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Abstract. Computational thinking (CT) has become a vital approach to
problem-solving. This method has been proven successful in various
areas, especially science, technology, engineering, mathematics
(STEM), and professional development. The integration of CT in
education provides a practical approach to solving problems. This
concept paper investigated the various uses of instructional techniques
and programming tools to enhance CT skills used in previous empirical
research. CT consists of four main pillars: decomposition, which refers to
breaking down identified problems into smaller parts; pattern
recognition, which involves finding occurring patterns that can be seen;
abstraction through identification of important details and removing
unnecessary information; and algorithm, where a step-by-step procedure
is solution is made. By exploring instructional strategies and
programming environments, this paper outlines the possible impacts of
these instructional strategies, games, and programming environments on
improvement in CT skills, thus providing a theoretical basis for future
empirical studies. The strength and combination of these approaches
provide a comprehensive learning experience. This paper also suggests
instructional techniques and programming tools to enhance
underexplored CT skills based on research gaps.

Keywords: Computational Thinking; Effectiveness; Instructional
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1. Introduction

The definition of Computational Thinking (CT) refers to a systematic approach
related to problem-solving that comprises elements such as decomposition,
pattern recognition, abstraction, and algorithms to come up with solutions that
can solve complex problems across diverse subjects (Wing, 2006; Susanti & Taufik,
2021). It is not just a cognitive skill originating from computer science, but it can
be a novel framework in education by providing students with practice in using
analytical thinking and creativity to solve real-life problems (Csizmadia et al.,
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2019; Butler & Leahy, 2020). CT is derived from the fundamentals of computer
science concepts. According to De Jestis and Martinez (2020), CT can be divided
into four main components: decomposition, pattern recognition, abstraction, and
algorithm, representing an approach to problem-solving. Before designing an
algorithm to solve a problem, abstraction is used to eliminate any extraneous
information.

CT uses an approach that integrates techniques vital in Science, Technology,
Engineering, and Mathematics (STEM) disciplines that require us to demonstrate
originality, algorithmic reasoning, analysis, problem-solving, and collaboration
(Law et al., 2021). People with excellent CT skills are better at solving complex
problems and developing innovative solutions as more sectors use technology
(Gonzélez-Gonzélez et al., 2021). Therefore, the development of mindset growth
is needed to thrive in ever-changing circumstances, and CT must help cultivate
just that. Students should prepare to handle global issues and create innovation
in the future (Gilchrist et al., 2021). This depends on their ability to improve CT
skills, especially considering the increasing need for STEM professions.

As Beecher (2017) referred, CT tactics use strategic problem-solving methods. One
approach uses backward working, which involves identifying the results and
creating a solution to reach the outcome. This method benefits tasks with clear
objectives like puzzle-solving and route planning. One other tactic is through
critical thinking. This includes checking the validity and robustness of ideas and
conclusions by asking tough questions. This method can identify assumptions
and problems with suggested solutions. Beecher stresses that a better grasp of
more complex situations can be achieved by applying what has been learned
about related difficulties. However, these solutions must also be modified
according to their specific context.

Applying CT skills can enhance a better approach to problem-solving, increasing
solutions' efficiency and efficacy as stated by Supiarmo et al. (2022), where it acts
as a method to solve problems through logical thinking that supports critical
evaluation. Kannadass (2023) also pointed out that the connection between CT
skills and critical thinking skills was substantial; student’s ability to solve
problems was connected to these skills. (Kannadass, 2023; Zahroh & Ekawati,
2022). Therefore, this concept paper aims to explore empirical research that has
delved into various instructional techniques and programming tools used to
enhance CT skills, investigate the effectiveness of different programming
environments and tools in promoting CT, and identify gaps and areas for future
research in CT education.

2. Literature Review

2.1 Theories & Frameworks for Computational Thinking

Many theories and frameworks are related to computational thinking, and
numerous empirical studies have referred to more than one framework. This
concept paper discusses three prominent theories used as guidelines for empirical
research. Brenan and Resnicks (2012) are some of the most distinguished scholars
focusing on expressions, creativity, and empowerment through computational
thinking. Their theoretical framework comprises three key components:

http:/ /ijlter.org/index.php/ijlter



437

computational concepts, practices, and perspectives (Kilig et al. (2020); Vinnervik
& Bungum, 2022). The ideas develop while a programmer completes the code
referring to computational concepts. Simultaneously, the skills and habits they
obtain while doing tasks such as debugging a programming project are related to
computational practices. Finally, computational perspectives refer to the
programmer’s engagement while handling programming activities (Nayak et al.,
2020). This framework uses imagination-based learning, which refers to students'
imaginative thinking to solve problems, such as hands-on projects with
computational technologies as expressive media for exploring ideas and solving
problems (Deng et al., 2022).

