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Abstract: The integration of computational thinking (CT) in mathematics education is increasingly
important due to its intersections with mathematical thinking and its role in the 21st century. Recent
years have seen a growing interest in the use of innovative tools to enhance mathematics education,
including the exploration of gamification techniques to improve student engagement. While previous
research suggests that the inclusion of CT activities at an early age can positively impact students’
motivation and CT skills, the potential benefits of incorporating gamification techniques into CT
instruction remain unexplored. In this study, we investigated the impact of shallow and deep
gamification techniques on the CT skills and the intrinsic and extrinsic motivation of second-grade
students in a blended teaching sequence that combined both unplugged and plugged CT activities.
A quasi-experimental design was used with a control group and an experimental group. The
findings suggest that both shallow and deep gamification techniques can be effective in improving
CT skills in young students, but deep gamification may have a stronger impact on motivation. These
results contribute to the growing body of literature on the integration of gamification techniques in
CT instruction.

Keywords: computational thinking; gamification; primary education; intrinsic motivation;
extrinsic motivation

1. Introduction
1.1. Computational Thinking

The development of technology has brought significant changes in our daily lives,
which has led to computational thinking (CT) becoming an essential skill for individuals
in the 21st century [1]. This has led to increased attention to the integration of CT in
education from the academic literature, which has recognized CT as a key component of
digital literacy and considers it a critical skill for success in the modern workforce [2,3]. In
response to this, many countries have developed policies and initiatives to promote CT
education at all levels with different approaches: as a cross-curricular theme, as part of a
separate subject (e.g., informatics) or within other subjects (e.g., Maths) [4].

Mathematics education has traditionally focused on developing students’ ability
to perform calculations and solve problems [5]. However, the growing importance of
technology in all areas of life has highlighted the need for a new set of skills in mathematics
education, including CT skills [6–8]. CT has been defined as a set of problem-solving skills
that primarily include decomposition, pattern recognition, abstraction and algorithmic
thinking [9–11], which are essential for developing and implementing efficient and effective
solutions to complex problems via thinking like a computer scientist [12], and whose
solutions can be transferable to other contexts [13]. Several studies have acknowledged the
potential of CT to enhance students’ mathematical thinking and improve their efficiency
in learning mathematics [6,14], a relationship that seems to be reciprocal, as mathematical
thinking also helps students solve problems in CT [15].

When it comes to learning CT ideas, the unplugged approach has emerged as an effec-
tive teaching strategy for cementing the understanding of CT fundamental principles [16].
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This approach, which does not require the use of computing devices, has gained popularity,
particularly among younger learners who may have limited experience with coding [11].
However, the potential of CT cannot be fully understood using only unplugged approaches,
so they should be complemented with plugged approaches to transfer the CT principles
and concepts to real situations and authentic problem solving [16]. This combined approach
of unplugged and plugged activities has proven to be particularly effective with younger
learners [17] and has been advocated to give students the opportunity to fully understand
what computers are capable of as tools and prepare them to succeed in today’s society [16].

Technology plays a crucial role in shaping how students learn and interact with mathe-
matical concepts too [18]. The inclusion of technology and innovative tools and approaches
has great potential to enhance students’ math learning experience, including both their
learning achievement as well as their motivation and attitudes [19–21]. Furthermore, the
integration of ICT-rich learning environments in mathematics education can take many
forms, ranging from the use of digital textbooks and online resources to the use of intelli-
gent tutoring systems and gamified learning environments [22,23]. Therefore, given the
rapid advancements in technology, it is imperative for educators to actively explore the
potential of these tools and incorporate them into their teaching practices.

1.2. Gamification

Gamification is one of the innovative tools with potential to enhance the learning
experience in different educational contexts [24]. Briefly and broadly defined, gamification
is “the use of game design elements in non-game contexts” ([25], p. 10), with the purpose of
engaging people, motivating action or promoting learning [26]. Although the term should
not be limited to digital technology, the overwhelming majority of examples of gamification
are digital [25]. Gamification techniques have been proven to have the potential to enhance
a range of different educational activities, including learning [27–29], assessment, feedback
and interaction [24,27].

Werbach and Hunter [30] proposed a classification of gamification elements, with
components, mechanics and dynamics forming the building blocks of gamified systems.
Components, such as achievements, badges, points and leaderboards, form the base of
the system and are the tangible elements that users interact with. Mechanics, such as
feedback, competition, cooperation and rewards, shape the gameplay experience and drive
user engagement. Dynamics, at the top of the pyramid, define the broader context and
structure of the game, encompassing aspects such as narrative, constraints and progression.
Components, mechanics and dynamics work together to create an immersive and engaging
experience for users in gamified systems.

