metacognitive awareness and student accomplishment in
problem-based and inquiry-based learning. Using CT as a problem-solving skill
is recommended in the Framm. The skills were organized based on the Model
Revised by Bloom’s Taxonomy and CT (Burbaite et al., 2018). To optimize the
impact on developing metacognitive awareness while employing the ME-CoT
module, the CT skills as problem-solving were incorporated from the Frame-
work of CT as Problem-Solving (Kalelioglu et al., 2016), while the skills were or-
ganized based on the Model Revised by Bloom Taxonomy and CT (Burbaite et
al., 2018). Furthermore, there exist six CT problem-solving skills selected in this
study: 1) Abstraction, 2) Decomposition, 3) Pattern recognition, 4) Algorithm,
5) Modeling and Simulation, and 6) Debugging. Thus, metacognitive awareness
can be built-in for students at every level. Still, at the debugging and trouble-
shooting level (Weintrop et al., 2016), students try to identify their mistakes and
begin to recorrect them, where the achievement learning process can be seen.
Therefore, each selected skill plays an essential role in enhancing the cognitive
domain and helping to stimulate students’ domains of knowledge to achieve

high metacognitive awareness.

1.5. Study’s Purpose

This research is designed to create the ME-CoT module for the topic of Respira-
tory Systems in Humans and Animals and to evaluate its effectiveness in raising
students” achievement in biology, cultivating computational thinking, and pro-

moting metacognitive awareness.

2. Method
2.1. Research Design

The unbalanced control group underwent pre- and post-tests as part of this
study’s experimental design, which is a quasi-experimental design. The study re-
cruited 31 students from two separate schools in the Jempol District of Negeri
Sembilan, Malaysia. Furthermore, 15 and 16 students, correspondingly, com-
prised the treatment and control groups. Students who are enrolled in the biol-
ogy classes that the school has designated as electives make up the study’s res-
pondents. In this study, Campbell et al. (1963) and Fraenkel et al. (2012) sug-
gested a convenience sampling method from the existing group (intact group),

which is the existing population. In order to avoid issues or disruptions at the
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school, respondents will not be randomly assigned to treatment and control
groups. Since the ME-CoT module is a teaching and learning module built based
on the Form 4 Biology Curriculum Standard document, it can be implemented
during school hours during teaching and learning Biology by students who are
available in the classroom. This study uses a factorial design, i.e., it involves one
independent variable. Groups (treatment and control) were independent va-
riables, so the study design was represented as a 1 x 2 factorial.

Groups A and B underwent Pre-test (O), where Group (A) received interven-
tion with ME-CoT module (X). In contrast, Group (B) did not receive an inter-
vention. It will undergo traditional learning and facilitation for a period set by
the researcher according to the annual plan of Biology subjects set by the MOE.
Next, Groups A and B will undergo a post-test (O). The research framework is
displayed in Table 1.

According to Campbell et al. (1963), the best time for the post-test is one
month after the pre-test. The post-test was implemented one month following
the treatment. A test paper on the topic of Respiratory Systems in Humans and
Animals, a questionnaire on computational thinking (CT) as a problem-solving
skill (Yagci, 2019), as well as the Metacognitive Awareness Inventory (MAI),
were the instruments utilized for the pre and post-tests (Harrison & Vallin, 2018;
Schraw & Dennison, 1994). Before the study, the Biology teacher in the treat-
ment group was trained by the researcher. Note that the teacher underwent

training for two weeks.

Population and Sample

Thirty (30) biology students from two schools in the Jempol District of Negeri
Sembilan, Malaysia, participated in the project. There were 15 students in each
of the treatment and control groups, correspondingly. As per the convenience
sample approach, students from both groups were chosen from the current
groups (intact group) as stated by (Campbell et al., 1963). Due to the set class-

room arrangements in Malaysia, the convenience sampling method was adopted.

2.2. Research Instruments

2.2.1. Exam Paper

The level of students’ mastery of the content of a subject in terms of facts, con-
cepts, principles, and skills is measured using the Achievement Test. In this
study, the same Achievement Test will be tested twice as the pre-test and post-
test. Here, the pre-test was tested to identify students’ existing knowledge and

homogeneity of both treatment and control groups. In contrast, the post-test was

Table 1. Non-equivalent control group design.

