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This study describes the design, implementation, and evaluation of a computational 

thinking workshop for children in the Andean regions of Peru, using playful tools such 

as Lightbot and mBlock. The objective was to strengthen skills such as algorithmic 

design, decomposition, debugging, loops, and pattern recognition. The participants 

were children aged 8 to 11 years, who engaged in activities aimed at developing these 

abilities. Descriptive analyses and statistical tests (Student's t-test) were applied to 

identify gender-based differences. The results showed that both girls and boys 

performed similarly, with no significant differences, suggesting that these tools promote 

gender equity in rural educational settings. Furthermore, according to the Peruvian 

educational evaluation scale, the skills of loops and debugging were identified as 

needing greater reinforcement, as they were concentrated in the lowest performance 

category (Category C). The study concludes that this type of workshop can help reduce 

the digital divide and strengthen 21st-century skills in vulnerable contexts, contributing 

to a more inclusive and contextualized education. 
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1. INTRODUCTION

In Latin America, computational thinking workshops are 

mostly carried out in urban areas and often require 

participation fees. Although there is growing expectation for 

teachers to incorporate technology into their classrooms, 

computational thinking and programming are not mandatory 

subjects in public institutions. This hinders the development of 

computational skills in Latin American children, and it is 

expected that the digital divide between urban and rural 

populations will continue to widen over time, especially in 

socioeconomically vulnerable communities [1, 2]. 

Currently, in the Peruvian educational system [1], most 

primary-level schools follow a traditional teaching model that 

excludes the use of technology and, even more so, the 

integration of computational thinking. This form of instruction 

fails to foster creative and innovative capacities in children, 

limiting knowledge generation and often leading to student 

frustration. This situation is especially pronounced in the 

region of Huancavelica, located in the Andes of Peru, where 

the geography is rugged and where, in terms of development 

in education, health, and related indicators, the region is often 

ranked among the lowest in the country. 

We believe it is essential to develop computational thinking 

skills in rural areas as a means of promoting equity with 

children from urban zones. Moreover, various researchers 

argue that computational thinking helps children develop key 

competencies such as the ability to deal with complex 

problems, persevere in daily activities, work collaboratively 

with gender equity, and build confidence in managing 

complexity [2]. In this regard, computational thinking is a key 

skill for solving complex problems, interpreting data, and 

communicating results to others through computers or other 

agents [3]. 

To obtain reliable and meaningful results regarding the 

development of computational thinking among children and 

adolescents in Huancavelica, appropriate digital tools were 

selected to promote motivation and support playful learning 

experiences. These tools were combined with educational 

applications that allow for a gradual increase in complexity to 

enhance the development of computational thinking [4, 5]. 

This study adopts a quantitative approach with a quasi-

experimental design, as it involved a non-randomized group 

and sought to observe the effects of an educational 
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intervention on computational thinking. This design is well-

suited for real-world contexts where complete variable control 

is not feasible, yet cause-effect relationships can still be 

explored. To assess computational thinking, an adapted 

version of the Computational Thinking Test (CTt), developed 

by Román-González [6], was used due to its scientific validity, 

age appropriateness (for ages 8 to 16), and its ability to directly 

measure key computational skills such as algorithmic design, 

loops, debugging, decomposition, and pattern recognition. The 

test was shortened to 20 items to facilitate application with 

students aged 8 to 11. The results were analyzed using 

descriptive statistics and Student’s t-test for independent 

samples, enabling a comparison between boys and girls. 

Finally, the scores were interpreted using the Peruvian 

educational system’s qualitative scale [7], which categorizes 

performance into levels AD (Outstanding Achievement), A 

(Expected Achievement), B (In Progress), and C (Beginning), 

thereby providing meaningful pedagogical interpretation 

within school environments. 

 

 

2. RELATED WORK 

 

2.1 Computational thinking in the school 

 

In the late 1950s, Alan Perlis, a pioneer in computing, 

emphasized the value of coding as a mental tool to understand 

problems [8]. During the 1960s, various authors argued that 

computing provides cognitive tools that are useful in everyday 

life [9]. In 1967, Papert developed Logo, a programming 

environment that allowed children to program a turtle [10]; 

this tool was considered a powerful pedagogical resource that 

complemented Polya’s proposal on the phases of problem 

solving: understanding the problem, planning, execution, and 

reviewing the solution [11, 12]. 

