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ABSTRACT 

Despite being lacking in number of articles, 

dissertations and theses produced, research relating 

Computational Thinking and Mathematics are 

standing out in the country and studies on this 

relationship are gaining more and more space. In 

this direction, this work aims to discuss about some 

theoretical approximations between computational 

thinking and the methodology of problem solving 

focused on the process of teaching and learning 

mathematics. To this end, following a qualitative 

research approach, at first, theoretical aspects of 

Computational Thinking and Problem Solving 

methodology will be presented. Subsequently, it 

will be discussed about some possible relationships 

between Computational Thinking and the 

methodology of Problem Solving, with regard to the 

process of teaching and learning Mathematics. As a 

result, it was possible to observe that Computational 

Thinking and Problem Solving Methodology have 

their pillars in the constructivist trend of education 

and conceive the problem as a starting point and 

essential for the teaching and learning process, in 

addition to valuing creativity, problem 

decomposition, abstraction and pattern recognition, 

important characteristics to improve the learning of 

Mathematics. 

 

Keywords: Computational Thinking, Problem 

Solving, Mathematics Teaching, Mathematics 

Education.

  

 

1 INTRODUCTION 

Computational Thinking (PC), Problem Solving and Mathematics teaching are very simple 

terms for subjects with such importance and complexity that they must be treated. Problem solving 

here will be addressed as a teaching methodology (which will be explained in more detail later).  

The objective of this article1 is to make a discussion about a possible connection between 

Computational Thinking (PC) and the Methodology of Problem Solving (MRP) in the process of 

teaching and learning Mathematics. Technology is occupying more and more space in the educational 

environment, and it is necessary to accompany it and use it efficiently. Santos and Souza Mafra (2020), 

 
1 An earlier and partial version of this work was presented and published in the annals of the International Congress of 

Teaching Movements, held on October 14 and 15, 2022, virtually. 
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highlight the frequent use of new technologies in various sectors of society, including the educational 

environment. These authors point out that CP has emerged as a necessity of today's society. The PC 

goes far beyond technology as there is an important cognitive approach involved. Despite being 

lacking in number of articles, dissertations and theses produced, research relating PC and Mathematics 

are gaining prominence in the country and studies on this relationship are gaining more and more 

space. Silva and Meneghetti (2019, p.13), after analyzing recent proceedings of the 25th Brazilian 

Symposium on Informatics in Education (SBIE), I Teaching Workshop on Computational Thinking, 

Algorithms and Programming (WalgProg) and XX Workshop on Informatics in Education (WIE), 

important scientific events in the area of computing, found few studies establishing a relationship 

between Mathematics and the PC and the authors also highlighted that "(...) there is still much to be 

researched to implement activities with computational thinking in mathematics in Brazil, but it is a 

promising path that has been growing over the years." 

The present work begins with a presentation of the CP aiming to understand the main 

characteristics of it from its conception to the present day. The same path is made in relation to the 

Methodology of Problem Solving. Finally, some possible relationships between CP and MRP will be 

traced, taking into account the process of teaching and learning of Mathematics and aiming at some 

approximations between these areas.  

 

2 COMPUTATIONAL THINKING 

PC is a term that has been used and widely explored today, not only by computer scientists, but 

also by educators from various areas of knowledge, but also seeks a better understanding of its scope, 

meanings and everything that involves it, even if there is still no consensus on its definition. Initially, 

the term PC was developed by Seymour Papert (1928-2016), mathematician and pioneer of Artificial 

Intelligence and the use of computers for the development of learning and father of the programming 

language LOGO, supported by constructivism. Papert (1980) believed in the insertion and use of 

programming in Education, developing learning and other ways of thinking. For him, computers had 

great potential, they were not just tools for working in homes or offices. 

 
In 1967, he created the programming language LOGO, together with Wally Feurzeig, an 

important educational tool for understanding the learning processes of children in interaction 

with computers. His contributions were important in recognising the potential of computers in 

learning. Papert was considered the world's foremost expert on how technology can provide 

new methods of learning and teaching mathematics, thinking and learning in general. He 

recognized that computers could be used not only to provide information and instruction, but 

also to empower children to experiment, explore, and express themselves. (SOUSA, J. et al., 

2021)  

 

In 2006, with the article Computational Thinking, Jannette Wing, computer scientist rescued 

and popularized the term PC. Wing (2006) defines some elements that correspond to the PC as a 
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fundamental skill to all, not being exclusive to computer scientists and such skill is as important as 

learning to read, write and perform Mathematical operations and should be taught to children and, 

according to this author, the PC is related to the ability to solve problems.  After the repercussion of 

this article, Wing (2011) perfects the term, this time, pointing out that "Computational thinking is the 

thought process involved in the formulation of problems and their solutions so that the solutions are 

represented in a way that can be effectively performed by an information processing agent." (WING, 

2011, p.1). And yet, it complements that problem and solution are seen in a general way, in a broad 

way, without specifying specific problems related to an area of knowledge. The author lists some 

elements present, and necessary, in the PC, such as abstraction, decomposition, recursive thinking, 

pattern recognition and parallelism. 

