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ABSTRACT

Some studies report how the use of board games fosters the development of strategic skills
and the construction of probabilistic knowledge. However, there has not yet been sufficient
in-depth exploration of how these skills emerge and their potential for progression over
time, particularly when implemented as part of intentional experiences aimed at educational
innovation. In this context, the objective of the present study is to characterise the presence
of strategic thinking and probabilistic thinking in university students engaged in decision-
making processes while playing CATAN. To address this objective, six game sessions were
conducted with six students from a Chilean university, all from non-mathematical disciplines
and with no prior knowledge or experience of the game. These sessions included post-game
interviews, which were analysed using Atlas.ti 25 software through a deductive content
analysis approach. Based on specialised literature, the study establishes twelve analytical
categories for probabilistic thinking and seven for strategic thinking. The study demonstrates
the potential of using CATAN to promote the development of probabilistic and strategic
thinking skills in non-formal education contexts.

KEYWORDS
Decision-making; probability; educational games; university students; informal learning.

RESUMEN

Algunos estudios reportan cémo el uso de juegos de mesa favorece el desarrollo de
habilidades estratégicas y la construccién de conocimiento probabilistico, sin embargo, atin
no se ha profundizado de manera suficiente cémo surgen estas habilidades y sus posibilidades
de progreso en el tiempo, especialmente cuando se implementan a partir de experiencias
intencionadas para la innovacion educativa. En esta linea, el objetivo del presente estudio
es caracterizar la presencia de pensamiento estratégico y pensamiento probabilistico en el
estudiantado universitario que enfrenta procesos de toma de decisiones al jugar CATAN.
Para dar respuesta al objetivo, se realizaron seis sesiones de juego con seis estudiantes de una
universidad chilena, pertenecientes a distintas carreras no matematicas, con conocimientos
nulos deljuego e inexpertos en el mismo. Estas sesiones incluian entrevistas sobre las partidas,
las que fueron analizadas usando el software Atlas.ti 25, a través de un analisis de contenido
deductivo. Como marco conceptual se presentan, con base en la literatura especializada,
doce categorias de analisis para el pensamiento probabilistico y siete para el pensamiento
estratégico. El estudio demuestra el potencial del uso de CATAN para promover el desarrollo
de habilidades del pensamiento probabilistico y estratégico en contextos de educacién no
formal.

PALABRAS CLAVE
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1. Introduction

Board games are a means of developing organizational and planning skills (Garcia & Torrijos, 2002; Victoria-Uribe
et al., 2017), which is why learning through board games is found, to a greater extent, in classrooms (Arboleya-
Garcia & Miralles, 2022; Inchingolo et al., 2023; Zheng et al., 2018), and is of particular interest in mathematics
classrooms (Carmona & Cardefoso, 2019). Although the usefulness of board games in different disciplines has
been documented (Bayeck, 2020), much of the literature focuses on training artificial intelligence to optimize
its performance in this type of game (Borges & Oliveira, 2021). With regard to students' mathematical learning,
these games tend to be modified to adapt to the curriculum content, or they are often used as inspiration for the
creation of new educational board games (Bakri et al., 2021; Lantardn et al., 2021; Nurhasanah et al., 2023).

A systematic review of the learning potential of board games in various settings, subjects, and students, conducted
by Bayeck (2020), shows that, although there are several studies that have reported positive relationships between
content learning and playing board games, the main focus has been on preschool and elementary school levels,
and to a lesser extent secondary education, so there is no certainty as to whether this method is effective for
the development of higher-order skills or abilities. Despite findings on how designing specific board games for
education supports young people's learning, unmodified board games report similar results in the development
of knowledge, skills, and competencies, without the effort involved in adapting them to the educational setting
(Armstrong, 2020).

The literature reports how board games, even conventional ones, encourage creativity and stimulate interest
in learning. The structure of these games leads players to face challenging situations that engage them, which
promotes the development of their problem-solving skills (Assapun & Thummaphan, 2023). In addition, they are
recognized as an innovative method for introducing mathematical knowledge (Maffia & Silva, 2022), as well as for
developing mathematical skills, thinking, and reasoning, in addition to attitudes that value the role of mathematical
knowledge (Morais et al., 2024). It is mainly for this reason that the use of board games is considered a tool to
support classes, which is especially useful in improving students' learning in mathematics (Estrada-Plana et al.,
2024).

