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Summary  
This article analyzes the teaching of programming and computational thinking in students 

recently admitted at a public university in the Andes of Peru. For this, a survey was carried out 

on the previous teaching of programming concepts in the schools of origin of the students; also, 

the computational thinking of these students was evaluated by means of reagents corresponding 

to the skills of abstraction, decomposition, algorithmic design, generalization and evaluation. 

In the evaluation of computational thinking, more than 60% of students presented skills of 

decomposition, abstraction, algorithmic design and evaluation. These results reflect that the 

students evaluated have competencies in mathematical reasoning exercises that are similar to 

those required by the reagents used. 
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1. Introduction 

Information and communication technologies (ICT) are the basic technologies for the multiple 

activities of contemporary and future society. In the current social context, the development of 

education, like other sectors of goods and services, is closely related to the development of technology 

[1] – a situation that has been revealed and materialized unexpectedly in the recent COVID-19 

pandemic. Today, it is not enough to use technology as a support to contribute to the achievement of 

effective results in the teaching and learning process [2]; but to evaluate ourselves if we are contributing 

to the training of competent and innovative professionals with the appropriate methodologies and tools. 

It is known that, in the current scenario of science and technology, it is necessary to have more 

professionals in STEAM; therefore, educational institutions must contribute to the training of citizens 

who contribute with creativity and innovation in the digital field. In that sense, developing 

computational thinking (CT) skills – such as those defined in Wing's initial work [3], which includes 

the ability to build algorithmic solutions and implement them in a programming language, contributes 

to the formation of individuals for the twenty-first century and helps in reducing the digital gaps that 

leave traces throughout Latin America. To deal with this situation, in the school stage, to the teaching 
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of basic courses in communications, mathematics, arts, etc., we must add courses in digital culture, 

computational thinking and programming [4]. 

In the school stage, the courses related to these elements should focus on two aspects: learning 

computer science and contributing to the development of new computer devices or equipment [5]. But, 

today, most school-level educational institutions assume a simply utilitarian position in relation to 

digital technologies, since they limit themselves to teaching office packages, turning students into 

simple users of computer tools. This position on how to handle computer science teaching, although it 

may have been necessary, today is insufficient and anachronistic, since in today's world it is necessary 

to develop skills in mathematical reasoning, logic, algorithmic design and problem solving. Among 

different approaches, these challenges can be achieved, for example, through the teaching of 

programming from an early age. Therefore, it is important that students have the necessary cognitive 

tools to function successfully in the digital world. It is in this sense that an approach based on the 

principles of computational thinking is proposed, as a set of skills to be developed to solve complex 

problems [3], [6], [7] 

This article analyzes the teaching of programming and evaluates CT in students recently admitted at 

a public university in the Andes of Peru. To this end, a survey was carried out to know the previous 

teaching of programming concepts in the schools of origin of the students; also, computational thinking 

was evaluated using reagents corresponding to the skills of decomposition, algorithmic design, 

abstraction, evaluation and generalization. 

2. Literature review 

This section reviews the scientific literature regarding the importance of programming at school age, 

and computational thinking at school age; as well as programming and computational thinking in the 

world. 

2.1. The importance of school-age programming 

Several authors express the importance and benefits of computational thinking in higher education. 

With regard to computational thinking skills, they highlight abstraction and algorithmic thinking in 

strengthening competencies in reading comprehension and in solving complex problems following 

algorithmic methods [8]–[12]; also, [13] in a study carried out, it points out that programming to carry 

out mathematical tasks and other challenging disciplines can improve the student's understanding, this 

involves the use of the computer as a tool to solve problems in this area. [14] It points out the use of 

tools based on block programming and interaction with hardware, generates interest and motivation in 

students; as well as, teamwork and problem solving through skills of abstraction, decomposition and 

algorithmic thinking. It also directly relates the development of common skills through creative 

programming and innovation  [15], [16]. Finally, [47][17] it adds critical thinking as a form of reasoning 

and exchange of ideas prior to solving problems through computational thinking skills. Figure 1 shows 

the key words that exist about "computational thinking in higher education". The words that stand out 

the most are: engineering education, mathematical programming, visual languages, robot programming, 

scratch, visual programming, problem-solving skills, digital literacy, skills and among others. 