Another framework that focuses on CT is Seymour Papert's article that presented
the idea of CT in 1980: for students to make mental models when working with
computers to enhance learning (Wardana & Pranoto, 2020). According to Papert
(2020), an individual’s social and educational principles are related to the
technological tools they apply, which can influence how they solve a problem.
Papert emphasizes the importance of active engagement with computational
systems in developing knowledge and comprehension. The learning approach
emphasizes learning by doing by utilizing programming languages to create and
manipulate artifacts and assessing how the students engage with these languages.
It is intended to facilitate learners' tangible investigation of mathematical and
computational concepts.

The framework of Papert can be deconstructed into three primary components:
constructionism, interdisciplinary learning, and social and affective engagement.
Constructionism is related to constructing computational artifacts and
underscores the importance of personal creative expression and social
engagement in learning (Morado et al., 2021). Interdisciplinary learning refers to
utilizing computational activities and programming as instruments to improve
cognitive abilities across various fields (Li et al., 2020). Finally, social and affective
engagement emphasizes the significance of student engagement in developing
computational solutions to promote a better understanding and learning
experience (Sharma et al., 2021).

The theoretical framework proposed by Jeannette Wing emphasizes fundamental
cognitive skills and problem-solving strategies applicable across disciplines. CT
encompasses cognitive skills involved in formulating and executing solutions to
problems in ways that may be performed by information-processing agents
(Fagerlund et al., 2022). Problem-solving skills are essential for reasoning with
data and observations, evaluating hypotheses, depicting mathematical
expressions, and working well in teams (Cindikia et al., 2020). The learning
approach related to this framework is developing computational literacy and
problem-solving skills. Wing’s framework demonstrates the universal
applicability of CT beyond the field of computer science. The framework CT
includes how information is represented in digital form, algorithms, which
emphasizes that programs convey algorithms and data in a format that can be
implemented on a computer; virtual representations, recognizing that digital
systems generate virtual representations of both natural and artificial phenomena;
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and communication, which involves understanding how digital systems interact
using protocols.

2.2 Instructional Techniques for CT Development

Instructional techniques refer to the various methods that can be used to enhance
learning outcomes. Investigating effective instructional techniques for enhancing
CT is one of the significant studies in education and technology. CT integrates
problem-solving strategies using computer science elements like algorithms,
abstraction, and logical reasoning, as stated by Santosa (2024). Other disciplines
can effectively cultivate these computing skills (Avcu & Er, 2020). By investigating
how students' computational/critical thinking can be progressively developed,
the educator and researcher are better equipped to assist students in realizing
those significant competencies needed in today's digital world (ERGIN, 2023).
This could be done through various investigations, from coding hands-on projects
to more prominent, transdisciplinary efforts to bridge the theory in computation
(Ubaidullah et al., 2020). Students must be exposed to multiple learning strategies
in today's classroom, which instill the latest innovations and practical techniques
to foster the development of CT (Kastner-Hauler et al., 2022).

2.2.1 Game-Based Learning.

Current enhancements and innovations of the new technology have led to the call
for game-based learning, where these strategies in still games enhance student
learning and engagement (Talib et al., 2017; Chan et al., 2021). This approach has
been witnessed to make learners learn through a jolly and captivating means
(Ramle et al., 2019). As has been echoed by previous empirical studies, it can be
effectively used for learners at various stages, such as kindergarten, primary
school, middle school, and even undergraduates, to learn and acquire knowledge
willingly. These methods ask learners to solve problems innovatively, cultivating
CT skills (Gong & Qiao, 2021). Game-based learning can be carried out either
through a plugged approach via platforms like Minecraft, CodeCombat, Penguin
Go, and Scratch as presented through previous research (Kutay & Oner, 2022;
Saritepeci,2020; Liu & Jeong, 2022) that integrates the use of technology and digital
tools to enhance and facilitate the learning process or through unplugged
approaches, whereas students formulate solutions in problem-solving by using
algorithms and CT steps through non-digital context t (Mumcu et al., 2023). It is a
practical approach that can motivate and engage students in classrooms (Zhang,
2024).