Group Pre Test Intervention Post Test
A o X (6]
B o O
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tested after treatment to test the ME-CoT module’s effectiveness. In addition, the
items in the Achievement Test were constructed by the researcher concerning
the Curriculum and Assessment Standard Document (KPM, 2018), last year’s
SPM questions, Form Four Biology Textbook, and Form Four Biology reference
books. The items in the Achievement Test are constructed based on the Test
Specification Table (TDS) to ensure that the Test questions are distributed in
various difficulty levels, referring to the Revised Bloom’s Taxonomy (Krathwohl,
2002). In addition, questions constructed based on the Test Specification Table
(JSU) can improve the validity of Test content (McMillan & Schumacher, 2014).
The questions were created using six key categories: understanding, remember-
ing, analyzing, applying, evaluating, as well as creating (Krathwohl, 2002). The
Achievement Test is carefully constructed to meet the criteria and measure con-
tent mastery based on the Respiratory System Learning Area in the Human
Body. Moreover, this process can avoid repeating the same question without any
modification.

At the beginning of this study, the researcher constructed 40 objective ques-
tions, five structural questions, and four essay questions. This is for the process
of selecting appropriate and accurate questions to assess the mastery of the con-
tent of learning standards. After discussing with two experts, namely the Biology
teacher and the head of the SPM Biology paper marker, the objective and subjec-
tive questions were carefully selected so that they could be answered once in the
allocated time of 1 hour and 15 minutes. This is to ensure the assessment of
content mastery at the maximum rate with the number of questions given and
the time allocated to answer the Achievement Test. Table 2 shows the Total
questions and marks in the provisions of the Assessment Test that have been

recommended by the expert to the researcher.

2.2.2. Computational Thinking as Problem-Solving
The CT questionnaire is Yagcr’'s (2019) CT problem-solving which includes
problem-solving (Kalelioglu et al., 2016; Yagci, 2019). Programming is an activity

Table 2. Total questions and marks for the achievement test set.

Section Question Marks Total marks Explanation
Section A contains 15 objective questions
A 1-15 15 15 . . .
with a difficulty ratio of 5:3:2
16 6 Section B includes two structural
B 15 questions. Students are required to answer
17 9 both structural questions.
18 20 Section C is an essay question where
C 20 students are required to choose one
19 20 question
This total score will be multiplied by 2 to
Total marks 50 P ¥
get the % score
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that can build CT from the aspects of concept (CT concept), practical (CT Prac-
tices), perspective (CT Perspectives) (Allsop, 2019; Angeli & Giannakos, 2020;
Hadad et al., 2020) and problem-solving. Because this study focuses on prob-
lem-solving employing CT skills, the CT problem-solving skills instrument con-
structed by Yagc1 (2019) is used to identify CT skills as student problem-solving
with regards to problem-solving and its impact on the formation of metacogni-
tive awareness among students. CT skills as students’ problem-solving were
measured using an instrument constructed by Yagci (2019). The five-point Li-
kert scale comprises 20 items under the factor of CT as problem-solving. This
questionnaire was selected to specifically define CT skills as problem solvers
built-in students after using the ME-CoT module.

A pilot study of the CFA was conducted on 20 items of the CT as a Prob-
lem-Solving questionnaire, which was translated by an expert translator and
language teacher. The constructs were assessed by expert construct validity. Af-
ter identifying the differences and similarities in the terms and language, the re-
searcher discussed with the supervisor and obtained explanations and opinions
before the questionnaire instrument was distributed to 157 students of Biology
Form 4. A total of 153 questionnaire instruments were received, and 150 ques-
tionnaires were used to conduct the CFA test in this study. Internal reliability is
measured based on the correlation between the items in a questionnaire item
construct. The Cronbach’s Alpha statistical value showed a reading above 0.7,
which is 0.981. Then, it meets the set level. Overall, the validation factor analysis

met the set criteria.

