c

NIVERSIDAD

ACIONAL

E COLOMBIA

w)

Incorporating Emotion Transition

Pattern Graph in Metaphor-based

Game Design related to Software
Engineering

Grissa Vianney Maturana Gonzalez, Ph.D.

Universidad Nacional de Colombia
Facultad de Minas, Computer and Decision Science Department
Medellin, Colombia
2023



Incorporating Emotion Transition

Pattern Graph in Metaphor-based

Game Design related to Software
Engineering

Grissa Vianney Maturana Gonzalez, Ph.D.

Thesis presented as requirement for obtaining the title of:
Doctor en Ingenier a Sistemas e Informatica

Advisor:

Carlos Mario Zapata Jaramillo, Ph.D.

Jurors:
Edison Spina, Ph.D. Universidade de Sdo Paulo, Brazil.
Maria Clara Gomez Alvarez, Ph.D. Universidad de Medellin, Colombia.
Aki Jarvinen, Ph.D. Digital Catapult, London.

Universidad Nacional de Colombia
Facultad de Minas, Departamento de Ciencias de la Computacion y la Decision
Medellin, Colombia
2023



Dedication

“What is frustration and what is fun? ...the

two are highly correlated. Frustration is a
valuable, positive thing up to a point. You’ve
just got to know where the table flip is.”

Mike Selinke
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Incorporaciéon del grafo de patrones de tran-
sicion de emociones en el diseno de juegos basa-
dos en metaforas relacionados con ingenieria
de software

Resumen Los juegos de ingenier a de software suelen disenarse para ensenar experiencias
practicas a los estudiantes (p.ej., videojuegos, juegos de mesa y juegos de cartas). El disero
de juegos basado en metaforas es un proceso para crear juegos utilizando elementos de
otros juegos. El grafo de patrones de transicion de emociones (Emotional transition pattern
graph ETPG) es un modelo de visualizacion de las emociones de los jugadores. EI ETPG
solo se utiliza en los videojuegos para evaluar las emociones y mostrar la frecuencia de
los cambios emocionales. Los modelos de disero de juegos se desarrollan para ayudar a los
disenadores de juegos a conseguir juegos bien hechos. Algunos autores utilizan metodos,
marcos y modelos que incluyen un disero emocional. La emocion, los tipos de emocion y los
cambios emocionales en los videojuegos se de nen para evaluar la experiencia del usuario.
Algunos juegos basados en metaforas en ingenier a de software son similares al Monopoly®,
Los Sims®, entre otros. Sin embargo, algunos diseradores de juegos de ingenier a de software
rara vez informan del metodo de disero utilizado para crear el juego y dichos juegos carecen
de un diserno emocional. El metodo para incluir las emociones del jugador en el disero
emocional apenas se menciona en los modelos de disero de juegos. Los ETPG solo se de nen
para videojuegos con una estructura narrativa lineal. En el disero de juegos basados en
metaforas no se tiene claro como incorporar el disero emocional ni una metafora relacionada
con la ingenier a de software. Ademas, los jugadores de ingenier a de software responden con
valores bajos en los estudios de evaluacion de juegos.

En esta Tesis Doctoral se propone un metodo para incorporar el grafo de patrones de tran-
sicion de emociones en el disero de juegos basados en metaforas relacionadas con ingenier a
de software. Para incorporar el disero emocional al metodo, seleccionamos las teor as emo-
cionales discretas, anadiendo alivio, satisfaccion y felicidad tras una revision bibliogra ca.
Adicionalmente, se obtienen emociones utilizando las expresiones faciales proporcionadas
por Noldus® y se analiza la postura corporal, los gestos y el discurso. Dichas emociones se
relacionan con eventos historicos del juego en dos categor as: eventos de historia del juego a
partir de eventos de juego y mecanicas. Se propone una estructura para este tipo eventos de
historia y se utilizan ejemplos desde el punto de vista de la ingenier a de software. El ETPG
se crea al al comparar las emociones y los eventos de la historia. Se analiza las emociones
antes y despues del evento de la historia e informamos los resultados por evento para identi-

car la emocion evocada en los jugadores. Finalmente, se proponen seis practicas utilizando
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el nucleo de la quintaesencia para representar el metodo propuesto.

Para validar este Tesis doctoral se utiliza el metodo de validacion cuadrado. Dicho metodo
se aplica al considerar si el metodo propuesto es sistematico y e caz en relacion con la incor-
poracion de las emociones en el disero de juegos basados en metaforas. Ademas, el metodo
debe facilitar la visualizacion de las transiciones de emociones, la deteccion de los eventos de
la historia y las emociones correspondientes, la frecuencia de las transiciones de emociones
y los tipos de emociones gracias a la incorporacion del EPTG. Los diseradores de juegos
pueden utilizar ese metodo para aumentar el exito potencial del juego. La representacion
gra ca del metodo mediante el nucleo de la quintaesencia permite al diserador de juegos
reproducir el metodo. Este metodo es sistematico y e caz para incorporar las emociones en
el disero de juegos basados en metaforas.

