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Abstract- The teaching of computer science in
schools has been greatly influenced by the rapid
development of technology, making Information
Technology literacy a priority. Research literatures
and experience in classrooms confirm that students
have challenges on algorithms, function and
programming. To overcome this, there is need to
teach the concepts of mathematics in programming.
Mathematics in programming constitutes an
important role and should be included in the studies.
The use of Mathematics in learning of programming
offer a range of techniques to train students in
computational thinking and programming skills.
Foundational mathematical concepts such as logic,
functions, and discrete mathematics, provide the
cognitive framework for understanding core
programming principles. The process of developing
and debugging codes require precise and systematic
approach similar to constructing a mathematical
proof. Furthermore, students with a solid
mathematical background tend to wunderstand
programming concepts and perform better in
programming related tasks with the ability to design
efficient solutions. The study reviewed the role of
mathematics as the bedrock subject for computing;
the integration of mathematical concepts and design
of a systematic approach in training of students in
problem solving. This comprehensive survey
provides an in-depth examination of existing
methods on  computational  thinking and
mathematics approach in problem solving. The
results showed that teaching programming with
mathematics as an interdisciplinary approach
increased students’ programming and computational
thinking skills. Additionally, the integration of
mathematics improved the students’ learning
processes. This survey provide a valuable resource
for researchers, teachers, and policymakers seeking
to improve students’ problem solving skills and to
stimulate further research in this critical area.
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L INTRODUCTION

Programming require a foundation in mathematics and
computer science. The introduction of computer
science at an early age is important, hence, the
requirements for teaching programming to students
has increased; with technology focused on
programming in the development of students and
problem-solving skills (Dagdilelis et al., 2004).
Programming is seen as difficult due to the teaching
methods. Moreover, programming require a level of
knowledge and skills, methods of teaching are
categorized in terms of the environment, knowledge of
the domain, and the choice of programming tools.
These categories make the teaching of the subject both
improve the learning of programming (Kazimoglu et
al, 2012).

Initiatives through stakeholders such as the Nigeria
Computer Society (NCS), Computer Professionals of
Nigeria (CPN), and Nigeria Universities Commission
(NUC) have made computer science improved
curricula, not only in universities, but also in
secondary school level. Learning of programming
enables users to conceptualize a problem better and
allows them to select the best strategy and tools for
problem-solving.  Therefore,  improving  the
programming skills of students would enable them to
improve their computational thinking skills. A
problem has been identified, appropriate analysis
done, and potential solutions to the problem.
Interdisciplinary exercises and examples are given to
students during the learning of programming is
important to enlighten them to create Innovative
solutions and applications. (Nigeria Computer Society
(NCS), Computer Professionals of Nigeria (CPN),
Nigeria Universities Commission (NUC)).
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Therefore, the role of interdisciplinary collaboration is
important to the learning of programming. In this
study, mathematics was chosen as the second subject
since it has connection with programming and
computational thinking.

Wing (2006) stated that computational thinking as the
principle of thinking to solve computing problems.
The learning of programming require a deep
understanding of the problem in question, correct
algorithmic process and solutions (Guzdial, 2004;
Kelleher and Pausch, 2007; Resnick et al., 2009), It is
essential for the integration of an interdisciplinary
approach on the learning of programming to develop
computational thinking and problem solving skills.
The learning of programming skills would change the
mindset of students in positive way and broadens their
knowledge. Problem-solving using analytical skills to
identify patterns, develop solutions, identifying bugs
and optimize code (Grover and Pea, 2013; Kafai and
Burke, 2014; Sengupta et al., 2013; Wing, 2006).

Draganoiu et al. (2017) examined the learning of
programming require a significant level of thinking
and problem-solving skill that programmers need to
solve problems. The translation of abstract problems
into programs require problem solving, algorithmic
thinking, and computational thinking through
interdisciplinary approach (Guzdial and DiSalvo,
2013; Kafai and Burke, 2014; Cassel, 2011; Mahadev
and Connor, 2014). Since mathematics play a role in
computer science, thus the combination of
programming and mathematics creates the means to
solve problems through the application of computer
programming.

