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Abstract

The systematic review literature on the integration of computational thinking in
learning mathematics at K-12 mathematics education showed that student-centered
teaching approaches can bridge computational thinking and mathematics. However,
studies on the role of ICT in improving the quality of learning and the integration of
computational thinking in supporting the academic ability of K-12 students are still
little reviewed in the current literature. In an effort to fill this gap, a systematic review
of the pedagogical role of ICT in asssisting the improvement of students’ computational
thinking in K-12 mathematics learning needs to be conducted. This study analyzed 14
studies from the Scopus database that met the inclusion requirements. The PRISMA
protocol was used to assess the 14 studies reviewed. The results of this research are that
several ICT tools effectively enhance students' CT in mathematics education, including
augmented reality, digital gamification technology, robots, tablets, ePCR devices,
online platforms for algorithm-based tasks, and problem-based programming. These
studies recommend integrating these ICT tools into standard mathematics curricula,
with careful design of learning activities, appropriate to students' developmental levels,
and supported by adequate teacher training.

Keywords: computational thinking; k-12; ict

INTRODUCTION

Mathematics education has become the centre of attention to advance the quality
of global education (Santamaria-Cardaba et al., 2021; Wang et al., 2024). In the digital
era, incorporating Information and Communication Technologies (ICT) is gaining
popularity in the instructional approach of the mathematics learning process, as it offers
a real and interactive context for students and allows for personalized learning (Lecca et
al., 2024; Nur et al., 2021; Osipovskaya et al., 2021). Given that students' environments
nowadays are already saturated with ICT, incorporating these technologies into learning
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environments is essential to remain relevant and engaging (Dahal et al., 2022; Msafiri et
al., 2023; Timotheou et al., 2023). This integration it expected to directly contribute to
strengthening students' mathematical thinking. The mathematical thinking in context goes
beyond basic computational procedures, but it encompasses both deductive and inductive
reasoning (OECD, 2023). The critical role of reasoning requires more attention during
the education process when assessing mathematical literacy. The OECD redefined the
PISA framework for mathematical literacy, which initially focused on basic numeracy
skills, in light of rapid technological advances (OECD, 2023). To adapt to the digital
world, mathematical thinking skills must now include the ability to generalize and
abstract concepts, recognize patterns, break problems into manageable parts, and design
step-by-step solutions, which are considered cornerstones of Computational Thinking
(CT).

PISA 2022 Framework raises CT as one of the important aspects for students to
have because it is believed that in addition to problem-solving, this PISA framework
states that the particular aspects of CT and mathematical reasoning are included in 21st-
century mathematical literacy. Computational Thinking (CT) is defines as a thought
process that contains defining and addressing problems that can be articulated in a way
that information processing agents can process effectively (Cuny et al., 2010).
Computational Thinking has become a fundamental skill, often juxtaposed with reading,
writing, and math, crucial ability to help students solve complex problems in life. CT is a
type of analytical thinking, which takes an approach to solving problems, system design,
and analysis of behavior in humans that draws on basic computational concepts. PISA
2022 Study Framework emphasizes the important role of technology in students' lives, so
now mathematical literacy is not only limited to aspects of mathematical thinking but
must be able to pay attention to synergy and reciprocal relationships with CT (OECD,
2023).

In today's rapidly evolving world, where computers are becoming an integral part
of our daily lives and problem-solving processes, PISA 2022 Framework has highlighted
the crucial role of CT as a key component of mathematical literacy and in helping solve
mathematical problems. Nurturing CT from an early age is crucial for arming students
with the essential tools needed to succeed in the rapidly evolving landscape of the 21st
century, empowering them to become creative problem-solvers, critical thinkers, and
active participants in shaping their own futures and the world around them (Robledo-
Castro et al., 2023; Rodriguez-Martinez et al., 2020; Sohr et al., 2023; Xu et al., 2022;
Zhang & Wong, 2023). The combination of mathematical thinking and CT is not only
able to support the development of students' conceptual understanding of mathematics
but is able to equip students with an understanding of the practical applications of
mathematics so that it is expected to prepare students to choose careers in fields that
emphasize CT. CT is currently one of the focuses tested in the PISA mathematical literacy
test.

