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Abstract 

 
Programming in school spaces has been essential because the main objectives are the training and 
development of skills of those who use it. This way, it contributes to the student’s activity from the 
professional field and in practical life. Therefore, in this article, a documentary review is carried out to 
inquire about the implementation of programming in school to contribute to the development of 
computational thinking, logical-mathematical, and scientific skills. The examination revealed essential 
research findings that consider programming an indispensable tool for the axes proposed in this work. 
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1. Introduction 
 
In recent years, the need has emerged on the educational institutions, to incorporate information and 
Communication Technologies (ICT) into their professorships to allow students to develop skills and 
abilities in this competency. That enables them to learn a topic and take it in context to their social 
reality (Tejera et al., 2020). 

The need for changes in the educational paradigm is a result of the desire to integrate schools 
into the current technological context, which requires new analysis schemes that capture the 
emerging trends (Tezanos, 2001). This new paradigm caused a new way of teaching and learning, 
which intervened in the roles of teachers and students (Berrocoso et al., 2015). 

Therefore, new tools, such as computer programming, are being taught and learned within 
school contexts in a significant way. However, according to Monjelat et al. (2018), the idea of linking 
programming in schools is an idea that dates to the 20th century.  

However, it declined because it was complex in the languages used and students perceived it as 
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uninteresting or relevant to educational and social processes. 
Today, the world of technology has permeated all sectors and has transformed people's reality. 

This phenomenon is a significant impetus in young people who perceive a necessary digital culture 
(Castellanos et al., 2017; Kirschner and De Bruyckere, 2017). Therefore, educational institutions have 
established that technology is integrated into the curriculum with programming, supported 
simultaneously with the other areas for transversality of knowledge and comprehensive training for 
students (Llorens, 2015; Rincón and Ávila, 2016). 

In the same way, when computer programming is correlated in school curricula, it is sought to 
deepen the digital field and favor an active methodology. Which encourages the generation of new 
mental structures that help understand theories already conceived and new learning, promoting the 
analysis and solution of errors (Llorens, 2015; Olabe et al., 2015). 

Due to all the above, in the following work, we have joined forces to carry out a bibliographic 
review to inquire about the implementation of programming in school to develop computational 
thinking, logical-mathematical skills, and scientific skills. 
 
2. Methodological Aspects 
 
The present document review research is a mix, of transversal, and retrospective types. Where the 
document review technique proposed by Flick (2004) is used. In this sense, a review of 36 articles 
from scientific journals between 2000 and 2021 is established and compiled in the databases Scielo, 
Redalyc, Web of Science, ERIC, Dialnet, as well as in other journals related to education. 

For each reference, an Educational Analytical Summary (EAS) was constructed to extract the 
primary information related to the study, thus showing the synthesis, proposals, approaches, and 
highlighting its essential elements. Next, table 1 an example of EAS worked on in this investigation. 
 
Table 1: Educational Analytical Summary (EAS) model used for the documentary analysis 
 

Code EAS A.1
Document type Magazine article.
Magazine section N.A.
Print Type Digital.
Circulation level Free access.
Access to the document Mathematics education.

Qualification Learning mathematics through the programming language R in Secondary 
Education. 

Author Briz Redón, Á., y Serrano Aroca, Á.

Place of work and 
position 

Department of Applied and Technological Sciences, Faculty of Veterinary and 
Experimental Sciences, Catholic University de Valencia San Vicente Mártir, 
Valencia, Spain,   

Publication 
Briz Redón, Á., And Serrano Aroca, Á. (2018). Learning mathematics through the 
programming language R in Secondary Education. Mathematics Education, 30 (1), 
133-162. 

Keywords Mathematics education; Computational thinking; Education.
secondary; Programming language. 

Synthesis 

The article proposes that programming through computers will allow a significant 
advantage at an educational level. It can give students a greater capacity for logical 
reasoning, structured thinking, and imagination. Therefore, they propose a 
documentary review about mathematics teaching through programming in the first 
place. Followed by this, they suggest using the programming language R for 
students to develop polynomial equations. It was reported that the students 
reached the proposed objectives. However, some had complications due to the 
inherent complexity of the programming. 

Sources 29 bibliographic references.
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Objective propose the use of one of the most popular programming languages of the 
moment, R, as a tool to deal with the content of the subject of Mathematics. 

Trouble Programming can be a tool that develops skills for understanding the content in 
mathematics, specifically the polynomial equations of Baldor's algebra. 

Methodology 

Worked with two groups, one of 15 students and the other of 18, for a total of 33 
students. four sessions of 
Fifty minutes to each of the two groups, making eight sessions. The last two were 
dedicated to putting into practice, using this same language, the resolution of 
polynomial equations of integer coefficients. Finally, the students were presented 
with a survey with various questions concerning the sessions received. 

