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ABSTRACT

This systematic literature review examined the potential of
Scratch as a visual programming environment for
strengthening students’ analytical thinking in information
and communication technology (ICT) education, particularly
logical reasoning, problem decomposition, and evaluative
judgment. Although previous research has widely
investigated technical competence, engagement, creativity,
and computational thinking, analytical thinking has rarely
been treated as the primary learning outcome. Following the
PRISMA protocol, searches of Scopus and ScienceDirect
identified 1,381 records. After applying predefined inclusion
and exclusion criteria, 16 peer-reviewed studies published in
English between 2020 and 2025 were included in the
qualitative synthesis. The findings indicate that Scratch’s
visual, block-based interface helps learners understand
programming concepts, construct logical sequences,
decompose complex problems, test alternatives, and
evaluate solutions through iterative design. Scratch-based
activities also encourage active participation,
experimentation, creativity, feedback, and revision, thereby
supporting higher-order cognitive development. The review
contributes a structured account of how Scratch can be
positioned not merely as an introductory coding tool but as a
medium for cultivating analytical thinking. However,
restricting the search to two databases, English-language
publications, and the 2020-2025 period may have excluded
relevant international evidence. The findings support
systematically integrating Scratch into primary and
secondary ICT curricula, especially beginner-level
programming, through tasks that explicitly combine problem
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decomposition, logical reasoning, solution comparison,
debugging, reflection, and iterative improvement. Such
integration should be accompanied by teacher guidance and
assessment strategies that capture reasoning processes
rather than focusing exclusively on functional program
completion or technical accuracy.
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Analytical Thinking Skills
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Introduction

According to the Organisation for Economic Co-operation and Development (OECD),
analytical thinking, problem-solving, and complex reasoning are among the most critical
competencies required in the modern workforce [1]. Thinking is defined as a higher-order
cognitive skill that encompasses the ability to decompose complex problems into manageable
parts, identify logical relationships between elements, and evaluate information systematically
toreach reasoned conclusions [2]. This capacity enables learners to move beyond surface-level
understanding, process information critically, and make decisions logically [3]. Unlike general
critical thinking — which focuses broadly on evaluating arguments and assumptions —
analytical thinking specifically involves structured decomposition, -classification of
information, comparison of solutions, and evaluative judgment within a given domain [2],[3].
As such, analytical thinking constitutes a foundational competency for navigating complex
challenges in the 21st century, and its cultivation has become a central concern in modern
educational curricula [1], [4].

Numerous studies indicate that students' analytical thinking abilities remain relatively
low. For instance, Ardianti et al. [5] found that 49% of students fell into the very low category
and 42% into the low category of analytical thinking skills. Similarly, Suyatman et al. [6] report
that students’ analytical thinking skills were still low based on data with three indicators of
analytical thinking skills: differentiating (16.6), organizing (46.6), and attributing (7.2), based
on a 0-100 rating scale. Other studies also reveal that evidence from various studies indicates
that the analytical thinking skills of elementary school students remain at a relatively low level
[7].

Beyond Scratch-based learning, other intervention studies have similarly
demonstrated that multimedia-based media can strengthen students' analytical and problem-

solving abilities. For instance, animated cartoons [8], Powtoon-based media [8], and
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animation/manga materials [9] have each been shown to improve students' analytical thinking
and problem-solving capabilities, while similar evidence underscores the broader relevance of
analytical thinking in mathematics [11]and science education [12].

Analytical thinking skills need to be improved to solve problems in programming.
Computational thinking and analytical thinking are core skills in programming because they
help analyze and solve complex problems[12], particularly in programming and STEM
contexts. Programming is one of the most difficult subjects for students, and many students
struggle to grasp programming concepts [13]. Many students struggle to grasp basic
programming concepts and develop strategies to solve problems. Students often struggle to
grasp abstract programming concepts and the problem-solving process [14]. One of the media
frequently used in the learning process to teach programming is Scratch. Scratch is a block-
based visual programming language designed to facilitate students' creative and exploratory
understanding of basic programming. Visual learning tools like Scratch [15] not only facilitate
the understanding of important concepts such as variables, sequences, and conditional
statements but also increase student interest and engagement.