In our current society, known as the knowledge and information society, current demands give rise 

to new forms of development of appropriate thinking, so new forms or techniques are needed to help 

increase knowledge. Years before all the recent changes driven by digital evolution, the seminal work 

of [18], represent the first reasoning about systems thinking skills as a problem-solving tool, and 

associated with that the ability to execute computer programming, which together with the ability to 

design algorithms provide students with skills and abilities to solve problems in general, whether in 

mathematics, communications, arts and other disciplines at the school stage [19] [48]. The incorporation 

of programming in school education is, in this way, considered as an important strategy that helps 

students solve academic and contextual problems. As they state [13] in their study on problem solving 

related to mathematics, "programming computers to carry out mathematical tasks and other challenging 

disciplines can improve student understanding; this implies the use of the computer as a tool to solve 

problems in this area." This statement agrees with what has been pointed out by [20], which emphasizes 



that the ability to program provides important benefits for the student; for example, it greatly expands 

the range of what can be created with the computer, it also expands learning through the computational 

thinking method that is helped by programming to solve complex problems. Thus, also, the same 

authors affirm that the act of programming computers has the potential to convert students to be 

innovative and creative, so they will be participants in the creation of technological products that solve 

real problems of society. 

 

2.2. Computational thinking at school age 

There are many reasons and motivations for including CT in regular basic education, among which 

we can mention: acquisition of a more concrete mastery over technology, a broader and more systemic 

understanding of the world, identification of transversality elements in different areas, promotion of 

digital literacy, increased productivity, help in learning other disciplines, promotion of gender equity 

and inclusive education, reduction in physical limitations and expansion of the possibilities of 

teamwork, for example. Therefore, in the present twenty-first century, educated citizens are needed to 

participate and contribute to the development of science and technology; to do this, they must have 

digital skills and abilities (which include programming). In this sense, educational systems should train 

students with skills that involve strengthening the CT through hardware and software components; for 

example, program development, programming of educational robots, process simulation, development 

of electronic prototypes, among others. In that sense, it is appropriate to generate these skills from an 

early age.  

Two main trends emerge regarding the justification for including CT in regular basic education [21]: 

the first, the strengthening of CT in students, so that they think like computer science professionals, 

trained to communicate the problems solved by different means (web, mail, social networks, for 

example) and analyze/evaluate the problems of their context from a different and real perspective; the 

second,  the dissemination of the benefits of the CT, in the family and national environment.  

According to [22] with the integration of the CT, students will have the following competencies: 

solve problems applying the skills of abstraction, algorithmic design, process automation, data 

collection and synthesis;  testing and debugging developed programs; model, run simulations and 

reflect/evaluate the results. In addition, students will be aware of the concepts and skills of the CT to 

apply in different disciplines such as mathematics, social sciences, communication, arts and others.  

Since Wing’s CT definition (2006), various interpretations or dissertations have proliferated 

regarding the ecosystem of computational thinking. For example, terms, such as computing, 

programming or coding and CT: these terms are not identical or the same, but they are part of a large 

ecosystem. Computing, for most people, is a process evoked when a computational agent (computer or 

other electronic device) acts on its inputs under the control of an algorithm [23]; while programming or 

coding is writing code or program (a set of instructions) to be interpreted and executed by a computer 

or other electronic device; instead the CT applies the skills of abstraction, decomposition, pattern 

recognition and algorithms in solving complex problems, with the help of a computational agent or  

computer [24]. In that same context, Wing points out that the CT is to think like a professional of 

computer science, when a problem is solved; understanding by computer science, the discipline that 

systematically studies the elaboration of algorithms, description and transformation of information, with 

theoretical foundation for efficient design and implementation [25]. Figure 1 shows the space between 

computational thinking, computation, and programming or coding [26].  



