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ABSTRACT

This article shows computational thinking in a high school student's class using a strategy based on unplugged
activities to develop and strengthen it. The quantitative method was used with a quasi-experimental approach,
through a pretest-posttest design and an intervention with unplugged activities to assess computational thinking
skills (algorithmic thinking, decomposition, generalization, abstraction and evaluation). The results indicate
that the implementation of the unplugged activities allowed a slight improvement in the development of the
students' computational thinking, comparing the pretest and post-test results, especially in the skills of
algorithmic thinking, decomposition, and evaluation, but these were not outstanding. It is concluded that it is
necessary to conduct a broader study that includes connected and disconnected activities and transversal to
other areas.

Keywords: Skills, Computational thinking, secondary education.

INTRODUCTION
The changes accelerated by technological evolution require the development of ICT-related skills,

necessary in any field (Chaparro et al., 2018). This brings as a challenge, the need for qualified
professionals to meet the challenges of the information society (Zapata-Ros, 2015; Gonzélez et al.,
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2017; Aguilar Barreto, 2018), related to product development, technology, innovation, education,
skills, employment and employability (Rincén et al., 2022; Salazar-Xirinachs, 2016; Chacon-
Guerrero et al., 2017). To achieve this, since the late 1990s and the beginning of the millennium,
emphasis has been placed on the inclusion of technology in the curriculum (Sanchez, 2002), and its
dimensions to develop the potential of ICT in the classroom, through various uses (Parra & Pincheira,
2011; Uruefia, 2016; Herndndez et al., 2019; Peret, 2019; Ortiz et al., 2019; Adoumieh, 2021). Some
of these uses have emphasized, on the one hand, programming, using visual or non-visual languages
and on the other are initiatives based on the idea of computational thinking (Garcia-Pefalvo, 2018;
Rodriguez, 2018).

The teaching of programming, as an approach to developing thinking skills in students, emerged in
the 1990s from the use of the Logo language and the theory of constructionism (Papert, 1980; 1993;
Papert & Harel, 1991a; 1991b), and in more recent times, proposals focused on the cognitive and
thinking processes that favor computational and problem-solving competences, such as
computational thinking (Wing, 2006, 2008; Resnick et al., 2009; Grover & Pea, 2013; Zapata-Ros,
2015; Denning, 2017), allow, beyond programming.

On the other hand, there is research that evidences the low performance of students in programming
classes (Pérez & Pedroza, 2018; Contreras et al., 2019), because they evidence difficulties that are
typical of learning programming (Fuentes-Rosado, & Moo-Medina, 2017; Pérez, 2019), so the need
arises to develop proposals that go beyond programming, and that allows understanding and solving
problems with and without technology, such as those focused on computational thinking and its
relationship with problem-solving, its development and application in class (Bell et al., 2009;
Csizmadia et al., 2015; Folk et al., 2015; Atmatzidou & Demetriadis, 2016; Lockwood, 2019; Delal
& Oner, 2020) through connected (Hernandez-Suarez et al., 2022), unplugged (Brennan & Resnick,
2012; Garcia-Pefialvo, 2018; Zapata-Ros, 2019) and mixed (British Council & Ministerio TIC, 2019).

In addition, it is necessary to study the development of computational thinking in students, which is
related to thought processes such as abstraction, problem fractionation, generalization of solutions,
and pattern analysis among others, as they help to increase their capacity in problem-solving,
efficiency and assertiveness in decision making (Rondén, 2020; Hernandez-Suéarez et al., 2017) which
allows them to acquire computational competencies (Millians, 2011) to improve their performance in
activities related to technology and computer science, (Wing, 2008; Selby & Woollard, 2013; Palma
& Sarmiento, 2015; Valverde et al., 2015; Prada et al., 2019), STEM (Moon et al., 2020), mathematics
and science (Weintrop et al., 2016; Hernandez-Suérez et al., 2017; Saez-L6pez et al., 2019; Cabra &
Ramirez, 2022) among others.

In this sense, this study shows the results obtained from the analysis of an intervention based on
unplugged activities, where the computational thinking skills of middle school students are evaluated.
Accordingly, the objective of the study was to diagnose the initial stage of computational thinking
skills in a course of high school students and their development once the strategy based on unplugged
activities was implemented.

Computational Thinking.