ICT plays a variety of roles in this interaction. It acts as a stimulant to get students
interested in learning difficult subjects through virtual platforms, interactive simulations,
and programming environments. The development of ICT has not only made knowledge
more widely accessible, but it has also given rise to creative methods for fostering CT
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and mathematical thinking. ICT integration in mathematics learning has a positive impact
on students' CT (Lewis Presser et al., 2023; Rodriguez-Martinez et al., 2020; Sezer,
2022). Lewis Presser et al. (2023) stated that an intervention consisting of digital
investigations and applications, aided preschool teachers and students in answering data-
focused questions by participating in each stage of the DCA process to develop CT and
math skills, and it was found that students in classes that finished the intervention
significantly had higher scores at post-intervention compared to students in classes that
did not complete the intervention. Then, Rodriguez-Martinez et al. (2020) reports the
results of a quasi-experimental study that involved sixth-graders studying the impact of
Scratch on learning mathematical concepts, and on developing computational thinking
and the findings show that Scratch is utilized to advance students' mathematical concepts
and computational thinking. In line with that, the research conducted by Sezer &
Namukasa (2021) aims to investigate how CT tools and concepts are useful to
comprehend the Covid-19 outbreak better, and how the disease context is utilized as a
real-world context to promote primary and secondary education. Teaching mathematical
modeling and computational thinking can be achieved by designing a learning process
that provides detailed context and real-world, unstructured problems. The hope is that
these problems will serve as a stepping stone for students, encouraging them to solve
surrounding issues using the knowledge and skills they acquire in the future. This was
discovered through the use of a qualitative method of study, in this case, content analysis.
Additionally, opportunities to encourage students by highlighting the worth and
significance of CT and mathematics were explored. It is essential for students to be
proficient in using technology and computational thinking to succeed in various academic
and professional fields.

To explore the role of ICT in optimizing instructional approaches for strengthening
computational thinking skills in mathematics, this paper reviews previous related studies.
The review examines how various types of ICT are used to bridge mathematics learning
with computational thinking, the associated learning models, the education levels
targeted, the findings reported, and the implications for future research and practice.

METHODS

The authors carried out a systematic literature review using the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) systematic review method
to review the role of ICT on Computational thinking skills in learning mathematics.
Identification Stage

A literature review on computational thinking in learning mathematics was
conducted since September 2023 to obtain preliminary information and an overview of
both from various data sources. For the systematic literature review in this paper, the
Scopus database was used as a source for conducting literature searches. This database
was chosen because of its comprehensive coverage of over 42,000 peer-reviewed journals
across a wide range of disciplines, including social sciences, life sciences, humanities,
medicine, engineering business, and management. Also, the selection process of papers
that can be included in the Scopus database is reliable, ensuring high data accuracy and
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quality. Spesifically for this research, Scopus was chosen as the primary database due to
its high-performance search engine capabilities, refined data accuracy, and extensive
collection of journal, making it an ideal resource for academic research in educational
field. Consistent with the previous systematic review, the author additionally restricted
the search to the year 2006, when Jeannette Wing popularized the phrase "computational
thinking" again, following Seymour Papert's introduction of the word in 1980.

On May 9, 2024, the author conducted an identification using “search within field
Article title, Abstract, Keywords”. The keywords used were: 1) Primary Search Terms:
“computational think* (to capture various forms of computational thinking); 2)
Secondary Search Terms: “math* (to focus on mathematics education); 3) Additional
Search Terms: ict OR "Information and communication technology” OR technolog* (to
include relevant ICT-related concepts); 4) Geographical and Educational Level Terms:
school* OR elementary OR middle OR primary OR secondary OR k-12 (to cover
different educational levels). These search terms were employed in the field “search
document” to investigate the role of ICT on Computational thinking in learning
mathematics. The search strategy involved an iterative process to refine the search terms
and ensure comprehensive coverage of relevant studies. This approach aligns with best
practices in systematic reviews, enhancing the reproducibility and credibility of the
findings. The total number of articles obtained in this initial search process was 358
documents.