Palabras Clave: Diseno de juegos basados en metaforas, juegos en ingenier a de soft-
ware, grafo de patrones de transicion de emociones, metodo de disenro.
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Abstract

Software engineering games are usually designed for teaching practical experiences to the
students (e.g., video games, board games, and card games). Metaphor-based game design
is a process for creating games by using elements from other games. Emotion transition
pattern graph (ETPG) is a visualization model of the player emotions. ETPG is only used
in video games for evaluating emotions and showing the frequency of emotional changes.
Game design models are developed for helping game designers to achieve well-done games.
Some authors use methods, frameworks, and models and, include emotional design. Emo-
tion, emotion types, and emotional changes in video games are de ned for evaluating user
experience. Some metaphor-based games in software engineering are similar to Monopoly®,
The Sims®, and others. However, some software engineering game designers rarely report
the design method used for creating the game and such games lack an emotional design. The
method for including player emotions in emotional design is scarcely reported in game design
models. ETPGs are only de ned for video games with a linear narrative structure. Metaphor-
based game design is unclear on how to incorporate emotional design and a metaphor related
to software engineering. Also, software engineering players respond with low values in studies
for evaluating games.

We propose a method for incorporating emotion transition pattern graph in metaphor-based
game design related to software engineering. We select the discrete emotional theories, adding
relief, satisfaction, and happiness after a literature review for incorporating emotional design
into the method. In addition, we elicit emotions by using facial expressions provided for
Noldus®, and analyzing body posture, gesture, and speech. Such emotions are related
to story events in two categories: story events from events and mechanics. We propose a
structure for such story events and use examples from software engineering point of view.
ETPG is created by using emotions and story events. We analyze the emotion before and after
the story event and report results by story event for identifying the emotion evoked into the
players. Finally, we propose six practices by using the Quintessence kernel for representing
the method.

We use the validation square method for validating this Ph.D. Thesis. Such a method is
applied by considering whether the proposed method is systematic and e ective related to
incorporating emotions into metaphor-based game design. Also, the method should facilitate
the visualization of the emotion transitions, detection of story events, and corresponding
emotions, frequency of emotions transition, and emotion types thanks to the incorporation of
the EPTG. Game designers can use such a method for increasing game potential success. The
graphical representation of the method by using Quintessence kernel allows game designer
to replicate the method. Such a method is systematic and e ective relative to incorporating
game design emotions into metaphor-based game design.

Keywords: Metaphor-based game design, software engineering games, emotions tran-
sition pattern graph, game design method.
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1. Introduction

Software engineering games are usually designed in software engineering (SE) as a strategy
for motivating and challenging the students and professionals to work in computer elds
(Battistella & Wangenheim, 2016). Such games allow for learning from mistakes and gener-
ating practical experiences in a fun and safe environment (Petet al., 2017). SE topics are
project management, software development process, software quality, and risk management,
among others (Albayrak, 2015). Simulations, puzzles, and adventures are common genres
in SE games (Battistella & Wangenheim, 2016). Such games are created for digital (e.qg.,
electronic games like video games) and non-digital platforms (e.g., board games, pencil and
papers, and card games; Petet al., 2021).

Metaphor-based game design is a design process related to the use of game elements from
existing abstract games for creating new non-abstract games by using a di erent metaphor
(Begy, 2010). Metaphor refers to understanding something in terms of something else (Lako

& Johnson 2003). Metaphor is used in games for representing a ctional world within the
game (Sylvester, 2013). Game designers replicate the game system by using the theme as a
metaphorical construct which can be adapted (Jarvinen, 2008). Rules, mechanics, theme, in-
terface, information, player, component, environment, and context are game elements (Jarvi-
nen, 2008).

Emotion transition pattern graph (ETPG) is a model for visualizing emotional responses

of the players during a video game. Such a model includes positive and negative emotions
related to story events during the video game. ETPG is used in successful and unsuccessful
games for comparing emotion types and frequency of emotion transition (Kim & Doh, 2016).
Some authors propose methods, frameworks, and models for designing games. Such meth-
ods, frameworks, and models are focused on serious games (Mar si-Schottretial., 2010;

de Freitas & Jarvis, 2008; Epsteinet al., 2021; Udjaja & Ramdhan, 2022) games based
on learning and educational games (Athavale & Dalvi, 2018; de Lo al., 2017; Plasset

al.,, 2015; Morales, 2015; Staalduinen and Freitas, 2011; Z al., 2009; Ibrahim & Jaa-

far, 2009; Amory, 2007; Kiili, 2005; Padilla-Zeat al., 2015), understanding games (Smith

