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Abstract: Computational thinking (CT) has been proposed as a way to strengthen problem
solving in school curricula, yet evidence on its integration into integrated natural and social
science learning in elementary education remains dispersed, and this study aims to examine
how CT has been conceptualized and integrated, what evidence exists on its association with
problem-solving skills, which implementation strategies have been reported, and which
challenges and opportunities have been identified. A narrative literature review was conducted
on 23 peer-reviewed articles from Scopus-indexed journals published between 2006 and 2024,
covering conceptual papers, systematic reviews, meta-analyses, and empirical studies. The
results show that CT is commonly framed as a set of problem-solving practices embedded in
science and mathematics contexts, that meta-analytic evidence reports moderate to large effects
on CT and related cognitive outcomes with variation across educational levels, strategies, and
measures, and that direct evidence on problem solving in elementary natural and social science
learning remains limited, with social science represented in only 2 of 49 studies in one review.
Unplugged, plugged, and combined strategies have been reported alongside recurring
challenges in teacher readiness, assessment for young learners, and resources, which suggests
that CT integration is a promising approach that requires further testing with explicit measures
of problem solving.
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INTRODUCTION

Computational thinking (CT) has attracted sustained attention in education since Wing
(2006) described it as a way of solving problems, designing systems, and understanding
human behavior by drawing on concepts fundamental to computer science. This
description positioned CT as a skill relevant to everyone, which opened the way for its
discussion in school curricula. Grover and Pea (2013) reviewed the state of the field of
CT in K-12 education at an early stage of this discussion. Shute et al. (2017) later reported
that definitions, interventions, assessments, and models of CT were diverse, and they
described CT mainly as a way of thinking and acting that can be observed through
particular skills.

Research has examined how computational thinking (CT) can be integrated into
science and mathematics learning. Weintrop et al. (2016) proposed a taxonomy of CT
practices for mathematics and science classrooms, while Sengupta et al. (2013) developed
a theoretical framework for integrating CT into K-12 science through agent-based
computation, highlighting modeling and abstraction as practices relevant to scientific
disciplines. In elementary education, Waterman et al. (2020) examined CT activities in
science and mathematics curriculum modules, while Cabrera et al. (2023) developed a
framework to support teachers’ integration of CT into elementary science. In Indonesia,
Illmu Pengetahuan Alam dan Sosial (IPAS: Natural and Social Sciences), introduced
through the Kurikulum Merdeka (Merdeka Curriculum), provides a context for examining
CT integration across natural and social science content.

Previous syntheses have reported positive transfer effects associated with CT
instruction. Ye et al. (2022) reviewed 55 empirical studies and reported generally
significant transfer of CT skills to other subject areas. Li and Oon (2024) analyzed 37
studies involving 7,832 students and found a moderate overall CT-STEM transfer effect,
moderated by educational level, sample size, instructional strategy, and intervention
duration. Scherer et al. (2019) synthesized 105 studies on computer programming and
reported a moderate overall transfer effect (g = 0.49), with larger effects in studies using
untreated rather than active control groups. These findings primarily concern CT skills
and broader transfer outcomes.

Existing syntheses have primarily examined CT in computer science, STEM,
mathematics, and broader educational settings. Chen et al. (2023) reported that only two
of the 49 studies in their review of unplugged activities focused on social science. Merino-
Armero et al. (2022b) examined an unplugged CT intervention involving 14 sixth-grade
students in social science and found increased CT without significant differences in
academic achievement. Yeni et al. (2024) mapped CT integration across K-12 subjects,
including integration levels and instructional strategies. Collectively, these studies
document cross-curricular implementation, while the association between CT integration
and explicitly measured problem-solving skills in elementary natural and social science
learning warrants further empirical investigation.
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This study synthesizes evidence from Scopus-indexed publications on CT
integration in elementary natural and social science learning, focusing on
conceptualization, problem-solving outcomes, implementation strategies, and
implementation challenges. It examines whether and how CT integration is associated
with problem-solving skills and identifies conditions that may influence implementation.
To achieve this aim, the review addresses four research questions: 1) How has CT been
conceptualized in relation to problem solving and to natural and social science learning
in elementary education? 2) What evidence exists regarding the association between CT
integration and students’ problem-solving skills? 3) Which implementation approaches
and strategies, including plugged, unplugged, and combined approaches, have been
reported for elementary learning? 4) What challenges and opportunities have been
identified for implementing CT in elementary natural and social science learning?

