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Abstract: Computational thinking (CT) has been accepted and embraced by educators and researchers
alike, but many questions remain surrounding what concepts and topics have been used in CT, what
tools have been used to help teach CT, and the current range of research on CT. In this paper, we
address those questions and the state of professional development (PD) used to train teachers and
preservice teachers in CT. Using a scientometrics analysis to map data from the scientific literature
based on different kinds of published research, we found that most publications were published in
education-related sources and that CT in relation to mathematics teaching was mostly about teaching
computing skills and teaching computer programming using practice and algorithmic thinking in
engineering and in STEM, mostly at the higher education level. Additionally, our results revealed that
Scratch was the dominant tool used to teach programming skills at all school levels and in teacher
education. Research on PD illustrated a main focus centred on improving computational thinking
via programming skills in rural and urban areas of teaching. Lastly, we conclude that high-impact
research outputs support the notion of computational thinking as a problem-solving process.

Keywords: computational thinking; problem-solving process; algorithmic thinking; teacher practice;
professional development

1. Introduction

Twenty-first-century learning necessitates positioning skill sets formed around inno-
vation and creativity, flexibility, critical thinking, and so on. To that end, the 21st-century
learner is to be equipped with many of these specific capabilities in order to align with
the “ . . . growing need to meet the increasingly complex challenges thrown up by rapid
and escalating change in areas of the economy and work, technology, environment and the
effects of globalisation” [1] (p. 799). In other words, equipping the 21st-century learner
for the complex challenges ahead as part of the Fourth Industrial Revolution (4IR) defined
in the main by technological developments through rapid connectivity, robotics, big data,
artificial intelligence (AI), and so on. An important consideration in computational thinking
(CT) and mathematics education is the extent to which computerisation and technology
use facilitates the pedagogic relationship [2,3]. This, in many respects, is about assisting
classroom teachers in learning more about the notion of CT and its applicability across a
range of pedagogical contexts, both social and cultural.

The overarching purpose of this research study is to explore the capacity and appli-
cability of practised and used methods/tools and approaches in the research literature
for teaching CT through mathematics. The paper also aims to understand the range of
professional development activities available for teachers on CT. We translate the data
gained from our exploration by mapping the research literature to provide more prac-
tical information for classroom teachers and teacher educators to apply and use CT in
their teaching practice. In addition, our paper seeks an understanding of teachers’ needs
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around practice in teacher programming so that researchers and educators can better assist
classroom teachers with CT in the teaching of mathematics.

There is a great interest now in CT from major stakeholders (teachers, policy-makers,
teacher educators, researchers, and so on) [4–6]. There are studies focusing on what CT
is and how it is used [7,8]. Our study is geared towards the provision of practical and
bibliographic perspectives on CT that we believe both editors of research journals and
researchers will benefit from. The following research questions are investigated and guide
the study:

1. What is the range of research publications available presently aimed at teaching
computational thinking?

2. What are the main concepts and topics used in teaching computational thinking?
3. What are the samples, methods/ways of teaching, and tools used for teaching compu-

tational thinking?
4. What is the range of professional development activities for teachers and teacher

training activities for preservice teachers on computational thinking?

In our paper, we acknowledge the relatively new territory of CT and how it links to
mathematics education. This is to foster and build further interest around the implications
of CT and its place in the mathematics classroom and school curricula more broadly. It is
important that classroom teachers understand the processes of CT and how they can assist
students when studying mathematics in making the necessary connections that are needed
across numeric and conceptual processes. A large part of this is about helping students use
CT when solving mathematical problems with the ultimate aim being the development of
independent learners.

Our paper, then, is composed of six parts. Part one, the introduction, emphasises
the importance of this research and includes the aim and research questions. Part two
considers the notion of CT through the teaching of mathematics. It provides the background
story around CT and its links to problem-solving approaches in mathematics. In doing
so, key CT theorists and their contributions to the field are canvassed. Part three outlines
the method undertaken in the exploration of CT and how to teach mathematics. The
procedure undertaken, which includes the technique of data analysis, along with the results
derived from the study, is presented in four parts. Part five is the discussion. The results
obtained from the study are interpreted and links are made to the various CT approaches
and mathematics teaching and learning. Part six concludes the paper. It provides a brief
summary of the study and hints at possible pathways for future research around how to
teach mathematics through CT.