The main reason for efforts to use gamification in education has been its theoret-
ical ability to leverage motivational benefits that can enhance learning [31]. The most
common theory associated with gamification’s fundamental purpose, motivation, is self-
determination theory (SDT) [32]. This psychological theory developed by Deci and Ryan in
the 1980s [33] provides a framework for understanding human motivation and behavior,
suggesting that individuals have basic psychological needs for autonomy, competence
and relatedness, which need to be satisfied for intrinsic motivation to flourish. Intrinsic
motivation refers to the internal drive to engage in an activity simply for the pleasure and
satisfaction derived from the activity itself. On the other hand, extrinsic motivation refers
to engaging in an activity for external rewards or to avoid punishment.

In the context of gamification, “deep gamification” is designed to promote intrinsic
motivation [34] through addressing users’ psychological needs for autonomy, competence
and relatedness [35]. It involves incorporating game elements that are meaningful, chal-
lenging and enjoyable to the user and that provide a sense of autonomy and control over
the experience [36]. Deep gamification aims to create a more memorable and engaging
experience for users through leveraging game mechanics that are more immersive and
motivating. Examples of deep gamification could include creating a narrative structure,
offering purposeful choices or providing opportunities for exploration and discovery [37].
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In contrast, “shallow gamification” is typically more extrinsic in nature, relying on
incentives and rewards such as points, badges or leaderboards (PBL) to motivate users [34].
PBL, one of the most widely used implementations of gamification [27], can be seen as a
“thin layer” of gamification added to the top of the system [38]. Its primary focus is often
placed on achieving specific goals or objectives such as earning points or climbing the
leaderboard [27]. While these extrinsic rewards can provide initial motivation, they are not
as effective in promoting sustained engagement and may even lead to a decrease in intrinsic
motivation over time, as users become overly focused on the rewards rather than the task
itself [39]. Examples of shallow gamification include social media platforms that reward
users with a system of likes or educational apps that offer badges for completing lessons. In
essence, a key determinant in differentiating between deep and shallow gamification lies in
the alignment of shallow gamification with extrinsic motivation, while deep gamification is
associated with fostering intrinsic motivation [34].

The implementation of gamification techniques in CT contexts has been sparsely in-
vestigated in the literature, especially in primary education [32]. In [40], a web-based game
was designed for learning CT with visual programming. In the game, players were asked to
program virtual robots and were rewarded with “stars” depending on the tasks completed.
The findings revealed that the majority of participants (20 undergraduate students studying
computer science) expressed satisfaction with the game design and user interface, and
that the game promoted CT learning and collaborative learning. Similarly, in another
study [41], an online adaptively gamified course called Computational Thinking Quest was
presented to 107 first-year undergraduate engineering and information and communication
technology students. The results demonstrated that the completion of the gamified course
led to improved CT assessment scores. Furthermore, a study by [42] investigated how
a game-based teaching sequence based on the fundamentals of computer science could
promote engagement in mathematical activities among 28 primary school children aged
10 to 12 years. The teaching sequence was structured into eight levels, with each activity
being assigned points based on the execution and the ranking being determined by the
team’s performance. The study found that after participating in ludic activities involving
CT, the test group demonstrated a significant improvement in mathematical performance.

Despite the limited examples mentioned above, there remains a significant gap in
the literature regarding the use of gamification in CT interventions in elementary ed-
ucation [43], which is particularly surprising given the potential benefits of enhancing
motivation through gamification in STEM disciplines [31]. Therefore, the purpose of this
study is to investigate the impact of gamification techniques on CT learning and motivation
among second-grade primary school students. Specifically, this research will compare the
effects of shallow gamification (control group) and deep gamification (experimental group)
techniques applied to a CT sequence that comprises both unplugged and plugged activities.
Through this investigation, the study aims to provide valuable insights into the effective
utilization of gamification in CT education for young learners. The research questions that
will guide this study are presented below.

RQ1. What is the impact of applying shallow and deep gamification techniques
to a CT teaching sequence on the development of CT skills in second-grade primary
school students?

RQ2. How does the application of shallow and deep gamification techniques to a CT
teaching sequence influence the intrinsic and extrinsic motivation of second-grade primary
school students?