 
Figure1: Space between computational thinking, computation, and programming 

2.3. Programming and computational thinking in the world 

In North America, at the beginning of 2016, the "computer science for all" program was launched 

[27], with the aim of training students from the initial stage to high school in topics related to computer 

science and CT skills, with the aim that in the very near future they will be creators of the digital 

economy. Not only to be consumer users, but to be active citizens to generate changes in national and 

international society. Under this proposal, [28] they point out that computer science in school education 

(K-12) promotes the teaching of the CT and computer programming; also, it states that the CT "is the 

human capacity to formulate problems so that their solutions can be represented as computational or 

algorithmic steps to be carried out by an information processing agent." 

In Europe, the Ministry of Education (2018) since 2012, has developed several recommendations on 

the integration of the CT in the curriculum at school stage, supported by the Royal Society and the 

ACM (Association of Computing Machinery). Also, the European Commission [30] participated in 

these proposals, considered politically the point of reference for the integration of the CT in the 

countries that make it up. [31] states that the reasons for the integration of programming into the 

curriculum of educational institutions in European countries are intended to generate improvements in 

twenty-first century skills. For example, in Finland the CT and the development of computer programs 

were included as a strategy for generating digital skills in students, applying to mathematics and crafts 

[32]. As part of this process, manuals or instructions were developed to teach CT skills and computer 

programming; they also provided training for different target groups: principals, teachers and 

educational authorities. 

In Brazil, the [33] and [34] proposed the teaching of computing in the curriculum of regular basic 

education, under 3 main axes: the CT axis focused on the teaching of abstraction, analysis and 

automation; the digital world axis focused on the teaching of coding, data processing and  

representation; finally the digital culture axis focused on technological understanding,  digital ethics 

and computing in society. The proposal was recently approved by the National Council of Education. 

In Peru, there are independent initiatives by universities on CT [ 35]–[39]; there are still no proposals 

at the central government level for the teaching or integration of computing into the curriculum of 

regular basic education. 

 

3. Research methodology 

The research was conducted at the Universidad Nacional Autónoma de Tayacaja Daniel Hernández 

Morillo in the Huancavelica region, located in the Andes of Peru. The recent students belong to the 

2021-I period of the industrial engineering career; 37 female and male students participated in the study. 

To know the teaching of programming according to the school of origin, a survey was applied based on 

9 questions, of which 2 questions were selected: "Indicate the origin of the educational institution where 



you completed your secondary studies" and "With respect to computer teaching in your school, indicate 

the topic studied" 

CT assessment was based on 05 items [40]–[42]; these reagents are related to the skills of 

decomposition, abstraction, generalization, algorithmic design and evaluation of the CT. Figure 2 shows 

part of the reagents used. 

 

 
Figure 2: Kangaroo reagent corresponding to abstraction skill 
 

4. Results 

Below are the results of the survey conducted on the type of educational institution of origin and the 

teaching of programming in schools. Thus, the results of the evaluation of the skills of the CT based on 

the reagents used are also shown. 

4.1. Survey results 

Regarding the origin of the type of educational institution (public or private), Figure 3 shows that 

78% of students come from the public sphere; meanwhile, 22% come from the private sector. In Figure 

4, it is shown that 78.4% of students took a computer course and within this course 73% followed office 

automation packages (Word, Excel, Power point, others); meanwhile, only 2.7% carried programming 

and 2.7% web concepts. Also, it is observed that 21.6% of the students did not take computing course. 

 

 
 

Figure 3: Type of educational institution of origin 
 



 
 

Figure 4: Teaching of the computing course in schools of origin 

4.2. Results of the evaluation of computational thinking 

Of a total of 37 students recently admitted at university, the CT was evaluated through the reagents 

corresponding to the skills of decomposition, abstraction, generalization, algorithmic design and 

evaluation. Figure 5 shows that 62.2% of students correctly answered the Mobile reagent 

(Decomposition). For the Kangaroo reagent (Abstraction) 62.2% of students answered correctly, as 

shown in Figure 6. 56.8% of students correctly answered the Spies on the Move (Generalization) 

reagent, as shown in Figure 7. The Beavers reagent (Algorithmic Design) obtained the highest 

percentage of correct answers with a value of 73%, as shown in Figure 8. Finally, Figure 9 shows that 

75.7% of students correctly answered the Salto de Charco reagent (Evaluation). 