Building on these developments, the term computational 

thinking has gained relevance, involving the use of 

fundamental computer science concepts [13], and is now seen 

as an essential 21st-century skill, on par with reading, writing, 

or arithmetic [14]. 

According to a widely cited definition [15], computational 

thinking encompasses problem-solving, system design, and 

understanding human behavior using core principles of 

computing. Within this framework, abstraction is highlighted 

as a key component for effectively addressing problems [16-

18]. Furthermore, computational thinking supports the 

development of creativity, critical thinking, teamwork, and the 

ability to deal with complex situations [2, 19]. 

In the past ten years, definitions of computational thinking 

have expanded, with many researchers highlighting 

frameworks based on multiple categories [20, 21], including 

problem-solving applied to academic disciplines and real-

world issues, block-based programming, and the three 

dimensions proposed by Brennan and Resnick [22]: 

computational concepts, practices, and perspectives. 

Operational definitions, in turn, refer to it as a set of sequential 

processes in problem-solving: formulation, organization, 

analysis, automation, representation, implementation, and 

transfer [23, 24]. 

 

2.2 Tools to develop programming: Lightbot and mBlock 

 

The Lightbot APP [25] is an educational tool for mobile 

devices designed to teach children the basics of programming 

and foundational computer science principles. Its gameplay 

mechanics, centered around guiding a robot to solve puzzles, 

help children become familiar with essential programming 

concepts such as loops, conditionals (e.g., “if-then”), and 

procedures, all without the need to write actual code. Lightbot 

is organized into progressively challenging levels: Basic, 

Procedures, and Loops. Each level includes a set of exercises 

with visual commands, making it a playful and intuitive way 

to introduce programming. The APP is free and widely 

recognized as an effective resource for training computational 

thinking in early and primary education.  

mBlock [26], on the other hand, is a visual programming 

platform based on Scratch 2.0 and developed by Makeblock. 

It is aimed at teaching STEAM competencies and has become 

one of the most prominent tools for learning coding in school 

contexts. mBlock enables children to design games, interactive 

stories, and simulations by dragging and dropping colored 

blocks that represent programming instructions, making it 

more accessible than traditional text-based languages. The 

platform promotes creativity, logical thinking, and 

collaborative learning, and also encourages students to engage 

with a global community by sharing their projects online. It is 

recommended for use from grades 3 to 6 of primary education 

as part of computational thinking and coding programs [27-

34]. 

 

Table 1. Computational thinking skills  

 
Computational 

Thinking Skills 
Definition 

Algorithmic design 

The ability to design step by step an 

operation/action on how problems are 

solved. 

Pattern recognition 

Discover similarities or patterns in any 

complex problem or decomposed 

problem. 

Decomposition 

The ability to break down complex 

problems into simpler ones that are 

easier to solve. 

Cycle or loops 
Sequence of code instructions that is 

executed repeatedly. 

Depuration 
The ability to identify, eliminate, and 

correct errors. 

 

2.3 Computational thinking skills 

 

Currently, there are various approaches to computational 

thinking skills in school education. Puhlmann [35] identified 

four core skills: abstraction, decomposition, pattern 

recognition, and algorithmic design. He also proposes that 

these skills are structured into three computational dimensions: 

concepts (sequence, loops, events, parallelism, conditionals, 

operators, and data), practices (experimentation and 

interaction, testing and debugging, reuse of previous projects, 

and abstraction/modularization), and perspectives (forms of 

self-expression, connection with others, and questioning). 