2. Materials and Methods
2.1. Design

The study utilized a quasi-experimental design with two groups: a control group and
an experimental group. Both groups received CT instruction with different gamification
techniques. The control group received CT instruction with shallow gamification, while the
experimental group received CT instruction with deep gamification.
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The CT instruction in both groups was composed of a series of sessions that included
unplugged and plugged CT activities. Specifically, each group participated in three 60 min
sessions of unplugged CT activities and two 60 min sessions of plugged CT activities. The
unplugged CT instruction involved hands-on and offline problem-solving tasks, while
the plugged CT instruction involved visual programming tasks on an online platform
using tablets.

The timeline of the sessions followed a predetermined schedule (see Figure 1) that
included pre- and post-assessment sessions as well as the instructional CT activity sessions,
making a total of 7 sessions conducted during 7 weeks. The pre-assessment was conducted
at the beginning of the intervention period to establish baseline levels of CT skills. The
instructional CT activity sessions were then conducted over five sessions, following which
the post-assessment was administered to measure the outcomes after the intervention in
terms of CT skills and motivation.
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2.2. Context and Participants

The study was conducted in a public elementary school located in a city in the south-
east region of *BLINDED FOR REVIEW PURPOSES*. Due to the restrictions and lim-
itations imposed by the COVID-19 pandemic on student interactions, the groups were
formed quasi-experimentally, naturally based on the existing composition of classrooms.
Classrooms had been carefully distributed by the school’s management team to ensure
comparability in terms of academic performance, gender and number of students. The
selection of participants after this distribution process helped to mitigate potential sampling
bias [44]. The participants belonged to four different classroom groups, with two groups
randomly assigned to the control condition and two groups randomly assigned to the
experimental condition.

The classrooms were equipped with modern technological tools, including tablets
and interactive whiteboards, which allowed for seamless integration of the CT teaching
sequence and gamification techniques. The two researchers involved in the participat-
ing classrooms had backgrounds in CT and were familiar with the use of technology
in education.

A total of 82 students participated in the study, with 44 students in the control con-
dition and 38 students in the experimental condition. The participants were in the 2nd
grade, with an age range of 7 to 8 years old. The school had a diverse student population
representing diverse socioeconomic backgrounds. The study was conducted in a regular
classroom setting, where students received their typical curriculum-based instruction. The
students’ daily routines remained largely unchanged, with the exception of the activities
introduced during the intervention period. Each intervention session lasted 45 min, fit-
ting within the school’s regular schedule and allowing the students to participate in the
study without disrupting their typical educational experiences. Ethical guidelines and
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institutional protocols were adhered to ensure the protection of the rights and welfare of
the participants.

2.3. Instruments and Assessment

This section provides a comprehensive overview of the two instruments utilized in
the study, which encompassed both pre- and post-tests to measure the participants’ CT
skills, as well as a post-test to assess their intrinsic and extrinsic motivation.

2.3.1. CT Skills Test

As of now, there is no unified definition of CT that has emerged; however, there is
a growing consensus on the constituent CT skills, including abstraction, decomposition,
algorithmic thinking and debugging, as noted in [45]. Notwithstanding, other authors
also include abilities such as generalization and patterns or evaluation and logic [46]. Due
to the diverse nature of CT and its applications in various contexts, there is no universal
approach to assessing the concepts and practices that constitute CT [45]. In the literature,
CT assessment tools can be categorized into different types, as identified in [4].

The classification of CT assessment tools proposed in [47] is based on the evaluative
approach. It includes, among other categories, CT diagnostic tools, such as the Computa-
tional Thinking test (CTt), which aim to measure the level of CT and are typically applied
as post-tests (i.e., after an educational intervention) to assess eventual improvements in CT
ability. This classification also encompasses autonomous assessment approaches, such as
the Bebras contest [48], which serves as a tool for assessing skill transfer. Bebras tasks are
widely recognized for their efficacy in evaluating problem-solving and CT abilities [4] and
have been used in several studies as an assessment tool for CT skills, with the objective
of evaluating students’ ability to transfer their CT skills to different types of problems,
contexts and situations, including real-life problems [49].

The categorization of CT assessments presented in [47] is not exhaustive but it provides
a valuable map of the state of the art in this area. It is worth noting that the categories
are not always independent, as a given CT tool can be used as another CT tool of a
different category under certain conditions [46]. Indeed, positive correlations have been
found between the CTt and Bebras tasks, indicating that higher performance in the CTt is
associated with higher performance in Bebras tasks [47]. To address the lack of common
ground in CT assessment approaches, a proposal is to consider knowledge transfer as an
essential criterion, with a specific focus on students’ ability to apply their knowledge and
thinking processes to diverse contexts [46].