Plugged approaches use technological tools such as computer programs to set
game-based learning in motion. Unplugged approaches refer to those using other
media unrelated to technology. Liu and Jeong (2022) investigated how in-game
cognitive supports would affect students' CT skills using a quasi-experimental
design with an educational game, Penguin Go. The testing developed CT for CT
skills in near and far transfer tasks. Another study by Ye et al. (2023) focused on
how middle school students implemented the computational components of
decomposition, pattern recognition, abstraction, and algorithm using a game-
based learning platform called MaLT2. This integrates affordances for designing
3D dynamic models with computational capabilities. A study by Kutay and Oner

http:/ /ijlter.org/index.php/ijlter



439

in 2022 implemented these approaches using Minecraft to investigate whether the
integration of the said platform could increase computational thinking.

The research by Kutay and Oner (2020) focused on implementing Minecraft into
their coding lessons among middle school students to deliver the lesson
interactively and engagingly. They have determined whether such a way of
delivering the lesson might increase student coding concepts and CT skills. Their
findings showed that students' understanding of coding concepts and CT skills
increases significantly once this approach is utilized within the classroom.
Another study by Zhang et al. (2023) applied game-based learning to improve CT
and to involve parents in the educational process for rural students in China. The
study has exploited the collaborative features that game-based learning can offer
to help improve CT skills, thus demonstrating how students’ engagement by
sharing their experience in learning can develop a collaborative learning
experience and help parents understand and be more involved in their education
(Zhang et al., 2023; Nasir & Ngah, 2022). The research results highlighted how
crucial parental involvement supported the development of CT in children. It
helped students improve in problem-solving, logical reasoning, and creativity
through game-based approaches.

2.2.2 Problem-based learning

They are introducing STEM into the educational setting to enhance critical
thinking, collaboration, and problem-solving so that future graduates can solve
real-life problems in the work area (Pujiastuti & Haryadi, 2023; Topsakal et al.,
2022). Hidayati (2023) defines problem-based learning (PBL) as a strategy through
which students solve authentic problems by being motivated and actively
engaging in cooperative and critical thinking activities concerning their studies to
ensure that the learners can achieve the in-depth understanding that results from
experiencing problems and then solving them. A few scholars have conducted
empirical research to evaluate the effectiveness of implementing this approach
towards the development of CT and have seen potential impact in increasing
learners’ skills. This section will elaborate on the methods and findings of scholars
such as Kwon et al. (2020) and Ma et al. (2021), who have used these problem-
based learning approaches to enhance CT skills among learners.

Kwon et al. (2021) have studied the effect of blending problem-based learning into
computer science subjects at the elementary education level. The experiment
involved a class of students who attended an elementary school. The results
illustrated that problem-based learning is very effective in producing improved
skill performance in CT and a change of interest in the learner toward the subject.
Implication-wise, they put the students at the center of problem-solving, a
scenario meant to encourage the advantage of critical thinking.

In a similar study, Ma et al. (2021), guided by the IGGIA framework (Inquiry,
Gathering, Generating, Interpreting, Applying) and a problem-solving approach,
the study sought to establish that such methods showed a significant
improvement in students' CT skills and, likewise, empirically test the view that
there are substantial improvements in students' CT skills and self-efficacy
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realized. This approach also invited students to deal with the challenges
cooperatively, with each student developing problem-solving skills and gaining
confidence in CT assignments.

Therefore, it shows the potential that PBL can effectively develop CT and
computer science attitudes among students. Problem-solving experience readies
students to build significant competencies for the 21st century: critical thinking,
collaboration, and growing self-efficacy. Implementing PBL in computer science
education makes students experience meaningful learning processes. It allows
them to acquire competencies in complex resolution problems at school and in
real life. According to Papert, an individual’s social and educational principles are
related to the technological tools they apply, which can influence how they solve
a problem.

2.2 Scaffolding learning approaches

Scaffolding refers to providing structured support while students learn new skills
or consciousnesses. This approach helps each learner acquire the requisite skills
and knowledge. According to Zhou et al. (2023), scaffolding strategies within CT's
educational system have different objectives. Some may steer students through
complex ideas or activities that gradually reduce the assistance as learners'
competence grows with increasing independence. This section investigates
empirical studies using scaffolding approaches to highlight their effectiveness in
computational thinking.