The approach to the development of computational thinking is an emerging field of research, but there
is still no consensus on its definition (Brennan & Resnick, 2012). They range from a broader
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definition posed by Wing (2006, 2008) around problem-solving in diverse areas, where he defines it
as a set of thinking skills that combine to solve problems involving mathematics and engineering,
which may or may not be solved by a computer to those focused solely on computer science, such as
Denning (2017), who defines it as the thinking processes involved in solving problems such that their
solutions can be represented as steps and algorithms within a given computational model.
Furthermore, according to other authors, computational thinking is used in programming, but should
not be limited to it (Garcia-Pefialvo, 2018; Rojas-Lopez & Garcia-Pefialvo, 2018; Roman-Gonzalez
et al., 2015; Seoane, 2018).

Therefore, in this study it will be understood, that computational thinking according to Selby &
Woollard (2013) and Csizmadia et al. (2015) consists of a series of thinking skills, very much in
connection with Bloom's taxonomy (Selby, 2015), such as algorithmic thinking (creating a series of
ordered steps to solve a problem), decomposition (breaking problems into subproblems or parts),
generalization (analyzing data and looking for patterns), abstraction (eliminating unnecessary details
and choosing from good representations) and evaluation (ensuring that a solution, whether an
algorithm, system or process, is good), which facilitates complex problem-solving.

Connected vs. Disconnected Computational Thinking

Connected computational thinking is based on the teaching of programming and the development of
skills when students program. Within this line are Resnick et al. (2009), based on the ideas of Papert
(1980), with their programming language Scratch, developed to bring programming closer to children
so that they become involved in the development of digital content and are not only consumers of
technology. And, on the other hand, some initiatives promote the development of unplugged
computational thinking (without the need for computers), focused on the development of activities
and problem solving that are applicable in everyday situations (Bell et al., 2009; Brennan & Resnick,
2012; Folk et al., 2015; Garcia-Pefialvo, 2018; Zapata-Ros, 2019; Hernandez et al., 2022) that are far
away from a technological device but teach computing concepts in a funny way.

Finally, to assess Computational Thinking, rather than programming concepts, several tests are used,
among which the Bebras test stands out (Dagiene, 2006; Dagiene, & Futschek, 2008), which does not
require prior knowledge of programming or computer science, and aims to assess computational
thinking in students between the ages of 6 and 18 (Lockwood & Mooney, 2018). Each problem is
designed for several age ranges: Kits (6-8), Castors (8-10), Juniors (10-12), Intermediates (12-14),
Seniors (14-16), Elite (16-18); within each group a degree of difficulty is indicated with A being the
lowest difficulty and C being the highest (Bebras UK, 2018).

METHOD

Research method

The study was quantitative, with a quasi-experimental design, because it was applied to an already
formed group whose composition cannot be altered, through the application of a pretest-posttest
design (Hernandez et al., 2014), to diagnose the initial state of computational thinking skills and their
development, once a strategy based on unplugged activities was implemented in a group of high
school students (Gomez et al., 2022)
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Population and sample

The study population corresponded to students enrolled in a primary and secondary educational
institution belonging to the Secretary of Education of the department of Norte de Santander,
Colombia. For the sample, middle school students (11th grade) were chosen, since at this level
students must handle programming concepts, especially the Scratch language. For the application of
the pretest and posttest, 48 students participated, 27 male and 21 female, with an average age of 16.7
years and a standard deviation of 0.9.

Procedure and data collection

The study was carried out in the Technology and Information Technology classroom of the
educational institution. A total of 16 sessions were carried out, each lasting 2 hours and two sessions
per week, distributed as follows: One for the application of the pretest, 14 for the implementation and
development of the unplugged activities, and finally, one for the execution of the posttest, all this
process during the first semester of the year 2022 during the school year. The pretest was applied in
January, and between February and May the intervention was carried out, and finally, the posttest
was applied at the beginning of June.

Instrument

The instrument for assessing computational thinking skills was taken from Lockwood & Mooney's
(2018) assessment test with problems released from the Bebras test of the UK annual competitions
(Bebras UK, 2016). The Lockwood & Mooney (2018) test has an ascending degree of difficulty
throughout the problems with a consistent validation process and structure (Lockwood, 2019).

From the 13 questions in Lockwood & Mooney's (2018), Test 1, 8 problems were selected covering
all skills ordered by difficulty in ascending order as each problem progressed, commensurate with the
age of the participating students. Each problem is assigned several computational thinking skills.
Table 1 lists the selected problems, the level and the skills involved in the problems, according to
Selby & Woollard (2013) and Csizmadia et al. (2015).

Table 1. Selected problems, level and associated computational thinking skills.