2. Computational Thinking through Teaching Mathematics
2.1. Defining CT

In recent years, technological utilisation has accelerated at unprecedented rates, with
classrooms being no exception [9,10]. This infusion of technology in both everyday lives
and classrooms has impacted the ways in which teachers teach and students learn [11].
Computer science is a field that has grown alongside the technology boom. Computer
science necessitates a modality of thinking that lends itself to problem solving, conceptual-
ising, and abstraction. This type of thinking is called computational thinking (CT) and was
first recognised by Dr Seymour Papert in 1980.

Papert [7] foregrounds CT to include instances when a “computer [is] used as a tool
[to] effectively lead to a solution” (p. 116). He believed that concepts from computer science
could be used to develop students’ mathematical thinking skills, but this notion did not gain
traction until 2006 when Dr Jeannette Wing published an article in the Communications
of the Association for Computing Machinery journal. Wing [8] outlined the importance
of CT, noting that “computational thinking is a fundamental skill for everyone, not just
for computer scientists” (p. 33). She expanded on Papert’s definition of CT when she
stated CT “involves solving problems, designing systems, and understanding human
behaviour, by drawing on the concepts fundamental to computer science” (p. 33). Wing’s
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emphasis on the importance of the thought process in systematically solving problems was
reemphasised in 2011 when Wing [12] described CT as “the thought processes involved in
formulating problems and their solutions so that the solutions are represented in a form
that can be effectively carried out by an information-processing agent” (p. 20). In this
reformed definition of CT, Wing detailed that an information-processing agent does not
simply entail computers—this agent could also be a human or a combination of both. Barr
et al. [13] similarly defined CT by emphasising that it is a problem-solving process that
includes “formulating problems in a way that enables us to use a computer and other tools
to help solve them” (p. 21). The authors also describe dispositions that are key aspects of CT,
including the ability to deal with ambiguity and persist through challenging and complex
problems. Most recently, Furber [14] offered a definition of CT that places the focus on
interactions with the world around us: “the process of recognising aspects of computation
in the world that surrounds us and applying tools and techniques from computer science
to understand and reason about both natural and artificial systems and processes” (p. 29).
Furber’s definition of CT recognises the situated nature of learning, a notion supported by
several researchers that have explored CT through “computational participation” [15,16].

With numerous definitions of CT comes the opportunity and space for confusion.
Aho [17] points out that as educators and researchers have used the word “computation”
without qualification, the door for misunderstanding has swung open. What contributes to
this problem is that “the nature of systems exhibiting computational behaviour is varied
and the term computation means different things to different people depending on the
kinds of computational systems they are studying and the kinds of problems they are
investigating” [17] (p. 832). Mathematics has been historically viewed by many as a
complex and challenging subject [18], and maths is certainly not immune to the issue
highlighted by Aho [17].

Researchers have argued the importance of defining CT in mathematics, noting the
reciprocal relationship of learning between CT and mathematics [19]. In mathematics, CT
has been defined as “a problem-solving process” [20]. This mirrors the current attention
given to CT in many education policy initiatives, standards, curricula and courses as a
generic all-purpose skill and capacity that all students should possess once finished with
formal schooling [21]. Whilst many nations across the globe have incorporated CT into
curricula (Australia, New Zealand, Russia, South Africa, and the UK), much of it remains
at a level that supports learning as part of a broader topic under study. This reflects the
information-processing side of CT, which some suggest is not enough of a reason for it
to be incorporated in formal school-based curricula as it is not seen as a general subject,
discipline-specific enough, or multidisciplinary. There are questions surrounding its actual
distinctiveness as a form of thinking amongst students [22].