2.2.3. Metacognitive Awareness

The research instrument utilized in this study is the “Metacognitive Awareness
Instrument (MAI),” which contains 52 items. This questionnaire has been
translated and used locally by researchers in the country to test the metacogni-
tive awareness of school students (Farah Aida & Che Nidzam, 2016) and insti-
tutes of higher learning (Cheng & Eng, 2009; Chong & Sungap, 2021) have been
consulted and is used by the researcher in this study. The order of items in each
construct is according to the order of items stated by Harrison & Vallin (2018).
This instrument has the advantage of alternative assessment in that it can meas-
ure higher-level thinking skills or metacognitive awareness, covering cognitive
regulation as well as cognitive knowledge. Cognitive knowledge may direct dec-
larative knowledge, procedural knowledge, as well as conditional knowledge. In
contrast, cognitive regulation can guide students to plan, monitor, evaluate, de-
bug, and information management to solve a problem (Schraw & Dennison,
1994). Thus, this study touches on the metacognitive component covered by the
Metacognitive Awareness Instrument (MAI) assessment instrument (Harrison &
Vallin, 2018; Koc & Kuvac, 2016; Schraw & Dennison, 1994). Metacognitive
awareness can be explicitly measured by the measurement of assessment instru-
ments (Allsop, 2019; O’Neil & Abedi, 1996). The MAI construct proposed by

Schraw and Dennison (1994) contains cognitive knowledge factors and cognitive
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regulatory factors.

Table 3 shows the number of items in MAI. The inventory has a scale of 52
items in which all items are valued with a 5-point Likert scale having eight
sub-components, namely 1) Planning, 2) Monitoring, 3) evaluation, 4) Informa-
tion management strategy, 5) Debugging, 6) Declarative Knowledge, 7) Proce-
dural Knowledge as well as 8) Conditional Knowledge (Harrison & Vallin 2018).
Thus, this research uses the Metacognitive Awareness Instrument (MAI), which
covers all aspects of the metacognitive component. The table shows eight con-
structs containing 52 items. This inventory is well suited to assess the effective-
ness with respect to the usage of ME-CoT modules.

Determine the Cronbach’s Alpha coefficients were analyzed using 30 Biology
form 4 students excluded from the actual study. Correspondingly, the findings of
the analysis recorded a Cronbach’s Alpha multiplier reading of 0.953, which

showed that all items showed high consistency.

3. Results
3.1. Data Analysis

The study of the effectiveness of the ME-CoT module is a study of quantitative
data. Thus, IBM SPSS 23.0 software was used to evaluate the study’s data. De-
scriptive analysis, for instance, the mean and standard deviation for Achieve-
ment Test (pre and post), metacognitive awareness questionnaire data, and
computational thinking (CT) skills data, will be used to describe and compare
the findings based on group type (Treatment and control group). The research
questions raised by the researcher in Chapter one were addressed using inferen-
tial analysis. Table 4 shows the relationship between the research questions, re-
search instruments, research respondents, and the determination of appropriate
data analysis.

The quantitative data of the study were analyzed using non-parametric statis-

tical tests because the study involved a sample size of fewer than 30 students.

Table 3. The number of items in MAI

Factors Constructs Number of items
declarative knowledge 8
The factor of cognitive

gnittv procedural knowledge 4

knowledge
conditional knowledge 5
Planning 7
Monitoring 7

Factors of cogniti

. ghitive Evaluation 6

regulation
Information strategy management 10
Debugging Strategy 5
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Table 4. Research questions, instruments and data analysis.

Research questions Instrument Data Analysis

Are there differences in pre- and post-achievement test Achievement test for the field of . .

. . . . Wilcoxon signed
scores for the field of Respiratory Systems in Humans and Respiratory Systems in Humans and Rank Test

ank Tes

Animals in the experimental group? Animals (Set 1)
Are there differences in post-achievement test scores for the ~ Achievement test for the field of
field of Respiratory Systems in Humans and Animals Respiratory Systems in Humans and Mann Whitney U

between the control group and the treatment group? Animals (Set 2)

Are there differences in pre and post-test scores of CT skills

Wil igned
Questionnaire CT as Problem Solving Feoxon sighe

in the experimental group Rank Test

Are there differences in post-test scores of CT skills between ) . . .
Questionnaire CT as Problem Solving Mann Whitney U

the control group and the treatment group?

Are there differences in pre and post-test scores of . . . Wilcoxon signed

. . . Metacogmtlve awareness questionnaire

metacognitive awareness in the experimental group? Rank Test

Are there differences in post-test scores of metacognitive

awareness between the control group and the treatment Metacognitive awareness questionnaire Mann Whitney U

group?