Several authors agree that abstraction is one of the most 

essential skills in computational thinking, especially in the 

formulation of problems [14, 36], while problem-solving 

involves a set of steps and computational algorithms that 

encompass processes such as formulation, organization, 

analysis, automation, representation, implementation, and 

transfer [23, 24, 37]. In this study, the Lightbot APP helped 

develop skills such as algorithmic design, decomposition, and 

pattern recognition, as well as the computational concept of 

loops and the practice of testing and debugging [25, 38]. 
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Meanwhile, mBlock enabled the comprehensive application of 

the three dimensions of computational thinking proposed by 

Puhlmann [35], through activities that integrate concepts, 

practices, and perspectives. Table 1 summarizes the specific 

computational thinking skills that can be developed using 

Lightbot and mBlock. 

 

 

3. METHODOLOGY 

 

3.1 Participants and research approach 

 

The children who participated in the study attended various 

primary schools located in rural areas of the province of 

Huancavelica, a region characterized by high poverty rates and 

limited access to technological resources. In total, 11 children 

(6 boys and 5 girls), aged between 8 and 11 years, took part. 

Most of them come from families engaged in subsistence 

farming, with monthly incomes below the minimum wage and 

limited access to computers or a stable internet connection at 

home. Regarding prior experience, none of the students had 

formal exposure to programming environments or educational 

robotics before the workshop. Their contact with technology 

was limited to occasional use of mobile devices at home or in 

public internet cafes. This characterization helps to understand 

the scope and limitations of the intervention, as well as the 

generalizability of the findings to populations in similar 

conditions in the Peruvian Andes or other rural regions in 

Latin America. 

This research was conducted under a quantitative approach 

with a quasi-experimental design, working with a single group 

without random assignment, with the purpose of observing the 

effects of an educational intervention based on playful 

programming tools such as Lightbot and mBlock. This type of 

design allows for the analysis of intervention impacts in real-

world contexts, especially in vulnerable populations where 

establishing control groups is not feasible. 

Data collection was carried out using an adapted version of 

the Computational Thinking Test (CTt), developed by Román-

González [6], a validated instrument that directly assesses 

skills such as algorithmic design, debugging, loops, 

decomposition, and pattern recognition. The test was reduced 

to 20 items to suit the cognitive level of the children (aged 8 

to 11), allowing for feasible application within school sessions. 

Table 2 shows the test items related to the skills of algorithmic 

design, decomposition, pattern recognition, loops, and 

debugging [35, 39]. 
 

Table 2. Test items to evaluate computational thinking skills  

 

Computational 

Thinking Skills 

Evaluated by 

Marcos Román-

González Test? 

Marcos Román-

González Test 

Items 

Algorithmic design Yes 1 to 6; 8 to 20 

Pattern recognition Yes 
4 to 6; 8 to 12; 

14, 15, 17 and 18 

Decomposition Yes 
4 to 7; 10 to 13 

and 15 

Cycle or loops Yes 5 al 20 

Debugging Yes 
3, 7, 11, 16 and 

19 
 

The data were processed using descriptive statistics and 

inferential analysis, applying Student’s t-test for independent 

samples to identify significant differences between boys and 

girls. Additionally, the scores were interpreted using the 

qualitative scale of the Peruvian educational system [40], 

which classifies student performance into four levels: AD 

(Outstanding Achievement), A (Expected Achievement), B 

(In Progress), and C (Beginning). 

This methodological approach not only allowed for the 

evaluation of computational thinking skills in a rural context, 

but also enabled the analysis of gender equity and the 

identification of specific pedagogical reinforcement needs, 

providing contextualized evidence on the use of educational 

technologies in highly vulnerable areas. 

 

3.2 Workshop proposal for strengthening computational 

thinking skills 

 

The workshop was implemented as part of the university 

social responsibility (RSU) project of the Universidad 

Nacional Autónoma de Tayacaja Daniel Hernández Morillo, 

entitled “Workshop on 21st-Century Skills in the 

Huancavelica Region.” The program lasted 16 hours, held 

twice a week with 2-hour sessions. It was delivered in both 

asynchronous and synchronous formats, using Google Meet 

for videoconferencing, as illustrated in Figure 1. 