Previous systematic literature reviews have extensively explored the role of Scratch in
enhancing computational thinking and programming skills [16], problem-solving skills, and
student engagement at various levels of education. For instance, Scratch has been widely
recognized as an effective tool for developing computational thinking and programming
competencies, particularly in K-12 education [17]. However, despite the growing body of
literature, most studies primarily focus on computational thinking as the main outcome. In
contrast, the explicit role of Scratch in fostering analytical thinking as a distinct cognitive
domain remains underexplored. This gap is particularly significant, given that analytical
thinking encompasses deeper cognitive processes such as evaluation, reasoning, and
structured problem decomposition, which extend beyond procedural or technical
programming skills [18]. In addition, previous reviews indicate a lack of clarity regarding how
Scratch-based learning can be systematically integrated into educational curricula to support
higher-order cognitive development [16]. Overall, research indicates that multimedia-based
interventions and active learning approaches can improve analytical thinking skills; however,
relatively few studies have specifically examined the contribution of visual programming
platforms such as Scratch to this domain.

Therefore, to address these gaps, this study contributes by systematically synthesizing
existing research on Scratch-based visual programming and explicitly positioning analytical
thinking in its dimensions of logical reasoning, problem decomposition, and evaluative
judgment as a primary outcome of programming learning. Furthermore, this study identifies

key pedagogical and technological factors that support the development of analytical thinking
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and proposes a structured approach for integrating Scratch into ICT curricula to enhance
higher-order cognitive skills. Formulates. Accordingly, this study formulates the following
research questions:
e RQ1: How does Scratch-based visual programming influence students’ analytical
thinking skills in ICT programming education?
e RQ2: What pedagogical and technological factors contribute to the development of
students’ analytical thinking skills when using Scratch in programming learning?
e RQ3: How can Scratch-based learning be integrated into ICT curricula to enhance

analytical thinking as a higher-order cognitive skill?

Material and Method

This study adopted a systematic literature review (SLR) approach following the
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) protocol to
ensure transparency and methodological rigor [19]. PRISMA provides standardized guidelines
that help researchers systematically identify, select, appraise, and synthesize relevant studies,
thereby enabling readers to assess the trustworthiness and reproducibility of the review
findings [20]. PRISMA was developed to address limitations in previous reporting practices
and to incorporate advances in systematic review methodologies, ensuring that reviews
present a clear and accurate account of why the study was conducted, how the evidence was
collected, and what results were obtained [21]. PRISMA minimizes bias in evidence
identification [19], but also improves the credibility of the findings for researchers, educators,
and policymakers.

After formulating the research question, the next step is rigorous and systematic
keyword selection. This determination is carried out to develop an effective search strategy
using the selected databases. The accuracy and relevance of the selected keywords are critical
for guaranteeing the comprehensive and unbiased identification of relevant studies. This
review utilized the Scopus and ScienceDirect indexing databases, and the search was
conducted between January and March 2025, covering publications from 2020 to 2025. The
following Boolean search strings were applied across the title, abstract, and keyword fields:
"Scratch” AND "analytical thinking"; "visual programming" AND "analytical thinking" AND
"students"; "Scratch programming" AND "higher-order thinking"; "block-based programming"
AND "problem decomposition” AND "education"; "student programming skills" AND
"cognitive development". These queries were applied independently to each database, and the
results were subsequently merged. Duplicate removal was performed manually by cross-
checking article titles, authors, and publication years across both databases before screening
commenced.

The inclusion and exclusion criteria were defined to ensure the relevance and quality
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of the selected studies. Inclusion criteria were: peer-reviewed articles published between
2020-2025; written in English; focused on Scratch-based or visual programming in
educational contexts; explicitly addressing cognitive outcomes such as analytical or
computational thinking; available in full text. Exclusion criteria were operationalized as
follows: (1) articles that do not specifically discuss Scratch or block-based visual programming
as the primary learning tool; (2) non-empirical studies, including purely theoretical papers,
editorials, book chapters, and opinion pieces; (3) articles not available in full text through the
databases or institutional access; (4) studies not addressing learning outcomes related to
cognition, thinking skills, or programming achievement; (5) non-English language publications;
(6) studies conducted in contexts unrelated to programming or ICT education. The two
databases yielded a total of 1,381 publications: 928 items from ScienceDirect and 453 articles
from Scopus. Following duplicate removal, 1,294 articles were excluded from the data based
on title and abstract selection, as they did not align with the SLR objectives. Ninety-six articles
were submitted to the full paper review process. From the full paper review, 80 articles were
excluded due to their unrelatedness to the research topic. Ultimately, 16 papers were included.