In relation to strategic thinking, board games encourage participants to develop optimal tactics and evaluate the
consequences of decision-making in contexts that mimic real-life conditions, such as cybersecurity, agrohydrology,
agriculture, and war scenarios, as they express multiple, dynamic scenarios permeated by randomness (Kodalle et
al., 2021; Orduia-Alegria et al., 2020; Shreeve et al., 2020).

The CATAN game has been studied from different perspectives. One example is the research conducted by Boda
(2018), which examines the impact of players' emotions during the decision-making processes triggered by the
game. Another example is the study by Dobre and Lascarides (2017), in which they use the CATAN game to evaluate
a planning model for decision-making through the use of the Monte Carlo Search Tree algorithm and simulations
of agents capable of handling a set of actions consistent with the rules of the game.

The study by Armstrong (2020) reports that playing CATAN promotes mathematical knowledge of probability
in the curriculum. The researcher divides his sample into two groups, the first group studying with conventional
curriculum material, while the second plays CATAN. When comparing the performance of both groups in two
standardized probability assessments, higher scores were found among the group of students who played the
board game rather than studying with the regular curriculum (Armstrong, 2020).

While Armstrong's (2020) study demonstrates CATAN's potential for developing probability skills in school settings,
the study does not explore other possible mathematical connections that could arise from interaction with the
game, beyond the content of probability. Furthermore, the focus is on probability as mathematical content,
rather than probability as a skill or way of thinking, so it is still necessary to continue investigating the scope
this game could have for the development of skills in more cross-cutting areas of mathematics. In this sense,
probabilistic thinking is an area of interest, as it is a way of thinking that can facilitate decision-making in contexts
of uncertainty (Vergara-Gémez et al,, 2020). On the other hand, decision-making in situations of uncertainty
requires the development of multiple skills and knowledge, as it is ubiquitous in everyday life (Vergara-Gémez,
2024). In this regard, strategic thinking also becomes relevant in the present study, due to the connection that
authors such as Wild and Pfannkuch (1999) establish between strategic thinking and probabilistic thinking, as it
favors the structural analysis of situations involving randomness.
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Given the above, there are board games that have clear potential to promote the development of decision-
making skills, the scope and effects of which have been little explored. This potential needs to be investigated,
especially considering the enormous need to train young people to face complex problems, model uncertainty;,
and make informed decisions (Pfannkuch et al., 2016). Finally, although the literature has reported that board
games can contribute to the study of mathematical learning and that it is not necessary to modify them or set
them in a specific area to promote such learning (Armstrong, 2020; Bayeck, 2020), there are still few studies that
address this mathematical learning from a didactic perspective, considering the possibility of developing concrete
mathematical thinking oriented toward decision-making in contexts of uncertainty, whether in formal or non-
formal educational contexts.

Therefore, in this study, we propose to characterize the presence of probabilistic thinking and strategic thinking
in a group of young university students who face decision-making processes in the CATAN game. In particular,
we decided to conduct the study with university students, as their legal age facilitates the ethical aspects of the
research, as well as the management of an autonomous and informal learning space. To this end, an ethnographic
approach is taken, involving the creation of a community of university players and monitoring the game over a
period of six weeks through recordings and observations of the group of participants.

1.1 Probabilistic Thinking

Probabilistic Thinking, hereafter referred to as PT, is culturally ingrained and manifests itself beyond school
knowledge of probabilities; hence the importance of considering students' opinions to understand what may
or may not work for them in terms of their probabilistic thinking (Sharma, 2014). In this way, people are able to
interrogate, question, and discriminate conditions in probabilistic situations, constantly providing feedback on
conclusions and their implications, which allows them to design, adapt, and classify their own strategies (Wild &
Pfannkuch, 1999). PT corresponds to a set of skills closely linked to prediction and decision making (Estrella et al.,
2024). Furthermore, its establishment and development allow people to assess risk in decision making in order to
deal with situations of uncertainty (Batanero et al., 2023).