3.2. Findings
3.2.1. Findings of the Students’ Achievements

For the treatment group’s Respiratory Systems in Humans and Animals test, a
study evaluating the ME-CoT module’s effectiveness was carried out to see if
there were any variations between pre and post-achievement test scores. Fifteen
individuals from the Form 4 Biology class made up the study sample for the
treatment group. They were chosen from the available groups. Prior to and dur-
ing the usage of the ME-CoT module, the Wilcoxon Signed Ranks Test statistical
findings revealed that there exist differences in achievement test scores for the
Respiratory Systems in Humans and Animals (p = 0.001, p < 0.05). Table 5
listed the Wilcoxon Signed Ranks Test for pre and post-achievement test scores
in the treatment group. Apart from that, the analysis’s findings made it abun-
dantly evident that the mean rank for a positive rank (mean rank = 8.00) was
greater than the mean rank for a negative rank (mean rank = 0).

Meanwhile, Figure 1 clearly shows that the median values for both pre- and
post-groups differ. The median value of the post-test (M = 66), which is higher
compared to the pre-test (M = 24) on the Boxplot Graph, clearly exhibits that
the ME-CoT module integration may aid students in understanding the Respi-
ratory Systems in Humans and Animals content more effectively because there is
improved student achievement before and after treatment. This indicates that
the null hypothesis (Ho)) is rejected.

In addition, the Mann-Whitney U test was employed to answer research ques-
tion 2, which is to compare the post-achievement test scores between the inde-
pendent variables of the control group and the treatment group. The findings of
the Mann-Whitney test analysis for the Post-Achievement Test between the
control and treatment groups are displayed in Table 6 in more detail.
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Figure 1. Median values for both pre- and post-achievement tests in the treatment group.

Table 5. Wilcoxon signed rank test for pre- and post-achievement test scores in the
treatment group.

Achievement Test N M SD  Median Z Mean Rank  Sig

Pre-test 15 24.00 6.676 24
-3.412 8.00 0.001
Post-test 15 67.73 14.655 66

Table 6. Mann-Whitney U Post Achievement Test score between control and treatment
group.

Group N MR SR V4 Mann-Whitney U Sig
Control 15 9.37 140.50
-3.826 20.500 0.000
Treatment 15 21.63 324.50

To test the research hypothesis, the Mann-Whitney U test was implemented
to establish if there exists a variation in test scores between the post-test of the
control group (N = 15) as well as the post-test of the treatment group (N = 15)
with respect to the field of learning Respiratory Systems in Humans and Ani-
mals. Moreover, the results of the study were noteworthy; Mann-Whitney U =
20.500, p = 0.00 (p < 0.05). Apart from that, the null hypothesis (Ho,) was re-
jected because the mean post-test rating for the treatment group was greater
than the mean post-test rating for the control group (mean of the post-test for
the control group = 9.37, whereas the mean of the post-test for the treatment
group = 21.63). The Mann-Whitney U test results also exposed that there exists a
major difference between the post-test achievement scores for the control group
and the treatment group in this research.

A boxplot graph was made to compare the median values of the post-test
scores of the treatment and control groups in order to further support the

Mann-Whitney U test’s conclusions. Figure 2 is a boxplot graph showing the
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Figure 2. Comparison of median values between the post-achievement test scores of the
control and treatment groups.

differences between the two groups. The treatment group’s median post-treat-
ment achievement test score (M = 66) was greater than the control group’s me-
dian score (M = 50) on the test. These results show that the incorporation of the
ME-CoT module has an impact on students’ performance in the Field of Respi-

ratory Systems in Humans and Animals.

3.2.2. Findings of Computational Thinking as Problem-Solving

To establish whether there exists a difference between the pre-and post-CT or-
dinal scores in the treatment group, a study evaluating the effectiveness of the
ME-CoT module was carried out. A total of 15 study samples from the treatment
groups in this study were drawn from Form 4 Biology student groups. Before
and after using the ME-CoT module, there was a variation in the ordinal scores
for computational thinking, according to statistical findings from the Wilcoxon
Signed Ranks Test (p = 0.001, p < 0.05). The analysis’s findings made it abun-
dantly evident that the mean rank for a positive rank (mean rank = 8.00) was
greater than the mean rank for a negative rank (mean rank = 0). Table 7 displays
the Wilcoxon Signed Rank Test between Pre- and Post-computational thinking
Tests in the treatment group.

Meanwhile, the Boxplot graph in Figure 3 clearly shows that the median val-
ues for both the pre- and post-treatment groups differ. The median value of the
post-CT score (M = 98) is higher than the pre-CT score (M = 61) in Boxplot,
showing that the ME-CoT module integration may aid students in advancing CT
skills along with the improvement of the ordinal score of CT before and after
treatment. This indicates that the null hypothesis (Hys) is rejected.