The papers at the identification stage are exterminated before moving on to the
screening stage guided by the following criteria: 1) duplicate records; 2) entries flagged
as unsuitable by automated systems; and 3) entries excluded for additional reasons. After
checking, it was found that 1 article entitled "Students' Engagement through
Computational Thinking and Robotics™ was recorded twice. Furthermore, there were 22
entries in the form of conference reviews that were included as data and thus classified as
unsuitable by automated systems.

Screening Stage

This screening stage consists of 3 stages to get records screened, ocuments
requested for access, and reports assessed for eligibility. This screening stage was
conducted to obtain articles that were relevant to the research objectives.

At the screening stage, the 335 articles obtained at the identification stage were
further analyzed by looking at the suitability of the titles and abstracts of these articles to
the research topic. The inclusion criteria used in considering articles for further screening
were: 1) the article discusses how the integration of ICT in enhancing computational
thinking specifically in the field of mathematics education; 2) the article must be
published in academic peer-reviewed journals; 3) the article must be written in English.
Acrticles were omitted if they did not comply the above inclusion criteria.

In the first stage, 12 articles in Spanish Chinese, and Portuguese were excluded
from consideration due to the authors' limited understanding of the articles in these
languages. After that, to guarantee the quality of the articles to be studied further,
researchers only selected document-type articles to enter the next stage considering the
article selection process to be published in Scopus Indexed Journals. Then, a further
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review of the abstracts or full texts was conducted to ensure that the articles to be further
analyzed were only studies conducted at the primary and secondary school levels and that
the studies were indeed related to CT in mathematics learning (not in the context of other
subjects). To achieve this, the subject area filter was first limited to social sciences and
mathematics. The social sciences were chosen because educational research was included
in this category. By using these 3 criteria, 115 articles were obtained that could be
forwarded to the next stage.

In stage 2, the title and abstract of the 115 articles were carefully read and assessed
for their eligibility based on the same exclusion and inclusion criteria used in the
screening stage. Additionally, the authors checked for the accessibility of the full-text
PDF versions of the articles. A total of 81 articles did not meet the criteria and had to be
discarded because those articles did not specifically address the integration of ICT in
developing computational thinking skills in learning mathematics and those articles did
not meet the criteria which the participants were not related to elementary or secondary
school.

In stage 3, the researcher read the full texts of the remaining 34 articles to
determine their true relevance to the research objectives. This involved a detailed
examination of content to ensure that the articles provided substantial evidence and
insights into the role of ICT in enhancing computational thinking in learning mathematics.
After this thorough review, 14 articles were found to be truly relevant and were selected
for further analysis. These articles will be used to draw conclusions and provide
recommendations based on the systematic review and bibliometric analysis.

Included Stage

In this stage, the 14 selected articles will undergo detailed analysis to extract
relevant data and insights. This stage involves 2 steps. First, studying key information
from each article will be systematically extracted, including study objectives,
methodologies, sample sizes, findings, and conclusions. This process was done carefully
to ensure that all relevant data were included in the in-depth and comprehensive analysis
that followed. Second, a synthesis was conducted to examine and understand thoroughly
what the current conditions are regarding the contribution of ICT utilization in supporting
the improvement of computational thinking skills in learning mathematics . This synthesis
is intended to provide direction and recommendations for further research.

The study employed a rigorous selection procedure to find pertinent literature,
focusing on the intersection of ICT and computational thinking in learning mathematics.
The inclusion criteria targeted studies that explicitly discussed computational thinking in
the setting of mathematics education, while exclusion criteria filtered out studies that did
not focus on K-12 education or lacked clear definitions of computational thinking.
Acrticles were assessed for relevance based on their alignment with the research question,
leading to the final selection of 14 studies that provided substantial insights into the role
of ICT in enhancing computational thinking skills related to K-12 students.
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Science to Support Mathematics for
Students With Disabilities