For his part, Borovcnik (2011) states that, although mathematicians agree that PT is defined by the ability to use
probabilistic models, most people's perception of probability is influenced by context. Thus, Borovcnik (2011; 2016),
as well as Batanero and Borovcnik (2016) in addition, define PT through the characteristics that affect people's
perception in situations of uncertainty, such as the internalization of theory, temporal and timeless understanding
of conditionality, or the importance of sample size, among others. Furthermore, along the same lines, it is clear
that the understanding of the probability of events can be affected by the perception of surprise, variability, and
independence of events or facts, as well as intuition and decision-making (Borovcnik, 2016).

Some of the key elements noted in relation to PT are related to the difficulties involved in empirically verifying a
probabilistic hypothesis with little data, as well as the perception of risk and the influence of emotions on decision
making under uncertainty (Batanero & Borovcnik, 2016; Borovcnik & Kapadia, 2018).

Taking the above into account, this study considers the purposes of probability established by Borovcnik (2016) as

categories of analysis, together with some of the intuitive aspects that affect the perception of probability, defined
as biases and heuristics by Batanero and Borovcnik (2016) (see Table 1).

N1



REVISTA DE ESTUDIOS Y
EXPERIENCIAS EN EDUCACION DOI: https://doi.org/10.21703/rexe.v24i56.3302
2025 Pagina 209-224

Table 1

Description of the categories of analysis of Probabilistic Thinking [PT].

Category Description

Maki — ;
aking decisions under uncertainty Use probability to support a decision.

transparent
Express qualitative knowledge through Use qualitative language related to probability.
probabilities and update it using data Update information to improve or make a judgment.

Combine probabilities with possible effects or risks.

Assess risks Refer to possible gains or losses.
Make better use of resources Optimize the use of resources based on probability.

Set prices in the exchange of certainties

Use knowledge of probability to negotiate.
and uncertainties between two partners wiedg pr ity got

Linking probability with personal memories that are not necessarily relevant to

Availability the problem.
Equiprobability bias Judging events as equally probable.
Control of the future Predicting the outcome of an event in a deterministic manner.
Representativeness Generalizing the results of an experiment based on previous results.
. Linking probability to recent events that are not necessarily relevant to the
Anchoring
problem.
Identifying regularities and, in some cases, drawing hasty and/or incorrect
Patterns .
conclusions from them.
Personal experience and information Referring to particularities of personal experiences or events to justify probability.

Note: Adapted from Borovcnik (2016) and Borovcnik and Batanero (2016).
1.2 Strategic thinking

In everyday life, people need to plan for the future and learn to act as necessary to achieve their goals and objectives.
The set of skills that enable people to formulate a plan, implement it, and adapt to possible changes or obstacles
are defined in Strategic Thinking (Bratianu & Murakawa, 2004), which we will refer to as ST from now on.

ST provides tools to analyze and evaluate information to identify potential risks, threats, and opportunities, and
based on this description, it allows us to identify what is important when overcoming and dealing with challenges
and, at the same time, completing goals and succeeding in the future (Watkins, 2024). This type of thinking
encompasses the ability to anticipate potential obstacles and opportunities, consider different scenarios, develop
step-by-step plans that are flexible and adaptable to unforeseen events, and efficiently use available resources to
achieve the expected results (Arnanteerakul & Asanok, 2024).

A person with strategic thinking has a creative and skeptical profile that facilitates questioning the context, as
well as being able to manage limitations in information (Wild & Pfannkuch, 1999). Another factor to consider in
the development of ST is a person's values, as these become relevant when making decisions (Steptoe-Warren et
al., 2011). In this way, values can have both a positive and negative impact, as they condition the strategist's field of
vision, affecting their perception and interpretation of information and the decisions they make.