Population Thirty-three students between 14 and 15 years of age from an educational 
institution in Spain. 

Conclusions 

It is established that programming as a didactic tool allowed students to reinforce 
their knowledge in mathematics. However, the implementation of this 
methodology was not efficient in a certain percentage of the students due to 
difficulties typically associated with the initial learning of a programming language. 
It related, above all, with the use of its syntax. 

Type of job Research - Methodological innovation
Author of the EAS 

 
3. Development  
 
3.1 Programming and Computational Thinking 
 
Developing computational thinking in students is a trend that has become popular in recent years 
and is related to other skills such as logic, mathematics, criticism, among others (Narváez and Roig, 
2015). One of the first authors to cite a concept referring to computational thinking was Jeannette 
Wing, who mentioned "computational thinking, is a set of skills that are useful for people in their 
social environment, and not only of a computational nature" (Wing, 2006). 

However, this concept was improved and provided an approach. Wing (2009), mentions that: 
 
"Computational thinking is a process that involves posing problem situations and their solution 
methods." Like this concept, González (2019), says that computing thinking must "formulate problems 
in a way that allows the use of a computer to solve them, organizing and logically analyzing data, as 
well as representing data through abstractions, automating solutions through algorithms." 
 
Along the same lines, some authors are more focused on academia, mentioning that 

computational thinking will be related to a methodology that focuses on implementing the 
conceptions of computer science to solve everyday problems, design systems, and perform routine 
tasks (Basogain et al., 2015). Similarly, in this article, Basogain and collaborators present concepts 
given by programming companies such as Scratch from MIT. Where it is defined:  

 
"Programming allows students to begin to develop as computational thinkers: they learn basic concepts 
of computation and mathematics, and at the same time they also learn design strategies, problem-
solving, and other forms of collaboration" (ScratchEd Team, 2015). 
 
In the same way, other authors propose computational thinking to an applicative context, such 

as Zhou (2006), who mentions that computational thinking emphasizes using the conceptions of 
computing to solve problems, such as those related to human behavior. In addition, he says that 
computational thinking allows us to foresee those mathematical calculations are not enough in the 
computer, but that it needs understanding in the brain. Therefore, this thinking is abstract and 
automatic (Liu et al., 2015). 

As mentioned by the different authors, it is agreed that computational thinking is related to the 
abilities that a person can develop for solving problems according to their skills in handling 
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computers. It is beyond a mechanistic ability and becoming a more dynamic process where it uses the 
abstraction of a programming language, which also increases the probability of solving social 
problems. 

In this sense, computational thinking in school will allow the development of educational skills 
in students, as summarized in Table 2. 
 
Table 2: Implementation trend of programming for the development of computational thinking 
 

Trend Authors
Use of video games for teaching González, 2019; Kazimoglu et al., 2012; Lee y Ko, 201; González, 2019. 

Creation of projects with a fixed theme Taborda y Medina, 2014; Calao et al., 2015; Sáez y Cózar, 2017; Zapata et 
al., 2018; Alsina y Acosta, 2018; Martínez et al., 2016; Sáez y Cózar, 2017 

Creation of environments to generate 
situations 

Abril, 2016; Barr y Stephenson, 2011; García et al., 2016; Larkins y 
Harvey, 2010 

Tool as troubleshooting Román et al., 2015; Delgado et al., 2013
 
Abril (2016) establishes that "computational thinking will enable problem-solving and learn essential 
skills for all human beings, such as teamwork." Therefore, this thought can be applied to any 
reasoning, contributing to any area of knowledge (Barr and Stephenson, 2011; García et al., 2016). 
Learning programming at school enables educational innovation to develop problem-solving skills, a 
key characteristic of computational thinking (Román et al., 2015). In addition, this allows students to 
apply that knowledge and skills to a practical value in their daily lives (Delgado et al., 2013). This 
thinking is directed towards science students and all areas (Larkins and Harvey, 2010). 

Despite this, computer programming by itself does not develop computational thinking skills. 
Instead, it should be complemented by learning tools. Such as computer games, which serve as 
models to introduce all computer programming concepts. As a result of the entertaining the student 
while developing computational thinking skills (Lee and Ko, 2011; Kazimoglu et al., 2012; González, 
2019). Additionally, block application programming can be approached early since programming 
concepts help improve their skills (Taborda and Medina, 2014; Calao et al., 2015; Sáez and Cózar, 
2017). Finally, using educational robots that playfully enable programming knowledge promotes the 
development of computational thinking (Martínez et al., 2016; Alsina and Acosta, 2018; Zapata et al., 
2018). 

