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Abstract 
This study analyzed the role of Modern Board Games (MBG) as pedagogical 
tools for developing Computational Thinking (CT) in primary school students. 
A mixed-methods research design was employed with a sample of 40 students. 
Quantitative results, obtained through pre-test, midterm test, and post-test, 
revealed significant differences in the scores of the experimental group 
compared to the control group. Qualitative analysis, based on observations and 
field notes, revealed that the game mechanics enabled students to construct 
computational strategies promoting greater engagement. The study concludes 
that the use of Modern Board Games (MBG) can represent an innovative and 
effective approach for fostering CT in primary education. 
 

Introduction 
Computational Thinking (CT) first gained significant attention within the 
academic community in 2006. Jeannette Wing, a Computer Science professor 
at Columbia University in New York, highlighted CT as a fundamental skill for 
everyone, essential in today's world. She argued that CT should be considered 
a core competency, just like learning to read, write, or do arithmetic (Wing, 
2006). Wing’s call to action prompted an immediate response from educators, 
researchers, and institutions, who, over the years, have engaged in ongoing 
debate on the most effective ways to foster CT skills among students. 
 
Today, a growing number of schools around the world are showing interest in 
integrating CT into their curricula. In most cases, this integration is closely tied 
to programming and computer science (Bocconi et al., 2022). Indeed, numerous 
initiatives aimed at promoting CT have emerged across all levels of compulsory 
education, including early childhood education. These efforts reflect not only 
the increasing recognition of CT’s importance, but also the consensus that it 
should be cultivated from a young age through to higher education (Bers, 2023; 
Relkin et al., 2023; Yang et al., 2023). 
 
Despite having emerged in 2006, CT remains an evolving and dynamic 
educational topic. The number of published studies on CT began to rise sharply 
after 2017, particularly within the field of educational research (Chen et al., 



2023). Thematic phases in the field of CT could be grouped into the following 
categories: (1) the early work on computational education (Papert, 1993); (2) 
the emergence of the first CT definitions (Wing, 2006, 2008; Lee et al., 2011); 
(3) the identification of CT characteristics (Barr & Stephenson, 2011; Brennan 
& Resnick, 2012; Grover & Pea, 2017; Shute et al., 2017); and (4) the rapid 
growth of empirical and review studies on CT (Bers, 2020; Moreno-León et al., 
2015). 
 
Within the diverse landscape, CT has increasingly been introduced into primary 
education systems around the world through three main pedagogical 
approaches: programming, educational robotics, and Unplugged Activities 
(UA). Unplugged Activities were initially designed to introduce students to 
computer science concepts without the use of digital devices (Bell & 
Vahrenhold, 2018). However, they are now widely used in various contexts to 
support CT development (Munasinghe et al., 2023). These activities may 
include puzzles, magic tricks, or games, and are intended to cultivate the type 
of reasoning typically used by computer scientists through hands-on 
manipulation of physical materials such as paper, cards, or tokens. Within this 
scope, board games (BG) also play a prominent role (Menon et al., 2019). 
 
Currently, board games are being increasingly explored as a resource to support 
diverse forms of learning, including CT (Bayeck, 2024; Machuqueiro & 
Piedade, 2022; Sousa, 2023). Still, despite their growing acceptance, the use of 
board games as a form of unplugged activity remains limited when compared 
to other CT-related approaches (Machuqueiro & Piedade, 2022). Considering 
that, the present study aims to address the following two research questions: 

• (RQ1) What is the impact of using Modern Board Games on the 
development of Computational Thinking in primary school students? 

• (RQ2) How do the mechanics of Modern Board Games influence the 
development of Computational Thinking? 

 
This research proposes the use of MBG in classroom settings to foster CT in 
first-cycle primary education (1st to 4th grade). The study involved structured 
gameplay sessions and guided exploration of a carefully selected set of games, 
with the goal of evaluating the effectiveness of this approach through pre- and 
post-tests to assess students’ Computational Thinking skills. 
  

Computational Thinking Concepts 
Computational Thinking (CT) has emerged as a key 21st-century competence, 
increasingly recognized as fundamental to problem-solving and the 
understanding of both natural and artificial systems through principles of 
computer science (Wing, 2006; Brennan & Resnick, 2012). 
 