Arnanteerakul and Asanok (2024) describe ST as an indispensable element for facing the challenges of the 21st
century. These authors use board games to study students' ability to make appropriate decisions and thus solve
complex problems and challenges. Bratianu and Murakawa (2004) conclude something similar from a business
perspective, noting that ST is an essential foundation for any organization seeking to grow sustainably and in
complex contexts.
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The characteristics of ST are defined in different ways or using different names. However, when analyzing the
descriptions provided by different authors (Arnanteerakul & Asanok, 2024; Bratianu & Murakawa, 2004; Heracleous,
1998; South, 1981), their characterizations can be summarized in a common set, which allows us to organize the
categories of analysis that will be used in this study (see Table 2):

Table 2

Description of the Categories of Analysis of Strategic Thinking (ST).

Category Description

Observe and understand the context in which you find yourself.

Analysis Obtain objective and accurate information based on internal and external factors.

Make decisions objectively, based on evidence.
Critical Thinking Question assumptions.
Understand different perspectives on the same situation.

Formulate scenarios and plans appropriate to the situation.

Planning Anticipate possible challenges and opportunities.

Resource management Use resources efficiently and/or consciously to achieve goals and objectives.
Vision Set clear short- and long-term goals and objectives.

Change strategies and/or plans, whether or not they have been formulated, to resolve unforeseen

Adaptability events

Interact in a coherent, multimodal way to achieve goals and objectives.

Maintain an optimal environment for problem solving.

Note: Adapted and articulated from the following sources consulted: South (1981), Heracleous (1998), Bratianu and Murakawa
(2004), and Arnanteerakul and Asanok (2024).

Communication

2. Methodology

To carry out this research, a qualitative methodology with a deductive approach was used, which, as described
by Urzola (2020), is a type of reasoning that starts from general premises to reach specific conclusions, allowing
the formation of hypotheses based on established truths and postulates (p. 38). This method facilitates the
reconstruction of theories based on inferences from observed data.

First, a form was designed using the "Google Forms" tool, with the purpose of inviting and recruiting potential
participants. The questions on the form were aimed at gathering information about availability, career, and
knowledge of the CATAN game, as well as explaining the research purpose of forming the club.

21 The CATAN game

Each player positions and builds villages and cities on a hexagonal board, which indicates and generates a specific
raw material according to the values determined by the dice in each turn. With these resources, participants can
trade with the bank or with each other, buy and use effect cards, expand, and build settlements. As an additional
factor, each time the sum of the dice is 7, the "Thief" mechanic is used, which means that all players, including the
one who rolled the dice, with 8 or more resource cards must discard half of their resources. The player who rolled
the dice must then move the thief to a different space, which blocks the generation of resources in that space for
those who have villages or cities in that space. Finally, the thief must randomly steal one of the resources from one
of the players with villages or cities in the selected space. The game ends when a player reaches 10 victory points,
which are obtained by building villages, cities, and roads, and purchasing development cards’.

"For more details, visit How do | learn CATAN? | CATAN
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2.2 Context and participants

The study was conducted with university students from a university in south-central Chile. In response to the call
for participants, 23 students expressed interest, but only 6 were selected. This selection was made for convenience,
based on the availability of those who participated and in accordance with selection criteria (Otzen & Manterola,
2017). These criteria prioritized the participation of students from degree programs with a less mathematical
profile and with partial or no knowledge of the CATAN game. Furthermore, the informed consent of the students
was required, safeguarding all ethical aspects of the research.

2.3 Data collection techniques

To collect the data, a game workshop was implemented, in which the six volunteers, together with the researchers,
played the CATAN board game. In this scenario, the researchers assumed the roles of both observers and
participants (Gurdian-Fernandez, 2007), as they were involved in the games as players, with the aim of contributing
to the fluidity of the game and the learning curve of the participants. In each workshop session, two games are
played simultaneously, each consisting of three participants and one researcher. The groups are formed randomly
at the beginning of each session.

A total of six game sessions were held, one each week, lasting 30 to 90 minutes, in which one to two games were
played per session, depending on time. In addition, semi-structured interviews were conducted at the end of each
session to gain an in-depth understanding of the participants' voices (Corbetta, 2003). From these interviews,
those of four participants were selected for analysis, as they were the ones who attended all the sessions.