Other researchers and computer scientists share the same ideas as Wing, among them, we cite 

Valerie Barr and Chris Stephenson (2011), who believe that the PC is a way of solving problems that 

can be elaborated and developed using the computer, leading students to develop their own tools. 

According to these last authors, there are nine fundamental skills for PC development: 1. Data 

collection, 2. Data analysis, 3. Data representation, 4. Decomposition of the problem, 5. Abstraction, 

6. Algorithms and procedures, 7. Automation, 8. Parallelization and 9. Simulation. 

According to Yadav, Stephenson and Hong (2017) developing the PC in students would enable 

them to create, design and develop technologies, tools and systems with possibilities of evolution in 

any area of knowledge. According to Silva and Meneghetti (2019, p.1), "Computational thinking 

encompasses the competencies and skills that are explored through this computational logic and can 

be developed in several areas of knowledge, including Mathematics." In this same direction, Azevedo 

and Maltempi (2020) present the importance and meaning of thinking computationally. 

 
Thinking computationally does not mean programming a computer, it is a way to encourage 

new ways of thinking and new paths of knowledge production from active learning 

methodologies that stimulate the autonomy and creativity of the student beyond the curricular 

guidelines and the walls of the school. (JACKSON; MALTEMPI, 2020, p.3) 

   

Although it is not a consensus among researchers, in general, we can say that the PC represents 

a way of thinking to solve problems, supported by some elements, such as abstraction, decomposition, 

simulation, parallelism, algorithms and pattern recognition. 

 Even though it may seem distant, distant from our context or the reality of our students, the 

PC is present in our lives, in various activities that We do, however, we don't pay attention to that. 

When a teacher goes to prepare a class, or a doctor will do a surgery, or a driver is on his way to a 

customer and is faced with a traffic jam, when we are in line at the restaurant choosing what we are 

going to eat, or even, when we are going to put the bibliographic references of an article in alphabetical 

order, illustrate situations in which we use the PC. When faced with a problem, we need to understand 
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it, divide it into smaller parts to get its solution, recognize patterns, that is, remember if we have already 

faced a problem similar to this and then draw a strategy to, in fact, solve the problem. 

The PC theme has gained a lot of prominence in recent years and has been the focus of many 

works, such as dissertations and theses, both in computer science and in the educational area, as shown 

by the work developed by Berssanette and Francisco (2021), in which they present a systematic review 

of literature that sought dissertations or theses of graduate programs in Brazil,  related to the PC, 

between 2010 and 2019. In all, 71 studies were selected, among 147 found in the search carried out by 

the authors, and throughout the text, they present various forms of classification of these works, such 

as number of researches produced per year, federation units with more works produced, study 

approaches, resources and/or tools used, levels of education (elementary, secondary and higher) where 

the research was applied,  among others. According to these authors, as of 2015 there is a trend of 

growth in the number of papers presented in graduate programs in Brazil, related to the development 

of CP, indicating a greater interest of researchers in the subject. 

In summary, CP is a very extensive, complex and current topic, with adherence to all areas of 

knowledge and consequently, most researchers believe that it should be part of school curricula, from 

the initial grades to undergraduate courses. The goal is to train people capable of solving problems, 

facing and solving everyday situations, in any area of activity. 

 

3 THE PROBLEM-SOLVING METHODOLOGY 

Problem Solving, as an active methodology for teaching and learning Mathematics, represents 

one of many Trends that Mathematics Education has brought as a tool to assist and enhance student 

learning. The authors Onuchic and Allevato (2011) point out that in the History of Mathematics, there 

are records of the use of problem solving in the ancient Chinese, Greek and Egyptian civilizations, for 

example, and some of these problems have similarities with problems published throughout the 

twentieth and twenty-first centuries.  