Leveraging activities related to the development of a game among primary school
students conducted by Kukul and Cakir (2020), the use of the Kodu Lab Game
was implemented to investigate its effectiveness in enhancing CT skills with the
assistance of scaffolding approaches. The observed CT skills components were
decomposition, abstraction, generalization, testing debugging, and evaluation.
The results indicated that at a novice level, students required intense support
through scaffolding to enhance their CT skills since prior experience within the
group was limited, leading to lower developments in algorithmic thinking, for
instance. Scaffolding strategies, especially modeling and peer assistance, proved
very effective in helping the students deconstruct the tasks, enhancing their
overall learning outcomes. These scaffolding activities also made possible not
only the development of technical skills but also the increase in the motivation
and self-confidence of students, underlining that tailored support plays a
significant role in educational contexts. Kukul & Cakir (2020).

Additionally, scaffolding techniques showed potential in developing abstraction
skills faster but minimal progress in generalization testing and debugging skills.).
Therefore, this study highlighted the potential of scaffolding techniques to
enhance CT skills. A-Mazed is a game developed by Blockly Games. It
implements the study by Tivka and Tambouris (2023), which uses scaffolding
approaches. The researcher adapted this method to a controlled and experimental
group to check on two outcomes: CT skills and attitude toward computational
thinking.
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Scaffolding approaches apply specific guidance and support to the students
concerning their learning needs (Lee et al., 2023). Such design would progress
students through complex programming tasks only to focus on acquiring CT skills
in algorithmic thinking, abstraction, and debugging (Udvaros et al.,, 2023).
Gradually removing the scaffolds as students became proficient showed the
presence of structured support mechanisms that appropriately scaffold CT
learning and foster more profound engagement with computational concepts. The
results showed that this approach increased CT concepts among them and their
problem-solving skills (Zhou et al., 2023).

Thus, previous studies' findings showed the importance of scaffolding as an
instructional strategy in CT education. With appropriate guidance and support,
students could be encouraged to solve complex problems, developing higher-
order thinking to foster a favorable disposition toward computational learning.
Scaffolding is, in strategy, embedded within the framework of constructivism,
emphasizing active learning and student-centered approaches as learners acquire
meaningful CT skills.

2.3 Design-Based Learning Approaches

The instructional approach of design-based learning (DBL) in education means
enhancing problem-solving skills, generating creativity, and creating more
meaningful learning experiences (Kerimbayev et al., 2023). It is a pedagogical
strategy aimed at equipping learners with 21st-century competencies through
practical activities that are project-based in nature and promote CT skills (Shin et
al., 2021). This paper, therefore, aims to bring several studies to light that describe
how DBL fosters CT skills and leads to better student outcomes.

One exemplary study by Saritepeci (2020) investigated the impact of DBL
activities on high school students' CT skills. Saritepeci (2020) used a design-based
learning method that integrated programming tasks and showed how this
integrated approach significantly enhanced students' CT skills. The research
found that design-based activities and programming challenges are closely
connected; it is argued that learners involved in authentic designing develop skills
associated with computational thinking. Jun, Han, and Kim (2017) conducted a
similar study on the DBL approach in 2017. They focused on how it affected
learners' self-efficacy and CT skills compared to traditional instructional
strategies. The results showed that DBL significantly enhanced students' self-
efficacy, self-interest, and self-CT. This research used CT skills and encouraged
better knowledge about computing ideas, hence putting more emphasis on
collaborative and project-based learning.

Students develop critical problem-solving abilities, creativity, and confidence in
applying computational principles to real-world contexts by engaging in hands-
on design challenges and programming tasks. However, for regions that do not
have similar access to digital sources, this approach could be used using low-tech
solutions or unplugged solutions such as building blocks for prototyping,
therefore creating experiential learning and promoting creativity. DBL is entirely
consonant with constructivist learning theories, which connects the fact that
students must be actively engaged, explore, and work collaboratively during
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learning experiences (Wang et al., 2022; Weng et al., 2022). These are crucial in the
development of students' 21st-century skills. The two studies provided empirical
tindings that integrating activities using this scheme could significantly enhance
students' CT skills.