2.2. CT in Mathematics

The incorporation of CT into mathematics education is not without its complications.
Chief amongst them is formulating truly authentic student learning experiences that con-
nect deep conceptual mathematical material with actual real-world scenarios [23]. Kallia
et al. [24] suggest that the embedding of CT in mathematics education should hinge on three
areas: problem solving, cognitive processes, and transposition. Their systematic literature
review of CT in mathematics education revealed that student learning experiences that
focus attention towards specific “thinking processes” provide the pedagogical link between
the computational and mathematics disciplines. To this end, learning experiences that focus
upon and foster “abstraction, decomposition, pattern recognition, algorithmic thinking,
modelling, logical thinking and automation, followed by analytical thinking, generalisation
and evaluation of solutions and strategies” [24] (p. 179) are of most value. This is because
there is pedagogic flexibility inherent within CT that allows for its application “in a variety
of ways that reflect authentic disciplinary contexts in which students connect learning and
doing inside communities of practice” [24] (p. 180).
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Across the world, CT in K–12 mathematics classrooms look quite different. In many
countries, CT is not explicitly mentioned in curricula such as textbooks and standards, but
Mannila et al. [25] detail that topics and activities with the potential to introduce CT may
be widespread in K–12 classrooms. To better understand the landscape of curricula related
to CT and teachers’ perceptions of this material, a survey was given to 961 primary and
secondary teachers across five European countries. Mannila et al. [25] found that teachers
reported the use of all nine aspects of CT as described by the International Society for
Technology in Education and the American Computer Science Teachers Association in their
teaching, with data collection, analysis, and representation being used the most in teaching.
This finding indicates that many aspects of CT are being used by mathematics teachers
from countries around the world. Not only do many teachers believe that aspects of CT
are used frequently in their teaching, but teachers across many countries have expressed
increasing amounts of enthusiasm for computer science education [26].

In mathematics, the computation aspect of CT was not strongly connected to the
thinking element of CT until mathematics educators began emphasising how important
it is for students to make sense of the mathematics they are doing, rather than simply
computing or engaging in a more rote way of learning [27]. As a way to engage students
in doing and learning mathematics, educational games such as Scratch have utilised CT
to challenge and create learning opportunities in STEM [28,29]. Scratch, Alice, Frog Pond
Evolution, and other educational games that utilise CT, many of which foreground coding
and computer science-related topics, have benefits for students’ learning as they give
students more ownership, agency, and freedom over their learning than traditional learning
environments (see [30]). Four key elements utilised in educational games that employ
CT, such as Scratch and Makey Makey, are freedom to fail, rapid feedback, progression,
and storytelling [31]. By gamifying the learning experience, students are drawn to doing
mathematics and engaging in CT. Prior research has found that as early as primary school,
students can develop skills related to coding and benefit from early exposure to coding and
programming languages [32,33]. Using coding as an access point to engage in CT can allow
students to develop the skills and tools needed to deeply engage in mathematics.