METHODS

Research Design

This study used a narrative literature review to synthesize conceptual frameworks,
systematic reviews, meta-analyses, and empirical studies on CT in elementary education.
A narrative approach was appropriate because the included sources differed in research
objectives, designs, and outcome measures. No new pooled effect size was calculated;
reported effects were taken from the original sources.

The review included peer-reviewed English-language articles published in
Scopus-indexed journals between 2006 and 2024. Searches combined terms related to
computational thinking (CT), elementary education, science and social science,
instructional approaches, problem-solving, teaching, and assessment. Bibliographic
details and DOIs were verified against publisher or repository records, while eligibility
was determined by source type, indexing, publication period, language, topic relevance,
and DOI availability. The review followed identification, verification, screening, corpus
formation, and thematic synthesis (Figure 1), resulting in 23 articles: three conceptual or
theoretical papers, 13 reviews or meta-analyses, and seven empirical or validation studies.

Identification

Final corpus Synthesis

Keyword combinations:
computational thinking,
elementary or primary
education, K-12, science
education, social science,
integration, unplugged,
plugged, problem solving,

teacher, assessment
o) (o) ) o)

Bibliographic details
and DOIs checked
against publisher or

repository pages.

Criteria applied:
Scopus-indexed,
2006-2024, English,
relevant topic,
active DOI (Table 1).

Four themes aligned
with RQI to RQ4.

23 articles

Corpus composition

3 conceptual or theoretical papers | 13 reviews and meta-analyses | 7 empirical or validation studies

Figure 1. Procedure of the Narrative Literature Review
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"Data Extraction and Analysis

Data were extracted on study type, educational level, subject context, instructional
approach, outcomes, and limitations. Findings were synthesized into four themes aligned
with the research questions: CT conceptualization and integration, evidence on problem-
solving skills, implementation strategies, and challenges and opportunities. Differences
in study designs, samples, and outcome measures were considered during interpretation.
Findings from broader K-12 reviews were treated as indicative evidence for elementary
education.

RESULTS

Conceptualization of CT and Its Relationship with Problem Solving

The first research question concerns how CT has been conceptualized in relation to
problem solving and science learning. Six sources contributed conceptual or review-
based accounts that define or frame CT. Table 1 summarizes their contributions and the
way each relates to problem solving.

Table 1. Conceptual Contributions on CT and Its Relation to Problem Solving

Source Conceptual contribution Relation to problem
solving
Wing CT as a way of solving problems, designing Problem solving is the
(2006) systems, and understanding human behavior central idea of the definition
using concepts fundamental to computer
science
Grover & Review of the state of the field of CT in K-12 ~ Provides an early overview
Pea (2013)  education of how CT entered school
settings
Shute et al.  Definitions, interventions, assessments, and Skills are the basis for
(2017) models vary; CT is a way of thinking and observing CT in

acting shown through particular skills

performance

Weintrop et

Taxonomy of four categories: data practices,

Problem solving is one of

al. (2016) modeling and simulation practices, four practice categories
computational problem solving practices, and
systems thinking practices

Sengupta et  CT includes practices such as modeling, Links CT practices to

al. (2013) abstraction, reformulation, simulation, and scientific problem solving
verification, connected to scientific disciplines  through agent-based

computation
Scherer et Discussion of whether programming should be  Identifies an ongoing debate
al. (2019) viewed as a form of problem solving on the overlap between the

two

Note. CT = computational thinking.
CT Integration in Elementary Natural and Social Science Contexts

Waterman et al. (2020) examined CT integration in elementary science and mathematics
modules, while Cabrera et al. (2023) developed a teacher-oriented framework for
elementary science. Ye et al. (2023) reviewed 24 studies on CT in K-12 mathematics, and
Yeni et al. (2024) mapped interdisciplinary integration across K-12 subjects. In social
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science, Merino-Armero et al. (2022b) reported increased CT following an unplugged
intervention involving 14 sixth-grade students, without significant differences in
academic achievement.

The second part of the results concerns where CT integration research has been
conducted. Chen et al. (2023) reported the distribution of 49 reviewed studies by subject
and educational level. Figure 2 visualizes these distributions as two bar charts.

(a) By subject (b) By educational level
28590

Computer science 31(63.27%) Primary school

ondary school 11 (22.45%)

STEM 9(18.37%)

Multi-level 5(10.21%)

Not indicated 5(10.21%)

Not indicated 7 (14.29%)

Figure 2. Distribution of 49 Reviewed Studies by Subject and Educational Level

Evidence on Problem-Solving Skills and Related Outcomes

The third part addresses the second research question on the association between CT
integration and problem-solving skills. Six sources reported effects of CT-related
interventions through systematic reviews, meta-analyses, or an intervention study. Table
2 summarizes the evidence base, the reported effect, and the notes on moderators for each
source.