Although the term "Computational Thinking" gained prominence following 
Wing’s (2006) work, its conceptual roots can be traced back to the seminal 



contributions of Seymour Papert. In Mindstorms: Children, Computers, and 
Powerful Ideas (1980), Papert introduced a constructivist approach to learning 
with computers, emphasising the importance of learners actively constructing 
knowledge through the design and debugging of programs using the LOGO 
programming language. Papert (1980) saw programming not merely as a 
technical skill but as a way of thinking that could empower children to approach 
problems systematically, creatively, and reflectively. 
 
Wing (2006) later defined CT as a human intellectual skill involving 
abstraction, decomposition, automation, and iterative problem-solving, arguing 
that CT should be taught alongside foundational skills such as reading and 
mathematics. Her work sparked widespread academic interest and was pivotal 
in framing CT as a broadly applicable cognitive tool. 
 
Expanding upon this foundation, Brennan and Resnick (2012) proposed a three-
dimensional model that remains widely cited in the literature: 

• Computational Concepts: such as sequences, loops, parallelism, 
events, conditions, operators, and data; 

• Computational Practices: including iterative development, testing and 
debugging, reuse and remixing, abstraction, and modelling; 

• Computational Perspectives: encompassing students’ self-expression, 
empowerment, and engagement with technological artefacts and their 
social context. 

 
Shute et al. (2017) contributed a complementary model focusing on six core 
dimensions of CT applicable across subject areas: Abstraction; Decomposition; 
Algorithm design; Debugging; Iteration; and Generalization. This model has 
proven particularly valuable in the design of assessment tasks and instructional 
strategies aimed at evaluating and fostering CT across educational levels. 
 
Kafai et al. (2020) later proposed a more holistic perspective, aligning CT with 
Simon Sinek’s “Golden Circle” theory (Sinek, 2009). Their framework 
integrates three layers: 

• Cognitive: aimed at developing students’ understanding of concepts, 
practices, and perspectives necessary for future careers; 

• Contextual: emphasising authorship, identity, and the creation of 
meaningful computational artefacts; 

• Critical: rooted in critical thinking and oriented towards social justice 
and transformative practice. 

 
From a curricular standpoint, Bocconi et al. (2022) offered a consolidated 
overview of key concepts directly related to CT development, including: 
abstraction, data analysis, decomposition, pattern recognition, system thinking, 
algorithmic thinking, simulation, modeling, and Boolean logic. 
 



Collectively, these dimensions and practices underscore the multifaceted nature 
of CT, which spans technical, cognitive, and socio-cultural domains. As Grover 
and Pea (2017) assert, CT is not limited to programming; rather, programming 
serves as one expression of the deeper thinking processes involved in CT. 
 
In this study, these theoretical perspectives support the understanding that CT 
can be fostered through a range of pedagogical strategies — including the use 
of modern board games — which provide authentic contexts for engaging in 
problem-solving, abstraction, and simulation activities. 
 

Modern Board Games and Computational Thinking 
Development 

Modern Board Games (MBGs) have emerged as powerful analog tools for 
supporting the development of Computational Thinking (CT), particularly in 
primary education settings. While traditionally overshadowed by digital 
approaches such as coding and robotics, MBGs provide unplugged yet 
cognitively rich environments in which learners engage with core CT processes 
through gameplay (Bayeck, 2024). 
 
These games, governed by structured rules and complex systems, serve as fertile 
ground for the expression of CT dimensions, such as abstraction, algorithm 
design, decomposition, pattern recognition, conditional logic, and simulation 
(Berland & Lee, 2011; Tsarava et al., 2019; Machuqueiro & Piedade, 2023). 
Empirical studies reveal that the type of mechanics embedded in a board game 
plays a decisive role in determining which dimensions of CT are activated 
during gameplay. 
 
In the CTLM-TM framework (Computational Thinking Learning Model for 
Tabletop Mechanics), developed by Machuqueiro and Piedade (2023), specific 
types of board game mechanics were mapped to CT dimensions. The following 
are some key associations drawn from this model and corroborated by empirical 
data: 

• Resource Management & Planning Mechanics → Associated with 
abstraction and algorithmic thinking, as players must anticipate 
outcomes and optimize decisions. 