Meanwhile, the Mann-Whitney U test was employed to answer study question
4, which is to compare the ordinal score of CT between the independent va-
riables of the control group and the treatment group. The findings of the
Mann-Whitney test analysis for the post-test of the control and treatment
groups are illustrated in Table 8.
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Figure 3. Comparison of median values for both pre- and post-computational thinking
scores in the treatment group.

Table 7. Wilcoxon Signed Rank Test of computational thinking in the treatment group.

Computational Thinking N M  SD Median Z  Mean Rank Sig

Pre 15 61.20 2.513 61
-3.418 8.00 0.001
Post 15 97.27 1.438 98

Table 8. Mann Whitney U test of post computational thinking score in control and
treatment group.

Group N MR SR Z Mann-Whitney U Sig

Control 15 8.00 120.00
—4.692 0.000 0.000
Treatment 15 23.00 345.00

The Mann-Whitney U test was employed to establish whether there exists a
difference in CT scores between the post-tests of the control group (N = 15) and
the treatment group (N = 15) in order to assess the study’s main hypothesis.
Study findings were significant, Mann-Whitney U = 0.000, p = 0.00 (p < 0.05).
Furthermore, the mean rank post-test with respect to the treatment group was
greater in comparison to the mean rank post-test of the control group (mean of
the post-test of the control group = 8.00; mean of the post-test of the treatment
group = 23). This means that the null hypothesis (H04) is disproved, and the
outcomes of the Mann-Whitney U test reveal that there exists a major variation
between the control group and the treatment group in this research.

A Grof boxplot was made to compare the Median values between the CT
scores of the treatment and control groups in order to support the results of the
Mann-Whitney U test. Figure 4 is a Boxplot Graph showing variations between
the two groups. The median value with respect to the post-CT score of the
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Figure 4. Boxplot of post-test scores of computational thinking scores between the treat-
ment group and the control group.

treatment group (M = 98) was greater compared to the median value of the test
score of the control group (M = 61). These findings indicate an effect of the in-
tegration of the ME-CoT module on the CT of Form 4 Biology students in the

treatment group.

3.2.3. Findings of the Level of Metacognitive Awareness

A study of the ME-CoT module’s effectiveness in enhancing Metacognitive
awareness was conducted to identify whether there exist variations in metacog-
nitive pre-awareness scores as well as metacognitive post-awareness scores in the
treatment group. A total of 15 study samples of the treatment groups involved in
this study were from groups available in the Form 4 Biology class. Prior to and
following the usage of the ME-CoT module, there was a difference in the ordinal
scores with respect to metacognitive awareness (p = 0.001, p < 0.05), according
to the statistical findings of the Wilcoxon Signed Ranks Test in Table 9. The
analysis’s findings made it abundantly evident that the positive rank’s mean rank
value (mean rank = 8.00) was higher than the negative rank’s mean rank value
(mean rank = 0).

Meanwhile, the median values with respect to the pre- and post-metacognitive
awareness ordinal scores in treatment groups are different. The median value of
the metacognitive post-awareness score (Median = 254) is higher than the me-
tacognitive pre-awareness score (Median = 133). Figure 5 shows a Boxplot
Graph of Pre- and Post-Test of Metacognitive Awareness ordinal scores in the
Treatment Group. Apart from that, the sketched diagram in the Boxplot Graph
clearly shows that the integration of the ME-CoT module can help students cul-
tivate metacognitive awareness with the improvement of ordinal scores in me-
tacognitive awareness before and after treatment. This indicates that the null

hypothesis (Hos) is rejected.
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Figure 5. Boxplot graph of pre- and post-test of metacognitive awareness ordinal scores
in the treatment group.

Table 9. Wilcoxon Test signed rank metacognitive awareness scores in the treatment
group.

Metacognitive awareness N M SD  Median Z Mean Rank  Sig

Pre 15 133.47 4912 133
-3.413 8.00 0.001
Post 15 254.07 3.369 254

Meanwhile, to answer research question 6, which is to compare the ordinal
scores of the metacognitive post-awareness test between the independent va-
riables of the control group as well as the treatment group, the Mann-Whitney U
test was implemented. The Mann-Whitney U test findings analysis for the
post-metacognitive awareness test ordinal scores for the treatment and control
groups are outlined in Table 10.