Table 2. Reported Effects of CT Interventions in the Reviewed Sources

Source Reported effect
Yeetal. (2022) Generally significant transfer of CT skills to other subject areas
Li & Oon (2024) Moderate overall transfer; moderate near and far transfer; stronger

effect on cognitive than noncognitive benefits
Scherer et al. (2019) Overall g = 0.49; near transfer g = 0.75; far transfer g = 0.47
Chen et al. (2023) Overall g =1.028, 95% CI[0.641, 1.415], p <0.001

Merino-Armero et Programming was the most efficient learning tool among intervention
al. (2022a) types

Merino-Armero et CT increased significantly (d = 1.305) with no differences in

al. (2022b) academic achievement

Note. g = Hedges’s g; d = effect size reported in the original study; CI = confidence interval.
The numerical effect sizes reported in the sources can be compared visually.

Figure 3 plots the effect sizes reported by Scherer et al. (2019), Chen et al. (2023), and
Merino-Armero et al. (2022b). The figure distinguishes Hedges’s g values from the d
value because they come from different designs.




64

Roosyanti, Larasari

1.028

Effect size

Far transfe Overall transf Near transfer

ar transfer ransfer Ne: insfer Unplugged in Social Sciences,
(Scherer et al., 2019) (Scherer et al., 2019) (Scherer et al., 2019) n=14

(Chenetal,, 2023)  (Merino-Armero et al., 2022b)

B Hedges's g ¢

Figure 3. Effect Sizes Reported in Selected Sources

Note. g = Hedges’s g; d = effect size reported in the original study. Values come from different
outcomes, designs, and samples and are not directly comparable.
Implementation Strategies

The fourth part addresses the third research question on implementation strategies.
Sources reported project-based, problem-based, cooperative, and game-based strategies,
as well as digital programming, unplugged activities, and sequences that combine
unplugged and plugged work. Table 3 summarizes the strategies, the sources that reported
them, and the main findings.

Table 3. Implementation Strategies Reported in the Reviewed Sources

Strategy Source
Project-, problem-, Hsu et al. (2018)
cooperative, and game-based

Key finding
Commonly adopted strategies in studies
published between 2006 and 2017

learning

Digital programming Merino-Armero et Most efficient intervention tool in the
(plugged) al. (2022a) reviewed K-12 studies

Unplugged games Chen et al. (2023)  Board and card games were most

common; overall effect g =1.028
Del Olmo-Mufioz ~ Examined CT activities in early primary

Early-primary unplugged

activities et al. (2020) education
Unplugged social science Merino-Armero et CT increased, with no significant
activities al. (2022b) difference in academic achievement (n

= 14)
Supported pattern recognition,

Unplugged-to-plugged Saxena et al.

sequence (2020) sequencing, and algorithm design
Critical review of unplugged Huang & Looi Identified unresolved issues and
pedagogy (2021) proposed ten research questions
Teacher-oriented framework  Cabrera et al. Developed a framework for CT
(2023) integration in elementary science

Note. CT = computational thinking.
Challenges and Opportunities

The fifth part addresses the fourth research question on challenges and opportunities.
Sources identified challenges related to teachers, assessment, definitions, and resources,
as well as opportunities linked to integration into existing subjects and low-cost
unplugged activities. Table 4 groups these findings by theme.
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Table 4. Challenges and Opportunities Identified in the Reviewed Sources

Theme Source Key finding Type

Teacher Liuetal. (2024)  Teachers face challenges integrating Challenge

readiness CT into classroom learning.

Teacher Cabrera et al. Implementation by elementary Challenge and

implementation (2023) teachers influences CT integration opportunity
in science lessons.

Assessment for Relkin et al. Developmentally appropriate Challenge and

young learners  (2020) assessments, such as TechCheck, opportunity
are needed.

Measurement ~ Roman-Gonzalez Examined CT Test criterion validity ~Challenge

validity etal. (2017) against other cognitive abilities.

Assessment Tang et al. (2020) Reviewed empirical research on CT ~ Challenge

research assessment.

Definitional Shute et al. CT definitions, interventions, Challenge

variability (2017) assessments, and models vary.

Resource Chen et al. (2023) Unplugged activities offer a low- Opportunity

conditions cost approach to CT learning.