The PRISMA screening process is shown in Fig. 1.
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Fig. 1. PRISMA Flow Diagram
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Publication trends show a consistent increase from 2020 to 2025. Our analysis shows
that most Scratch-related research is more strongly correlated with improvements in
computational thinking. Fewer articles discuss analytical thinking. In this analysis, we found
16 articles related to both analytical and computational thinking. This is because, in certain
contexts, computational thinking is a subset of analytical thinking. The distribution of

publications by year is shown in Fig. 2.

Distribution of Publications by Year
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Fig. 2. Distribution of Publications by Year
Of the 16 articles, the distribution of publications was dominated by 15 journal articles
(93.75%) and one conference proceeding (6.25%). In terms of indexing status, 13 articles were
published in Scopus-indexed journals, including internationally recognized outlets published
by Elsevier and Springer such as Computers in Human Behavior, Education and Information
Technologies, Thinking Skills and Creativity, Educational Technology Research and Development,
Journal of Computers in Education, International Journal of Child-Computer Interaction,
International Journal of Educational Methodology, and Journal of Educational Technology
Development and Exchange. One article was published in an open-access Scopus-indexed
journal (Education Sciences, MDPI). One article appeared in the ACM International Conference
Proceedings Series, which is indexed in Scopus as a conference venue. One article was
published in the Asian Journal for Mathematics Education (SAGE), an open-access peer-
reviewed journal indexed in DOA]J and ERIC. No articles were sourced from SINTA-indexed or
nationally accredited journals, as this review focused exclusively on international databases

(Scopus and ScienceDirect) to ensure broad international coverage.
This distribution indicates that the literature base reviewed in this study is
predominantly sourced from internationally recognized, peer-reviewed, and Scopus-indexed
publication venues, thereby supporting the credibility and reliability of the findings

synthesized in this review. The distribution of publications by Country is shown in Fig. 3.
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Fig. 3. Distribution of publications by Country
The distribution of publications by country shows that most studies were conducted in
Turkey, followed by China, Spain, and Israel, each contributing a moderate number of studies.
Other countries, including Hong Kong, Finland, Peru, Egypt, Serbia, and Pakistan, contributed
a smaller number of publications. This indicates that research on Scratch-based learning is

geographically diverse but still concentrated in specific regions.

Results and Discussions

Scratch has been widely adopted as a beginner-friendly, block-based visual
programming language due to its ability to eliminate learning barriers such as complex text
code syntax. To understand the effectiveness of this platform, Table 1 presents a
comprehensive synthesis of 16 empirical and exploratory literature studies. This mapping
highlights the diversity of educational contexts studied. This summary identifies the
methodology, research focus, and key findings related to Scratch's pedagogical impact on
students’ cognitive development.

Table 1. Summary of empirical studies of Scratch-based programming

No Focus Key Findings Ref. No.

1 Improving computational thinking The metaphor-based Scratch approach [22]
(CT) and programming knowledge significantly improved students'
using a methodology based on programming knowledge and CT scores.
metaphors (MECOPROG) and
Scratch.

2 Introducing CT with Scratch in The experimental group using Scratch [23]
mathematics teacher training to showed a significantly higher increase in CT
promote new learning strategies. scores compared to the control group.

3 The effect of game design with Game design activities with Scratch [24]
Scratch on students' problem- significantly increased students' self-
solving skills (self-confidence, self- confidence in problem-solving compared to
control, avoidance). the regular IT curriculum.
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No Focus Key Findings Ref. No.

4 Understanding the relationship and  Identified 3 clusters of users. Interestingly, [25]
causal influence between CT scores  higher CT mastery scores of projects did not
and computational participation causally influence or lead to higher
(views, likes, remixes). computational participation or popularity.

5 Exploring students' CT activities Revealed imbalanced roles in pair [26]
(planning, iteration, programming and highlighted the need for
collaboration/remixing, debugging)  pedagogical support to prevent trial-and-
during pair programming in Scratch. error debugging and ensure shared

participation.

6 Integrating CT skills in a teacher The course enhanced PSTs' appreciation for [27]
education program starting from collaborative learning, facing challenges
"scratch". (debugging), and using Scratch for

educational games, though they found CT
challenging.