No Author Title Year Journal Country
1 [Soboleva, Elena V. Formation of Computational Thinking |2021 |Eurasia Journal of
Sabirova, Elvira G. Skills Using Computer Games in Mathematics, Science tredia
Babieva, Nigina S. Teaching Mathematics and Technology
Education
2 |Angraini, Lilis Marina Augmented Reality: The Improvement |2023 (International Journal of
Yolanda. Fitriana of Computational Thinking Based on Instruction Indonesia
Muhammad. Ilham Students' Initial Mathematical Ability
3 |Martin, David A. Primary school students' perceptions and| 2024 (Tournal of Computer
Curtis, Peter developed artefacts and language from Assisted Learning _—
Redmond, Petrea learning coding and computational
thinking using the 3C model
4 (Kaup. Camilla Finsterbach |Integrating computational thinking to 2023 |Journal of Pedagogical
Pedersen. Pernille Ladegaard|enhance students' mathematical Research cawEg
Tvedebrink. Torben understanding
5 |Jin. Yi A Mixed-method Cluster Analysis of 2022 |Computers and
Wheeler, Rebecca Physical Computing and Robotics Education Ehina
Bosarge. Erin Integration in Middle-Grade Math
Lesson Plans
6 |Araya. Roberto Enriching elementary school 2021 [Mathematics
mathematical learning with the steepest Chile
descent algorithm
7 |Muhammad. Ilham Computational Thinking Research in 2023 |Journal of Education in
Rusyid. Husnul Khatimah ~ |Mathematics Learning in the Last Mathematics, Science —
Maharani. Swasti Decade: A Bibliometric Review and Technology
Angraini, Lilis Marina
8 |Park, Woongbin Research Trends And Issues Including | 2022 |Journal of Baltic
Kwon. Hyuksoo Computational Thinking In Science Science Education iy
Education And Mathematics Education
In The Republic Of Korea
9 |Swakaya. Didem Alsancak |Investigating computational thinking 2020 |Participatory
skills based on different variables and Educational Research Turkey
determining the predictor variables
10 [Sung, Woonhee Factors to consider when designing 2020 |Journal of Research on
Black, John B. effective learning: Infusing Technology in —
computational thinking in mathematics Education
to support thinking-doing
11 [Rafiepour. Abolfazl Cultural historical analysis of iranian 2021 |Journal on Mathematics
Farsani. Danyal school mathematics curriculum: The role Education Iran
of computational thinking
12 |Valovicova, L Ubomira Enhancing computational thinking 2020 [Mathematics
Ondruska, Jan through interdisciplinary steam activities Slovakia
Zelenicky. L Ubomir using tablets
13|Cui, Zhihao Integration of Computational Thinking |[2023 |Educational
Ng. Oi lam with Mathematical Problem-based Technology and Ehiha
Jong, Morris Siu Yung Leaming Insights on Affordances for Society
Leaming
14 |(Bouck. Emily C. Providing Access and Opportunity for | 2022 [Journal of Special
Yadav. Aman Computational Thinking and Computer Education Technology UsA

Figure 1. Reviewed Studies

To provide a clear overview of our systematic review process, a PRISMA flow
diagram has been included, which details the stages of study selection and exclusion.
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Identification of studies via databases and registers

Records removed before
screening.
Duplicate records removed
(n=1)
Records marked as ineligible
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Records removed for other
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(n=210)
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(n=281)

—
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3 \J
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(n=234) g
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= (n=14)
S Reports of included studies
=

(n=10)

Reports excluded:
Wrong setting (n = 11)
Wrong population (h = 3)
Wrong study design (n = 6)

Figure 2. PRISMA Flowchart Diagram (Page et al., 2021)

RESULTS AND DISCUSSION
Results
The selected studies span a range of years and journals, providing a
comprehensive view of the role of ICT in developing Computational thinking in learning
mathematics .
Soboleva et al. (2021) examined the frameworks for applying gamification
concepts in math instruction to foster the development of abilities and skills, intending to
define the essence of computational thinking. The authors explain in detail the concept of
"computational thinking", which includes a set of procedures to activate patterns, the
relationship between games and human memory, constructing effective algorithms,
stating problems and models, and using software products with mathematical content.
This research focuses on defining the concept of computational thinking and its
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application in the field of education and cognitive activities using digital gamification
resources so that students can develop CT through the activity of designing and
developing games with mathematical content.