Equity and cost Merino-Armero Unplugged activities provide a cost-  Opportunity

et al. (2022b) effective, inclusive approach.
Subject Yeni et al. (2024) Mapped subjects, integration levels, Opportunity
integration teaching strategies, and assessment

approaches.

Note. CT = computational thinking.

DISCUSSION
CT Integration and Problem-Solving Skills

The reviewed literature reports positive effects of computational thinking (CT) instruction
on CT skills and related cognitive outcomes, but direct evidence of its effects on problem-
solving in elementary natural and social science remains limited. Weintrop et al. (2016)
included computational problem-solving practices in their CT taxonomy, while Sengupta
et al. (2013) linked modeling and abstraction to scientific work. Studies by Ye et al.
(2022) and Li and Oon (2024) suggest potential transfer benefits, although Scherer et al.
(2019) found stronger near-transfer than far-transfer effects and emphasized the influence
of comparison conditions. Chen et al. (2023) reported positive effects of unplugged
activities on CT, but differences in samples, outcomes, and study designs limit cross-
study comparisons. Further research should assess problem-solving directly through tasks
requiring students to decompose environmental or social problems into manageable
questions.

Unplugged, Plugged, and Combined Approaches

The literature supports both digital and non-digital CT instruction, although outcomes
vary across interventions and contexts. Merino-Armero et al. (2022a) identified
programming as the most efficient intervention, whereas Chen et al. (2023) reported
positive effects of unplugged activities, and Huang and Looi (2021) identified unresolved
questions about unplugged pedagogy. Saxena et al. (2020) introduced concrete
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“experiences and vocabulary through unplugged activities before digital tasks, but their
preschool study cannot be directly generalized to elementary natural and social science
learning. Given limited comparative evidence, schools with restricted technological
resources could begin with non-digital science and social topics before introducing digital
simulations or programming, consistent with resource considerations discussed by Chen
et al. (2023) and Merino-Armero et al. (2022b). Design-based or quasi-experimental
studies should test whether combined approaches improve problem-solving in Indonesian
IPAS classrooms.

Teacher Readiness, Assessment, and Resources

Teacher readiness is central to CT integration, as emphasized by Cabrera et al. (2023),
while Liu et al. (2024) reported challenges in classroom implementation. Professional
development should help teachers connect CT practices with disciplinary content and
lesson objectives, with the applicability of findings from other contexts to Indonesian
elementary classrooms examined empirically. Assessment requires equal attention:
Relkin et al. (2020) highlighted the need for developmentally appropriate instruments,
Roman-Gonzalez et al. (2017) examined the criterion validity of the CT Test against other
cognitive abilities, and Tang et al. (2020) systematically reviewed empirical CT
assessment research. These findings underscore the need to select age-appropriate
instruments and report validity evidence for the target population.

Integration across Natural and Social Science

The reviewed literature focuses mainly on computer science, STEM, and mathematics,
with less attention to social science learning. Chen et al. (2023) found few social science
studies, while Ye et al. (2023) noted that mathematics studies often did not explain how
CT supports subject learning. Merino-Armero et al. (2022b) reported improved CT
among sixth-grade students following a social science intervention but no significant
difference in academic achievement, with the small sample limiting interpretation. In
Indonesian IPAS, CT could structure problem-solving across natural and social science
through tasks involving problem decomposition, pattern identification in simple data, and
the sequencing of solutions. Empirical studies are needed to establish whether these
activities improve problem-solving performance in both domains.

Limitations

This narrative review did not include a formal risk-of-bias assessment and was restricted
to English-language articles in Scopus-indexed journals, excluding Indonesian studies
published in national journals. Several included reviews covered K—12 education broadly,
and effect sizes from different outcomes and study designs are not directly comparable.
The corpus also contained few primary empirical studies on CT integration in elementary
natural and social science, reflecting the limited evidence currently available in this area.

CONCLUSION

CT is commonly framed as problem-solving practices integrated into science and
mathematics, although definitions vary. Meta-analyses report moderate to large effects
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on CT and related cognitive outcomes, but evidence on problem solving in elementary
IPAS remains limited. Plugged, unplugged, and combined approaches have been
explored, but their comparative effectiveness requires further testing. Key challenges
include teacher readiness, age-appropriate assessment, and limited resources, while
subject integration and low-cost activities offer opportunities. Future studies should
compare these approaches using validated instruments, clear control conditions, and
quasi-experimental or design-based methods.
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