7  Assessing the usability and The ScratchTSP extension proved to be a [28]
usefulness of "ScratchTSP", a custom user-friendly and effective tool that aided
Scratch extension designed to teach ~ students in learning complex algorithms
the Travelling Salesman Problem. and improved analytical /problem-solving

skills.
8  Analyzing the relationship/network  Aesthetic and operational criteria of Scratch  [29]

between Scratch program
components (aesthetic and
operational criteria) and CT
dimensions.

are key driving components for developing
computational practices, with the network
structure showing no significant differences
by gender.

A. RQ1: How does Scratch-based visual programming influence students’ analytical
thinking skills in ICT programming education?

Scratch-based visual programming directly improves students' analytical thinking skills
and their subdimensions. Several studies provide evidence that Scratch-based visual
programming contributes to the development of students’ analytical thinking skills, either
directly or indirectly. Experimental research has shown that Scratch education has a moderate
to significant effect on developing students' analytical thinking skills [30]. Scratch influences
analytical abilities through improvements in the following subdimensions: sorting, classifying
information, comparing solutions, and making judgments or evaluations. Coding education
lessons develop participants' analytical thinking skills. Improvements in sorting, classification,
comparison, and evaluation contribute to improved classification, evaluation, and comparison
skills, which are key indicators of analytical thinking.

There is a strong conceptual connection between Computational Thinking taught through
Scratch and analytical thinking. Computational thinking is essentially defined as a form of
analytical thinking[30]. The analytical component of CT is very similar to mathematical
thinking for problem solving, engineering thinking through design concepts and process
evaluation, and scientific thinking through systematic analysis[22]. Through Scratch, students
learn to formulate problems, organize and analyze data logically, and evaluate and implement

the most efficient solutions [31].
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Scratch influences analytical thinking through the processes of problem decomposition
and logical reasoning. When students engage in visual programming, they are confronted with
problem-solving situations that require them to break down large, complex problems into
smaller parts and create basic, generalizable solutions [32]. This process of placing these
pictorial code blocks gradually stimulates the development of observation, analysis, logical
thinking, and independent learning skills [24]. Both student and teacher perceptions and
reflections explicitly confirm this analytical impact. When asked how Scratch impacted their
thinking, 62% of students specifically stated that it improved their analytical thinking [32].
This finding is also strongly supported by teacher observations, who reported that during the
visual programming learning process, students learned to see problems in greater detalil,
thereby developing their analytical, critical, and holistic thinking. These findings can be further
explained through Bloom’s Taxonomy, where analytical thinking is positioned as a higher-
order cognitive skill involving analysis, evaluation, and synthesis [33]. Scratch-based learning
supports these cognitive processes by enabling students to decompose problems, evaluate
alternative solutions, and construct logical structures, thereby facilitating the transition from
lower-order to higher-order thinking skills.

B. RQ2: What pedagogical and technological factors contribute to the development of
students' analytical thinking skills when using Scratch in programming learning?
Pedagogical factors in Scratch-based learning include the use of metaphor-based

approaches, collaborative learning, and structured instructional models. For example, the

MECOPROG approach facilitates the understanding of abstract programming concepts by

transforming them into concrete and visual representations, thereby enhancing conceptual

clarity and reducing cognitive load [22]. This phenomenon can be seen in the use of the

MECOPROG approach, which facilitates the understanding of abstract programming concepts

by transforming them into concrete and meaningful representations using metaphors.

MECOPROG connects complex programming constructs such as algorithms, loops, and

conditional statements, which are translated into graphical blocks and interactive elements.

This process allows students to transform abstract reasoning into executable visual forms,

thereby reducing cognitive load and enhancing conceptual understanding. Learners can grasp

the underlying concepts before engaging with formal coding structures.

Learning with Scratch allows students to work in groups or pairs [30]. This allows them to
solve problems together, compare perspectives, discuss, and build on each other's ideas.
Collaborative learning environments, such as pair programming, encourage students to
exchange ideas, justify their reasoning, and construct shared solutions, which support deeper
cognitive engagement [26]. Structured instructional models, such as the 5E model, further

