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ABSTRACT

Game theory, an interdisciplinary field that explores interactions
among entities in strategic scenarios, is paramount for understanding
how individuals make decisions in interactive situations. This paper
outlines the development and evaluation of a playful exercise to
facilitate understanding fundamental concepts such as dominant
and dominated strategies and Nash equilibrium, employing a ‘design
thinking’ methodology. An empirical evaluation was conducted with
76 Industrial Engineering students from the Universidad Industrial de
Santander, dividing them into four teams representing companies vying
for customers. The teams assessed payoff matrices and made marketing
decisions, utilizing a colored die to eliminate non-advantageous strategies.
Findings indicate a significant increase in interest in game theory, with
86% of participants expressing a preference for this method compared
to conventional classes. Furthermore, 81% desired to incorporate this
activity into their regular courses, while 76% applied previous knowledge
during the training. An average improvement of 17% in correct responses
suggests that the playful exercise effectively facilitates the assimilation
of key concepts in game theory among university students. This study
underscores the potential of integrating active activities based on game

theory to enrich the learning process in an academic context.

Keywords: playful activity, design thinking, Nash equilibrium, dominant

and dominated strategies, game theory.
JEL classification: 120, 121
Received: 18-04-2023 Revised: 05-06-2023

Editor: Carlos Alberto Gémez Cano

"Universidad Industrial de Santander. Bucaramanga, Colombia.

RESUMEN

La teoria de juegos, un campo interdisciplinario que explora las
interacciones entre entidades en escenarios estratégicos, es esencial
para entender céomo los individuos toman decisiones en situaciones
interactivas. Este articulo describe el desarrollo y evaluacién de un
ejercicio lidico orientado a facilitar la comprensiéon de conceptos
fundamentales como estrategias dominantes y dominadas, y equilibrio
de Nash, utilizando la metodologia ‘design thinking'. Se llevé a cabo una
evaluaciéon empirica con 76 estudiantes de Ingenieria Industrial de la
Universidad Industrial de Santander, dividiéndolos en cuatro equipos
que representaban empresas en competencia por clientes. Los equipos
evaluaron matrices de pagos y tomaron decisiones de marketing, utilizando
un dado de colores para eliminar estrategias no ventajosas. Los hallazgos
indican un incremento significativo en el interés por la teorfa de juegos,
con un 86% de los participantes expresando una preferencia por este
método en comparacién con las clases convencionales. Ademas, el 81%
manifesté su deseo de incorporar esta actividad en sus cursos regulares,
mientras que el 76% aplicé conocimientos previos durante la actividad.
Un aumento promedio del 17% en las respuestas correctas sugiere que el
ejercicio lidico efectivamente facilita la absorcién de conceptos claves
en la teorfa de juegos por parte de los estudiantes universitarios. Este
estudio subraya el potencial de integrar actividades lidicas basadas en la
teoria de juegos para enriquecer el proceso de aprendizaje en el contexto

académico
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Design and implementation of a game-based activity to promote learning of game theory
INTRODUCTION

Game theory has proven to be applicable in many business domains and has been the subject of study by
numerous authors and experts in the field (Ahmad et al., 2023; Hallinger & Wang, 2020; Mehmanpazir et al., 2022).
Game theory is valuable for modeling situations with multiple players and interdependent decisions (Ahmad et
al,, 2023; Nash & John, 1950). This tool can be used in business to analyze and solve complex problems related to
strategy, negotiation, collaboration, and decision-making (Tasnim et al., 2023). In particular, game theory has been
successfully used in areas such as industrial economics (Mohamed et al, 2019), human resource management
(Hafezalkotob et al.,, 2023), and business strategy (Jain et al., 2020; Ozkan-Canbolat et al., 2016).

Game theory provides a theoretical framework and tools for analyzing complex business situations and making
strategic decisions (Rzeczycki, 2022). It is a versatile and applicable discipline that has proven helpful in many
aspects of the business world (Cullen et al, 2022). It is a branch of mathematics used to model and analyze
situations where two or more parties interact and have conflicting objectives (Sun et al., 2021; Vanda et al., 2022).
An important concept in game theory is that of zero-sum games (Wang et al., 2023; Wu & Lisser, 2023). A zero-sum
game is one in which the success of one party depends on the failure of the other (Wu & Lisser, 2022). For example,
a pricing situation in which two companies compete for the same market is an example of a zero-sum game.