 

 
Figure 5: Evaluation of decomposition ability (Mobile reagent) 

 

 
Figure 6: Evaluation of abstraction ability (Kangaroo reagent) 

 



 
 

Figure 7: Generalization Skill Assessment (Spies reagent) 
 

 
 

Figure 8: Evaluation of algorithmic design skill (beaver reagent) 
 

 
Figure 9: Evaluation of evaluation skill (Salto de Charco reagent) 

5. Discussions 

Activities or Problem-solving processes are used to identify, analyze, reflect on experiences and 

ways of conducting research in engineering or STEM-related areas; in this process, the problem, the 

research methods to be followed, the implementation and evaluation of the solution are presented; that 

is, problem solving is an inquisitive domain where students constantly ask questions, identify 

conjectures or relationships, look for various ways to support and implement it and then evaluate and 

communicate the results [43], [44]. From the results obtained with respect to the teaching of computers 

in school education at the secondary level, they show that 78.4% of students took the computer course, 

and within this course 73% followed office packages (Word, Excel, Power point, others), 2.7% followed 

programming, 2.7% followed web page and 21.6% did not take the computing course. Here, it can be 

seen that schools mostly only teach office packages; this form of teaching, based on a utilitarian 

approach, turns students into users of computer tools, but not as innovators or creators of technology 

[4] [46]. The same is pointed out, when stating that the computer is used to think in the key of today's 

world. Therefore, it is considered that the teaching of programming is important to develop cognitive 

processes in students; in this context, the same authors affirm that school education should focus on 



programming first, and the use of office automation later. In private schools, the insertion of technology 

is mostly before public schools; this study shows that the majority of students come from the public 

sphere; normally, these schools are characterized by limited economic resources and therefore do not 

have trained teachers who could teach programming courses or are not trained because they live in 

remote areas and rugged geography. It should be noted that the university is located in one of the poorest 

regions of Peru and most of the students come from that geographical space. 

Regarding the assessment of computational thinking skills, the percentage of students who answered 

correctly the most correspond to the assessment skill, followed by the algorithmic design skill; 

meanwhile, regarding the ability of abstraction and decomposition, the same number of students 

answered correctly, and the generalization ability that corresponds to 56.8% was the lowest number of 

students to answer correctly.   

From the results of the evaluation of computational thinking, it is observed that most students have 

competencies in the skills of evaluation, algorithmic design, abstraction and decomposition, which 

correspond to 75.7%, 73%, 62.2% and 62.2% of students respectively; these results are related to the 

nature of the engineering career, which normally works in students with competencies in logic and 

mathematical reasoning, subjects that are related to the reagents of computational thinking [45]. 

6. Conclusions 

Among the CT skills to be developed in students, this article pointed out the importance of teaching 

programming for the development of cognitive processes in students. The educational centers within 

their curricular plan have the computing course, which mostly teach simply office packages. These 

computer utilities contribute little to the development of computational thinking in students; therefore, 

it is recommended to teach programming first and then office packages, if necessary. Currently, there 

are programming tools to train students to write programs: mBlock, Arduino, Lightbot and Scratch, 

which are characterized by being friendly and intuitive to train students without programming 

experience. With these programming tools, the student could follow a methodology for learning 

programming, which comprises problem analysis, algorithmic design, translation of the algorithm into 

computer code and finally program debugging. 

The evaluation of computational thinking in recent college students was carried out satisfactorily 

according to plan. It was verified that the reagents used to evaluate computational thinking skills are 

adequate and gives us an indicator of the number of students who have competencies in abstraction, 

decomposition, algorithmic design, generalization and evaluation; thus, also for students who answered 

some items incorrectly, educational strategies can be applied to improve computational thinking skills. 

To teach the university courses related to programming, it is recommended to apply the reagents to 

know the level of computational thinking skills in students prior to the development of the course; 

therefore, according to the results obtained from the evaluation, different educational strategies could 

be applied to reinforce the skills in students during the development of the course; carrying out these 

processes in the first cycles of the university is fundamental, so that students in later cycles have a 

positive attitude and confidence in solving complex problems related to the courses and situations of 

their context. 
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