• Conditional Play (if-then rules, action resolution) → Encourages 
logical reasoning and conditional logic akin to control structures in 
programming.  

• Simulation and scenario exploration → Activates debugging, 
simulation, and iteration, as players test strategies and refine them over 
multiple rounds. 

• Pattern Recognition and Set Collection → Directly linked to the CT 
dimension of pattern recognition and generalisation (Tseng et al., 2019). 



• Tile Placement and Spatial Strategy (e.g., in games like Rossio) → 
Supports decomposition, abstraction, and systems thinking, especially 
as players must visualise outcomes spatially and temporally. 

 

Materials and Methods 
This study adopted an embedded, concurrent mixed-methods design (Creswell, 
2009), incorporating an experimental group (EG) and a control group (CG) to 
evaluate the development of Computational Thinking (CT) in students from the 
first cycle of basic education (grades 1st to 4th). The sample consisted of 40 
third-grade students, aged between 8 and 10 years, divided into two groups 
(experimental and control). Sixty-minute sessions were integrated into the 
curriculum of an Information and Communication Technologies (ICT) project 
and were supervised by both the researcher and the classroom teacher.  
 
The experimental design followed the steps outlined in Table 1, for the 
experimental group. The control group developed a set of unplugged 
pedagogical activities selected by the classroom teacher.   
 
Table 1 

Methodological Design of the Study for the Experimental Group 

 
• Systema

tic 
Analysis 
of 
Modern 
Board 
Games 

• Final 
Selectio
n of the 
games 
for the 
Study 

• King of 
Dice: 
The 
Boardga
me 

•  Rossio 
• PreHist

orias 
• Festival 
 

• Beginners 
Computat
ional 
Thinking 
Test 
(BCTt) 

• 1 session 
• 60 

minutes 
 

• King of 
Dice: 
The 
Boardg
ame 
and 
Rossio 

• 8 
session
s 

• 8 
weeks 

• Direct 
observa
tion of 
gamepl
ay 
Collecti
on of 
field 
notes 

 

• Beginners 
Computational 
Thinking Test 
(BCTt) 

• 1 session 
• 60 minutes 
 

• PreHist
orias 
and 
Festival 

• 8 
sessions 

• 8 weeks 
• Direct 

observa
tion of 
gamepl
ay 
Collecti
on of 
field 
notes  

 

• Beginner
s 
Computat
ional 
Thinking 
Test 
(BCTt) 

• 1 session 
• 60 

minutes 
 

• Analysis 
of 
quantitati
ve data 
derived 
from the 
administr
ation of 
BCTt 

• Content 
Analysis, 
with 
coding of 
field 
notes 
based on 
categorie
s 

 

 
 
The Beginners Computational Thinking Test (BCTt) (Zapata-Cáceres, et al., 
2021) was used to measure CT skills and it was administered as a pre-test, 

MBGs for 
CT Pre-Test MBG 

sessions Mid-Test MBG
sessions Post-Test Analysis 

of Results



midterm test, and post-test. The BCTt consists of 25 multiple-choice questions 
with progressively increasing complexity, related to Computational Thinking 
(CT) concepts as proposed by Brennan and Resnick (2012) and Grover and Pea 
(2017), such as sequences, loops (including simple and nested loops), and 
conditionals (including simple, compound, and while conditionals). The test 
also partially addresses several CT practices (incremental and iterative, testing 
and debugging, reusing and remixing, abstracting and modularising) observed 
during the problem-solving process. All these aspects encompass the CT skills 
outlined by Dagiene et al. (2017), which, in this specific context, can be assessed 
through qualitative data obtained from observations conducted during the 
sessions with MBG. 
 
Qualitative data were collected through direct observations and field notes 
during the sessions, enabling the identification of CT dimensions explored 
through students' interactions with the board games. The dimensions analyzed 
included abstraction, algorithms, distributed computing, decomposition, 
debugging, conditional logic, incremental thinking, pattern recognition, and 
simulation. 