Another relevant concept is dominant and dominated strategies (Valle, 2019). A dominant strategy is the best
option for a player regardless of the actions of others (Amords, 2022). On the other hand, a dominant strategy is
worse than other options for a player regardless of the actions of others (Loertscher & Marx, 2020).

Understanding these concepts can be helpful for companies when making strategic decisions, as it allows them
to anticipate the response of their competitors and optimize their actions. Some studies have demonstrated the
effectiveness of game theory in predicting business behavior and identifying opportunities for collaboration and
competition (Bonson et al.,, 2023).

Game theory and its concepts, such as zero-sum games and dominant and dominated strategies, can be a valuable
tool for companies to make strategic decisions and to understand the dynamics of competition and collaboration
in their industry. Nash equilibrium is one of the most important concepts within game theory and is widely used to
analyze the interaction between competitors in a market (Hou et al.,, 2020; Zeng et al., 2023). According to Nash
and John (1950), a Nash equilibrium is a combination of strategies in which no player can improve their position
by choosing a different strategy. In other words, it is a point at which the players have found the best strategy given
the behavior of the other players. This applies in business, for example, in pricing, where a firm must consider the
strategy of its competitors when determining its strategy (Do, 2022; Liu, 2021).

On the other hand, gamification is increasingly being used in educational (Seymour et al., 2023) and business
environments (Cechella et al, 2021). This technique involves applying game elements and dynamics in contexts
unrelated to leisure to improve students' or employees' motivation, loyalty, and cooperation (Suérez-Lopez et
al, 2023). Gamification has been identified as an innovative methodology that transforms social and cultural
relationships and contributes to positive individual, occupational, economic, and social changes.

The topic of gamification has been addressed by several authors, among them the work of Munhoz (2020), who
has classified the elements of gamification, in correspondence with Werbach and Hunter, into three categories:
dynamics, mechanics, and components. Another critical study is that of Deterding et al. (2011), who have delved into
the importance of motivation in gamification and pointed out how this technique has become increasingly popular
for improving motivation and learning. Gamification is a technique that has been increasingly used in recent years
to motivate users to adopt certain behaviors. Applying gamification elements to different contexts, including work
and education, effectively improves motivation and engagement (Deterding et al., 2011).

It is essential to understand the different types of players in gamification, as this can influence how games are
designed and how players experience and respond to them. According to Richard Bartle's theory, there are four types
of players in games: adventurers, crafters, maquis, and social players (Bartle, 1996). Adventurers enjoy exploration
and overcoming challenges, while crafters enjoy creating and building. Maquis enjoy conflict and competition, and
socials enjoy interacting and building relationships with other players.

These four types of players can be relevant for companies implementing gamification, as it is essential to

understand player preferences and motivations to design practical and appealing games. For example, a company
that wants to motivate its employees to adopt more sustainable behaviors could design a game that appeals to
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adventurous and crafty gamers who enjoy exploration and creation. At the same time, it could also include elements
of competition and socialization to appeal to maquis and social gamers. Understanding the different types of gamers
in gamification is essential for companies that want to implement effective and engaging games for their employees
and customers.

In this sense, creating a gamification activity that addresses the topic of dominant and dominated strategies
and Nash equilibrium is an excellent way to help students understand these concepts more simply and enjoyably.
Therefore, in this article, we describe the process of creating a playful activity on these topics and the validation of
its effectiveness through an evaluation with students.

METHODS

Design Thinking is a human-centered problem-solving methodology Murphy proposed (Murphy, 2016). Its
main objective is to understand people's needs and challenges and generate innovative and effective solutions.
This methodology comprises five main phases: understanding, definition, ideation, prototyping, and evaluation. In
this project, these phases have been tailored to specific needs, and the process was developed following a set of
customized phases:

1. Selection of the topic: An analysis was made to identify the specific area within operations research on which
the company wished to work to obtain optimal results.

2. Analysis of the environment: An investigation was carried out to determine which group of people would be
the target, that is, which users would benefit from creating the recreational activity.