Angraini et al. (2023) are motivated by poor proficiency in computational thinking
of students during the hasty development of ICT in the digital age. The researcher
developed Augmented Reality (AR)-based educational content supported by Unity 3D
that proved to be more effective in improving students' mathematical CT, especially with
low initial mathematical ability, compared to traditional learning methods.

Martin et al. (2024) drafted an article based on the fact that there is no pedagogical
sequence for teaching coding that is intended to improve computational thinking. The
present research seeks to address the existing gap by establishing the 3C Model (Context,
Capability, Computation) as a fitting pedagogical approach for imparting coding and
computational thinking concepts to elementary school students at the concrete operational
in alignment with their developmental stage. It was proven that the 3C Model not only
heightened students' engagement levels but also yielded in improved curriculum learning
results.

Kaup et al. (2023) discusses how CT relates to 3 areas of mathematics: geometry,
algebra, and arithmetic. The author states that how CT and arithmetic can support or share
mutual ground is undistinguishable. Also concerning algebra, CT contains acquiring
language's symbolic representations and a more comprehensive approach to problem-
solving, and Emphasizing that the relationship between CT and geometry is probably
related to spatial thinking and reasoning, spatial reasoning and thinking was considered
as a component of helping students increase their comprehension of geometry. The
researcher conducted an experiment where students worked with digital CT activities.
The pre-and post-test results discovered that the experimental group's result was
significantly better than the control group's result for the areas involving CT activities.

Jin et al. (2022) conducted a research by analyzing different types of ePCR
(Physical Computing and Robotics) integration in middle-grade math lessons, then
categorizing integration, suggesting a revisiting of the TPACK framework, emphasizing
the importance of teacher competency development, calling for more research on lesson
impact, and stressing the importance of designing discussion activities and ePCR
technology in future studies. The results showed three types of lesson plans based on the
integration of ePCR technology and different levels of computational thinking and coding
skills, categorized lesson plans into five main clusters, and showed differences from
previous integration categories identified in a review.

Araya (2021) explores the feasibility of teaching the steepest descent algorithm to
elementary school students to enhance STEM integration and Computational Thinking,
emphasizing the importance of mathematical modeling and connecting abstract concepts
with real-life experiences. Teachers and fourth-grade students successfully understood
and applied the steepest descent algorithm to complex models after a brief introduction.
The activities based on the algorithm were engaging and integrated real-life scenarios,
enhancing STEM integration and Computational Thinking skills.

Muhammad et al. (2023) recommends that Incorporating computational thinking
into the mathematics curriculum can prepare students to face the digital era, where the
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use of technology should be directed towards optimizing the understanding of
mathematics. For this, teachers need to be equipped with adequate training to be able to
design learning models and also conduct assessments that are beneficial in enhancing
computational thinking by selecting appropriate teaching techniques according to the
context of mathematics learning.

Park & Kwon (2022) emphasizes that CT in science and mathematics education
about software that has been included in the Korean National curriculum has a diverse
theoretical approach from CT in computer education, and specifically in mathematics
education where it mostly uses an approach related to ‘abstraction’. The key to
enlightening CT in math lessons is to apply practical understanding in science and math
education.

Sirakaya (2020) conducted a research to look at several variables affecting
students' computational thinking abilities in secondary school as well as attitudes toward
science and math. The results showed that computational thinking skills are not
influenced by gender, but the influencing factors are possession of a mobile device,
technological proficiency, frequency of everyday technology use, attitudes toward
science, and attitudes toward math.

Sung & Black (2020) are preparing students for technology-driven changes,
realizing the importance of computer programming in STEM education, and integrating
Computational Thinking (CT) in STEM disciplines, using embodied activities combined
with computational perspectives to improve knowledge in mathematics, programming
concepts, and computational thinking among young learners, and providing evidence-
based instructional strategies for integrating computational thinking in math-related
activities in the classroom. Embodied activities combined with computational
perspectives enhanced the understanding of mathematics, programming ideas, and
computational thinking in young students. Interdisciplinary effectiveness was
demonstrated by coherent classroom activities that integrated computational viewpoints
into pre-existing mathematics curricula. A roadmap for departing from standard
programming education is provided by the effects of embodied activities and
computational viewpoints. that heavily relies on technological tools.