2.4 Collaborative and Constructionist Learning Approaches.

Any approach utilized for instilling cognitive ability in learners comprises
collaborative and constructionist methodologies. According to a constructionist
perspective (Papert, 1980), learning indicates that people generate understanding
when they involve themselves in practical activities accompanied by tangible
artifacts. It seeks to provide students with an opportunity for self-directed
problem-solving, which enhances their intellectual level instead of ordinary
memorization associated with the schooling system (Harini, 2023; Kim & Seo,
2021). In contrast, collaborative learning modes allow students to directly engage
with their peers, instructors, and course materials to construct knowledge. It,
therefore, capitalizes on socialization to enhance learning achievement through
teamwork, opinion sharing, and knowledge building from other people's
experiences. For instance, a study by Girvan and Savage (2019) identified that
students involved with problem-based learning performed better in solving
problems than those who integrated traditional methods. This proves the
efficiency of collaborative approaches.

According to Saritepeci (2020), design-based learning activities are the
constructionist approaches to enhancing CT among high school students. During
these hands-on projects and programming tasks, students actively construct
solutions for problems and work in teams to apply computational concepts that
relate to challenges in the real world (Harlizius-Kliick & McLean, 2021). Students
gain a deeper understanding of CT principles while learning key communication
and teamwork skills by working in groups. This approach fosters a constructivist
approach through which students build their comprehension of the
computational concepts and deeply understand the subject matter (Guaman-
Quintanilla et al., 2022).

Herro et al. (2021) have identified that the activities that are conducted in
collaboration significantly enhance CT. Students, during such activity actively
and independently develop comprehension of computational ideas through the
creation and iterative testing of their ideas with their codes. Thus, these
approaches provide them with problem-solving skills along with creativity. The
underlying attribute of such an approach is creation; hence, learning is
collaborative and experiential. Therefore, these constructionist and cooperative
learning activities effectively build computational skills and improve teacher
education. Educators can provide significantly different classroom learning
experiences by integrating these methods (Saad & Zainudin, 2022; Morado et al.,
2021).

2.5 Programming Environments and Tools

Previous empirical studies have investigated various programming environments
and tools to enhance CT skills (Cetin & Otu, 2023; Dikkartin et al., 2022; Moon et
al., 2022; Piedade & Dorotea, 2023) that focus on 12 students and undergrad
students. The previous researchers have implemented several tools and
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environments in the educational setting, including object-based, text-based,
educational games, and virtual reality. This section will investigate what has been
studied and the outcome.

2.5.1 Block-based Tools and Environments.

Block-based environments refer to visual blocks that can be used to teach the
concepts of programming to students, especially at the early stages of
programming introduction for novice learners, where the fundamentals of
programming concepts can be learned without having to deal with complex issues
such as syntax errors that occur in text-based programming (Lin & Weintrop,
2021). Some standard block-based programming tools, Blocky, eduBlocks,
mBlock, and Scratch, are widely used to enhance learning (Chao et al., 2023; Tikva
& Tambouris,2023). However, Scratch is one of the most prominent tools used in
research to evaluate CT (Mladenovi¢ et al., 2020; Piedade & Dorotea, 2023). Its
visual features allow students with no prior knowledge of programming
background to learn coding without worrying about syntax errors. Previous
studies have applied this tool to teach students coding and investigated its impact
on computational thinking. The effectiveness of block-based environments in
improving CT abilities among students has been demonstrated by research works
like those done by Kutay and Oner (2022) and Piedade and Dorotea (2023). In
engaging activities and interactive tutorials, learners can develop problem-
solving, algorithmic thinking, and logical reasoning skills needed for
computational thinking.

2.5.2 Text-based Programming Languages

Text-based programming languages like Python, JavaScript, and Swift offer a
more advanced pathway for intermediate learners to deepen their understanding
of coding principles and syntax (Cetin & Otu,2023; Cheng & Chen,2021). While
these languages may present a steeper learning curve than block-based
environments, they provide learners greater flexibility and power to create
complex programs. Research studies by Saritepeci (2020) and Cheng and Chen
(2021) have explored the impact of text-based programming environments on CT
skill development, showcasing how structured curricula and interactive
platforms like Swift Playgrounds can enhance logical thinking and reasoning
skills among students. Text-based programming languages prepare learners for
more advanced programming tasks and foster a deeper understanding of
computational concepts by immersing learners in real-world coding scenarios and
projects.