2.3. CT in Teacher Education

In order to lessen the gap between interest and practice, Yadav et al. [26] assert the
importance of redesigning teacher-education courses so that educational technology can be
taught with a focus on CT and how to foster an environment conducive to CT. Several other
researchers [9,34] have described how teachers can shape their instruction to encourage
a CT perspective. Lye and Koh [9] report a constructionist environment, where problem-
solving is emphasised, facilitating CT, and Csizmadia et al. [34] similarly foreground CT in
algorithmic thinking and learning to generalise patterns. These researchers strongly put
forward instructional methods teachers can use to assist students in developing CT skills.
Other researchers have documented the ways in which CT instructional interventions and
assessments have affected students’ proficiencies and skills related to algorithmic con-
structs [35,36]. Vourletsis et al. [36] employed a “CT instructional intervention on students’
testing and debugging proficiency level and strategy use” (p. 20), finding that multiple
learning units in the CT instructional intervention significantly improved students’ testing
and debugging skills. The study highlighted the ability of instructional practice to increase
students’ engagement and, as a consequence, increase students’ proficiencies related to
algorithmic concepts. Grover [35] explored the way assessments as part of Foundations
for Advancing Computational Thinking (FACT), a middle school computing curriculum,
captured students’ knowledge related to algorithmic thinking. The assessments, which
included directed and open-ended assignments in Scratch as well as other formative and
summative assessments, were able to address multiple facets of students’ understanding
while also giving students various opportunities to showcase their learning and think-
ing. Students expressed enjoyment towards several assessments embedded in the FACT
curriculum and noted that contextualised projects and assessments were especially fun.
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Another portion of research on CT in teacher education has sought to better understand
how workshops, professional development, and other training have helped increase in-
service teachers’ understanding of CT [37,38]. Bort and Brylow [37] designed a computer
science and CT workshop for high school teachers aimed at helping teachers integrate
computer science and CT concepts into a classroom setting. To understand how the
teachers planned to incorporate computer science and CT into their teaching, the researchers
evaluated lesson plans, produced as an activity in a workshop. Bort and Brylow [37] found
that teachers struggled to effectively integrate concepts of CT into lessons “that would
hold any meaningful significance with the students in their classrooms” (p. 430). They
also discovered that many teachers were unable to differentiate computer science and CT,
a sentiment addressed by others [22]. Yadav et al. [38] designed a similar professional
development course intended to help teachers support students in developing CT by
examining how CT could be integrated into scientific inquiry. The research team found that
the professional development course aided in teachers’ development of CT concepts and
skills, with many teachers citing the role technology had in acting as a vehicle to engage
students in CT. Yadav et al. [38] recommended the development of new assessments to
capture teachers’ learning and understanding of CT to allow researchers to effectively
design and implement professional development.

Now that we have briefly reviewed the literature on CT and illustrated how CT has
been defined, used in mathematics, and integrated into teacher education, we will address
our research questions by utilising an evaluative scientific mapping of CT in mathematics.
We will turn to the methodology used to answer our research questions. We detail the steps
taken in our scientometric analysis and lay out how data from the literature on CT were
mapped using VOS.

3. Materials and Methods
3.1. Method

We used evaluative scientific mapping to answer the research questions of this study.
The scientometrics analysis was used to map the data coming from the scientific litera-
ture based on different kinds of published research [39] (p. 9). We utilised the software
VOSviewer using the network and density analysis based on a term co-occurrence map on
text data along with an evaluative systematic review analysis [40].

3.2. Procedure and Data Analysis

We performed searches for peer-reviewed articles using Web of Science (WoS) Clari-
vate, which is a comprehensive and high-impact database in the Social Science Citation
Index and Scimago Q1 and Q2 journals. We excluded review articles, book chapters, and
editorials considering more empirical results can provide more information on the impact
of research done in the computational thinking area in relation to mathematics education.

There are review papers on the concept of CT, the use of Scratch, CT in STEM, and
CT in specific schooling years in the literature either using all publications from many
databases or from years up to 2018 [9,41–47].

We sought to analyse published research specifically focusing on mathematics teaching
but not a specific schooling level through CT between 2018 and 2022.

We started our search using the term “computational thinking” and “mathematics
teaching/instruction” using the database of WoS Clarivate. The first search returned 248
publications. After excluding book chapters, review papers, and editorials, our search
yielded 233 published research items, mostly papers, along with some conference papers.

In the results section, we will first provide the descriptive analytics for the publications
followed by the analysis using VOSviewer for all 233 publications and, finally, the evalu-
ation of the most cited publications. We will further analyse the most cited publications
in detail by the utilisation of systematic and evaluative review analysis in relation to their
methods of teaching and concepts and topics studied in teaching mathematics.
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To broadly capture the picture of the research literature under study, we have not
excluded articles incorporating mathematics teaching and other systematic review papers
via other disciplines. There is also a focus on teaching mathematics in higher education.