To test the study hypothesis (Hos), the Mann-Whitney U test was employed.
This is to establish whether there exists a difference between the ordinal score of
the metacognitive post-awareness test of the control group (N = 15) and the or-
dinal score of the metacognitive post-awareness test of the treatment group (N =
15). Study findings were significant, Mann-Whitney U = 0.000, p = 0.00 (p <
0.05). Note that the null hypothesis (Hos) is rejected because the mean rank of
the post-test with respect to the treatment group was higher in comparison to
the mean rank of the post-test for the control group (mean rank of the ordinal
score with respect to the metacognitive post-awareness test for the control group
= 8.50, whereas the mean of the ordinal score of the metacognitive awareness
test for the treatment group = 24.00). A substantial difference exists between the
control group and the treatment group in this study, referring to the Mann-
Whitney U test findings.
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Table 10. Mann-Whitney U Test of metacognitive awareness between the control and
treatment group.

Group N MR SR zZ Mann-Whitney U Sig
Control 15 8.00 120.00
—4.673 0.000 0.000
Treatment 15 23.00 345.00

Boxplot graphs were created to compare Median values of the ordinal scores
of the metacognitive post-awareness test between the treatment and control
groups, further supporting the results of the Mann-Whitney U test. Figure 6 is a
Boxplot Graph of ordinal scores of post-metacognitive awareness tests between
the control and treatment groups. Furthermore, the median value of the ordinal
score of the metacognitive post-awareness test of the treatment group (M = 254)
was higher as opposed to the median value of the ordinal score of the metacog-
nitive post-awareness test of the control group (M = 155). These findings indi-
cate an effect of the integration of the ME-CoT module on the metacognitive

awareness of Biology Form 4 students in the treatment group.

4. Discussion

The ME-CoT module’s effectiveness in this study can be shown with regards to
raising students’ levels of computational thinking (CT) and metacognitive
awareness while also enhancing their performance in the Respiratory Systems of
Humans and Animals topic. Therefore, this study uses a quasi-experimental
method. Two groups of Form 4 Biology students from two schools in Jempol
participated in this study. Moreover, the treatment group comprised 15 students
who underwent PdPc sessions based on the ME-CoT module. In comparison,
the control group consisted of 16 students who underwent traditional PdPc ses-
sions, which are often applied by teachers while delivering lesson content in
the classroom. Both groups were given pre-test and post-test with respect to
the three study variables, namely, a set of achievement test questions (Respi-
ratory Systems in Humans and Animals), a set of CT problem-solving ques-
tionnaires as well as a set of metacognitive awareness questionnaires. The
sampling of the study involved students available in Form Four Science (Biol-
ogy) classes. The results of a significant Mann-Whitney U test study showed
that the treatment group’s mean rank post-test grade was significantly greater
than the control group. This might be seen as showing that the ME-CoT mod-
ule had a very significant impact on student achievement, developing a level of
CT and encouraging students to be aware of their metacognitive processes. But
in order to support the study’s conclusions, even more, the relationship and
interrelationship between the three dependent variables have been discussed in
more detail.

Evaluation in terms of the effectiveness of the module starts from the ME-CoT
module establishment. If explored more precisely, the development of the

ME-COT module is an integration of four learning theories as Theory of
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Figure 6. Boxplot graph of ordinal scores metacognitive post-awareness tests between the
treatment group and the control group.

Constructivism, Metacognitive Theory, Vygotsky’s Social Theory of Construc-
tivism, as well as Robert Gagne’s Information Processing Theory. The laws and
fundamentals found in each theory are utilized to enhance the ME-CoT mod-
ule for the mastery of knowledge and information required in this study.
Meanwhile, to further strengthen this research, the combination of CT skills as
a solution from The Framework of CT as Problem Solving (Kalelioglu et al.,
2016) as well as its compilation based on the Revised Bloom Taxonomy Model
and CT (Burbaite et al., 2018) have helped in fostering metacognitive aware-
ness in students.

The ME-CoT module is a content-rich module based on four units on the
topic of Respiratory Systems in Humans and Animals. Each unit is developed
based on the lesson objectives found in the Biology content standard Form 4,
which was crafted by the Malaysian Education Ministry. Meanwhile, the
ME-CoT module contains 20 worksheets that meet the requirements for the
mastery of each piece of information related to the Respiratory Systems in Hu-
mans and Animals. In the meantime, the application of CT skills through vari-
ous activities that include content standards as well as programming activities
allows students to train CT in solving a problem. Meanwhile, the arrangement of
CT skills is one of the strengths of the ME-CoT module. Referring to the Revised
Bloon? s Taxonomy and CT (Burbaite et al., 2018), this design automatically aids
in promoting metacognitive awareness among students. Furthermore, the se-
quencing of tasks based on inquiry-based and problem-based learning enhances
students’ motivation to master the subject matter as well as their ability to grasp
the lesson’s material.