The study focused on three main areas; the use of
mathematical concepts, computational thinking and
interdisciplinary approach in the teaching and learning
of programming. This research is on the application of
mathematics in the teaching of programming. The
study reviewed the collaboration of mathematics in the
learning and the development of programming skills.
In a broader context, this research is on the application
of mathematics in the learning of programming. It is
benefical to educators who teach programming by
providing them with related works of training methods
and the role of mathematics in learning programming.
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1.1 Problem Statement

Programming is not considered to be easy because it
requires the combined skills of critical thinking,
creative thinking, algorithmic thinking and problem
solving. In order to facilitate the learning of
programming at a young age, educators seek new
methods in teaching programming. The teaching of
programming language using traditional approach
focus more on paper and pen. However, through such
traditional methods, students can only practice
theories in programming. Studies have shown that
learning components of programming language is
about syntax and structure (Atmatzidou and
Demetriadis, 2016; Jenkins, 2002; Lin et al., 2019).
Hence, the challenge is not only in terms of teaching
methods, but in the learning of programming.

1.2 Paper Organization

This study is organized into several sections. The
initial section provides an introduction, problem
statement, and outlines the paper's structure. This is
followed by a review of related works in Section 2,
which examines both current and previous studies.
Section 3 elaborates on the methodology employed,
detailing the systematic approach used to conduct the
survey. The results, findings of the survey are
presented in Section 4, with a discussion of the
findings in Section 5. The study concludes with a
summary of key points in Section 6.

IL. LITERATURE REVIEW

The following subsections consist of literature review
of programming at a young age, interdisciplinary
approach of Mathematics and Computer Science, the
relationship between programming and mathematics.

2.1 Programming at a young age

Educators seek new ways to teach programming.
Studies have indicated that the fundamentals should be
introduction at a young age in stages to better
understand programming (Duncan et al., 2014; Malan
and Leitner, 2007; Bornat and Dehnadi, 2008).
Moreover, learning programming at an early age
enable children to learn how to follow algorithms, to
be more creative in their thinking by viewing problems
in different ways, encouraging them to improve

ICONIC RESEARCH AND ENGINEERING JOURNALS 283



© JUL 2025 | IRE Journals | Volume 9 Issue 1 | ISSN: 2456-8880

learning styles and solve problems (Yadav et al., 2017;
Grover and Pea, 2013; De Raadt et al., 2002). In
addition, Kelleher and Pausch (2007) argued that
programming can be learned at any age if the
programming taught are simple to learn and the
feedback, support provided are adequate.

Holmboe et al. (2001) also stated that teaching should
not just be about the transference of the theoretical
knowledge to students, but teachers should have the
required knowledge while teaching programming.
Grover et al. (2014) stated that “CS unplugged”
(Computer Science Unplugged); a teaching material
based on games and puzzles should be used while
introducing programming to students, as it provides
several activities for students to practice and learn. On
the other hand, storytelling-based projects made the
learning of programming easier as it engages students
through motivation and creative thinking (Kelleher
and Pausch 2007). Thus, studies in these literatures
showed how both CS unplugged and storytelling-
based activities enhance students’ skills towards the
learning of programming (Burke and Kafai, 2010;
Feaster et al., 2011; Taub et al., 2012; Thies and
Vahrenhold, 2013).

Programming

Mathematical ‘ Computational thinking

concepts

’7 Problem solving 4‘

Figure 1: Building blocks in Programming

Learning of programming depends on the knowledge
of computational skills and mathematics; these two
aspects are required for proficiency in programming.
Studies have shown the benefits of utilization of
algorithmic thinking, critical thinking, and problem
solving, which are components of computational
thinking (Aho, 2012; Czerkawski and Lyman, 2015;
Toannidou et al., 2011; Israel et al., 2015; Lu and
Fletcher, 2009; Wing, 2006). There are links between
mathematical  background and  programming
proficiency. Mathematics is posited as a gateway to
programming due to algorithmic thinking, functions
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and manipulation of symbols of the two subjects.
Several empirical studies indicated mathematical
background is neccessary and there is correlation
between mathematical proficiency and performance in
introductory programming courses (Wilson and
Shrock, 2001; Bennedsen and Caspersen, 2007).

Moreover, specific mathematical concepts, such as
discrete mathematics (Rosen, 2019), Boolean algebra
(Kandel A, 1998), logic (Hurley, 2022), and set theory
(Halmos, 2017), are frequently used in programming.
The concepts from complexity theory enable students
analyze size of inputs, runtime and space resources.
The mathematical analysis provide the most suitable
algorithm for given problems. Students learn about
algorithms for sort, search, and graph traversal, as well
as various data structures like arrays, linked lists, trees,
and hash tables. These concepts enable students to
choose appropriate structures to organize and
manipulate data efficiently. Mathematics in
programming allows students understand the errors
they may encounter in programming and how

problems are solved.