4. Results
4.1. The Range of Research Publications Aiming to Teach CT through Mathematics

Queries were performed in July 2022, which yielded 233 publications classified by
their authors, title, keywords, abstracts, and source titles. Below, Figure 1 from Web of
Science website summarises the area of sources across the number of publications, and
Figure 2 shows the publication trends based on years of publication and the number of
citations each paper has.
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Figure 1 clearly shows that most of the publications were published in education-
related sources (59% and 21%) even though some areas are related and intertwined. For
example, some publications in the “education, educational research” (59%) category can
also be considered in “educational specific disciplines” (21%), but education-related sources
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account for the largest area of the total shape. The largest areas not related to education
were “computer science interdisciplinary applications (11%) and “computer science theory
methods” (8%). As our focus was on using CT in teaching mathematics, we expected
to see education-related areas as part of the larger whole. Figure 2, on the other hand,
demonstrates the attention CT has had from researchers in recent years, especially since
2018, which was the focus of this study. The number of citations starts ascending in 2018
with fewer than 5 citations, picking up in 2021 with more than 65 citations, and then
descending in 2022. The drop in 2022 should not be considered a decrease in the attention
given to CT papers since this analysis was performed in the first half of 2022, so there is
scope for an increase over the course of the year.

4.2. The Concepts and Topics Used in Teaching CT through Mathematics

We utilised the VOSviewer visualisation tool to analyse the co-occurrences of keywords
in clusters. The label and circle sizes of a term depend on that keyword’s weight and
keywords are grouped together into clusters based on their shared characteristics, the
heavier a keyword, the larger its label and circle. A keyword’s weight serves as a proxy for
the cluster’s significance. When two keywords are connected by a line, that link between
them and all other links the keyword has with other keywords is considered to be strong.
The strength of a relationship reveals the proportion of publications where two keywords
appear together [48].

The first cluster with 30 terms is represented by a red colour, cluster two by green with
26 terms, cluster three by blue with 16 terms, and cluster four by yellow with 8 terms. The
bigger circles of terms show stronger links to other terms providing an indication of the
most-used terms.

Based on network visualisations (Figure 3), CT in relation to mathematics teaching
was mostly researched based on teaching computing skills, computer programming using
practice, and algorithmic thinking in engineering and in STEM, mostly at the higher
education level. There is also some research based on primary schools, focusing on using
Scratch and games as part of teaching programming skills.
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In Figure 4, it is clearly seen that the most important terms in clusters were: practice
implementation, perspective, framework, challenge, instruction, and implication (first
large cluster in red); engineering, application, effectiveness, lesson, algorithmic thinking,
and computer (in the second large cluster in green); lesson, impact, effect, computational
and algorithmic thinking, perception, and relationship (in the third large cluster in blue);
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Scratch, computer programming, and game in the fourth and final large cluster (in yellow),
amongst some other terms.
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4.3. The Tools and Methods/Ways of Teaching CT through Mathematics

To answer research question 3, we first analysed the high-impact publications that
are highly cited, with more than 10 citations. Our search returned 20 publications with
10 or more than 10 citations for each. Three of these articles were not specifically related
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to teaching computational thinking, they were either related to a framework study or the
history of a tool and the maturity of engineering students. Hence, our analysis was focused
on 17 articles, which are summarised below in Table 1, and Figure 5 presents the number of
citations per author amongst the most highly cited research.

Table 1. Research publications with citation numbers.

Codes Authors Article Title Sum of Times Cited

5a Scherer, R; Siddiq, F; Viveros,
BS

A meta-analysis of teaching and learning
computer programming: Effective instructional

approaches and conditions
24

4c Peel, A; Friedrichsen, P
Algorithms, Abstractions, and Iterations: Teaching
Computational Thinking Using Protein Synthesis

Translation
11

4a Pérez, E.S; Lopez, FJ
An ultra-low-cost line follower robot as

educational tool for teaching programming and
circuit’s foundations

12

3a Pérez -Marin, D; Hijon-Neira,
R; Bacelo, A; Pizarro, C

Can computational thinking be improved by using
a methodology based on metaphors and scratch to

teach computer programming to children?
33

1c Yadav, A; Krist, C; Good, J;
Caeli, EN

Computational thinking in elementary classrooms:
measuring teacher understanding of

computational ideas for teaching science
18

3e Taylor, MS Computer Programming With Pre-K Through
First-Grade Students With Intellectual Disabilities 13