Furthermore, these investigations, like the one conducted by González (2019), show that to 
develop an inclusive educational method for teaching programming and computational thinking in 
elementary school, the students need to build a classroom experience. Using programming, the 
game's construction allowed us to analyze behaviors and social differences. 

In the field of block programming, Sáez and Cózar (2017), show in their research the impact of 
developing computational thinking through the creation of musical content by elementary school 
students through visual block programming, Being this methodology of significant effect for the 
understanding of computer science concepts, artistic development, creativity, and computational 
skills. 

Finally, with an applicative approach to robotics, Zapata et al. (2018), developed an investigation 
using a robotic platform to acquire computational and mathematical skills in elementary school 
students and demonstrating in this way that robotics favors learning by discovery, offering the 
possibility of reinforcing theoretical concepts through experimentation and implementation from 
computing. 
 
3.2 Logical-Math Skills 
 
The ability of students to use numbers reflectively is related to expressions of mathematical 
intelligence. This type of intelligence shows positive reasoning, abstraction, and analysis of schematic 
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sequences (García, 2010). However, some authors mention that programming constitutes a 
mathematical ability process, such as Saeli et al. (2011). Consequently, mathematics has become 
fundamental tools for solving problems and for the demonstration of daily events, so that, from the 
school environment, teachers must feel the need to teach it through technological resources, since 
these are a cultural part of the present generations (Rozo and Pérez, 2014; Williner, 2014). 

Programming and its relationship to pedagogical processes, such as mathematics teaching, have 
been proposed since the 21st century. The articles found, such as those by Papert (1972), establish a 
broader vision of a system educational in which technology is used to make individuals think. Among 
these, it proposes orientation axes to use programming as an instrument to teach mathematical 
equations. 

This educational vision of programming has allowed the authors to consider it a teaching tool in 
various curricular contexts, thus allowing the development of a series of logical-mathematical skills 
that are evidenced in graph 1. 
 

 
 
Graph 1: Benefits of the implementation of programming for the development of logical-
mathematical skills. 
 
As evidenced in graph 1, it is established that some authors consider that logical-mathematical skills 
contribute to problem-solving, logical analysis, metacognition, and to contrast their thoughts 
(Woods, 2000; Grover, 2009; Herrera, 2015). From this perspective, Palma, and Sarmiento (2015) show 
in their review 18 publications ranging from 2004 to 2013, where they compare experiences in the 
teaching of mathematics using programming as a base tool. 

In this sense, we highlight contemporary research such as Briz and Serrano (2018), which 
establish the use of R programming languages as a tool to teach topics in the area of mathematics, 
allowing in this way, a transversal learning with other contents of the site, which led to a greater 
interest on the part of the student. Similarly, Oro et al. (2015), designed a Hackers School project with 
high school students between 16 and 14. Weekly guided workshops were held to bring the language of 
the narratives to a programming language through problems of implicit mathematical content. As 
mentioned by Barcelos and Silveira (2012), programming serves as an intermediate tool between the 
narrative problem and mathematical strength. 

Mouhaffel (2018), developed an investigation where he links the aspects of robotics and 
programming. However, the latter focused on solving problems from the promotion of mathematics 
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and physics, thus demonstrating that ICT's function as a complementary tool to inter-correlate 
different areas of learning. Benton et al. (2017), designed a ScratchMaths project. They seek to 
develop curricular materials that contribute to mathematics learning through programming in 
children between 9 and 11 years old, demonstrating the ease of abstraction of abstract computational 
thinking for mathematical solving problems. 

Psycharis and Kallia (2017), in their purpose, demonstrate the influence of computer 
programming to develop reasoning, self-efficacy, and problem-solving skills in students. He used two 
experimental groups, where he conducted math study sessions based on the field of programming 
with one of them—proving that there were intervals of greater significance in the proposed 
objectives. Ng and Cui (2020), during a course with five and 6-year-old children, were presented with 
a series of mathematical problems that were solved in the computer programming environment. This 
research mentioned that the students used abstract thinking and mathematical models in 
programming. 

Psycharis and Kallia (2017), successfully demonstrated that computer programming significantly 
improves students' problem-solving skills. However, the difference they obtained with the control 
group was not statistically significant. Finally, Shahbari et al. (2020), worked with teachers in training 
from a higher education institute, where they studied metacognitive functions when solving 
mathematical problems in Scratch programming. Recognizing that programming sequences are 
essential to developing metacognitive skills, this notion must be accompanied by a good teaching 
approach to address mathematical issues. 
 
3.3 Scientific Skills 
 
Throughout this work, a series of skills that students have developed from the didactic intervention 
of computer programming has been addressed. Among these, we can begin computational, logical, 
and mathematical thinking. In this way, Reyes and García (2014) refer to ability as allowing the 
student to assimilate the actions and operations addressed within the didactic interventions. 
Therefore, these skills determine specific processes that integrate a particular mode of student 
participation (Machado and Montes de Oca Recio, 2009). 