Taking the above into consideration, Bebras tasks were chosen to measure participants’
CT skills in the current study. The UK Bebras Challenges are categorized by age, including
Kits (ages 6–8), Castors (ages 8–10), Juniors (ages 10–12), Intermediate (ages 12–14), Seniors
(ages 14–16), and Elite (ages 16–18), with tasks further classified by difficulty (A—easy,
B—medium, C—difficult). Our CT skills tests, administered as both pre- and post-tests,
were specifically designed for this study and incorporated carefully selected tasks that
were aligned with the research questions and objectives of the study. Thus, these tests were
appropriately adapted to suit the age and grade level of the participants and involved
abstraction, algorithmic thinking, decomposition and evaluation skills. These four CT skills
are briefly described as follows [12]:

• Abstraction: This is the process of simplifying complex problems through identifying
the crucial aspects and ignoring the unimportant details. It helps students concentrate
on the main elements of a problem, making it more understandable and approachable.

• Algorithmic thinking: This skill involves creating clear, step-by-step procedures or
algorithms to solve problems in a systematic manner. Students learn how to break tasks
into smaller steps, arrange these steps logically and carry them out in the correct order.

• Decomposition: This skill entails dividing complex problems into smaller, more
manageable parts. Through breaking a problem down into its individual components,
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students can tackle each part separately, ultimately making the overall problem easier
to solve.

• Evaluation: This skill involves examining and assessing possible solutions to deter-
mine how effective and efficient they are in addressing a given problem. Students
can use this skill to identify the best solution or improve existing solutions, ultimately
enhancing their problem-solving abilities.

As in the case of [17], the final instrument used to respond to RQ1 of the present
study consisted of 10 items sequenced by difficulty level (‘A’- and ‘B’-difficulty tasks) and
chosen from the ‘Kits’ category of the 2016 and 2017 Editions of the International Bebras
Contest [50,51]. Different versions with isomorphic items were created for the pre- and
post-tests to measure the same skills. Each item in the test presented a problem with
multiple-choice answers. Higher scores indicated higher levels of CT skills, since for each
item, a score of 1 was given for correct answers and 0 for incorrect answers, based on
predetermined criteria. As an example, Figure 2 shows one of the test items that measured
algorithmic thinking, decomposition and evaluation skills.
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2.3.2. Motivation Test

The instrument used in this study to respond to RQ2 is based on the Elementary School
Motivation Scale (ESMS) [52], which aims to measure children’s intrinsic and extrinsic
motivation in educational settings. The ESMS comprises a total of 36 items and is adapted
from two different questionnaires. Specifically, 27 items are adapted from the elementary
school version of the Academic Motivation Scale [53], with three items each to assess
intrinsic motivation, identified regulation and controlled regulation for each school subject
(i.e., reading, writing and math). Additionally, 9 items are adapted from the Academic
Self-Description Questionnaire [54] to assess academic self-concept in math, reading and
writing, with three items for each subject. The scale uses a 5-point Likert-type response
format, and higher scores indicate higher levels of motivation.

In the current study, the scale was adapted from the original ESMS, which measures
motivation in the subjects of reading, writing and math (with 12 items each), but for
this study, it was modified to align with the context of coding. Thus, the test utilized in
the present study includes a total of 12 items that specifically assess motivation towards
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coding. Out of these 12 items, 3 items each are designed to measure 4 dimensions: intrinsic
motivation, identified regulation, controlled regulation and academic self-concept related
to coding. The items and dimensions of the motivation test can be consulted in Table 1.

Table 1. Motivation test items and dimensions.

Item Dimension Item Description 1

1 Intrinsic motivation I like coding
2 Intrinsic motivation Coding interests me a lot
3 Intrinsic motivation I code even when I don’t have to
4 Identified regulation I can learn many useful things by coding
5 Identified regulation I choose to code to learn many things
6 Identified regulation In life, it’s important to learn how to code
7 Controlled regulation I code to get a nice reward
8 Controlled regulation I code to please my parents or my teacher
9 Controlled regulation I code to show others how good I am
10 Academic self-concept I have always done well in coding
11 Academic self-concept Coding is easy for me
12 Academic self-concept I learn things quickly when coding

1 Note: The scale was administered in Spanish; the items have been translated into English for purposes of
this article.

At this point, it is important to analyze the four dimensions measured with the instru-
ment. According to [52,55,56], intrinsic motivation arises from intrinsic regulations rooted
in the pleasure and interest experienced during an activity. Identified regulation repre-
sents a self-determined form of extrinsic motivation, evident when individuals personally
identify with the reasons for engaging in a behavior or consider it important. Controlled
regulation is a form of extrinsic motivation that encompasses external regulation, where
behavior is driven by the pursuit of rewards or avoidance of punishment, as well as intro-
jected regulation, which involves behavior carried out in response to internal pressures
such as obligation or guilt. Finally, academic self-concept is a motivational construct that
is positively associated with intrinsic motivation, as students who perceive themselves as
competent tend to display higher levels of intrinsic motivation.