3. Background analysis: A thorough review of available information on past operations research-focused play
activities was conducted to establish a point of comparison and clarify any unclear issues related to the topic.

4. Ideation of the ludic: A brainstorming session was conducted to identify the topics to be addressed in the
ludic activity, followed by an evaluation of each topic.

5. Creation of the game: During this stage, the selected topics were detailed, and the structure of the play
activity was defined.

6. Validation of the game: An evaluation was conducted with students to obtain feedback on the design and other
features of the game activity.

Type of study

This study focused on describing reality and providing an interpretation of it, so it has a descriptive approach
(Sabino, 2014). In addition, it used a non-experimental design that involves analyzing the results of a validation
process without intervening in the variables.

Instrument

A previously validated survey was adapted to evaluate the play activity (Reyes et al, 2020). The survey was
developed in Google Forms and consists of 15 questions, where 10 of them were evaluated using a 5-point Likert
scale, with 1 indicating total disagreement and 5 indicating total agreement. Two questions were multiple choice,
and two were open-ended, allowing respondents to express themselves freely. In addition, further assessments of
prior knowledge and learning were conducted to determine whether the play activity met its objective of helping
students understand the concepts of dominant and dominated strategies more simply and enjoyably, as well as Nash
equilibrium.

Population and sample

In the validation process, we worked with a population of 76 students selected using a non-probabilistic
convenience sampling. From the total population, a sample of 16 students belonging to two different groups of
the same University in Industrial de Santander (Colombia) was obtained, specifically from the Introduction to
Industrial Engineering and Operations Research courses. The previously designed and validated survey was applied
to this sample.

RESULTS

Phase 1. Topic selection
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A thorough analysis of possible areas for the development of the ludic activity was carried out, considering three
factors: (1) the difficulties that advanced students experienced when learning specific topics of their career subjects;
(2) four meetings with three Industrial Engineering students, in which topics that they would like to be included
in the ludic activity were identified; and (3) a review of the existing ludic activities in the Educational Innovation
Laboratory GALEA of the Universidad Industrial de Santander, in order to know the areas in which a ludic activity
was needed. Based on these factors, it was concluded that creating a game activity focused on game theory, a topic
part of the Operations Research syllabus, was necessary.

Phase 2. Analysis of the environment

The target population for game development was defined in this project phase. An exhaustive review of the
curriculum of the Schools of Industrial and Business Studies (EEIE) and Economics and Administration was
carried out in order to identify the subjects that include topics related to game theory in their teaching plans, such
as Introduction to Industrial Engineering, Operations Research II and Microeconomics II. Figure 1 presents the
average number of students enrolled in each subject. The final objective is to implement the game activity in a group
of 26 Industrial Engineering students.

Figure 1.
Active student population
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Source: own elaboration.
Phase 3. Background analysis

A bibliographic review of articles related to operations research and a search within the portfolio of gamified
games and exercises offered by the Educational Innovation Laboratory of the Universidad Industrial de Santander,
GALEA, where it was evidenced that there are several gamified activities in this area, such as Inventory Shoes,
Optimization Laboratory, Hungarian Casino and Optimization Consultants. Likewise, previous studies on playful
activities in game theory were not found. Despite this, several cases of success in the application of participatory
and dynamic strategies in game theory learning were identified, as presented in table 1.

Table 1.
Success stories

Author (year) Name Description

(Tarifa et al, Game theory applied Game theory is used to analyze the interactions between actors in a
2011) to public policies. Case political system and to understand how these interactions can affect
study: public goods. public policy decision-making and outcomes.
The authors argue that game theory can be a valuable tool to inform
public policy decision-making and improve public policy effectiveness
and efficiency. They also provide a detailed analysis of how game theory
can be applied to different policy contexts and present some examples
of how game theory has been used to inform public policy decision-
making in different parts of the world.
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(Shietal, An auction model An improved auction model with Bayesian game theory for federated
2022) enhanced with Bayesian cloud services using blockchain technology is presented. Bayesian
games for federated game theory resolves conflicts and optimizes resource allocation in
cloud services using a federated cloud environment. In contrast, blockchain technology

blockchain. ensures transparency and security in cloud resource management.
The study demonstrates that the proposed model can improve the
efficiency and effectiveness of resource management in a federated
cloud environment. In addition, the authors also provide an empirical
evaluation of the proposed model, demonstrating its feasibility and
ability to improve resource management efficiency in a federated cloud

environment.
Source: own elaboration.