2.4 Data analysis techniques

For the analysis of the data, a descriptive content analysis was performed using Atlas.ti 25 software for Windows,
with the aim of identifying patterns through frequencies to interpret the findings (Dinger, 2018). To this end, a
code book was defined according to the categories of analysis defined in the conceptual framework (Table 1 and
Table 2). Each of the descriptors formed a specific code. These categories and the respective descriptors allow us
to understand from the discourse of the participants how PT and ST operate in decision-making associated with
the CATAN game.

The units of analysis are made up of the responses given by the interviewees after each question and, in the case
of outstanding findings, the complete video is used to clarify doubts and complement the analysis. The code book
is presented in Table 3.

Table 3

Code book used in descriptive content analysis.

Representativeness
Anchoring

Patterns

Personal experience
Source: own elaboration.

Communication

Probabilistic thinking Strategic thinking
» Transparency
*  Qualitative probability
* Risk .
*  Resource optimization *  Analysis
i +  Critical thinking

* Negotiation ¢

A *  Planning
* Availability

. e *  Resource management
*  Equiprobability bias -
+  Control of the future » Vision
. * Adaptability
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Each intervention by the interviewees is analyzed independently for each category. In this way, for each
intervention, the possibility of assigning one of the 12 codes considered for PT and one of the 7 considered for
ST was interpreted. This system allows us to identify and analyze the factors that influence the performance of
the participants during the CATAN games, as well as the possible relationships between the types of thinking. For
this last point, the co-occurrence tool of the Atlas. Ti software is used. The frequency of the codes for each type
of thinking is counted, both independently and jointly, identifying and interpreting the patterns present in the
responses. For the recording of the interviews, the responses of the main participants were labeled as E1, E2, E3,
and E4. The rest of the students who intervene in a complementary manner in the responses are labeled as EX.

3. Results
The most frequent categories are identified below, as well as the co-occurrences between PT and ST.
3.1 Analysis of category frequencies

The most frequent category in PT is Qualitative Probability, as most students, when justifying their position in the
game, use colloquial probabilistic language to discriminate between the possible outcomes of rolling two dice. An
example of this is E3, who responds in the second session interview to the question "Did you feel any noticeable
change either in your way of playing or in the experience itself?

In this game, so to speak, | first identified, thanks to the previous games, which numbers in red were
repeated the most (E3, session 2).

From the answer, it is possible to infer that E3 identifies regularities in the behavior of the dice, noting that the
numbers 6 and 8 —which are marked in red in the game—are the most likely to come up. Although this is valid in
theoretical probability, E3 only justifies it based on the memory of previously obtained results, which refers to the
bias of the representativeness of the PT.

Since the students constantly experimented with probability, they developed theoretical positions on the non-
deterministic nature of the concept. An example of this is E2, who responds as follows in the sixth session interview
to the question "What do you think about the distribution of numbers?

I think it's well distributed in general. It's just that there are games where, like this one, the 4 didn't come
up at all, or in other games the 5 never comes up. It's like there's always a number that never comes up in
a game, although it's never the same one (E2, session 6).

Interviewee E2 explains that, through the games he has played, he believes he has found a pattern in the frequency
of the numbers that appear when rolling two dice, although he does not keep a formal record of the results.
However, despite stating in the sixth session that he knows which numbers are theoretically most likely to appear
and that the numbers 2and 12 are the least likely to appear, he affirms that the maximum and minimum frequencies
are not limited to these numbers alone. This belief coincides with the category of Representativeness, as it justifies
a deterministic judgment about probability based on previous games.

The most prevalent category of ST is Resource Management, since the CATAN game is a strategy system based on
the generation, exchange, and purchase of resources, so a simplified economy is built in each game that requires
players to be aware of the materials they use. An example of this was E3's response in the fifth session interview to
the question, "Is there anything from everyday life or economics that you have noticed in this game?"

It would be to take advantage of the situation, just as if we as players need to produce or collect materials
of a certain type in order to advance, blocking that may be an opportunity for the other players (E3,
session 5).

This response shows how E3 presents the ST Planning category, as they anticipate possible challenges and
opportunities. It also shows that they analyze the conditions of the game in order to make optimal use of their
resources, understanding the importance of the game context in complementing the development of strategies,
which falls under the ST Analysis category.
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An interesting finding is related to Communication, because although the rules of the CATAN game consider
dialogue between players to be a fundamental part of the dynamics, due to the need to exchange resources, this
is the ST category with the least presence in the interviews. This is because there are no clear indicators beyond
stating that the more they play, the more confidence they have to talk to each other.