Rafiepour & Farsani (2021) provide a comprehensive analysis of the historical
changes in the Iranian mathematics curriculum, culminating in the recent integration of
Computational Thinking as a response to globalization, emphasizing problem-solving
skills and real-world applications in mathematics education. The main findings of the
paper emphasize the significance of integrating Computational Thinking (CT) into the
official curriculum, particularly for developing countries, and the importance of designing
better programs for migrant students who have studied in developing countries.

Valovicova et al. (2020) emphasizes the importance of computational thinking in
mathematics and the use of interdisciplinary STEAM activities, particularly involving
technology, to enhance students' learning and develop their computational thinking skills.
The study aimed to enhance computational thinking through interdisciplinary problem-
solving activities using tablets, with a focus on the influence of background knowledge
and the potential for technology to enhance computational thinking.
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Cui et al. (2023) discusses the integration of problem-based learning and
computational thinking in learning mathematics, highlighting the benefits of dynamic
representations, non-obvious solution processes, and customization for student learning.
The tasks integrated CT with mathematical problem-based learning effectively - Co-
development of mathematics and CT concepts and practices was observed among
students Emphasized the importance of not making solution processes immediately
obvious in mathematical learning

Bouck & Yadav (2022) emphasizes the importance of providing access and
opportunities for students with disabilities to engage in computational thinking and
computer science within mathematics education, highlighting the benefits, rights,
challenges, and implementation steps. The main findings emphasize the importance of
integrating CT and CS into mathematics education for students with disabilities,
highlighting the benefits and the need to provide access and opportunities for these
students.

Discussion

Based on the 14 studies analyzed, it is evident that Information and
Communication Technology (ICT) plays a crucial role in developing Computational
thinking in learning mathematics . The use of gamification and Augmented Reality (AR)
technology has proven to be more effective than traditional teaching methods in
enhancing students' mathematical and CT abilities, as shown by Soboleva et al. (2021)
and Angraini et al. (2023). Furthermore, well-structured teaching models, such as the 3C
Model introduced by Martin et al. (2024) and digital CT activities studied by Kaup et al.
(2023), demonstrate significant improvements in student engagement and curriculum
outcomes. Physical and computing technologies, such as physical computing and
robotics, also play a pivotal role in enhancing CT understanding, as outlined in the
research by Jin et al. (2022) and Araya (2021).

Bibliometric analysis and national curriculum considerations by Muhammad et
al. (2023) and Park & Kwon (2022) underscore the importance of efficient training
programs for educators and the use of effective CT learning tools. Multidisciplinary
approaches and interdisciplinary STEAM activities involving technology, as explored by
Valovicova et al. (2020) and Sung & Black (2020), also show improved CT capabilities
in students. Moreover, providing access and opportunities for students with disabilities to
engage in CT and computer science within mathematics education, as emphasized by
Bouck & Yadav (2022), is crucial to ensure inclusivity and equal opportunities for all
students. Historical and cultural approaches to understanding the role of CT in the
mathematics curriculum, as researched by Rafiepour & Farsani (2021) and Sirakaya
(2020), are also vital in designing better and more inclusive learning programs. Overall,
ICT significantly contributes to developing CT in mathematics education through the use
of appropriate technology, innovative teaching models, and inclusive and
interdisciplinary approaches.

The research methods employed in these articles encompass a diverse range,
including literature reviews, experimental and quasi-experimental designs, case studies,
qualitative approaches, and more specific methodologies such as systemic activity
approaches and cultural-historical approaches. The choice of research method is tailored

191



Hipotenusa: Journal of Mathematical Society, 6 (2), December 2024
Alberta Parinters Makur, Darhim, Bambang Avip Priatna Martadiputra

to the objectives and context of each study to explore the integration of computational
thinking in learning mathematics.