 

 
 

Figure 1. Children participating in the workshop 

 

Table 3. Structure of the workshop and skills developed by 

students 

 
Workshop Activity Tool Skills Developed 

Real-life algorithms 

(paper and pencil) 
None Algorithmic design 

Programming in 

Lightbot – Basic 

Level 

Lightbot 
Algorithmic design, 

debugging 

Programming in 

Lightbot – Procedures 
Lightbot 

Decomposition, pattern 

recognition 

Programming in 

Lightbot – Loops 
Lightbot Loops, debugging 

Game creation (Ping-

Pong, Scissors 

Dancer) 

mBlock 

Algorithmic design, 

decomposition, pattern 

recognition, loops, 

debugging 

 

Table 3 presents the structure of the workshop and the 

computational thinking skills addressed in the students. The 

workshop began with the definition of an algorithm and its 

application in real-life situations, followed by robot 

programming using Lightbot in Basic Mode (levels 1 to 8) and 

Procedure Mode (levels 1 to 6). The next stage involved 

working with mBlock, starting with an introduction to the 

development environment and its various programming blocks. 

This was followed by the creation of interactive applications 

such as the "Ping-Pong" game and the "Scissors Dancer" 
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animation. 

The following section outlines the activities carried out for 

each computational thinking skill. 

 

3.2.1 Algorithmic design 

To help children grasp the concept of algorithms, they were 

encouraged to generate real-life examples illustrating how 

algorithms are used in everyday situations. As shown in Figure 

2, the students then developed their own algorithmic exercises 

using pencil and paper, systematically following a series of 

steps until reaching a solution. 

 

 
(a) 

 
(b) 

 

Figure 2. Algorithms session: a) Algorithm definition, b) 

Algorithm examples session 

 

During the algorithm practice sessions with Lightbot, the 

children were introduced to the fundamentals of algorithmic 

design. They worked through the BASIC level of Lightbot, 

which consisted of eight exercises (1-1 to 1-8) focused 

specifically on developing algorithmic thinking. The children 

followed four key programming steps: planning, coding, 

execution, and debugging, to successfully program the robot. 

As shown in Figure 3, they programmed the robot to illuminate 

the blue tile using commands such as “Walk forward,” “Light 

up,” “Turn left,” “Turn right,” and “Jump.” The students 

constructed step-by-step sequences of instructions and 

inserted them in order within the MAIN area until they 

successfully completed the task of lighting the blue box. 

 

3.2.2 Pattern recognition 

This section addresses a computational thinking skill 

developed during the PROCEDURES level of Lightbot, which 

includes four sub-levels (2-1 to 2-3). At this stage, children 

continue to apply the programming cycle—planning, coding, 

execution, and debugging—for each exercise. As shown in 

Figure 4, the virtual robot is programmed through a sequence 

of commands or instructions. A key feature introduced at this 

level is the use of the P1 command, which allows students to 

define reusable sets of instructions. To program the robot 

effectively, children first identify recurring patterns in the 

tasks. These repeated patterns are then coded within the 

PROC1 area and subsequently inserted into the MAIN area to 

complete the exercise efficiently. 

 

 
(a) 

 
(b) 

 

Figure 3. Algorithmic exercises with Lightbot: a) Basic level 

exercise 3, b) Basic level exercise 4 

 

 
(a) 

 
(b) 

 

Figure 4. Pattern recognition exercises with Lightbot: a) 

Procedure level exercise 2, b) Procedure level exercise 3 

 

3.2.3 Decomposition 

This section describes a computational thinking skill 

developed through the PROCEDURES level of Lightbot, 

specifically within exercises 2-4 to 2-6. In these sublevels, 
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children learn to program a virtual robot by following the 

standard programming cycle: planning, coding, execution, and 

debugging. As illustrated in Figure 5, the robot is programmed 

using a sequence of commands and instructions. At this stage, 

two procedure commands, P1 and P2, are introduced. To 

complete the exercises, students first identify tasks that can be 

decomposed into smaller parts with potential for reuse. These 

decomposed tasks are then programmed in the PROC1 and 

PROC2 areas and subsequently inserted into the MAIN area. 

As shown, children apply the reusable procedures P1 and P2 

multiple times within the MAIN program. Through this 

process, they learn how to effectively break down problems 

and design efficient, modular programs. 