Therefore, this instrument allows for the assessment of motivation in the unique
context of coding, providing insights into how intrinsic and extrinsic motivation, as well as
academic self-concept, may be related to coding-related tasks and activities. Through using
this adapted scale, the study aims to investigate the motivational factors that may influence
coding engagement and performance among the participants in the study, shedding light
on the role of motivation in visual programming education and practice.

The test was administered as a post-test after the CT skills post-test and participants
were asked to rate their level of agreement with each item on a Likert scale ranging
from 1 (Strongly disagree) to 5 (Strongly agree), with emoticons provided to facilitate
their response.

2.4. Procedure

In this section, we will describe the procedure used for both the CT instruction and
the gamification of the instructional sequence. For the CT instruction, the procedure
was based on courses 1, 2 and B from the Code.org website [57], which are specifically
designed for early readers and those with little or no prior computer science experience.
The instructional design followed a blended approach, incorporating both unplugged and
plugged CT sessions, with three unplugged and two plugged sessions (an example of
each of them can be seen in Figure 3). This sequence of instruction has been successfully
implemented in previous studies, as documented in references [17,58], and further details
of the activities can be consulted therein.
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What sets this research apart from the aforementioned studies is the application of
different gamification techniques to the blended CT instructional sequence. As explained
in the design section, the control group received CT instruction with shallow gamification,
while the experimental group received CT instruction with a deeper level of gamification.
First, we will outline the common aspects for both groups, followed by an explanation of the
shallow gamification techniques and, finally, the deep gamification techniques employed.

The first common point in both experimental conditions is the utilization of the @My-
ClassGame [59] as a platform to gamify the CT instruction sequence. @MyClassGame is
a web-based, open-source platform designed to help teachers incorporate gamification
strategies into their instruction. The platform offers various game mechanics and compo-
nents, such as experience points, health points, badges, virtual coins and random events,
which can be customized by teachers to suit their own needs. Teachers can also create a
narrative and dynamics and define a “learning adventure” with missions and tasks that
can be assessed using rubrics. The platform also includes configuration options for each
student and team of students, allowing teachers to track progress and provide rewards.
Overall, the platform is designed to motivate students and empower them to actively
engage in the learning process.

In the present study, the platform was introduced to all participants prior to the first
instructional session, and the students’ progress in the platform was reviewed with them
at the beginning of each of the subsequent sessions. An overview of the four class groups
created within the platform can be seen in Figure 4.



Educ. Sci. 2023, 13, 487 9 of 16

Educ. Sci. 2023, 13, x FOR PEER REVIEW 9 of 17 
 

web-based, open-source platform designed to help teachers incorporate gamification 
strategies into their instruction. The platform offers various game mechanics and compo-
nents, such as experience points, health points, badges, virtual coins and random events, 
which can be customized by teachers to suit their own needs. Teachers can also create a 
narrative and dynamics and define a “learning adventure” with missions and tasks that 
can be assessed using rubrics. The platform also includes configuration options for each 
student and team of students, allowing teachers to track progress and provide rewards. 
Overall, the platform is designed to motivate students and empower them to actively en-
gage in the learning process. 

In the present study, the platform was introduced to all participants prior to the first 
instructional session, and the students’ progress in the platform was reviewed with them 
at the beginning of each of the subsequent sessions. An overview of the four class groups 
created within the platform can be seen in Figure 4. 

 
Figure 4. Class groups created into the gamification platform @MyClassGame. 

In the control group, only shallow gamification techniques were applied, primarily 
utilizing points, badges and leaderboards (PBL). Before the first session, avatars in the 
form of little monsters of different colors and shapes were randomly assigned on the plat-
form to the students. After each session, the students’ productions from the activities were 
assessed and points were uploaded to each student profile in @MyClassGame when the 
student had successfully completed the activities. Badges with the inscription “Genius at 
work” were utilized as a form of recognition for good progress and behavior by each stu-
dent. A physical “Genius at work” badge was assigned to each student at the beginning 
of each session but could be removed by the researchers if the student’s progress or be-
havior did not meet expectations. If the student maintained the physical badge at the end 
of the session, it was transferred to the virtual platform. Finally, leaderboards were auto-
matically integrated into the platform, displaying the rankings of students based on their 
accumulated points, so they could see their progress compared to their peers on the lead-
erboard. 