Associated computational thinking skills
Problem Level Algorithmic | Decomposition | Generalizatio | Abstractio | Evaluatio

thinking n n n

P1. Intermediat X
Bracelet eA

P2. Intermediat X X X X
Animation eA

P3. Cross- | Intermediat X X
country eA

P4. Roll the | Intermediat X X
dice eA
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P5. Senior B X X X X X
Drawing
Stars

P6. Beaver Senior B X X X X
Lunch

P7. Animal Elite A X X X X
Competitio
n

P8. Elite B X X X X
Computer
Stack

In this context, this instrument with Bebras Problems to assess computational thinking skills is
adequate to measure these skills before (pretest) and after (posttest) the intervention. The time allotted
to solve the test was one hour of class time, using Google Forms, in the classroom.

The Bebras challenge scores the difficulty levels as follows: for Level A, 6 points if the answer is
correct, and -2 if the answer is incorrect; for Level B, 9 points if the answer is correct, and -3 if the
answer is incorrect; and for Level C, 12 points if the answer is correct, and -4 if the answer is incorrect.
Unanswered questions were assigned a value of zero (0) points. In the case of the tests applied, the
minimum score was -19 and the maximum was 57 points.

Intervention through Unplugged activities.

The lessons for the intervention strategy were taken from Bordignon & Iglesias (2020), which are
oriented to develop concepts and skills related to computational thinking, based on lessons from
Bebras. Each activity is designed to be worked collaboratively, in groups of no more than 4 members.
Each lesson is presented in the form of homework and is solved during class time. It is made up of 4
sections: (1) presentation of the task, (2) answer and explanation of the task, (3) to know more
(reflections and additional information for teachers and students) and (4) challenges: to continue
deepening in the resolution of similar tasks. They are organized sequentially, taking into account what
has been seen in previous lessons, increasing their level of complexity from one lesson to another.
The tasks implemented are shown in the following Table 2.

Table 2. Tasks developed and applied as an intervention.

Computational thinking skills
Algorithmi " o . .
g(_)rlt' mic Decomposition | Generalization | Abstraction | Evaluation
thinking
W1. Which way X X
does it go?
W2. On your X X
way home
W3. Escape X X
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W4, Editing
news

X X

W5. Animal
figures

W6. Magic
bracelet

W7. Log Art

WS8. Scrambled
Results

W9. Magic
potions

W10. Party
Guests

W11. Loading
the jars

W12 Secret
Agents

W13 The Wall
Painter

W14 Walking
Trees

RESULTS

General results of the application of the pretest and posttest of computational thinking skills.
Table 3 below shows the descriptive statistics corresponding to the pretest and posttest.

Table 3. Descriptive statistics on total score in pretest, posttest and difference of pretest and posttest

values.
Statistician Pretest values Post-test values Pretes.t and postest
difference
Mean 6.4 23.8 17.4
Median 3 24 21
Mode 3 24 21
Standard 105 103 0.2
Deviation
Variance 110.4 105.7 -4.7
Minimum -10 3 13
Maximum 24 41 17
Quantile Q1 0 17 17
Quantile Q3 14 31 17
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The results presented in Table 3 show an increase in the posttest values. After the implementation of
the intervention, the results showed an increase in correct answers ([ = 17.4) concerning the values
obtained in the pretest, where arithmetic mean of 23.8 points out of 57 possible points was recorded.
However, the standard deviation presents closer results (¢ = -0.2), which indicates that the data have
a similar dispersion in the application of both tests. The standard deviation in the post-test (c = 10.3)
reflects that there are scores distant from the mean obtained, an example of this is the participants
who increased their pretest score by (17) units and also those who reduced it by (13) points.

Table 4 presents a comparison of each group of responses before and after the implementation of the
intervention, discriminated by the problem.

Table 4. Number and percentage of correct answers per problem.

Difference
Correct Correct between Difference
pretest % Hit % correct % correct
Problem answers answers
correct Posttest answers Posttest -
Pretest Posttest
Posttest - Pretest
Pretest
P1. Bracelet 39 81,3% 45 93,8% 6 12,5%
.PZ' ) 32 66,7% 38 79,2% 6 12,5%
Animation
P3. Cross- 6 12,5% 25 52,1% 19 39,6%
country
P4. Roll th
oll the 20 41,7% 39 81,3% 19 39,6%
dice
PS. Drawing 19 39,6% 26 54,20 7 14,6%
Stars
P6. Beaver 13 27.1% 17 35,4% 4 8,3%
Lunch
P7. Animal 4 8,3% 16 33,3% 12 25,0%
Competition
PS.
Computer 0 0,0% 7 14,6% 7 14,6%
Stack

According to the results in Table 4, it is found that students answered correctly 55.5% of the total
number of problems in the posttest, with a mode of 4 correct answers per student, compared to the
pretest where only 34.7% answered correctly with a mode of 3 correct answers.