2.6 Integration with Educational Games and Virtual Reality (VR)

Minecraft, CodeCombat, and CodeWars are educationally inspired games and
virtual reality experiences that support novice, intermediate, and advanced
learners and help take advantage of the engagement from games and simulations
to produce better learning outcomes (Dabbous et al., 2022; Dabbous, 2023). The
tools showed the increased CT skills in a rather engagingly immersive and
interactive way. Previous works by Liu and Jeong (2022) and Agbo et al. (2023)
opened possibilities for applying these tools to teaching and learning situations.
Their findings showed that implementing educational games and virtual reality
simulation impacted CT competency. These tools supported the students toward a
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better understanding of the concept of coding and problems in an engaging
manner through hands-on approaches.

Instead, teachers can integrate game-based activities that include immersive
technologies; with this, students will become curious, creatively and critically
thoughtful, and problem hands-on solvers and flexible thinkers in our
contemporary computer-based environment (Smiderle et al., 2020). Minecraft or
CodeCombeat are educational games that require students to explore, build, and
solve problems in a virtual world; therefore, the learning process is triggered
through curiosity and creativity as the student navigates and interacts with the
game environment. Besides, challenges that include coding or logical puzzles can
establish their critical thinking and problem-solving skills (Wong & Nasir, 2024).
Such task difficulty levels can be gradually increased by teachers to eventually
render the students flexible thinkers who can adapt to any new diverse problem-
solving scenario.

CT education programming settings and tools include trajectories for learners to
explore computational ideas, get coding skills, and develop a mindset crucial to
triumphing in our contemporary digital society (Jadska et al., 2021). This ranges
from block-based platforms to text-based languages and even includes immersive
experiences to engage educators and learners in meaningful practices involving
coding principles to deepen an understanding of CT (GUO, 2024). Further
research in this field will, without any doubt, pay benefits back to the future of CT
education, especially in such innovative teaching methods and technology-
enhanced learning environments that have opened a wide range of possibilities
and insight into this now-altered scenery of learning computer science.

2.7 Effectiveness of different techniques and tools in enhancing CT skills

The previously conducted research has provided helpful information on how
different teaching methods and tools help learners develop CT (CT) skills (Kutay
& Oner, 2022; Saritepeci, 2020; Zhang et al., 2023).To achieve this aim, we need to
look at different themes and trends from various combinations of methods and
resources to get a picture of CT education. Various instructional strategies, such
as integrating GBL with PBL, have been reported to be effective (Kwon et al., 2021;
Ma et al., 2021). Through authentic problem-solving scenarios incorporating game
elements, students can create stimulating and immersive learning experiences
promoting critical thinking and creativity. Similarly, CT development has
benefited from applying scaffolding strategies alongside design-based learning
(DBL) activities (Saritepeci, 2020). Through hands-on design challenges and
programming tasks, learners receive learning approaches tailored to their needs,
facilitating obtaining CT skills while promoting deeper conceptual
understanding. Collaborative and constructionist learning strategies have also
been found to enhance CT skills, with collaborative-making activities and
constructionist approaches fostering active engagement and peer interaction in
the learning process (Herro et al., 2021; Nasir et al., 2018).

A repeating theme across these instructional techniques is the emphasis on
engagement immersion and real-world application of CT skills. Through
educational games, project-based learning tasks, or collaborative activities,
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learners actively engage in meaningful learning experiences that bridge the gap
between theory and practice. Moreover, structured support and guidance are
essential for effective CT skill development (Tikva & Tambouris, 2023).
Techniques such as scaffolding and collaborative learning underscore the
importance of educators in providing targeted assistance and feedback to
learners, guiding them through challenging concepts and tasks while fostering
independence and confidence.

Despite the progress in understanding the effectiveness of various instructional
techniques and tools in promoting CT (CT) skills, several significant gaps persist
in the literature. Among the literature gap was the long-term effects of these
interventions on students' CT skill development. While many studies have
demonstrated immediate improvements in CT skills following the
implementation of instructional strategies such as game-based learning, problem-
based learning, scaffolding, and collaborative learning (Kukul & Cakir, 2020;
Herro et al., 2021; Kwon et al., 2021; Liu & Jeong, 2022), there is little research
examining the sustainability of these gains over time. For instance, Kukul and
Cakir (2020) presented the gain of CT skills after game-based learning; their
research had no longitudinally observed results. Herro et al. 2021 identified
significant gains in CT skills following instruction in collaborative learning
activities, but their design did not involve longitudinal measurement. Kwon et al.
2021 stated enhancements in problem-solving and creativity from problem-based
learning; however, the research focused on short-term outcomes. Liu and Jeong
(2022) reported higher CT skills using scaffolding techniques but did not track
improvements in these skills. Understanding whether these efforts last beyond
the initial learning setting is crucial. This helps guide educational methods and
ensures that CT skills stay solid and applicable in real-life situations.