In the experimental group, PBL were also applied, but additional gamification tech-
niques were included to deepen the level of gamification. These techniques involved in-
corporating game mechanics and dynamics beyond the basic level of points, badges and 
leaderboards. [31]. To begin with, before the first session, participants created personal-
ized avatars from a paper template that were subsequently scanned and included in the 
virtual platform. Then, a narrative structure based on the Wreck-It Ralph franchise was 
devised, offering a coherent and continuous storyline. The narrative began from the very 
first moment of the initial instructional session, through a presentation video created us-
ing the web application Genially (genial.ly), which informed participants that they had to 
save the world of video games. This storyline allowed the participants to experience a 
sense of progression and development, as the unplugged activities were framed as a train-
ing zone that they had to start by going through together. Then followed the second zone, 
consisting of plugged activities, as the real challenge of “fixing” video games. Both zones 
can be distinguished in Figure 5, which shows an interactive map created with the World 

Figure 4. Class groups created into the gamification platform @MyClassGame.

In the control group, only shallow gamification techniques were applied, primarily
utilizing points, badges and leaderboards (PBL). Before the first session, avatars in the form
of little monsters of different colors and shapes were randomly assigned on the platform to
the students. After each session, the students’ productions from the activities were assessed
and points were uploaded to each student profile in @MyClassGame when the student had
successfully completed the activities. Badges with the inscription “Genius at work” were
utilized as a form of recognition for good progress and behavior by each student. A physical
“Genius at work” badge was assigned to each student at the beginning of each session but
could be removed by the researchers if the student’s progress or behavior did not meet
expectations. If the student maintained the physical badge at the end of the session, it was
transferred to the virtual platform. Finally, leaderboards were automatically integrated into
the platform, displaying the rankings of students based on their accumulated points, so
they could see their progress compared to their peers on the leaderboard.

In the experimental group, PBL were also applied, but additional gamification tech-
niques were included to deepen the level of gamification. These techniques involved
incorporating game mechanics and dynamics beyond the basic level of points, badges and
leaderboards. [31]. To begin with, before the first session, participants created personalized
avatars from a paper template that were subsequently scanned and included in the virtual
platform. Then, a narrative structure based on the Wreck-It Ralph franchise was devised,
offering a coherent and continuous storyline. The narrative began from the very first
moment of the initial instructional session, through a presentation video created using the
web application Genially (genial.ly), which informed participants that they had to save
the world of video games. This storyline allowed the participants to experience a sense
of progression and development, as the unplugged activities were framed as a training
zone that they had to start by going through together. Then followed the second zone,
consisting of plugged activities, as the real challenge of “fixing” video games. Both zones
can be distinguished in Figure 5, which shows an interactive map created with the World
Map Builder web application (worldmapbuilder.com accessed on 1 April 2023) and sub-
sequently integrated into Genially. This interactive map was managed by the researchers
at the beginning and end of each session to situate the participants in the storyline and to
show them their progress.
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In addition, a trial narrative was proposed [60], i.e., participants were offered the
opportunity to choose between equivalent activities at various points along the proposed
itinerary, thus putting the power in their hands [37]. Upon successfully completing the
proposed activities, participants would receive a valuable item in the form of a key at the
end of each session, which would allow them to reach the common goal at the end of the
adventure. These deep gamification elements were designed to enhance the engagement,
motivation, and learning outcomes of the students in the experimental group. Through
incorporating more complex mechanics and dynamics, the aim was to create a more
immersive and meaningful gamified experience that went beyond simple point systems
and leaderboards, and provided students with a deeper level of interaction, challenge and
narrative context.

2.5. Data Analysis

The collected data were coded and analyzed using quantitative methods to derive
meaningful insights and answer the research questions. Concerning the coding of data,
each item in both the pre- and post-tests was scored 1 if correct or 0 if wrong according to the
established criteria. The CT dimension and test scores were calculated as the average score
of the responses, resulting in a score between 0 and 1 for each participant on each dimension
and the overall test score. Similarly, regarding motivation, each student was assigned
an average score in the four dimensions (motivation, identified regulation, controlled
regulation and academic self-concept) and the total. Data analysis was conducted using
R to process and analyze the data [61]. Missing data were handled appropriately, such as
through exclusion of cases with missing values, as applicable.

Descriptive statistics, such as means and standard deviations, were calculated to
summarize the data. Inferential statistics were also employed. In relation to RQ1, an
analysis of covariance was conducted on the post-test scores, using the pre-test scores as
a covariate. In pre–post designs, a covariance design is typically the most suitable for
controlling the impact of pre-test results. Concerning RQ2, the Mann–Whitney U test was
utilized as a non-parametric alternative to the independent-samples t-test. This was done
to address non-normality in the data and to ensure valid inferences about group differences.
The significance level (α = 0.05) was used to determine statistical significance, and the effect
size measures were calculated to assess the practical significance of the findings.