 
The MBG were selected based on specific criteria and according to its 
mechanics, using the CTLM-TM model (Machuqueiro & Piedade, 2024), which 
guides the selection of games capable of fostering Computational Thinking 
(CT) skills (Englestein & Shalev, 2022; Machuqueiro & Piedade, 2023). Four 
games were used (Table 2) to promote the development of CT. Statistical 
techniques were used to analyse quantitative data, particularly to compare the 
performance between the groups through the application of the Student t-test. 
At the same time, qualitative data were categorised according to the selected 
dimensions of CT observed (Dagiene et al., 2017), and content analysis 
techniques were used (Bardin, 2016). 
 
Table 2 

Analysis of the Selected Modern Board Games using the CTLM-TM Model 

 
Board Game CT Learning Mechanics MBG Mechanics 

King of Dice: The 
Board Game 
(KDB) 

Logical Reasoning 
Algorithmic Thinking 
Debugging 
Simulation 
Data Analysis 
Pattern Recognition 
Object-Oriented Programming 
Abstraction 
Decomposition 
Evaluation 
Incremental Thinking; 
Modeling 
Conditional Logic. 

Turn-Based 
Cooperation 
Worker Placement/ Resource 
Management 
Hand Management 
Simultaneous Actions 
Pattern Building 
Action Queues 
Simulation 
Modular Board/ Tile Allocation 
Real-Time 

Rossio (ROS) 
PreHistorias (PHI) 
Festival (FES) 

  



Results 
The experimental intervention consisted of weekly 60-minute sessions, utilising 
each of the selected games over a four-week period. The pre-test was 
administered before the start of the intervention, the intermediate test was 
conducted after eight weeks, and the post-test was administered at the end of 
the process. The following figures 1 and 2 illustrate some of the game-based 
sessions carried out in the classroom, organised into several groups of students.  
 
Figure 1 

Setup of the Modern Board Games King of Dice: The Board Games and 
Rossio 

 

 
 
 

Figure 2 

Setup of the Modern Board Games PreHistorias and Festival 

 
 
The first research question aimed to examine the impact of using modern board 
games on the development of Computational Thinking in primary school 
students. The analysis of the results from the Computational Thinking tests 
indicates a positive impact on students' competencies, particularly in the 
experimental group (Figure 3). This group showed an increase of 5.66 points, 
representing a percentage gain of 35.68%, compared to the pre-test and post-
test results. In contrast, the control group recorded a less significant 
improvement of only 2.95 points. After the administration of the pre-test, it was 
observed that there was no equivalence between the groups, with one group 



scoring, on average, 3.90 points higher than the other. The comparative analysis 
of means using the Independent Student's t-test indicated that this difference 
was statistically significant (t(38) = -3.65; p = <0.001). Given that the class 
groups had been pre-established by the school, the decision was made to 
conduct the intervention with the group that had demonstrated lower initial 
performance.  
 
Figure 3 

Students' results in Computational Thinking tests calculated for the 
experimental group and the control group. Values are presented as Mean ± 
Standard Deviation 

 

 
 
 
In the intermediate test conducted eight weeks after the start, a significant 
improvement was observed in the experimental group's results (M=21.30; 
+5.4), which approached the performance of the control group (M=20.10; +0.3). 
The average difference between the groups was only 1.20 points. In other words, 
following the pedagogical implementation of the first two games, the groups 
became equivalent in terms of the Computational Thinking competencies 
demonstrated in the test. The comparative analysis of mean scores from the 
intermediate test revealed differences that were not statistically significant. 
 
Finally, following the conclusion of the pedagogical intervention, the post-test 
results showed a slight improvement compared to the intermediate test 
(experimental group: +1.4; control group: +1.5), with a non-significant mean 
difference of 1.30 points between the groups (t(38) = -1.70; p =0.05). 
 