Studies have shown that block-based programming languages, game-based
environments, and unplugged approaches can enhance CT skills; for instance,
studies conducted by Moon, H., Cheon, J., & Kwon, K. (2022) showed Scratch
activities among novice learners capable of enhancing CT skills. However, very
few findings have been found that relate text-based programming languages like
Python, JavaScript, and Swift to fostering skills in CT. Although these languages
would be considered essential in the real world of coding, offering even more
flexibility to create complex programs, research works are limited to exploring
their impact on developing CT skills, especially in comparison to block-based and
game-based approaches. Therefore, empirical studies are called to test the extent
to which text-based programming languages bear on developing students' CT
skills (Hongquan et al., 2021). The findings in this line of research may be expected
to provide insights into instructional strategies and aspects of curriculum design,
along with learning environments that could better elicit the use of text-based
programming languages in the service of building skills in CT (Sun, 2024). Once
this research gap is filled, it shall go a long way to assist educators and
policymakers in upgrading their efforts to equip students with the required
computational skills in the modern digital world.

Previously conducted research provided valuable information regarding how
different teaching methods and tools helped learners develop CT skills. The paper
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aims to help one achieve the goal by examining emerging themes and trends
through instructional strategies and resources such as scaffolding techniques,
game-based learning, and collaborative projects in CT education. Other modes of
instruction, like integrating game-based learning with problem-based learning
(Kutay & Oner, 2022; Tikva & Tambouris, 2023)., have also shown great promise.
In this way, students create engaging and immersive learning experiences for the
promotion of critical thinking and creativity through problem-solving scenarios
that are authentic and enriched by game elements (Piedade & Dorotea, 2023). In
the same line of reasoning, scaffolding strategies have been applied fruitfully
together with design-based learning activities in CT development (Saritepeci,
2020; Liu & Jeong, 2022). They used project-based design challenges and
programming activities among learners to customize learning methods for CT
skills and help them achieve a much deeper level of conceptual knowledge (Sun
et al., 2021). Collaborative and constructionist learning strategies have also been
proven effective in developing CT skills (Cetin & Otu, 2023).

In collaborative making and constructionist approaches, active participation and
interaction with peers during learning are further accentuated. One of the
common themes in such instructional methods is that CT skills must be applied,
deployed, and used in life. For instance, through educational games or project-
based learning tasks, learners become self-initiated toward meaningful learning
experiences, bridging the gap between theory and practice (Liu & Jeong, 2022).
Effective development of CT skills requires structured support and guidance.
Techniques supporting scaffolding and collaborative learning provide educators
with tools to guide and inform learners. As Tikva & Tambouris (2023) and
Fanchamps et al. (2024) explain, while there is considerable advancement
regarding how different instructional methods and tools effectively teach CT
skills, critical gaps exist in the literature. One of the gaps was the investigation of
the long-term effectiveness of these interventions on the development of CT skills
in students. Whereas many studies have established short-term gains in the CT
skills of students upon deployment of several instructional techniques, including
game-based learning, problem-based learning, scaffolding, and collaborative
learning, little, if any, consideration has been given to whether such benefits can
be sustained (Tikva & Tambouris, 2023; Piedade & Dorotea, 2023; Saritepeci,
2020). In other words, one would be keen to know if such efforts would prove
relevant after a couple of initial years or outside the learning environment. It
guides education methods and makes the CT skills sound and applicable in real
life (Kutay & Oner, 2022). Other research studies have also illustrated the
effectiveness of block-based programming

There is, however, a visible lack of literature concerning the application of text-
based programming languages, such as Python, JavaScript, and Swift, in the
development of CT skills. While these languages form the basis for nearly all
current real-world coding scenarios and make the expression of complex
programs easier, only a few studies examine their potential influence on the
development of CT skills, let alone in direct comparison to block-based and game-
based approaches. This brings us to the real need for empirical research on how
text-based programming languages can be used to support learners in improving
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their CT skills. Therefore, such research may offer beneficial insights into
pedagogical strategies, educational design, and learning settings that efficiently
integrate text-based programming languages to enhance CT skill development.
This will also help educators and policymakers flesh out CT competencies for
success in a digital world, thus losing another research gap (Liu & Jeong, 2022;
Zhang et al., 2023).