For João Pitombeira de Carvalho (1994), during the 70s and 80s some of these Trends in 

Mathematics Education were consolidating, and problem solving, according to Carvalho (1994) is an 

activity that requires active participation, there are no ready answers, "it is not sport for spectators". It 

is worth mentioning the origin of MRP through the works of George Polya and Paul Halmos, as 

highlighted by this author. 

 
(...) They have always called attention to the fact that to do Mathematics is to solve problems. 

The first of them, creator of the Polya heuristic, tried to guide the activity of solving problems 

at the various levels of mathematical learning in remarkable books, which to this day deserve 

to be read and meditated on. The second has always encouraged, in his courses, conferences 

and writings the habit of solving problems. He was the writer of collections of books dedicated 

to problems of mathematics, at various levels. More specifically in the area of Mathematics 

Education, studies on problem solving are oriented in two directions that cannot be dissociated: 

one tries to understand how children and adolescents solve problems, what are the 
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characteristics of a good problem solver, etc.; the other tries to elaborate didactic sequences 

based on problem solving, as opposed to classical expository teaching. (CARVALHO, 1994, 

p.78). 

 

Highlights include the pioneering work of the Hungarian mathematician George Polya (1887-

1985), who in his famous book "The Art of Problem Solving" (translation of "How to solve it " written 

by Polya in 1945) features a problem-solving heuristic specific to mathematics, which remains very 

current and serves as a starting point for many works in this line of research. In general, Polya (1995) 

divided the process of solving a problem into four stages: 1. Understanding the problem; 2. 

Establishment of a plan (construction of a resolution strategy); 3. Implementation of the plan and 4. 

Retrospect (verification of the result). In addition to these four steps, this author suggests numerous 

questions pertaining to each step, which can be asked by the teacher to his students, as a form of 

mediation, throughout the process of solving a problem, aiming at the development of the ability to 

solve problems in his students.  

Like Polya, the works of Paul Richard Halmos (1916-2006), a Hungarian-American 

mathematician who believed that the problems and their solutions represented the main character of 

mathematics teaching and complemented 

 
(...) Problems are the heart of mathematics, and I hope that we teachers, in our classes, 

seminars, and in the books and articles we write, will emphasize this more and prepare our 

students to be better troublemakers and problem solvers than ourselves. (HALMOS, 1980, 

p.524). 

   

At this point, we ask: what is the importance of using Problem Solving in Mathematics? 

D'Ambrosio (1989) emphasized that, after some changes, Problem Solving is a teaching methodology 

that the teacher proposes to students problem-situations to be explored and investigated, obtaining new 

concepts. Onuchic and Allevato (2011) state that problem solving, whose ideas are based on the 

foundations of constructivism and Vygotsky's sociocultural theory, is considered as a teaching 

methodology, bringing the problem as a generator of new contents and mathematical concepts, 

contributing to the construction of mathematical knowledge. 

 According to Pirola (2000, p. 32), "It is of fundamental importance for the teaching of school 

mathematics that students understand the concepts and principles involved in the problems, as well as 

the algorithms used in their solution.". According to Boavida (1992), MRP goes beyond the direct 

application of formulas or algorithms, it should be challenging for students and aims at them to build 

their knowledge. 

After all, what is the problem? What is the definition for the problem? There is no definition of 

what a problem is, but some authors, such as Boavida (1992), explain about the difficulties in defining, 

in a coherent way, the concept of problem, because it is characterized by subjectivity, temporality and 

the context in which it is inserted. Chi and Glaser (1992), argue that a problem can be obtained in an 
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attempt to solve a puzzle, a question of Differential Calculus, everyday situations, such as saving 

money on the water bill, not being restricted only to mathematical problems. For Onuchic and Allevato 

(2011, p.81) a problem "is everything that one does not know how to do, but that one is interested in 

doing." It should be noted, because of its specificities, that a problem for one student may not represent 

a problem for another student, due to their personal characteristics, social context, previous knowledge, 

among other factors.   

According to Onuchic and Allevato (2011, p. 80) in MRP "(...) the problem is seen as a starting 

point for the construction of new concepts and new contents; the students being co-builders of their 

own knowledge, and the teachers being responsible for driving this process."  

In this methodological approach, the construction and learning of new concepts will be 

established during the process of solving the problem proposed by the teacher. It is the role of the 

teacher to encourage and motivate students to participate in the problem-solving process to understand 

the concepts in them and those that will be presented. 