provide systematic opportunities for students to explore, explain, and refine their
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understanding. These findings align with constructionist learning theory, which emphasizes
active knowledge construction through meaningful artifact creation. Problem-based
assignments or game design related to real-life situations significantly contribute to analytical
thinking [24], [31]. Projects involving creating games using Scratch present students with
unstructured problems that require them to continuously analyze, design algorithms, test, and
revise their solutions [34]. The use of structured learning models, such as the 5E model
(Engagement, Exploration, Explanation, Elaboration, Evaluation), fosters curiosity and
provides systematic opportunities for students to explain their thinking processes [34].
Incremental support from teachers, such as breaking down complex coding patterns or
providing guidance during debugging dead ends, is crucial to preventing students' analytical
processes from devolving into inefficient guesswork or trial-and-error methods [26]. This
finding aligns with the constructionist learning theory proposed by Papert, which emphasizes
that learners construct knowledge more effectively when actively engaged in creating
meaningful artifacts. Scratch-based learning environments enable students to design
interactive projects, thereby promoting deeper cognitive engagement and analytical reasoning.
C. RQ3: How can Scratch-based learning be integrated into ICT curricula to enhance
analytical thinking as a higher-order cognitive skill?

Programming education through Scratch directly and significantly improves students'
analytical thinking skills as part of higher-order cognitive skills. Computational thinking taught
through Scratch is essentially a form of analytical thinking[30]. Research shows that learning
to program with Scratch has a moderate to strong effect on developing students' analytical
thinking, as evidenced by significant improvements in the subdimensions of sequencing
problem stages, classifying information, comparing solutions, and evaluating. Scratch requires
students to formulate problems, manipulate data, and build algorithms, thus facilitating the
development of other higher-order cognitive skills such as critical thinking, reflective thinking,
and problem-solving [31]. Scratch can be effectively integrated into the compulsory
Informatics course at the elementary, middle, or high school levels within the school
curriculum. This integration is accomplished without imposing intricate text syntax rules on
students; instead, it employs Scratch's visual block interface. To optimize the development of
analytical thinking within the ICT curriculum, the learning framework can be integrated
through the following strategies.

The implementation of project-based learning or problem-based learning models not only
teaches computational theory but can also train students to create real products such as
animations or video games [30], [32]. When students construct games with specific conditions
and rules, they are forced to constantly analyze problems, break complex problems into

smaller units (decomposition), and find and fix errors (debugging), which inherently train their
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analytical skills. The use of the 5E instructional model (Engagement, Exploration, Explanation,
Elaboration, Evaluation) that stimulates curiosity and exploration, or the Lifelong
Kindergarten framework (Imagine, Create, Play, Share, Reflect) that balances the development
of analytical cognitive skills with imagination [34]. Students are trained to move from the real
world by understanding problems to the world of mathematics by creating mathematical
models. The next step is to transform from mathematical models into the world of
programming by drawing flowcharts, arranging code blocks, and viewing output [35].
Collaborative learning and pair programming train students to improve the construction of
high-level knowledge based on Scratch through pair programming. Collaborating in
programming requires students to compare points of view, negotiate, explain their logical
thinking to peers, and plan code together, which is vital for developing analytical and problem-
solving skills in a social context [26], [31]. Scratch-based learning can be effectively integrated
into ICT curricula through structured and student-centered instructional strategies. At the
classroom level, project-based learning can be implemented by engaging students in designing
interactive products such as games or simulations that reflect real-world problems.
Instructional frameworks such as the 5E model or the Lifelong Kindergarten approach can be
used to guide students through stages of exploration, creation, and reflection. Collaborative
approaches such as pair programming can be embedded into classroom activities to enhance
communication and shared reasoning. At the curriculum level, Scratch can be introduced as an
entry-level programming tool that emphasizes conceptual understanding through visual
representation rather than syntactic complexity. This approach enables students to engage in
meaningful problem-solving activities while gradually developing higher-order cognitive
skills.
Implications of Findings

From a theoretical perspective, this study extends the understanding of the
relationship between computational thinking and analytical thinking by positioning Scratch-
based learning as a mediating mechanism for higher-order cognitive development. From a
practical perspective, the findings suggest that educators should integrate Scratch into ICT
curricula through structured pedagogical approaches such as project-based learning,
collaborative programming, and scaffolded instruction. This integration enables students to
engage in meaningful problem-solving activities that promote analytical reasoning and
decision-making skills.

The findings of this study can be interpreted through several theoretical perspectives.
First, based on Bloom's Taxonomy, analytical thinking represents a higher-order cognitive skill

that involves analysis, evaluation, and synthesis. Scratch-based learning facilitates these
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processes by enabling students to decompose problems, evaluate alternative solutions, and
iteratively refine their designs.