3. Results

The analysis of the data collected for this study focused on examining the levels of
CT skills (measured using Bebras tasks) and intrinsic and extrinsic motivation (measured
using the ESMS) in both experimental conditions.
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3.1. CT Skills

Table 2 presents the results broken down by group and overall CT skills level. Further-
more, we will evaluate whether the instruction was effective, for which we have included a
pre–post comparison in the last column.

Table 2. CT tests average results and average difference.

Group n Pre-TestCT Post-TestCT DiffPre-PostCT

Experimental
(deep gamification) 38 0.57 (0.16) 0.69 (0.18) 0.13

Control
(shallow gamification) 42 0.54 (0.15) 0.73 (0.17) 0.19

The results of the analysis of covariance reveal that there are no statistically signifi-
cant differences between groups in the final level of CT after adjusting the starting level
(F(1, 79) = 2.1, p = 0.15, η2

g = 0.03). That said, it should be noted that the effect size is
not negligible and can be seen as small–medium-sized in favor of the control group. Re-
garding whether the instruction was effective, the descriptive statistics of the pre–post
comparison suggest an improvement in both groups, which is also statistically significant
(deep gamification, t(37) = 4.10, p < 0.0001; shallow gamification, t(43) = 9.23, p < 0.0001),
although the effect size is higher in the shallow gamification group (r = 1.39) than in the
deep gamification group (r = 0.67).

Secondly, Table 3 presents the results broken down by group and by each of the four
CT dimensions (abstraction, algorithmic thinking, decomposition and evaluation). Both
tables show the average score of the tests, and the standard deviation of each measure is
also included in parentheses.

Table 3. CT tests’ average results by dimension.

Group n Pre-TestAbs Post-TestAbs Pre-TestATh Post-TestATh Pre-TestDec Post-TestDec Pre-TestEva Post-TestEva

Experimental (deep
gamification) 38 0.74 (0.15) 0.81 (0.17) 0.52 (0.18) 0.66 (0.20) 0.56 (0.22) 0.65 (0.21) 0.53 (0.17) 0.65 (0.20)

Control
(shallow

gamification)
44 0.70 (0.11) 0.89 (0.14) 0.49 (0.16) 0.70 (0.18) 0.55 (0.20) 0.66 (0.20) 0.51 (0.15) 0.71 (0.18)

Abs = abstraction; ATh = algorithmic thinking; Dec = decomposition; Eva = evaluation.

Concerning the abstraction dimension, the comparison of post-test scores after ad-
justing pre-test scores revealed statistically significant differences in favor of shallow
gamification (F(1, 79) = 6.33, p = 0.0138, η2

g = 0.07). The effect size could be classified
as medium-sized. The comparison between pre-test and post-scores in each condition
showed a significant improvement for the shallow gamification group, but not for the
deep gamification group (deep gamification, t(37) = 1.99, p = 0.0543; shallow gamification,
t(43) = 7.64, p < 0.0001). In the same vein, in the shallow gamification group, the effect size
is large (r = 1.15), while in the deep gamification group, it is small (r = 0.32).

For the case of the algorithmic thinking dimension, there are no differences between
groups when comparing adjusted post-test scores (F(1, 79) = 2.73, p = 0.1023, η2

g = 0.03),
although the effect size is not negligible (moderate–medium), again in favor of shallow
gamification. The pre–post comparison points to an improvement in both groups, suggest-
ing that the instruction was effective (deep gamification, t(37) = 4.02, p = 0.0003; shallow
gamification, t(43) = 9.68, p < 0.0001). In the shallow gamification group, the effect size is
large (r = 1.46), while in the deep gamification group, it is small (r = 0.65).

In the case of the decomposition dimension, there are no differences between
groups, since the results are very similar between the two with a negligible effect size
(F(1, 79) = 0.10, p = 0.7572, η2

g = 0.001). The pre–post comparison points to a significant im-
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provement in both groups (deep gamification, t(37) = 2.34, p = 0.0246; shallow gamification,
t(43) = 3.91, p = 0.0003), indicating that the instruction was effective in this dimension. The
effect size in the shallow gamification group (r = 0.59) is slightly larger than in the deep
gamification group (r = 0.38).