3. Conclusions

Previous empirical investigations have given promising approaches to improving
CT in the classroom. The following studies, for example, report how the game-
based learning environment, like Minecraft, develops the principles of students'
CT: by Kutay and Oner (2022) and Zhang et al. (2023). Similarly, problem-based
learning links CT with critical thinking in real-life problems while scaffolding
Systematically develops problem-solving skills.

On the other hand, Saritpeci (2020) explains that design-based learning will create
or develop the student's creativity and motivation for computational problems
because these problems set the students to engage in practical design challenges.
Abilities in CT develop by emphasizing dialog and hands-on experience within
the approaches of collaborative and constructionist pedagogies. Scratch and
Blockly allow easy programming for beginners, but text-based languages such as
Python, JavaScript, and Swift add complexity for advanced learners to further
deepen logical reasoning skills. Immersive learning through educational games
and VR is also growing, whereby the development of skills in CT was highlighted
by Liu and Jeong (2022) and Agbo et al. (2023). However, more significant gaps
remain, especially regarding the long-term effects and role of text-based
programming languages in CT education. Evidence supporting the potential of
using visual drag-and-drop tools like Turtle Python against game-based or block-
based solutions is still scant. This includes future research on how text-based
programming languages can enhance CT skills, including comparisons with
block-based and game-based approaches. Long-term studies are called for that
follow young people to see if the development of CT skills is sustained over more
extended periods and different educational settings. This involves, moreover,
determining what resources educators need to teach these programming
languages and the related pedagogical strategies effectively. Meeting these
research needs will contribute to educators and policymakers putting in place
more efficient instructional strategies that develop strong CT skills; such students
would then be better prepared to succeed in the digital world.

4. Implications in Education and Future Recommendations

The identification of previous studies and gaps mentioned in the literature
review inquires about the knowledge of longitudinal effects due to instructional
interventions towards the development of students' CT skills, which has been
viewed as educationally significant. Therefore, the proposed study is concerned
with determining how different instructional strategies affect the CT skills of
students over time, mainly through text-based programming languages. It is
imperative that educators, during their design of interventions aimed at
informing CT, should focus on sustainable types of interventions so that the
immediate gains among students translate to continuous improvement of CT
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skills to sustain them into the future for further academic or professional
advancement.

The proposed empirical research investigation's methodological framework will
efficiently avoid confirmatory and publication biases. This includes the
application of Design and Development Research (DDR), which allows iterative
refinement of instructional modules and ensures that findings from this research
are based on a set of diversified evidence-based practices. The authors also apply
the principles of random sampling and control groups to reduce selection biases,
and multiple data sources are used to enhance the reliability of results.

Measurable variables within the study will be students' performance in the CT
tasks, which could be measured through standardized assessment and project-
based evaluation. These metrics will provide quantifiable data to compare the
effectiveness of text-based programming languages in enhancing CT skills. The
results will be compared with those of students in block-based languages to
gather knowledge on the unique value each possesses.

Most existing studies have targeted block-based programming languages and
game-based learning environments for novices (Sun et al., 2021). However, more
research is necessary to consider the importance of text-based programming
languages to real-world programming. These languages are much more
cognitively demanding since they express more profound concepts of syntax and
coding principles, which may improve CT skills (Sun, 2023).

Moreover, such an understanding of learning can be technologically enhanced
using visual aids in Turtle Python, for example. This will let them graphically
interact with students when running code, making it possible to understand how
to embed knowledge of algorithmic thinking through experimentation creatively.
Examples could be Turtle Python drawing geometric shapes or simulating real-
world situations to understand programming principles further and enhance their
algorithmic thinking skills.

These oversights, therefore, mean that future studies should bridge the gaps by
emphasizing the use of text-based programming languages in the delivery of CT
education; such results will inform significant decisions on instructional strategy
and curriculum design for educators and policymakers.
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