6a Nouri, J; Zhang, LC; Mannila,
L; Noren, E

Development of computational thinking, digital
competence and 21(st) century skills when

learning programming in K-9
58

2b Kalogiannakis, M; Papadakis,
S

Evaluating a course for teaching introductory
programming with Scratch to pre-service

kindergarten teachers
22

3c Kong, SC; Wang, YQ

Formation of computational identity through
computational thinking perspectives development
in programming learning: A mediation analysis

among primary school students

11

3d Israel, M; Lash, T
From classroom lessons to exploratory learning
progressions: mathematics plus computational

thinking
10

4b Estevez, J; Garate, G; Grana,
M

Gentle Introduction to Artificial Intelligence for
High-School Students Using Scratch 13

1b

Leonard, J; Mitchell, M;
Barnes-Johnson, J; Unertl, A;
Outka-Hill, J; Robinson, R;

Hester-Croff, C

Preparing Teachers to Engage Rural Students in
Computational Thinking Through Robotics, Game

Design, and Culturally Responsive Teaching
23

5b Fidai, A; Capraro, MM;
Capraro, RM

Scratch-ing computational thinking with Arduino:
A meta-analysis 13

3f Miller, J
STEM education in the primary years to support
mathematical thinking: using coding to identify

mathematical structures and patterns
12

2a Gunbatar, MS; Bakirci, H STEM teaching intention and computational
thinking skills of pre-service teachers 13

1a Kong, SC; Lai, M; Sun, DE
Teacher development in computational thinking:
Design and learning outcomes of programming

concepts, practices and pedagogy
28

3b
Saez-Lopez, JM;

Sevillano-Garcia, ML;
Vazquez-Cano, E

The effect of programming on primary school
students’ mathematical and scientific

understanding: educational use of mBot
24
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Table 2 maps the tools and methods/ways of teaching in the above 17 articles in
detail. The papers were coded by their sample (1a–1d for “in-service teachers”; 2a–2b for
“preservice teachers”; 3a–3f for “Primary School Students”; 4a–4c for “high school students”
5a–5b for “meta-analysis papers”, and 6a for “teachers”) and numbered with the same
letters for similar samples. Based on their similarities and differences, we further analysed
these data by clustering them according to their sample types to reveal their methods of
teaching and tools to teach computational thinking skills in mathematics. The results for
in-service teachers (1a–1d) were presented in the next section to respond to the fourth
research question in detail. In Table 2, we presented a brief summary of the results, which
are then discussed in the discussion section.

Table 2. Summary of tools/methods/ways of teaching in research publications.

Tools Used Samples Clusters of Methods/Ways of Teaching

Scratch, Code.org materials,
scratch, LOGO, Spirolaterals Primary school students

Using metaphors to symbolise programming concepts and hands-on
activities using Scratch, programming training; instruction primarily
relied on the Scratch and code.org materials, teaching a mathematical

concept using coding or robotics.

Smart Phones, Scratch,
LightBot, High school students

Project-based learning by building a robot using programming,
hands-on programming via Scratch, and teaching programming

using LightBot, which is a puzzle game based on coding
Scratch Preservice teachers Developing educational games in Scratch over an academic semester.

Arduino, Logo and Scratch Meta-analysis papers

The programming instruction focused on problem-solving;
extra-curricular activities; metacognitive instruction; collaborative

learning; the effectiveness of the combination of Arduino and Scratch;
problem-solving; and creative thinking in engineering concepts.