In summary, the frequency graph (Figure 1) reveals that, in the context of the game, Resource Management is the
predominant category in both the ST and in general, with 16.6%. This is followed by Qualitative Probability with
121%, standing out as the main category in the PT, as students use colloquial language to refer to probabilities in
the game. In contrast, Communication is the least frequent category in the ST, with only 2.5%. This is because,
although the students interact effectively during the game, they only shed light on this category by pointing out
how they gain confidence over time. On the other hand, in the PT, there are no responses associated with Future
Control, Negotiation, or Equiprobability Bias, which reflects that the group of students, as they progress through
the sessions, better understand the non-deterministic nature of probability when applying it in games.

Figure 1

Frequency graph of PT (red bars) and ST (blue bars) categories.

Frequency by Category

35
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25 W Probabilistic Thinking

33
21 22 23
20 18
16
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10 7
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Categories

Source: own elaboration based on data analysis. Figure in Spanish.

3.2 Co-occurrence analysis of categories

In the context of the interview in the last session, participants are asked the question "What do you think about
the distribution of numbers on the board?" E1 responds about the behavior of probability during the sessions and
compares it with the theory.

The probabilities of the numbers coming up are very different from the probabilities, like, theoretical ones, like
others, because there are numbers that should come up quite a lot and sometimes they don't. Today, the theoretical
probabilities worked out pretty well; in that sense, today was a coincidence. But it's like that, it's very variable, the
theory is not so applicable in terms of numbers, except for 6. | feel that 6 always remains more constant in all
games (E1, session 6).
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It can be seen that E1analyzes the games that have been played up to the last session and shares his knowledge of
probability, demonstrating that he understands the context in which he finds himself, and uses qualitative language
when indicating that the observed probability of the dice is not equal to the theoretical probability, which allows us
to classify his response in the Qualitative Probability category. However, E1 also demonstrates Representativeness
by generalizing that one cannot rely on theoretical probability, since recent results have been highly variable in the
dice rolls during the sessions they have played. In this statement, he mentions 6 as an exception, since, according to
his most recent memories, it is a number that has remained constant in frequency over the weeks, which accounts
for the presence of the PT category Availability.

In the same session, the group, with the exception of E3, faces a prepared starting scenario, positioning imaginary
players in specific cells and numbers on the board. Figure 2 shows the scenario created for participants E1 and E4,
on the one hand, and the game scenario created for E2, on the other.

Figure 2

On the left, scenario for participants E1and E4, and on the right, scenario for participant E2.

Source: Prepared by the author based on photos of the board.

Figure 2 shows two different game starts, where the boards and player positions were arranged randomly, as is
done when starting a real game. After giving them a moment to analyze, they were asked, "Which player on the
board is most likely to win? And which player on the board is least likely to win?" The answers to these questions
reveal a greater simultaneous occurrence of PT and ST, as strategic skills justified by probability are deployed.

In response to the first question, E1 demonstrates Critical Thinking and ST Planning, as he makes a decision based
on the specific configurations of the boards presented to him, understanding the different perspectives and
possibilities of each player and anticipating the opportunities and challenges of each one.

Perhapsred (...) is that, | don't know, | feel like it has slightly better numbers, the only number, like the one
that loses a little more is 2 (...) (E1, Session 6).

Transparency of PT is evident when E1 justifies his decision to choose the player most likely to win based on
the probability of the numbers he has. He explains this choice using colloquial language, thus also presenting
Qualitative Probability. To justify this, it is noted that the player’s potential gains depend on a predominance
of highly probable numbers.. He also acknowledges the possible losses that having the number 2 entails, thus
demonstrating the Risk category of the PT.

When analyzing ETl'sresponse tothe second question, the categories of Critical Thinking and Resource Management
of the ST can be appreciated, as he critically evaluates his options based on the information provided by the board
and emphasizes the importance of the opportunities offered by the availability of resources.
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The target (...) is that it has very low numbers, 2 and 3, it loses a lot of clay (...). But it's still complicated
because it could compensate for the clay with wheat, so if it manages to win the port, but it's a low
probability considering that blue is also competing for the port (E1, session 6).