Several studies have adopted literature review approaches. For instance,
Muhammad et al. (2023) conducted a literature review using data from the Scopus
database and analyzed 113 publications through bibliometric analysis. Similarly, Park &
Kwon (2022) surveyed domestic academic journals and theses from 2013 to 2021 in
science and mathematics education. Other methodological approaches include case
studies, such as the one carried out by Cui et al. (2023), which utilized case studies as an
analytical methodology and collected data through various sources, including
programming artifacts, classroom observations, video recordings, field notes, and student
interviews. Some studies have also employed qualitative approaches. Martin et al. (2024)
involved a qualitative design, data triangulation using interviews and observations,
thematic analysis, and reflection on the researchers' actions. Rafiepour & Farsani (2021)
used a cultural-historical approach by collecting and analyzing various materials related
to changes in the Iranian mathematics curriculum through thematic analysis.

Several studies have employed experimental or quasi-experimental designs to
investigate the integration of computational thinking in learning mathematics . For
instance, Kaup et al. (2023) used a quasi-experimental design with an experimental group
engaging in digital CT activities and a control group without such intervention. Sung &
Black (2020) utilized a factorial design with two factors (level of embodiment and
presence of computational perspective-taking) to evaluate the impact on young learners'
mathematics and programming skills. Angraini et al. (2023) conducted a meta-analysis to
investigate the impact of augmented reality on mathematical computational thinking
abilities. Moreover, some studies have adopted more specific approaches. Soboleva et al.
(2021) employed a systemic activity approach as the main research method, while Araya
(2021) involved the use of the USAB framework for mathematical modeling and designed
the steepest descent activities with real-life models. Valovicova et al. (2020) designed
and tested interdisciplinary STEAM collaborative problem-solving activities as part of a
longitudinal study spanning over 5 years.

This in-depth study on the integration of CT in mathematics education, based on
14 articles, suggests that embedding CT into mathematics curricula and instruction can
provide significant benefits for students in terms of developing problem-solving skills,
logical reasoning, and algorithmic thinking. Effective approaches involve the use of
embodied activities, computational perspective-taking practices, problem-based
programming tasks, and the integration of CT principles into standard mathematics
curricula. These studies cover various age levels, from elementary to secondary school
students, and employ diverse research methodologies, such as experimental designs,
quasi-experimental designs, case studies, and literature reviews.

While most studies report positive outcomes, some identified challenges include
the need for effective teacher training, the lack of widely accepted pedagogical
approaches for teaching CT, and difficulties in designing age-appropriate learning
activities. Addressing these challenges will be crucial for the successful integration of CT
in mathematics education and ensuring that students can reap the benefits of this
innovative approach to learning.
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From the review of 14 selected studies, to improve CT, several tools used in
mathematics learning were identified, namely: (1) Augmented reality, where its
utilization in the learning process is proven effective in improving students' mathematical
computational thinking skills when compared to conventional learning; (2) Digital
gamification technology, particularly using HTML 5 tools, can foster the development of
computational thinking abilities.through a gaming education space; (3) Student
performance on tests pertaining to numbers, algebra, and geometry has significantly
improved as a result of the development of calculators and the deployment of robots like
BeeBot; (3) Use of smartmeasure tablets and apps for interdisciplinary STEAM
collaborative problem-solving activities designed to improve computational thinking; (4)
Use of ePCR (educational programmable circuit-related) devices in a middle grade math
lesson, with lesson plans integrating ePCR technology, pedagogy and content; (5) An
online platform for steepest descent algorithm-based tasks, involving and integrating real-
life scenarios, enhancing STEM integration and Computational Thinking skills; (6) Use
of problem-based programming in math tasks designed in partnership with experts,
focusing on various problem-based math learning tasks.

It should be realized that the effectiveness of the above tools is highly dependent
on the careful design of learning activities, making appropriate teaching materials, and
proper integration with the mathematics curriculum, for example, choosing which
materials allow for the integration of tools to improve CT, and the need for preparation
for teachers who will use these tools so that learning objectives are achieved. The
selection of the right learning model, teaching modules integrated with ICT tools, and
teacher readiness is believed to be able to effectively improve CT and at the same time of
course able to improve understanding of mathematical concepts of problem-solving skills
which are an integral part of CT.

The use of ICT in developing students' CT also contributes to improving
mathematical concept understanding, problem-solving skills, critical thinking, and
learning motivation. For example, CT-based interventions using robots and embodied
activities have been shown to improve knowledge of numbers, algebraic geometry, and
programming skills(Kaup et al., 2023; Sung et al., 2017).