To address the research question, a further comparison was conducted between 
each group’s pre-test and post-test results using the paired samples Student’s t-
test, which allows for the comparison of results from the same subjects over 
time. As previously mentioned, the intervention enabled students in the 

19.80

15.90

21.30 20.10
22.80

21.50

0.00

5.00

10.00

15.00

20.00

25.00

Control (N=19) Experimental (N=21) Control (N=19) Experimental (N=21) Control (N=19) Experimental (N=21)

St
ud

en
ts

' r
es

ul
ts

 in
 C

T 
te

st
s o

rg
an

iz
ed

 b
y 

gr
ou

p

Quantitative Results in CT Tests (max= 25points)

Pre-test Mid-test Pos-test

2.40
3.34

3,54

3.17

1.99
2.64

Mean
difference

3.90

Mean 
difference

1.20

Mean
difference

1.30



experimental group to improve their scores by 5.66 points. The comparative 
analysis of means revealed that this difference was statistically significant 
(t(20)=9.59; p<0.001), with an effect size of 2.09 calculated using Cohen’s d. 
The control group showed a smaller increase compared to their initial results, 
with an improvement of only 2.95 points. The comparative analysis of means 
indicated that this difference was also statistically significant (t(18)=3.77; 
p<0.001; however, the effect size was smaller (d=0.86), reflecting a lower 
magnitude of impact.  
 
The evidence highlights the potential of the selected modern board games in 
supporting the development of Computational Thinking concepts proposed by 
Brennan and Resnick (2012). 

 
To address the second research question, “How do the mechanics of Modern 
Board Games influence the development of Computational Thinking?”, a 
content analysis was conducted on field notes and the students’ recorded 
discourse during the gameplay sessions. Based on a predefined category 
framework, the analysis aimed to identify evidence of the presence of different 
dimensions of Computational Thinking in students’ discussions while solving 
problems and engaging with game scenarios. Figure 4 presents the frequencies 
with which each dimension of Computational Thinking was identified, 
highlighting “Conditional Logic” (13.48%), “Algorithms” (12.89%), 
“Simulation” (12.89%), “Debugging” (11.91%), and “Abstraction” (11.33%). 
The following segment presents an example of a dialogue from a group of 
students in which the presence of “Simulation” actions can be identified during 
one of the games. In this dialogue, the students/players engaged in hypothetical 
discussions about possible actions and their potential outcomes. 
  

Mike.LQ: I can already see it coming… 
Kilo.IM: What? 
Mike.LQ: What you're going to do… you're going to take one of mine… 
Kilo.IM: I don’t know… I could take Oscar.MA’s piece — it’s in the 
middle and close to the flames. I don’t have any flames yet. 
Oscar.MA: But he has more points and more castles… that doesn’t 
really make sense… 
Kilo.IM: Actually, it does. I won’t fall behind him, and you’ll be left 
without castles. 
Oscar.MA: Right… (showing some discontent). 
Kilo.IM: But no, I’ll place it here… I’ll take this blue one and stay near 
a castle that’s already mine. That way, I score more points. If I placed 
it there, I’d end up tied. 
Mike.LQ: Why? Over there you’d also be close to one of yours… and 
you’d already said it was his. 
Kilo.IM: But you’ve got more points and you're ahead. If I take 
Oscar.MA’s piece, I tie with you. But if I take this blue one here (pointing 
to the tile he intended to swap), I move into first place. I could also take 



one from there, so you’d have fewer points… but if I manage to get an 
ice tile here, I get closer to a line of four in a row. 

 
Figure 4 

Frequency of identification of CT dimensions in students’ speeches and 
actions 

 
 

The main findings of the study highlight the potential of modern board games 
to provide meaningful challenges and strategic opportunities that foster the 
development of Computational Thinking. These results are consistent with 
several studies that have examined the use of modern board games as 
pedagogical tools for promoting this type of competence (Bayeck, 2024; 
Berland & Duncan, 2016; Tsaraya et al., 2019). According to Somma (2020), 
board games are computational artefacts, particularly effective in developing 
Computational Thinking, as they are rich in variables and function as authentic 
software systems. 

 
Conclusions 

These findings suggest that integrating modern board games into classroom 
practice can serve as an effective strategy to support the development of 
Computational Thinking in primary education. By engaging students in 
problem-solving, planning, and simulation tasks within game-based contexts, 
educators can create authentic learning environments that align with several 
Computational Thinking skills.  
 
Future research could further explore which game mechanics are most effective 
in fostering specific dimensions of Computational Thinking, as well as 
investigate the long-term impact of sustained game-based interventions across 
diverse educational settings and student populations. 
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