The problems are proposed to provoke curiosity in students, who do not know the concept (the 

subject) that will be addressed (that content that the teacher intends to teach) and the beginning of the 

subject to be taught will take place through a problem and will consist of its solution. Onuchic and 

Leal Junior (2015) present a roadmap for solving a problem using a sequence of ten steps, namely: 1. 

Proposition of the problem, 2. Individual reading, 3. Reading together, 4. Problem solving, 5. Observe 

and encourage, 6. Recording of resolutions on the blackboard, 7. Plenary, 8. Seeking consensus, 9. 

Formalization of the content,  10. Proposing and solving new problems. The authors make it clear that 

this is a proposal for problem solving and, because of this, teachers can adapt it in the way they deem 

necessary, taking into account the particularities of their classrooms and their students. The 

methodology of teaching Mathematics through Problem Solving has the necessary tools to enable 

students to be the main character in their search for knowledge. 

In what follows we present, finally, some approximations which are evidenced when we 

compare some of the principles of CP and MRP in the light of the process of teaching and learning 

Mathematics. 
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4 COMPUTATIONAL THINKING AND PROBLEM-SOLVING METHODOLOGY IN THE 

CONTEXT OF THE MATHEMATICS TEACHING AND LEARNING PROCESS 

This work aimed to discuss about some theoretical approximations between the CP and the 

MRP focused on the process of teaching and learning of Mathematics.  

Analyzing the elements presented up to this point, we can perceive some approximations 

between the CP and the MRP. Initially we can observe that for CP and MRP the problem has a 

fundamental role in the teaching and learning process; it is considered the starting point of educational 

action. The PC as we have seen, represents a way of thinking to solve problems, supported by some 

elements, such as abstraction, decomposition, simulation, parallelism, algorithms and pattern 

recognition. Problem Solving, as a teaching methodology, indicates that the teaching and learning 

process should start with a problem or a set of problems, motivating and generating discussions, to 

build new mathematical knowledge. 

We can also infer that they are constructivist approaches in which the learner is conceived as 

the subject of his knowledge, the latter should be constructed by the student playing, therefore, an 

active role in this process, and, it is also worth noting, that it is very important the interest of the learner 

in wanting to exercise this active role. It is necessary a change of posture of the teacher and the student 

when adopting this teaching methodology. 

We can still observe that some of the steps presented by Barr and Stephenson (2011) resemble 

those brought by Polya (1995), as well as Onuchic and Leal Junior (2015). The first step of problem 

solving presented by Polya (1995), called problem comprehension, is identical to the steps called 

individual reading and reading together, by Onuchic and Leal Junior (2015), which in turn, are similar 

to the steps that Barr and Stephenson (2011) present as data collection and data analysis, due to the 

fact that these steps suggest that the student understands the problem,  Recognize the situation that has 

been put to you and realize which way to go and what tools you should/can use.  

Continuing this analysis, the second step of Polya (1995), called the establishment of a plan, is 

coincident with the stages data representation, problem decomposition and abstraction of Barr and 

Stephenson (2011), configuring the stage of elaboration of the strategies necessary to solve the 

problem. Onuchic and Leal Junior (2015) do not highlight a step in their resolution roadmap, referring 

to the elaboration of a plan to solve the problem. However, as has been pointed out previously, these 

authors have already indicated that this script is a proposal for problem solving. We can suggest the 

inclusion of an intermediate step, situated after reading together and prior to the resolution of the 

problem, aimed at the elaboration of a plan to solve the problem, if it is necessary to the reality of the 

class in which the teacher is working.  

The execution of the plan, Polya's third step (1995), is consistent with the item solving the 

problem of Onuchic and Leal Junior (2015), and the steps algorithms and procedures, automation and 
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parallelization of Barr and Stephenson (2011), indicating, in fact, the moment to put into practice the 

strategy elaborated and use it to solve the problem.  

At the end of the resolution of a problem, Polya (1995) suggests as a fourth step the retrospect, 

which we approximate with the items record of the resolutions on the blackboard, plenary and search 

for consensus, by Onuchic and Leal Junior (2015), and the stage of entitled as simulation brought by 

Barr and Stephenson (2011) to PC. At this point in the process of solving a problem it is necessary to 

present, verify and analyze the result obtained after the solution of the problem and make the discussion 

of the solution obtained. Table 1 below summarizes the comparisons made previously, indicating the 

corresponding authors, and similar steps of their proposals for problem solving.  