Finally, in the case of the evaluation dimension, there are no statistically significant
differences between groups, but the effect size is medium in favor of shallow gamification
(F(1, 79) = 3.81, p = 0.0545, η2

g = 0.05). Again, the pre–post comparison points to an
improvement in both groups for this dimension (deep gamification, t(37) = 3.63, p = 0.0008;
shallow gamification, t(43) = 9.18, p < 0.0001). However, the effect size is much higher
in the shallow gamification group (r = 1.38) compared to the deep gamification group
(r = 0.59).

3.2. Motivation

Firstly, Table 4 shows the results by group, broken down by dimensions (intrinsic
motivation, identified regulation, controlled regulation, academic self-concept) and totals.
The standard deviation of each measure is also included within parentheses. Figure 6
shows the differences between groups graphically.

Table 4. Motivation tests average results by dimension.

Group n IM IR CR ASC Total

Experimental
(deep gamification) 38 4.35 (0.63) 4.33 (0.68) 3.17 (1.30) 4.17 (0.77) 4.00 (0.61)

Control
(shallow gamification) 42 4.24 (0.82) 4.08 (0.87) 2.60 (1.45) 3.45 (0.93) 3.59 (0.70)

Difference Shallow-Deep 0.11 0.26 0.57 0.72 0.41
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For the study of differences between groups, Table 4 also shows a comparison of
means. Statistically significant differences appear in favor of the deep gamification group in
the academic self-concept dimension (U = 1202, p = 0.0005, r = 0.38) and in the overall score
(U = 1144, p = 0.0041, r = 0.32). In the case of controlled regulation (U = 1044, p = 0.0520,
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r = 0.22), identified regulation (U = 967, p = 0.21, r = 0.14) and intrinsic motivation,
(U = 869, p = 0.7540, r = 0.04) no statistically significant differences were observed. However,
with the exception of the intrinsic motivation dimension, the effect sizes are not negligible
and point to higher motivational results in the deep gamification group.

4. Discussion and Conclusions

Regarding RQ1, “What is the impact of applying shallow and deep gamification
techniques to a CT teaching sequence on the development of CT skills in second-grade
primary school students?”, the analysis of the CT skills test results showed an overall
improvement in the level of both groups in the overall scores, with no significant differences
between the groups. This is consistent with the results of previous work where the same CT
instruction was implemented [17]. However, differences in favor of shallow gamification
were observed in some dimensions.

In future research, incorporating a third group without any gamification could provide
valuable insights into the effectiveness of gamification techniques compared to traditional
CT instruction. The inclusion of such a group would allow for a more comprehensive
understanding of the impact of gamification on CT skills development, as it would enable
researchers to differentiate between the effects attributable to gamification and those at-
tributable to the CT teaching sequence itself. Furthermore, this additional comparison could
potentially identify any unintended consequences or benefits of using gamification in CT
education, leading to more informed pedagogical decisions and better instructional design.

Regarding RQ2, “How does the application of shallow and deep gamification tech-
niques to a CT teaching sequence influence the intrinsic and extrinsic motivation of 2nd
grade primary school students?”, the analysis of motivation results showed overall high
levels, also similar to the findings of [17], although in the present study, a different instru-
ment was used to measure motivation. In the present study, despite the short intervention
time (five instructional sessions), higher motivation scores were observed for the deep
gamification group both in the overall analysis and in the analysis of each of the dimensions,
especially in the academic self-concept dimension.

One possible explanation for the lower results in CT skills for the deep gamification
group is that they had to spend more time during the sessions on the processes involving
deep gamification, taking time away from CT activities. In addition to the possible time
constraint issue, it is worth considering that the level of complexity and engagement
involved in deep gamification may have impacted the development of CT skills differently
than shallow gamification. The creation of avatars, revision of storylines, and other elements
of deep gamification may have required more cognitive load and attention, potentially
diverting students’ focus from the CT skills being taught. On the other hand, the higher
motivation levels observed in the deep gamification group could indicate that the engaging
and immersive nature of deep gamification has a positive impact on students’ motivation,
which may have contributed to their higher motivation scores. This leads us to hypothesize
that, considering that intrinsic motivation is longer lasting [34], the application of deep
gamification may require more time to have an effect on CT skill levels. Therefore, it would
be interesting to conduct future research examining the long-term effects of the application
of deep gamification techniques in CT sequences, as this could make it possible to leverage
the time invested. The time investment required for deep gamification may need to be
carefully considered in future implementations to ensure that it does not detract from the
development of CT skills. Further research is warranted to explore the long-term effects
of applying deep gamification techniques in CT teaching sequences and to investigate
the underlying mechanisms through which gamification impacts motivation and CT skill
development in young students.
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