Mathematical Programming Application

Concepts concepts

Discreet Graph theory, | Algorithm

Mathematics combinatorics design, data

structures

Algebra Variable functions,
manipulation, equations
functions

Geometry Vectors, Graphics, game
transformations design

Number system Data binary, decimal,
representation, hexadecimal
bitwise systems
operations

Logic Conditional Algorithm design
statements, loops,
Logical
operators.

Algorithms Functions Sorting,  search

algorithms
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Table 2: The approach and methodolgies of some
selected articles

Results

The four dominant themes from the studies are the
educational potential of mathematics; computational
thinking in programming; the students’ motivation and
collaboration; students’ performance are presented. In
this section, these themes are discussed.

Articles that mentioned student interest, attitudes,
contribution, engagement, in learning are discussed
under the motivation category. Student performance
refers to students’ academic achievements as
measured quantitatively in test results and
improvement in students’ computational thinking and
problem-solving skills based on similar quantitative
and qualitative data, such as tests, questionaires,
interviews, and surveys. The increased collaboration
between students and teachers are discussed as
students’ learning processes.

IRE 1709502

32 The relationship between Computational
Thinking and Computing

Computational thinking is the ability to organize and
analyze data. Once a statement of problem is
identified, it should be properly analyzed and possible
steps are taken to solve the problem.

Studies have indicated that computer science enable
students to utilize algorithmic thinking, critical
thinking, and problem-solving skills (Aho, 2012;
Czerkawski & Lyman, 2015; loannidou et al., 2011;
Israel et al., 2015). Grover and Pea (2013) stated that
in computational thinking, the decomposition of
problem and pattern recognition are applied to solve
problems. The wuse of mathematics improves
computational thinking skills because they have the
same objective of problem solving. In addition,
learning programming is the ability to understand
complex tasks through computational skills and
translated into codes.

Interdisciplinary Approach

Interdisciplinary refers to the collaborative efforts
involving multiple subjects in teaching and learning
(Cassel, 2011; Mahadev & Conner, 2014).
Establishing a link between Mathematics and
Computational thinking would enhance the learning
process as it provide students with diverse viewpoint
in programming. Interdisciplinary programs require
students to think broader, approach problems and find
creative solutions. Therefore, the interdisciplinary
teaching approach can be used in different levels of
education as a key that develop students' knowledge
(Cai and Sankaran, 2015).

This research focused on how to improve
computational thinking skills through the integration

of interdisciplinary method.

33 Interdisciplinary Approach of Mathematics
and Computer Science

Interdisciplinary approach is considered to be an
appropriate means of reducing the complexity of
learning of programming (Cassel, 2011; Mahadev and
Conner, 2014). In programming, the steps to solve
complex problems are the problem definition, designs,
solve the problem and create computer programs.
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Mathematics, on the other hand, is a broad discipline
in which individuals learn to use critical thinking and
spatial reasoning in order to solve mathematical
problems (Park and Mills, 2014).

In Nigerian educational system, mathematics and
computer science are addressed as two distinct
subjects; although in actuality, the two disciplines
have more in common than many would assume, with
modern computer science areas like cyber security that
uses techniques that are related or derived from
mathematics. An attribute of programming is the
definition of logic statements to reduce the complexity
to true or false statements. The mathematical
representation of this programming aspect is the use of
numbers “1” and “0,” where “1 implies true” and “0
implies false”. Mathematics and computer science has
links with other disciplines; however, the relationship
between these two science subjects is undeniable and
much more than systematic. Firstly, the basic level
where mathematics manifests in computer science is
in the binary system of communication. Thus, in order
to acquire a basic understanding of the computing; an
understanding of mathematics is needed. At the
secondary school level is to encourage students to
embrace both subjects. Herbsleb (2005) stated that in
order to cope with the complexity of programming,
disciplines related with programming, such as
mathematics, should be included in learning of
programming. Research has found that people with an
understanding of mathematics achieve a deeper
understanding of programming. Moreover, there is
connection between mathematics and computer
science as both subjects aim to understand a problem
and logically build their solutions (Burns et al., 2012;
Graham and Fennell, 2001; Lu and Fletcher, 2009;
Pruski and Friedman, 2014; Bruce et al., 2003).

The accessibility of Information Communication
Technology (ICT) resources that are learner-centered
improved students' learning experience increase their
interest in mathematics (Aghware, et al., 2010; Umar
and Musa 2022). Integration of computer science and
mathematics is important at an early stage as
mathematics is a subject that entails comprehensive
problem-solving interactions, this attribute creates an
environment where students can learn more about
programming. The mathematics in programming
require interpretation, design and implementation.