Our results revealed that Scratch was the dominating tool used to teach programming
skills at all school levels and in teacher education. In primary years (3a–3f), code.org was
also utilised to integrate science and mathematics disciplines and drawing spirolaterals was
another method before introducing programming tools in teaching programming skills. For
lower primary years (pre-K through grade 2), LOGO was the preferred tool since it is more
age-appropriate for coding. For high school students, LightBot-type robotic games and
smartphones were also used to teach programming. The LightBot app can be downloaded,
and it introduces students to computational thinking basics (algorithms, iterations, and
abstractions). It does not require students to create code; instead, it has a drag-and-drop
function for programming. For initial teacher education (2a–2b), Scratch is the heavily
used tool to introduce programming basics to preservice teachers so they can familiarise
themselves with the basics of programming. In terms of methods and ways of teaching,
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in the primary years, instructional activities were mostly based on improving conceptual
understanding of programming basics (e.g., using metaphors) and being familiar with
programming tools through hands-on activities. In the high school years (4a–4c), teaching
methods were structured around the subject matter rather than merely focusing on pro-
gramming skills (e.g., learning electric circuits and the biological process function); hence,
other apps and smartphones were included from time to time in the instruction process.
Two large meta-analyses focused on the effectiveness of programming interventions, espe-
cially via visualisation tools and main instructional approaches. These meta-analysis papers
(5a–5b) further revealed the tools and instructional methods. According to their results,
short-term interventions, extra-curricular activities, and metacognitive instruction are the
most effective methods of teaching, especially when used in group activities. Individual
work and problem solving was a moderately effective method of teaching. Scratch and
Arduni were the most effective tools used in students’ learning of programming. Lastly,
a research paper (6a) mentioned understanding students’ skills while they are learning
programming as important. The teachers were teaching computational skills via RoBots,
block programming and text-based programming, and Scratch for approximately two years.
Teachers were interviewed and asked what they thought about their students’ skills in
programming based on their teaching experience. Teachers stated that they believed their
students learned and developed skills of fundamental computational practices as well as
dispositional skills while they engaged in learning programming.

4.4. Professional Development Activities for Teachers and Teacher Training Activities for Preservice
Teachers on Computational Thinking

The research papers (1a–1c) in Table 1 address the professional development (PD)
aspect. Some of these papers targeted providing PD to only primary teachers while others
aimed to develop teachers from primary through secondary schools. The main focus of PD
was improving computational thinking via programming skills in rural and urban areas of
teaching. They also focused on the culturally responsive teaching of computational thinking
skills. The main tool used in this PD was Scratch along with MINDSTORMS, AgentSheets
and AgentCubes, and App Inventor. The results from this PD showed its effectiveness
in developing teachers’ capabilities to devise programming education and practice via
various methods and tools. Teachers also developed their understanding of programming
and their teaching efficacy and outcome expectancy in teaching computational thinking
skills to their students.

5. Discussion and Translation of Research Outputs for Teacher and Educator Practice

Through this research, we aimed to explore the capacity and applicability of meth-
ods/tools and approaches used for computational thinking through mathematics based on
the research literature. Based on scientific mapping analysis, we found that core coding,
computing skills, and related keywords were mostly used in higher education institutes such
as engineering, teacher education, STEM disciplines, and high schools. In primary schools, the
key concepts were around game-based learning in learning computational skills via text-based
programming, RoBots, block programming tools, and especially Scratch and LOGO.

In terms of the tools used in teaching CT through mathematics, we found that Scratch
was a heavily used tool in teaching programming skills at primary and secondary schools,
teacher education, higher education, and professional development programs for teachers.
In addition to Scratch, in high schools, there were other tools utilised, such as LightBot-
type robotic games (LightBot introduces main concepts such as algorithms, iterations, and
abstractions with a drag-and-drop function for programming). In lower primary, LOGO is
the most preferred tool for teaching programming to younger children.

As the instructional method used for primary years, an integrated model was mostly
used by combining science and mathematics disciplines to teach computational think-
ing/programming as well as making use of drawing spirolaterals through problem-solving
tasks [49].



Educ. Sci. 2023, 13, 422 12 of 15

For younger children, metaphors were also used to improve their conceptual under-
standing as well as make use of hands-on activities through manipulatives [50]. For the
high school years and preservice teacher education, there was a subject-based model rather
than focusing on only programming skills (e.g., learning electric circuits and biological
process functions, multimedia course); therefore, instructional methods varied where the
concepts required explicit or project-based teaching [51,52].