On the other hand, the following problems stand out: P3 and P4, which presented in the posttest a
significant increase in the number of participants with 39.6% of correct answers; these problems have
in common relation with the skills of algorithmic thinking and evaluation. Followed by problems P7,
with an increase of 25.0% of hits and problems P5 and P8, with a 14.6% increase in the number of
participants, which have in common the relationship with the skills of decomposition and evaluation.
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Consequently, after the implementation of the intervention, the problems that support the
development of the skills of Algorithmic Thinking, Decomposition and Evaluation presented an
increase in the number of subjects with successes concerning those same tasks in the pretest.
Concerning problems P1, P2, and P6, the differences between the posttest and pretest are minimal,
indicating that the students have difficulties related especially to the abstraction skill.

DISCUSSION

The research analyzed the development of computational thinking skills, using a strategy based on
unplugged activities for a course of high school students. A pretest was used to diagnose the initial
state of the skills, and a posttest was used to evaluate their development once the intervention was
applied. Although the concept of computational thinking is very broad, the analysis was approached
from the mental process that comprises the skills proposed by Selby & Woollard (2013) and
Csizmadia et al. (2015): algorithmic thinking, decomposition, generalization, abstraction, and
evaluation, all parts of computational thinking.

The results show that there is a slight improvement in the development of computational thinking
skills, due to the intervention of unplugged lessons, whose effect is based on the mental processes of
algorithmic thinking, decomposition, and evaluation. After the intervention, students recognized,
interpreted and applied these mental processes to understand what the problem is and thus develop
efficient solutions. They applied algorithmic thinking skills to plan and organize instructions,
decomposition skills to break it down and understand it, and evaluation to ensure that the solution
was useful for its purpose, as proposed by Ortega-Ruipérez (2020). These results corroborate the
findings of other studies related to the use of unplugged activities to develop computational thinking
(Bell et al., 2009; Delal & Oner, 2020; Folk et al. (2015).

In general, the results were not outstanding in the whole group since there were students who did not
reach the same level of development of computational thinking, possibly because they found
difficulties when solving problems involving skills such as generalization in the search for a
connection between data and identifying patterns, which complicated the search for a solution.
Likewise, abstraction was not noticeable; consequently, it is more complicated to generate a
representation of the problem they are trying to solve because they do not identify which details are
important and which can be omitted (Ortega-Ruipérez, 2020).

However, the need to strengthen computational thinking in the teaching-learning processes in the area
of Technology and Computer Science is affirmed, beyond programming, which is a fundamental skill
in problem-solving, as stated by authors such as Denning (2017) and Wing (2006, 2008). In addition,
the use of unplugged lessons strengthens students' computational thinking and addresses computer
science concepts, regardless of whether or not technology is present (Zapata-Ros, 2019). It was found
that, with proper planning, it is an alternative to develop these skills, in addition to providing a form
of the formative evaluation of them with and without the use of ICT, following the proposal of Bebras'
problems (Dagiene & Futschek, 2008; Lockwood & Mooney, 2018). Such a strategy was
fundamental to promoting computational thinking and contributes information to the ongoing debate,
regarding the adequacy of technology and computer science curricula (Said, 2015; Hernandez et al.,
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2019), and which becomes more necessary, after the educational emergency caused by the Covid-19
(Prada et al., 2022).

CONCLUSIONS

The overall results obtained showed an increase in the development of computational thinking after
the intervention with unplugged activities. It should be noted that the concept of computational
thinking is still very broad. In particular, this study explored a way to evaluate the effects on the
development of computational thinking by approaching the phenomenon from the cognitive process
that comprises the coverage of the five skills such as algorithmic thinking, decomposition,
generalization, abstraction and evaluation.

On the other hand, the research showed some methodological limitations such as the small size of the
sample, the lack of an instrument to assess the students' perception of the strategy implemented, the
use of mixed activities (connected and unplugged), complementing the quantitative results with other
qualitative methods, including other contexts and educational actors, among others, as future studies
to perform a more complete analysis and obtain a broader view of computational thinking in the
educational context.
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