Additionally, the authors attended Microeconomics Il classes taught at the School of Economics and Administration
of the Universidad Industrial de Santander; during these classes, it was observed that the realization of activities
related to game theory makes learning more effective compared to the mere explanation of the mathematical theory
of the subject (Palacio & Cortés, 2020).

Phase 4. Ideation of the games

Four meetings were held with three GALEA Lab students to conduct a brainstorming session to obtain
information on possible strategies for creating a playful activity. The main objective was identifying relevant topics
and appropriate tools to plan and develop the activity. The brainstorming session sought to create a space to
propose creative and innovative ideas and to foster exchange and collaboration to enhance imagination and divergent
thinking. All ideas presented by team members were recorded on a digital board to facilitate the visualization of all
options and avoid duplication.

Once an optimal amount of ideas was collected, a process of grouping and selection was carried out based on
the most relevant aspects, such as activities and dynamics suitable for fulfilling the research objective. This process
was repeated in the remaining remote and face-to-face meetings, resulting in significant advances that boosted the
creation of the new ludic activity.

Phase 5. Creation of the game

At this stage, the prototype of the recreational exercise was developed. The ideas were materialized and gathered
in a single document that included a detailed description of the dynamics, a list of necessary materials, a plan for
the correct arrangement of the spaces, defined times for each stage of the exercise, and an estimate of the number of
participants required. This document was used as the basis for the planning and executing the recreational activity.
The activity was conceived to be carried out in a classroom, with an estimated one-and-a-half hours duration,
however, this time may fluctuate depending on the participant's reactions to the proposals during the activity.
Goal. The analysis of the proposed strategies of each company to obtain the most points by eliminating the dominated
strategies in the payment matrix.

Criteria or rules.

1. Once teams have been established, no member is allowed to transfer to another group.

2. The quantitative evaluation procedure is carried out by points assigned for the elimination of a
dominated strategy.

3. The team with the highest number of points is declared the winner.

Plan. Initially, the explanation of the game is developed by the auxiliary group in charge; the dynamics will consist
of several consecutive rounds and about four teams will be formed, each with a maximum of 8 participants. The
teams will be called Company A, Company B, Company C, and Company D. The participants will be presented with
a hypothetical case in which four companies manufacture a toy and compete to attract customers. The companies
must simultaneously decide whether or not to engage in advertising. To illustrate this example, an introductory
activity will be conducted:

Introductory Activity: In the introductory activity, it will be stated that if two companies contract advertising,
both advertising campaigns will offset each other, and each company will make 3.5 million profits. If neither company
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engages in advertising, each company will make 8 million profit. However, if one company hires advertising and the
other does not, the one that hires will make 20 million profit, and the one that does not will make 1.5 million profit.
Students should create a matrix and decide whether to plan a marketing strategy for the next year to maximize
profits. This step is estimated to take 10 minutes.

Taking turns, each team will roll a colored die to identify the type of activity to be performed. Each team will take
a card of the color indicated on the die, and a coach will read the instructions aloud. If the team answers correctly
or meets the challenge, they will win the opportunity to eliminate the strategy that least suits their company. The
team that correctly selects the strategy will earn 10 points to be added to the total to determine the final winner of
the game activity.

Input resources. For the correct development of the recreational activity, the payment matrix (provided by the
authors), colored dice and challenge cards (provided by the authors), a video Beam, 30 chairs, and two tables are
required.

Phase 6. Validation of the games

Three sessions were carried out to validate the game, two with students taking the course Introduction to
Industrial Engineering and one with students taking Operations Research II. Each session had an average of 19
participants, adding up to 59 students belonging to the Industrial Engineering program of the Industrial University
of Santander, where the recreational activity was implemented. At the end of the activity, a designed instrument was
used and applied through the Google Forms tool; the results are summarized in table 2.

Table 2.
Questions for validation of the game

Questions for prototype validation
Likert scale questions

The game is clear and understandable.