In terms of the results from the most-cited and high-impact papers, students improved
their computational practices such as abstracting/modularising, reusing code, and de-
bugging code [53] and positive disposition skills such as building self-confidence and
responsibility for their own learning in primary, middle, and high school years [54]. Teach-
ers of these students saw their students acquire skills that they themselves might not fully
possess. Students in high schools improved their confidence in programming subject-based
activities such as programming microcontrollers using electrical circuits [52]. They also
improved their understanding of AI systems [55] and the acquisition of computational
concepts and the comprehension of mathematical ideas [54]. Some research results sug-
gested that biology classes are excellent environments for CT because biological processes
are systems that must be understood through algorithmic thinking and problem-solving
abilities [53].

The results from two large meta-analyses [56,57] highlighted that short-term teaching in-
terventions and extra-curricular activities, rather than a term- or year-long teaching mode, were
more effective for students to learn programming skills. Metacognitive activities in teaching
programming were also more effective than cognitive instructional activities such as problem
solving, specifically when they were used as collaborative group activities. This research also
pointed out Scratch and Arduni as the most effective tools in teaching programming.

In teacher education programs, Scratch was found to be a useful tool in teaching
programming skills to Preservice teachers [51]. It is suggested that game development
projects using Scratch enhance preservice teachers’ computational thinking abilities.

The PD focusing on improving computational thinking skills for in-service teachers
was effective, and the workshops developed teachers’ efficacy beliefs and outcome ex-
pectancies in using programming in their teaching [58]. The teachers who had PD also
improved their teaching of equitable STEM practices [47,59].

Some research using structural equation models has provided evidence that posing
questions can directly promote computational identity formation during the primary school
years through the ability to make connections [60]. For primary students, it is useful to
integrate computer science, and computational thinking into mathematics instruction with
increasing complexity to teach concepts such as sequencing, looping, and conditional logic.
It is also suggested that the activities should flow from less integrated to more integrated
with a discipline-specific conceptual understanding to build and develop programming
skills [61]. High school activities should focus on modelling and simulation practices,
focusing on problem-solving activities to promote computational thinking skills [53] and
computational thinking in mathematics instruction with increasing complexity to teach
concepts such as sequencing, looping, and conditional logic. It is also suggested that the
activities should flow from less integrated to more integrated with a discipline-specific
conceptual understanding to build and develop programming skills [61]. High school
activities should focus on modelling and simulation practices focusing on problem-solving
activities to promote computational thinking skills [53].

6. Conclusions

Computational thinking is a necessary skill that needs to be imparted to our students
in today’s world. Researchers, educators and all stakeholders of education are aware of this
and are working on how to frame and scaffold these skills for their students. We sought
to explore what the research on CT has to say to practitioners and researchers in order
to understand what CT is, why it is necessary, and how it can help students understand
algorithms and data, especially in terms centred around activities utilising simulations. In
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this way, we can develop strategies to develop this important skill in students. We view
CT as a problem-solving process and adopt [13] an operational definition advocated by
Barr et al. (2011) because it supports the idea of developing CT skills and components
across the curriculum through all grade levels and content areas. Barr et al. (2011) define
CT as (i) “Formulating problems in a way that enables us to use a computer and other tools
to help solve them, (ii) Logically organising and analysing data, (iii) Representing data
through abstractions, such as models and simulations, (iv) Automating solutions through
algorithmic thinking, (v) Identifying, analysing, and implementing possible solutions with
the goal of achieving the most efficient and effective combination of steps and resources,
and (vi) Generalising and transferring this problem-solving process to a wide variety of
problems” (p. 21).

Our results suggest that some of these components are fully researched, and some are
limited in their research, whilst others were not in top impact-factor journals, as detailed
in the discussion section of this study. For example, formulating problems suitable for a
computer and other tools to help solve them was used in most of the articles examined;
however, automating solutions via algorithmic thinking was rarely researched. We conclude
that CT is viewed in the current research literature as a problem-solving process that allows
both human and computer-assisted approaches to aid in the understanding of complex
problems. Future research should focus on developing practical frameworks to teach CT at
any grade level and in any subject area.
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