 

Table 1: Comparison between the Troubleshooting steps of Polya, Onuchic and Leal Junior and Barr and Stephenson 

Troubleshooting steps according to each author 

George Polya Onuchic and Leal Junior Barr and Stephenson 

1. Understanding the problem 
2. Individual reading 

3. Reading together 

1. Data collection 

2. Data analysis 

2. Establishment of a plan There is no 

3.Data representation 

4.Decomposition of the problem 

5.abstraction 

3. Implementation of the plan 

 
4. Problem Resolution 

6.Algorithms and procedures 

7.Automation 

8.parallelization 

4. Retrospect 

6. Recording of resolutions on the blackboard 

7. Plenary 

8. Seeking consensus 

9.Simulation. 

Source: Prepared by the authors 

 

As seen, after the presentation of this comparative analysis, correlations were found between 

the resolution steps that these authors enumerate in their previously cited works. In this direction, Silva 

(2020) highlights that: 

 
(...) the competencies of Computational Thinking are directly related to solving Mathematics 

problems. In fact, they emphasize the ability to read and interpret texts, as well as to understand 

the real situations proposed in the problems and transpose the information extracted from these 

situations into mathematical models. This correlation has been the object of study of many 

recent researches, whose main objective is to collaborate with the discussions about the 

integration of the teaching of Computing to the school curriculum. Such research suggests that 

the discipline of Mathematics is used so that students can have contact with programming 

tools. In parallel, there is another line of work whose proposals converge with the objectives 

of this dissertation, that is, which seek to develop the competencies of Computational 

Thinking, using concepts and / or computational tools for the resolution of Mathematics 

problems. (SILVA, 2020, p. 24).  
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Thus, it is understood that the process of teaching and learning Mathematics could be improved 

through the use of CP and MRP. In addition, it is present in Mathematics the representation by codes 

and algorithms, skills such as abstraction, pattern recognition, generalizations, decomposition and 

creativity, elements that appear in the definitions of PC and MRP, discussed earlier.  

Mathematics offers many possibilities for implementing activities related to PC and MRP, from 

the initial grades to undergraduate courses, because of the diversity of subjects and themes that can be 

addressed, including "unplugged" activities, that is, those activities that do not need the use of the 

computer to be applied. We can cite as an example a teacher who selects and proposes a problem to 

his students in the Mathematics class and to solve it, it is necessary that the students follow the steps 

of the MRP in conjunction with the elements of the PC, that is, it is necessary that the students 

understand the problem, decompose the problem into smaller parts, use abstractions and 

generalizations and use their creativity to,  anyway, solve the problem. Once the problem is solved, 

one should check, analyze and discuss its solution and, simulate whether such a strategy can be adopted 

to solve problems similar to the one that was initially proposed.  

According to Barbosa (2019, p. 54), there are numerous activities that can be planned and 

developed, according to the students' school level. This author also adds that its insertion in schools 

requires many efforts, especially with regard to teacher training, since it is up to the teacher to analyze 

which problems are best suited to their class and the objectives of the content that will be taught, 

according to the reality of their school environment. 

The teacher needs to find challenging and thought-provoking problems for his students to solve 

and actively participate in during the lessons. An interesting possibility would be to present problems 

consistent with the reality of the students, making the learning process more meaningful. 

We emphasize that there should be a change of attitude in the performance of the teacher and 

the students, since it is an active teaching methodology. Students will be responsible for building and 

obtaining their knowledge and the teacher will act as a mediator in the teaching and learning process. 

We believe that this path is promising for improving the quality of mathematics education.  

    

5 FINAL CONSIDERATIONS  

This work aimed to discuss about some theoretical approximations between the CP and the 

MRP focused on the process of teaching and learning of Mathematics. 

Through the course traced we could observe that CP and MRP although they have their own 

characteristics, with regard to the process of teaching and learning Mathematics it is possible to 

perceive a rich intersection between them.  

Relying on constructivism, the CP and MRP identify the student as the main character in their 

search for knowledge, conceiving him as an active subject in the construction of new concepts, 
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motivated from the problems proposed. Both CP and MRP carry similar competencies that are 

important for students' cognitive development at all grade levels. Also in both CP and MRP the problem 

has a fundamental role for the teaching and learning process, representing the starting point of this 

process. 

However, it is worth mentioning that they refer to relatively current themes within the 

educational context and, because of this, still there is much to be done, to be researched, to be 

developed so that the PC and MRP are implemented correctly and fruitfully in the process of teaching 

and learning Mathematics, aiming at improving the educational framework in the country. As Ubiratan 

D'Ambrosio said, "Education is preparing for the future." Are we heading toward the future? 
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