IRE 1709502

Researchers agree that the mathematics play a role on
learning of programming and computer science,
because both subjects use reasoning to find solutions
(Bruce et al., 2003; Havill and Ludwig, 2007; LeBlanc
and Leibowitz, 2006). Mathematics entails
understanding various problems and using reasoning
to develop mathematical solutions. The combination
of mathematics and computer science increases the
skills of students in both mathematical reasoning and
programming to comprehend different approaches for
tasks hence enhance cognitive skills (Stozhko et al.,
2015). Hence students examine tasks, its structures,
functions, to better understand its concepts, its designs
through computational thinking and problem-solving
skills.

3.4. The integration of mathematics in programming

The integration of mathematics into learning of
programming has emerged as a theme for fostering
students’ motivation, transforming the perception of
mathematical concepts in programming from an
abstract and challenging subject to an engaging and
innovative one. Programming languages provide an
environment where students practice, solve problems,
experience a sense of accomplishment, thereby
boosting motivation. Several research underscore the
positive impact on students’ attitudes towards
mathematics in programming (Draganoiu et al., 2017;
Husain et al, 2017). There is a shift from passive
learning to hands on approach. This is supported by
studies on block-based programming environments,
which showed to be effective in enhancing logical
thinking and motivation of students of programming
(Malan and Leitner, 2007; Moreno-Le6n et al., 2016)

Empirical studies have consistently demonstrated the
motivational benefits of integrating programming into
maths classrooms. Research highlighted that using
programming as a tool lead to statistically significant
improvements in  students understanding of
mathematics (Lambic, 2011; Ardito, 2014)

The study's findings, derived from collected and
analyzed data, are presented below.

Mapping of Published articles

This review synthesizes existing literature,
highlighting key themes and objectives across
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published articles. The analysis also underscores the
importance of mathematics in learning programming.
A summary of the reviewed papers is provided in
Table 3, offering an overview of the research
landscape.

The categories of published articles are presented in
Table 3.

S/N | Article Category  Frequency Percentage
of Articles of Articles

Computational 33 30%
thinking

approach

Mathematical 22 20%
based learning

Interdisciplinary | 12 10%
approach

Introductory 24 21%
aspect and

Programming

Motivation and | 11 10%
collobration

Other relevant | 10 9%
articles

Total 110 100%

Table 3: Published studies on Mathematical
reasoning and Computational thinking

IV.  DISCUSSIONS

Mathematics equip students with tools on problem
decomposition, and algorithmic thinking and logical
reasoning There is a connection between mathematics,
logical reasoning, and programming. The training of
students in programming requires these mathematical
and computer science concepts.

As the review showed, sparse research exists on the
educational potential of mathematics in programming
education. Most of the articles had results showing
better performance in computational thinking,
mathematics and motivation to learn programming.
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The review focused on mathematics, computational
thinking and programming. The aim was to map
existing research examining the use of mathematical
concepts in programming, computational thinking in
programming to determine whether there was
sufficient evidence to justify the need for integration
of mathematics in learning of programming. In 100
selected articles were analyzed to determine the
educational potential of mathematics, computational
thinking in learning of programming. This study
concentrated only on studies discussing mathematics,
computational thinking and programming.

Furthermore, teachers should also be retrained prior to
implementation in order to ensure its success because
the knowledge may only be theoretical, therefore are
ill-equipped to teach their students (Gadanidis et al.,
2017).  Teachers should therefore provide
mathematical concepts as an integrated component
rather than teaching it separately. There is need for
good foundation as the core concepts behind
computer’s algorithms are about mathematics.
Educators with vast knowledge in mathematics
provide programming students with problem-solving
techniques that incorporate mathematical options in
finding appropriate computing solutions.

CONCLUSION

Strategies are continuously being explored to integrate
these mathematical concepts into learning of
programming to  make  abstract  concepts
understandable, methodologies in problem-solving,
teaching relevant mathematical and computational
thinking in the area of programming. There is
mathematics in programming, the relationship
between computer science and mathematics is
undeniable, and finding of solutions for given
problems (Burns et al., 2012; Dagdilelis et al., 2004).
Therefore, review work on the mathematical concepts
in learning of programming as mathematics and
programming share similarities in creative thinking
and solving problems. The role of mathematics and
computer science in learning programming with its
abstraction, logical reasoning, problem-solving,
empower students to become proficient and versatile.
Students with the knowledge of mathematical
concepts and computer science analyze problems,
design, implement, test and refine solutions.
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The study examined the teaching of programming
through an interdisciplinary approach by integration of
mathematics to enhance computational thinking and

programming skills.

The study showed that the

integration of mathematics in computer science played
an important role in the improvement of students’
programming skills.
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