From a pedagogical perspective, the effectiveness of Scratch aligns with constructionist
learning theory, which emphasizes active knowledge construction through meaningful artifact
creation. Additionally, Dual Coding Theory explains how the visual and interactive nature of
Scratch enhances learning by combining graphical representations with logical reasoning.
Finally, Cognitive Load Theory suggests that Scratch reduces extraneous cognitive load by
eliminating syntactic complexity, allowing learners to focus on analytical problem-solving
processes.

For curriculum designers, this review underscores the importance of rethinking ICT
curriculum design by positioning Scratch-based learning as a vehicle for cultivating analytical
thinking rather than merely teaching programming syntax. This requires a shift toward
competency-based curriculum structures that integrate visual programming with inquiry-
based and project-based pedagogies, supported by assessment frameworks that capture

higher-order cognitive processes.

Conclusion

From a theoretical perspective, this study extends the understanding of the
relationship between computational thinking and analytical thinking by positioning Scratch-
based learning as a mediating mechanism for higher-order cognitive development. This claim
is grounded in Papert's constructionist learning theory, which asserts that learners construct
knowledge most effectively when actively engaged in creating meaningful, shareable artifacts.
In the context of Scratch, the construction of interactive projects such as games, simulations,
or animations requires students to externalize their thinking processes through code blocks,
thereby transforming abstract analytical reasoning into executable, visible structures. This
process of "thinking through making" operationalizes the transition from lower-order to
higher-order cognition as described by Bloom's Taxonomy, specifically through the cognitive
operations of analysis (decomposing problems), evaluation (comparing solution strategies),
and synthesis (building algorithmic structures). Furthermore, Dual Coding Theory explains
how Scratch's visual-block interface facilitates the simultaneous processing of graphical and
logical representations, thereby reducing cognitive load and enabling learners to direct
cognitive resources toward analytical reasoning rather than syntactic memorization.

From a practical perspective, the findings suggest that Scratch-based learning should
be systematically integrated into ICT curricula through structured pedagogical strategies. First,
educators can implement project-based learning by engaging students in designing interactive
projects such as games or simulations, which require problem decomposition, logical

reasoning, and iterative refinement. First, educators can implement project-based learning by
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engaging students in designing interactive projects such as games or simulations, which
require problem decomposition, logical reasoning, and iterative refinement. Empirical
evidence supports that PBL in Scratch environments produces statistically significant
improvements in students' analytical and logical thinking, and meta-analyses confirm that PBL
significantly improves students' learning outcomes across programming contexts.

Second, collaborative learning approaches, such as pair programming, can be applied
to encourage discussion, comparison of solutions, and shared problem-solving processes,
thereby enhancing analytical thinking. _Research demonstrates that well-structured pair
programming in higher education produces meaningful gains in collaborative problem-solving
competence. Third, teachers should adopt scaffolded instruction by providing step-by-step
guidance, debugging support, and reflective prompts to help students analyze their problem-
solving strategies. Evidence shows that Computational Thinking Scaffolding (CTS) significantly
improves students' higher-order problem-solving when integrated into programming
activities without such scaffolding, students risk reverting to inefficient trial-and-error
debugging, which limits the development of structured analytical processes.

At the curriculum level, Scratch can be embedded into ICT subjects as an introductory
programming tool that emphasizes conceptual understanding rather than syntax complexity.
This integration can be implemented through thematic or interdisciplinary learning, where
students apply programming concepts to solve real-world problems in mathematics, science,
or other domains. Therefore, Scratch-based learning provides a practical pathway for fostering

analytical thinking as a core competency in ICT education.

Limitations and Future Research

This study has several limitations. First, the relatively limited number of articles
included in the study was 16, which may affect the generalizability of the findings. Second, the
databases used were only Scopus and ScienceDirect, potentially excluding relevant research
from other databases. Third, most of the studies focused on computational thinking and
problem-solving, with fewer studies explicitly addressing analytical thinking, which may
impact the depth of the synthesis.

Future research should explore the direct impact of Scratch-based learning on
analytical thinking through empirical and experimental studies across various educational
levels. Further research is needed to develop a standardized instrument to measure analytical
thinking in programming contexts. Future research could also explore the integration of
Scratch with emerging technologies, such as artificial intelligence and adaptive learning

systems, to enhance higher-order cognitive skills across various educational settings.
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