It is necessary to design learning activities that actively involve students,
according to their developmental level, initial mathematical ability so that the potential
of ICT tools such as gamification, augmented reality, robotics, and programming can be
optimized. Teachers need to be prepared to understand the core concepts of CT,
pedagogical strategies to teach CT using technology, and skills in designing effective
learning activities. In Indonesia, where the authors resides, studies that describe the
importance of lesson design by teachers have also discussed how ICT is applied in
mathematics education (Badawi et al., 2023; Putrie & Syah, 2023). Research on the
implementation of CT in mathematics education has also been conducted and has yielded
promising results (Mukhibin & Juandi, 2023; Putri et al., 2022).

This study has several drawbacks that should be noted when interpreting the
findings. Firstly, the selection of articles was restricted to those published in English and
sourced exclusively from the Scopus database. This may have led to the exclusion of
relevant studies published in other languages or indexed in other databases, potentially
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limiting the diversity of perspectives included in the review. Secondly, there is a
possibility of selection bias in the choice of articles. The criteria used for selecting studies
may have inadvertently excluded important research that could provide additional
insights. Efforts were made to minimize bias, but it is acknowledged that not all relevant
studies may have been captured. Additionally, the methodologies of the reviewed studies
varied, which presents a limitation in synthesizing the results. Differences in research
design, sample sizes, and data collection methods could affect the comparability and
overall conclusions drawn from the studies. The generalizability of the findings is also
limited. The results may be more applicable to certain educational contexts and may not
be directly transferable to others. Lastly, there are practical limitations in implementing
the study's recommendations. By acknowledging these limitations, this study aims to
provide a transparent and nuanced understanding of the findings and their implications
for future research and practice.

Further research is needed to explore the applicability of these findings in diverse
educational settings. Studies conducted in various contexts can provide valuable insights
into how different environments affect the implementation and effectiveness of ICT tools
in enhancing CT. The integration of Information and Communication Technology (ICT)
tools, such as augmented reality, digital gamification, and robotics, holds significant
potential for transforming mathematics education. These technologies can inform
curriculum designers on effective ways to incorporate innovative tools that align with
educational goals and standards, thereby enhancing students' computational thinking
(CT) and mathematical skills. To achieve this, it is crucial to ensure that these tools are
seamlessly integrated into the curriculum and that they complement traditional teaching
methods. Moreover, the successful implementation of ICT tools in education requires
well-prepared teachers. Professional development opportunities should be provided to
educators, focusing on CT, pedagogical strategies, and the effective use of technology in
teaching. This preparation will enable teachers to confidently integrate ICT tools into
their classrooms and maximize their potential to improve learning outcomes. Also,
exploring innovative pedagogical models that effectively integrate ICT tools with
traditional teaching methods is encouraged like the 3C Learning Model to enhance
students' CT in mathematics education eventhough real-world application may face
challenges such as resource availability, teacher training, and curriculum alignment.

CONCLUSION

A study of 14 studies related to the integration of computational thinking in
learning mathematics recommended several effective ICT tools for improving CT,
namely augmented reality (AR), digital gamification technology using HTML 5 tools to
design and develop educational gaming spaces with mathematical content, the use of
robots such as BeeBot and the creation of calculators with micro: bits that improve student
performance on tests related to number, algebra and geometry, interdisciplinary STEAM
collaborative problem-solving activities using tablets and smart measure apps, use of
ePCR devices in math lessons that integrate technology, pedagogy and content related to
ePCR, online platforms for algorithm-based tasks, and use of problem-based
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programming in math tasks designed with experts with a focus on various problem-based
math learning tasks.

These studies recommend the integration of these ICT tools into mathematics
learning with careful design of learning activities, appropriate to students' developmental
levels, and supported by adequate teacher training. Nonetheless, further research is still
needed to address existing gaps, such as the exploration of factors that encourage students'
use of CT, applications of CT beyond programming, development of developmentally
appropriate pedagogical approaches, and investigation of innovative technology
applications in mathematics learning.
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