 

  
(a) 

 
(b) 

 

Figure 5. Decomposition exercises with Lightbot: a) 

Procedure level exercise 5, b) Procedure level exercise 4 

 

 
(a) 

 
(b) 

 

Figure 6. Loops exercises with Lightbot: a) Loop level 

exercise 1, b) Loop level exercise 3 

 

 

3.2.4 Cycles or loops 

This section highlights a computational thinking skill 

developed through the LOOPS level of Lightbot, which 

includes five exercises (3-1 to 3-5). In each activity, children 

followed the four-step programming cycle: planning, coding, 

execution, and debugging. As illustrated in Figure 6, the 

virtual robot was programmed using a sequence of structured 

commands. The children began by analyzing the tasks to 

determine whether loops could be applied to repetitive actions. 

Upon identifying a pattern suitable for looping, they used the 

P1 procedure within the PROC1 area to construct the loop. As 

shown in Figure 6, the P1 command was inserted both in the 

MAIN area and within the P1 block itself, allowing the 

program to iterate over the repeated tasks. This process helped 

children understand how to simplify programs through 

iteration and reuse. 

 

3.2.5 Depuration 

The children strengthened their programming skills by 

working with a virtual robot, following a four-step process: 

planning, programming, execution, and debugging. Particular 

emphasis was placed on debugging during exercises focused 

on decomposition, algorithmic design, and pattern recognition. 

After practicing with Lightbot, the children applied their skills 

to develop two video games using mBlock. This transition 

allowed them to deepen their understanding of programming 

blocks such as loops and conditionals. To further enhance their 

computational thinking, the children were tasked with 

programming two games using mBlock, employing block 

structures similar to those encountered in the Lightbot 

activities. One game—the “Scissors Dancer”—involved the 

use of sequential programming blocks, while the second—the 

“Ping-Pong” game—required the application of loops and 

conditional blocks. These student-created games are 

illustrated in Figure 7. 

 

 
(a) 

 
(b) 

Figure 7. Debugging exercises with mBlock: a) Scissor 

dancer game, b) Pin pong game 
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4. RESULTS 

 

To evaluate computational thinking, several analyses 

were conducted, including a quantitative comparison by 

gender, a statistical analysis of gender differences, and an 

evaluation based on the Peruvian educational system. 

 

4.1 Quantitative comparison by gender 

 

Table 4 presents the average scores by gender for each 

computational thinking skill. 

These results support the idea that both girls and boys 

demonstrate similar levels of development in the evaluated 

skills. This is a positive indicator for promoting gender equity 

from an early age through the use of playful tools such as 

Lightbot and mBlock. 

 

4.2 Statistical analysis of gender differences 

 

Table 5 presents the results of the student’s t-test comparing 

girls and boys for each computational thinking skill. 

As shown, the p-values for all skills are greater than 0.05, 

indicating that there are no statistically significant differences 

between girls and boys in any of the evaluated skills. This 

reinforces the hypothesis of gender equity in the development 

of computational thinking skills through the use of these 

educational tools. 

 

Table 4. Results of computational thinking skills 

 

Gender 
Algorithmic 

Design 

Pattern 

Recognition 
Decomposition Loops Debugging 

Female 10.0 9.2 10.0 8.6 9.6 

Male 11.8 9.0 12.8 9.8 9.3 

 

Table 5. Student’s t-test results for gender differences in 

computational thinking skills 

 
Skill t-Statistic p-value 

Algorithmic design -1.026 0.3326 

Pattern recognition 0.077 0.9406 

Decomposition -1.389 0.2005 

Loop -0.578 0.5786 

Debugging 0.083 0.9353 

 

 
 

Figure 8. Score distribution by skill based on the Peruvian evaluation scale 

 

4.3 Analysis based on the Peruvian educational evaluation 

system 

 

According to the evaluation scale of the Peruvian 

educational system, computational thinking skills were 

categorized as follows: AD (Outstanding Achievement, 18–

20), A (Expected Achievement, 14–17), B (In Progress, 11–

13), and C (Beginning, 0–10). Figure 8 shows the distribution 

of student scores according to this scale for each 

computational thinking skill. 