It generates my interest in game theory

I use my previous knowledge in the development of the activity.
I found it easy to understand the game

If T had a choice, I would like to have the game once a semester in the operations
research course.

Find the chair completely absorbed my attention
I found the way in which the answer was arrived at to be simple.

It was easy for me to eliminate the dominated strategies.

O 00 9O U W N

It was obvious what the dominant strategy was going to be

—_
@]

I feel tired at the end of the game
Multiple choice questions with only one answer
What strategy I used for the elimination of the strategies

a. I compared two strategies to identify the dominated strategy and the dominant
1 strategy.

b. Isearched among all the strategies for the strategy that dominated all of them.

c. Tused the MaxiMin criterion to find the dominant strategy.

d. Other, which one?

The challenges that were made to have the opportunity to eliminate a strategy were:

a. Fun
12 b.  Good

c. Not very creative

d. Boring

Open question
13 What do you think of the proposed matrix?
If you did not like it, please indicate why you did not like it.

14 Comments and/or suggestions

Source: own elaboration.
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From questions 1 to 14, the results presented in table 3 were obtained.

Table 3.
Consolidated responses to the questionnaire

Validation sccale

Ask  Strongly  Disagree Neither Agreed Totally
disagree agree nor agree
disagree

1 0 (0% 3 (5% 9 (15%) 24 (41%) 23 (39%)
2 0 (0% 1 (2% 7 (@12% 19 (32%) 32 (54%)
3 2 (3% 2 (8% 10 (17%) 18 (31%) 27 (46%)
4 3 (5%) 5 (8% 13 (22%) 21 (36%) 17 (29%)
5 1 (2% 1 (2% 9 (@15%) 11 (19%) 37 (63%)
6 0 (0% 4 (7% 11 (19%) 13 (22%) 31 (53%)
7 2 (3% 7 (12%) 14 (24%) 17 (29%) 19 (32%)
8 3 (5% 3 (5% 14 (24%) 17 (29%) 22 (37%)
9 2 (3% 6 (10%) 19 (32%) 16 (27%) 16 (27%)

10 25 (42%) 14 (24%) 6 (10%) 10 (17%) 4  (7%)

Source: own elaboration.

According to the results obtained from the survey, 80% of the participants who validated the game activity
considered that it was straightforward to understand. In comparison, 64% indicated that they quickly understood
the methodology used. On the other hand, 63% of the students needed help eliminating the strategies mastered
in the game. Regarding the ludic part of the activity, 75% of the respondents indicated that they found it exciting
and that it kept them attentive, while 61% considered that the way to get to the answer was simple. In analyzing
the comments recorded, it was observed that the participants found the proposed matrix exciting and entertaining.
However, it was also mentioned that some found it confusing or too difficult to understand.

Notably, 86% of the respondents indicated that the ludic activity awakened their interest in game theory. In
comparison, 81% agreed with carrying out the activity at least once a semester. Finally, a second comment analysis
process was conducted, where it was found that most users described it as interesting, educational, and an excellent
way to understand payoff matrices in game theory. However, some aspects that could be improved in explaining the
activity were also identified.

CONCLUSIONS

The findings derived from the prototype validation process indicate that the integration of a gamified activity
captured greater student interest than lectures and fostered participation and application of prior knowledge.
Although the gamified activity required an active implementation of disciplinary knowledge, the introductory
activity provided a solid foundation, facilitating a gamified game experience with a delineated cognitive purpose.

Students showed a predilection for an educational approach that amalgamates playful exercises and lectures,
evidencing improved cognitive indicators and a more fluid conceptual association when playful activities were
used. This methodological binomial allowed a more efficient absorption and application of the critical concepts
of game theory, highlighting the importance of diversified pedagogical strategies in the contemporary educational
environment.

Nevertheless, areas for enrichment and optimization of the game approach were recognized. Among these, the
need to provide more precise and concise explanations and integrate a wider variety of payoff matrices to broaden
the exploration of strategies and avoid premature identification of Nash equilibrium by students stands out. This
reflection prompts consideration of an iterative design for play activities in the future, where student feedback and
experiences inform ongoing adaptations and refinements, thus ensuring the relevance and pedagogical effectiveness
of the implemented activities.
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