The development of didactic sequences based on programming as tools for producing 
knowledge triggers other types of emerging skills than those mentioned in advance (Bueno, 2018). 
These are known as higher-order skills. According to Şendağ and Odabaşi (2009), an example of 
these skills is problem-solving and the capacity for critical thinking and creative thinking. The 
authors described these types of skills, which carried out their didactic sequences based on 
programming. 

However, programming and the computational environment also involve skills characteristic of 
scientific literacy, such as: observing facts and phenomena, formulating questions, collecting and 
analyzing data, measuring, comparing, and evaluating results (Balastegui et al., 2020). Deriving in the 
scientific attitudes that characterize the objective of what can be considered the purpose of a class, 
among these attitudes, we find curiosity, honesty, critical assessment, the flexibility of thought, 
openness of judgments, teamwork, will, and honesty (MEN, 2004; Merino and Torres, 2017). 

Table 3 shows some authors who, according to their research, have postulated the scientific 
skills and attitudes developed under the theme of programming. 
 
Table 3: Scientific skills and attitudes developed during the implementation of the programming 
 

Trend Scientific skills and attitudes Authors 

Robotics development 

Motivation, engagement, measurement, exploring, asking 
questions, delimiting problems, hypothesizing, planning, 
controlling variables, using models, classifying, using graphs and 
tables, recording, using numbers, and operationally defining. 

Sáez et al., 2019; 
Reyes and García, 
2014 
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Trend Scientific skills and attitudes Authors 
Creation of projects for 
fixed themes Problem-solving, logical thinking Thorat and 

Kshirsagar (2021) 

Teaching tool satisfaction, commitment, motivation, modeling, prediction Chis et al., 2018; 
Domènech, 2020 

 
In the same way, Sáez et al. (2019), developed scientific skills and critical thinking in elementary 
school students. Using a programming language with blocks for the development of robots in science 
and content in mathematics, thus highlighting motivation, fun, commitment, and enthusiasm as the 
most outstanding scientific attitudes in his didactic intervention. Similarly, Thorat and Kshirsagar 
(2021), highlight scientific attitudes and skills as crucial elements for their programming intervention 
for problem-solving and logical thinking and the compensation of their difficulties in first-semester 
students in engineering. 

Reyes and García (2014), worked with teachers in training in the branch of science and 
mathematics to investigate scientific skills in the process of programming with robots. By 
demonstrating that the intervention could teach students scientific skills, such as measuring, 
exploring, asking questions, delimiting problems, hypothesizing, planning, controlling variables, 
using models, classifying, using graphs and tables, recording, using numbers, and operationally 
defining. On the other hand, Chis et al. (2018), beyond identifying and categorizing scientific skills, 
was able to find scientific attitudes, such as satisfaction, commitment, and motivation when seeking 
to demonstrate the effectiveness of the combined teaching approach of a Flipped classroom and 
problem-based learning in a computer programming module. 

Finally, Domènech (2020), in his research, developed a transversal intervention in the field of 
programming, thus relating programming in the design of an ecosystem simulator with different 
mathematical functions, creating in this way scientific skills, such as modeling from programming 
and prediction concerning the structure of ecosystems in science. 

 
4. Final Considerations 
 
Based on an extensive review of the research of programming in the didactic intervention of the 
school. It is established that it has contributed not only from the technological and digital 
environment but also in a significant way to develop computational thinking, logical skills -
Mathematics and scientific skills for the training of students in primary, high school, and university 
levels. 

Concerning the contexts used in the teaching of programming for the development of 
computational thinking, there are a set of methodologies showing a range from interaction with 
programming platforms to the design of robots. It seeks to link science computational with the 
creation of strategy, problem-solving, and skills of practical value such as teamwork and recognition 
of social dynamics. 

On the other hand, programming to develop logical-mathematical skills stood out for the 
transversality of the proposed methodologies. Logical analysis, problem-solving and metacognitive 
analyses were developed from narrations, workshops, study sessions, and robot design, all mediated 
from programming. 

Similarly, the scientific skills developed from programming were modeling, exploration, 
planning, and using variables, always accompanied by scientific attitudes, where satisfaction, 
commitment, and motivation stood out. In addition, they were developed from didactic sequences 
typical of programming platforms and were also taken into areas such as robotics and modeling in 
environments such as ecosystems. 

In conclusion, it is essential to highlight programming as a tool beyond education. It is focused 
on a theme and enables the student to develop transversal learning by involving a series of skills such 
as computational, logical-mathematical, and scientific, as well as the fundamental scientific attitudes 
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and skills not only for approaches to the area but also to understand social realities and the student's 
context. 
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