Resource Optimization, Risk, and Qualitative Probability, which belong to the PT, are evident in indicating ways
in which resources can be used efficiently through probability, recognizing the risks of other players' possible
strategies, and using qualitative language to describe the behavior of probability. In addition, E1 decided between
the boards by explicitly supporting their analysis on probability, thus demonstrating the Transparency category.

Analyzing the answers given by E4 to the first question, Resource Management and Vision are observed, as they
demonstrate awareness of the usefulness of the player's resources and use that information to set short- and long-
term goals that justify their decision.

| would say blue because first, it has all the resources. Although it will have a problem with wood, it can
solve it when the 6 or 9 appears, since it has a port here. Wheat could also be useful because there should
be enough to build a city here along with stone and then improve trade with the port (E4, session 6).

The answer given by E4 shows planning skills, but also demonstrates progress in their understanding of probability
theory, since, through resource optimization, they use probability to support their answer and analyze the possible
challenges they will face during the simulated game, formulating scenarios to overcome the obstacles identified
and take advantage of the opportunities they recognize in the player's resources.

As for the second question, the answer given by E4 demonstrates planning skills, as he is able to anticipate the
challenges observed and formulate strategies that help him distinguish between the opportunities available to
each player.

The orange tree is already orange because it is far from the ports, and then it would be white, but the
white one can still trade wheat with the others; it may be the one that will predominate with wheat (E4,
session 6).

Although E4 uses ST to assess the situation, which is manifested through Resource Management and Analysis,
being aware of each player's assets, unlike the previous question, he does not use probability to complement
his answer. This shows that, although E4 showed progress in probability theory, he only uses it circumstantially
to argue his decisions. There are also signs of Negotiation in the PT, although E4 does not explicitly mention
probability in their proposal.

E2, along with another group of students, faced a different situation than those analyzed by E1and E4. In response
to the first question, the category observed is Analysis in the ST, since it understands the situation based on
external factors. In this way, it uses its experience with similar contexts witnessed in past games to understand the
player's current possibilities.

If you complete that line, | think the white one. (...) is that something similar happened with what EX
played recently, which took the longer route. And if he plays his cards right, | think the white one can win
(E2, session 6).

As can be seen, E2 does not use probability to choose the player with the best chance of winning, as he places
greater importance on securing points through game mechanisms that depend on the proximity and position of
the populations in relation to his pieces and those of other players. In addition, E2's decision is based on a recent
game.

Then, answering the second question, E2 evokes ST through Critical Thinking and Resource Management, and
the PT through Resource Optimization and Transparency. This is because he makes decisions based on the low
probability of the numbers in play and, according to this, he is aware of which are the best and worst resources. The
use of probability allows him to discriminate more efficiently.

218



REVISTA DE ESTUDIOS Y
EXPERIENCIAS EN EDUCACION DOI: https://doi.org/10.21703/rexe.v24i56.3302

2025 Pagina 209-224

I say red, but because of the numbers it has. Because it has bad numbers, in theory; it only has the 6 that
comes up most often (E2, session 6).

This answer shows that E2 has approached the theoretical probability of the results in a roll of two dice. However,
unlike his previous answer, when deciding on the player with the worst chances, he gives greater importance to
probability than to the strategies that may arise from his position. This may mean that the non-deterministic
nature of probability causes students to consider the possibilities of the numbers to be less relevant than the
position of their villages on the board, as long as the distribution of numbers on the board does not generate
sectors of extreme probabilistic disparity.

Figure 3 below presents a diagram that summarizes the co-occurrence between the PT and ST categories. The
most frequent co-occurrences, in general, are Critical Thinking-Transparency and Critical Thinking-Qualitative
Probability, with 12 interactions each. The first is due to the fact that both categories were instantiated by decision-
making supported by data or evidence, with the difference that Transparency only considers probabilistic
foundations, so they tend to appear simultaneously when students justify their moves based on probability. As
for the second co-occurrence, this could be because, when explaining a decision, players resort to qualitative
expressions about probability.