Active learning that exists through the application of ME-CoT modules in the

classroom is seen not only from student involvement and formative assessment
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but also through the production of learning products. Learning products help
students understand the content of the lesson. At the same time, each step pre-
sented through the arrangement of CT skills like problem-solving also contri-
butes to the CT construction, including fostering metacognitive awareness of
students in stages. Furthermore, solving a problem based on the content of Bi-
ology lessons computationally (Kalelioglu et al., 2016) can foster metacognitive
awareness in students in stages starting with planning, monitoring, evaluation,
information management strategies, debugging, declarative knowledge, proce-
dural knowledge, and lastly conditional knowledge (Schraw & Dennison, 1994).
This gradual involvement of students triggers an active form of learning and is
directly responsible for the construction of CT and the construction of metacog-
nitive awareness in students, as well as contributing to students’ achievement in
Biology education.

The ME-CoT module’s worksheets and activities all adhere to the concept of
understanding the course material. Based on the four units of the Respiratory
Systems in Humans and Animals, each worksheet was created, where the deli-
very of lessons ranges from simple to more complex. Programming activities be-
gin with the construction of algorithms, which is among the CT skills of prob-
lem-solving. The algorithm provided by the students is the essence of the lesson
content to be included in the Visual Studio Software Module to prepare the ac-
tivity product. With this, it can be clarified that the learning process will occur
simultaneously with the construction of CT and the fostering of metacognitive
awareness takes place. Although the programming activities applied in the
ME-CoT module are the foundation of Computer Science, each CT skill, for in-
stance, problem-solving, is compiled and developed, attributing to the essence of
lesson content and can help students improve not only achievement but also
build CT as well as foster metacognitive awareness.

Provided that the three variables in the research problem are traced in this
case, it has an impact on the achievement of the Biology subject at the school
and international levels. Student achievement has a less encouraging impact, es-
pecially in the subject of Biology. Student achievement in Biology also contri-
butes to student achievement in STEM. The achievement of Malaysian students
in PISA in the subject of Science, as well as the achievement of Malaysian stu-
dents in TIMSS, specifically in the subject of Biology, gave a great blow to Ma-
laysia at the international level. The decline in achievement, as well as the lack-
luster scores of Malaysian students, has profoundly impacted the issue of
achieving the 60:40 Policy. This issue also contributes to the issue of unemploy-
ment (Kamaruddin & Che Aleha, 2016) among male and female students after
graduating from the tertiary level due to a lack of capability to be competitive in
the global world (Shamsudin et al., 2014). Student engagement in Science and
Mathematics declined because of the practice of lecture-type learning (Cimer,
2012; Fazilah et al., 2016; Kamisah et al., 2013; Ah-Nam & Osman, 2017) as well
as memorization methods (Fazilah et al., 2016) applied in schools. Here, stu-

dents begin to feel bored and not interested in actively engaging in learning as
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well as creating a lack of motivation in learning subjects. This, in particular,
concerns STEM and ends up having a negative impact on student achievement
in STEM. The ME-CoT module was developed by considering each consequence
and problem.

The integration of the ME-CoT module provides a clear explanation of how to
discard memorization techniques and the application of the techniques of un-
derstanding the content of the lesson in stages, starting from the basic or simple
to the more complex without stressing memorization. The thinking skills that
are focused on in this study consist of six CT skills as problem-solving, namely;
1) abstraction, 2) decomposition, 3) pattern recognition, 4) algorithm construc-
tion, 5) modeling and simulation and 6) debugging recommended by Kalelioglu
et al. (2016). Besides, each problem-solving CT skill used in the ME-CoT module
was constructed based on the Revised Bloom Taxonomy and CT Model in or-
der to maximize the promotion of metacognitive awareness (Burbaite et al.,
2018). The ME-CoT module’s uniqueness in building CT is also evident
through the application of three Visual Studio Software Modules known as 1)
See, Pause and Answer Module, 2) Drag and Drop Module, and 3) Speak Out
Module. These three modules include modeling and simulation. The fifth skill
in the organization of CT skills is problem-solving. The Visual Studio Software
module covers programming activities that use the C# programming language.
The ME-CoT module emphasizes programming training because it is a think-
ing exercise (Oluk & Korkmaz, 2016). In addition, the programming activity is
not only a mechanical process but also a discipline of thinking. There exists a
very high relationship between students’ programming skills and CT skills (Oluk
& Korkmaz, 2016), proving the ME-CoT module may enhance students’
achievement, establish CT, and develop metacognitive awareness among stu-
dents.