This visualization makes it possible to identify which skills 

require greater reinforcement. For instance, Algorithmic 

Design and Decomposition show a higher number of students 

in levels B and A, suggesting that these skills are in the process 

of consolidation. However, in skills such as Debugging and 

Loops, there is a greater concentration of students in level C, 

highlighting the need for additional educational interventions 

to strengthen these areas. 

5. DISCUSSION 

 

The results obtained show that both girls and boys 

developed computational thinking skills at similar levels, with 

no statistically significant differences. This supports the 

claims of Laura-Ochoa [38] and Urquizo [25], who argue that 

tools such as Lightbot and mBlock promote gender equity in 

educational contexts. This equity is especially relevant in rural 

areas such as Huancavelica, where access to technology is 

often limited [41]. 

Regarding pedagogical effectiveness, the results align with 

the research by Brennan and Resnick [22], who suggest that 

visual programming tools help children develop not only 

computational concepts (such as sequences, loops, and 

conditionals) but also practices (such as debugging and reuse) 

and perspectives (such as expression and connection). The 

activities implemented in this study demonstrated that 

participants were able to apply loops, sequences, and 
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conditionals—core components of computational thinking 

[35]. 

Furthermore, the performance levels identified using the 

Peruvian evaluation scale are consistent with the findings of 

Sáez-López [33], who observed that visual programming tools 

like Scratch (and its derivative mBlock) enable progressive 

learning of complex skills. However, skills such as debugging 

and loops, which showed lower scores (Category C), require 

special attention in the design of future educational activities, 

as noted by Mukasherva and Omirzakova [32], who found that 

elementary students often struggle with these specific skills. 

One notable finding of the study was the difficulty students 

experienced with debugging and loops, which had average 

scores in the lower range (Category C according to the 

Peruvian scale). This may be related to students limited prior 

exposure to meaningful technological experiences in rural 

settings. As noted by Paucar-Curasma [34], students with low 

exposure to computing environments tend to struggle more 

with skills that require structured logical thinking and error 

resolution, such as debugging. These skills are not typically 

emphasized in rural curricula, which may limit students’ initial 

performance in tasks requiring analysis and correction [42]. 

Additionally, a comparison of the tools used revealed that 

Lightbot was particularly effective for introducing basic 

concepts such as sequences, loops, and pattern recognition 

through concrete visual challenges. In contrast, mBlock 

offered more opportunities for students to develop complex 

skills such as problem decomposition and algorithmic design. 

This differentiation is also supported by Paucar-Curasma [43], 

who stated that visual programming tools offer varying entry 

levels and depth, allowing for gradual progression in the 

development of computational thinking. In this study, 

Lightbot functioned as an introductory tool, while mBlock 

enabled more autonomous and creative application of learned 

concepts. 

Finally, the virtual workshop strategy proved effective, 

supporting the observations of Simmonds [1], who noted that 

workshops—even in rural and vulnerable contexts—can be a 

powerful approach for introducing computational thinking, 

provided they are supported by trained teachers and 

contextualized resources [44].  

 

 

6. CONCLUSIONS 

 

The implementation of a computational thinking workshop 

using playful tools such as Lightbot and mBlock proved 

effective in developing key skills—algorithmic design, 

decomposition, pattern recognition, loops, and debugging—

among children aged 8 to 11. No significant differences were 

found between boys and girls in any of the evaluated skills, 

suggesting that these tools can promote gender equity in 

learning computational thinking from an early age. The 

analysis using the Peruvian educational evaluation scale 

revealed that debugging and loops are areas requiring further 

reinforcement, highlighting the need for more targeted 

pedagogical strategies. The application of a quantitative quasi-

experimental approach, combined with validated instruments, 

provided objective evidence of the intervention’s impact, 

supporting the development of replicable proposals in similar 

contexts. This experience in rural areas of Peru demonstrates 

that it is possible to reduce the digital divide through the use 

of accessible and contextualized technologies, contributing to 

the development of 21st-century skills in students facing 

educational vulnerability. For future research, expanding the 

study to include more rural and urban schools will strengthen 

the external validity of the results and allow for exploration of 

contextual differences. 
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