Figure 3
Diagram of co-occurrences between the PT and ST categories.
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4. Discussion and Conclusions

This research aimed to study the development of PT and ST and their possible relationships in decision-making
through the CATAN game in non-formal educational contexts. To this end, the discourse of a group of students who
participated in the workshop was analyzed, using interviews conducted at the end of each session as a data source.
Based on the explanations and arguments, the presence of PT and ST was identified and classified according to
previously defined categories. The educational experience associated with playing the game encouraged students
to engage significantly with probability, conjecturing, questioning, and breaking down theoretical aspects.
In addition, there was evidence of improvement in the use of the tools available in the game, as well as in the
identification of obstacles and opportunities. Throughout the workshop sessions, the CATAN game emerged as
an innovative tool for promoting spontaneous and experiential learning.

From the point of view of how the educational experience progressed, the data show a change in the students'
perception of probability as they gained experience in the game. At the beginning, except for E1, the students did
not know the theoretical probability of the results of rolling two dice. Then, over the course of the sessions, most
of the students identified the most probable numbers, implicitly basing their strategies on clues from the theory,
without any explanation from the researchers. In addition, the students gradually became more aware of the risk
involved in the probability of the number 7, which causes half of the cards of each player with more than seven
cards to be discarded. This result coincides with what was mentioned by both Maffia and Silva (2022) and Bayeck
(2020) about how board games, and in this case CATAN, allow for the introduction of curricular content, such as
mathematical knowledge about probabilities.

On the other hand, by the end of the sessions, the group realized that, no matter how probable some numbers
may be, they cannot predict the outcome of the dice in a deterministic way, and this conclusion that allowed
them to understand the unverifiable nature of probability through experimentation, coinciding with what was
reported by Armstrong (2020) and Borovcnik (2016). However, the students do not downplay the importance of
probability, as can be seen in the interviews. Although they prioritize position, diversity of resources, and choice of
resources, they always consider the probability of the numbers to play, thus recognizing the value of mathematics
in developing knowledge, as stated by Morais et al. (2024).

Although it is unlikely that students will encounter a situation similar to CATAN in real life, during the interviews
they mention that, as they progress through the sessions, they think more critically and increasingly consider
aspects that they must take into account when making decisions. In addition, they express that, throughout the
games, they strengthened their level of goal achievement, developing strategies aimed at better leveraging the
mechanics of the game. This is consistent with the findings of Kodalle et al. (2021), Ordufia-Alegria et al. (2020),
and Shreeve et al. (2020), who assert that this type of board game prepares players for scenarios similar to those
presented in the games and/or for developing decision making and ST.

In the students' responses to the last interview, in which they were asked their opinion about which color was most
likely to win, we can see what Assapun and Thummaphan (2023) say about problem solving, as they were able to
analyze, evaluate risks and opportunities, make decisions, and plan a series of advantageous actions to win the
game, taking into account not only their own moves but also anticipating their opponents' possible moves.

Finally, the results also highlight that the categories of Critical Thinking, Transparency, and Qualitative Probability
were predominant in the students' responses. When faced with a random scenario prepared by the interviewing
group, the students made decisions based implicitly on probability and used qualitative language to refer to it,
which reaffirms that PT can favor decision making in contexts of uncertainty (Vergara-Gémez et al., 2020). In
this way, the CATAN board game stands out as a resource that promotes innovation in the field of mathematics
education.

As for the limitations of the study, data collection was restricted by the time available, the space provided, and
the tools used to capture audiovisual material. Furthermore, the sample size was insufficient for generalization
or external validity, so it is proposed that this study be conducted in other institutions and/or educational levels
with larger samples. In addition, the findings of this study allow us to recommend that teachers use the game
in the mathematics classroom to introduce and encourage probabilistic thinking, especially from a qualitative
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perspective. The dynamics of the game can be accompanied by guiding questions that allow students to delve
deeper into how probabilistic thinking favors the development of winning strategies. We plan to expand this study
to other types of mathematical thinking and other educational levels, evaluating the potential of the game for
incorporation into different classroom contexts.
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