The development of a student not only involves the achievement and level of
thinking skills in students but also the type of activity that students are partici-
pating in through the teaching and learning activities is also a contributor. Only
the future-oriented and adaptable to the new methods of teaching and learning
among educators can bring some changes happening in the digital age of wis-
dom, not the educator who is still acquiring the traditional methods. Meanwhile,
the students or the learners who are thrown out of cybergogy and peeragogy will
always be dependent and not independent (Anealka, 2018; Mokhtar et al., 2019).
Besides that, transformation in teaching and learning will structure the educa-
tion market structure when the students are exposed to the new teaching strate-
gies emphasized in IR 4.0 (Nor Samsinar et al., 2019). The exerting to enhance
STEM education showed that humans and technology are aligned (Anealka,
2018).

Assessing the information when the memorization method (Dani Asmadi &
Kamisah, 2011; Fazilah et al., 2016; Végh et al., 2017) is still applied in the
classroom, especially in fact-rich Biology subjects, then the existence of passive

learning situations will be more pronounced (Allen & Tanner, 2005). Thereby,
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active learning must be triggered in a pedagogical approach that enables stu-
dents to apply cognitive skills and strategies at a higher level by creating
meaning from their experiences and environment and therefore building their
knowledge and understanding will be created. The ME-CoT module empha-
sizes PBM and PBI, and these pedagogical approaches have included using CT
to solve problems. Solving problems is a CT skill that can aid in developing
CT. The need for students to master CT is to help students solve complex
problems simply and systematically, such as a computer (Khine, 2018; Lee &
Malyn-Smith, 2020; Wing, 2008), to form the workforce needed in IR 4.0.
Furthermore, the ME-CoT module is particularly interested in the benefits of
integrating CT skills with problem-solving when presenting lesson content,
which helps in fostering metacognitive awareness. While using the ME-CoT
module, students will carefully plan the time and information required to
monitor activity procedures, problems, and information required. Students
make evaluations of constructed activity products and products presentation,
identify information strategies, debug by identifying errors to be corrected,
cultivate declarative knowledge, and implement procedural knowledge, as well
as conditional knowledge.

This study result promotes that CT is very important in shaping students so
that they are prepared to deal with issues in the actual world. Metacognitive
awareness also plays a crucial role in enhancing student achievement and help-
ing students achieve academic excellence at the globalization level. To improve
achievement, build computational thinking, as well as foster metacognitive
awareness, CT skills, as problem-solving plays an essential role, have been
crafted through 20 types of activities, starting from the basics to the more com-
plex ones, as emphasized in the arrangement of CT skills as problem-solving in-
dicated the ME-CoT modules’ effectiveness. To further develop the ME-CoT
module’s effectiveness, the researcher also presented advanced research involv-
ing active learning as a research variable, applying the ME-CoT module in other
learning areas or other STEM subjects, diversifying the set of CT skills, as well as
increasing the number of study respondents. Therefore, the ME-CoT module
has become an important tool in taking proactive steps toward elevating the

quality of education to world standards.

5. Conclusion

This study effectively demonstrates how the ME-CoT Learning module im-
proves biology education outcomes for students by developing computational
thinking (CT) as well as metacognitive awareness. This work proposes an inter-
disciplinary approach, integrating computer science into Biology education
through the ME-CoT module. It is proven to be another method for improving
students’” achievement in Biology education, developing computational thinking,
and nurturing metacognitive awareness among secondary school students. Ad-

ditionally, teachers are urged to incorporate problem-based learning and in-
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quiry-based learning into their teaching and learning process to promote active
learning through the use of this teaching module. This module is also able to in-
crease the students’ interest in acquiring Biology content by focusing on the
Module independently. The project-based learning emphasized in the Biology
curriculum had been a plus point in order to integrate the ME-CoT Learning

module in the classroom.
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