et al, 2012; Hunicke,et al., 2004; Athavale & Dalvi, 2020), healthcare (Roungas, 2021;
Mader et al., 2016), and other proposals like management games (Gomez, 2010), movement-
based games (Mueller & Isbister, 2014), experimental games (Begy, 2013), UX experience
(Khaled, 2012), empathic experiences (Muravevskaia & Gardner-McCune, 2023), and IA-
based games (Eladhariget al., 2011). Commonly, game design is related to some features
as follows: mechanics, dynamics, rules, graphic environment, usability, challenge, goals,



theme, ow, players, scenario, characters, and plot, among others (Hunicket, al., 2004; de
Lope et al,, 2017; Padilla-Zeaet al., 2015; Ahmad,et al., 2014; Jarvinen, 2008), aiming to
achieve well-done games. Such game models are used for considering emotional design and
a ective games (Lara-Cabrera & Camacho, 2019). Some authors de ne emotions in video
games (Lazzaro, 2008), emotion categories, rule templates, possible changes in game design
(Bura, 2008), intensity, and variables for invoking emotions (Steunebrinkt al., 2009); com-
putational models of emotion and emotion-cognition interaction (Hudlicka, 2017); emotions
related to game elements are also considered (Jarvinen, 2008). Emotion, emotion types, and
emotional changes in video games are de ned for evaluating player experience and allows
game designers for continuously evaluating the emotional experience of players and improv-
ing the practices of the model for enhancing the emotional playfulness of the experiences of
players (Kim & Doh, 2016).

SimSE, Project-o-poly (PoP), Project Risk, and other games in SE are accomplished by using
elements from The Sim® , Monopoly® , and Risk® , respectively (Battistella & Wangen-
heim, 2016). Consequently, some games in SE are made by applying metaphor-based game
design. However, some software engineering game designers barely report and are unaware
of the game design method, model, and framework used for creating a game (Battistella &
Wangenheim, 2016). Software engineering games lack an emotional design. Some authors
record emotions of the players when the game is complete, but they ignore emotions during
game design and the method for including player emotions in emotional design is scarcely
reported in game design models. The emotions proposed in the ETPG are only de ned for
video games. Story events are considered for linear narratives excluding other structures like
branching, parallel, open, and non-linear narratives (Kim & Doh, 2016). Games made by
using metaphor-based design are conditioned by using the elements of a base game and the
subjectivity of the designer (Begy, 2013). Also, the process for including the new metaphor

in the metaphor-based design is unclear. Software engineering players express discomfort in
evaluations about games related to user experiences (Pedtial., 2017).

In this Ph.D. Thesis we propose a method for incorporating ETPG in metaphor-based game
design related to software engineering. We identify the main emotions in game design by per-
forming a state-of-the-art review, and we select discrete emotional theory and we add three
emotions to the positive emotion group: relief, satisfaction, and happiness. We use facial
expressions recognition provided by Nold® for eliciting emotions in game players. Also,

we analyze body posture, gestures, and speech and we characterize the game elements from
metaphor-based game design related to software engineering. Such elements are considered in
the Schell (2019) proposal in the shape of mechanics, story, aesthetics, and technology. Story
events have two categories: story events from events and mechanics. We propose a struc-
ture for such events by using games related to software engineering as example. Emotions
are represented by emojis and a numerical scale for formulating a general emotion transi-
tion pattern in metaphor-based game design. ETPG is created by using emotions and story
events. We clarify the concept of story events related to emotion. Emotions are analyzed
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before and after story events for identifying evoked player emotions. We study the behavior
of the original game which serves as inspiration for creating a new game by changing the
metaphor of the game and we use it as a reference to propose the behavior of a new game
to be designed by using a metaphor related to software engineering.

Our method for incorporating the emotion transition pattern graph is proposed by using
the Quintessence kernel (Henao, 2018). As a result, we propose six practices: Experience-
based requirements management; metaphor-based game design; incorporating emotion tran-
sition pattern graph based on events; observation-based emotion assessment; iterative game
construction; and usage-based game testing. Each practice has information related to the
phases, activity spaces, alpha, activities, work product, competencies, and roles (Durango
et al., 2019).

Finally, we validate this Ph.D. Thesis by using the validation square method (Seepersatl

al., 2006). Such a method is applied by considering whether the proposed method is sys-
tematic and e ective related to incorporating emotions into metaphor-based game design.
Therefore, we aim to demonstrate with the validation whether the method should ease visu-
alization of emotion transitions; detection of story events and their corresponding emaotion;
facilitate consideration of the frequency of emotion transition (FET) and the number of
emotion types (NET); and whether the method should be systematic and e ective.

Such a method is intended to contribute for improving SE games by using game elements
according to the emotions generated on players. The six practices proposed in our method
increase the game potential success by facilitating the visualizations of the emotion tran-
sitions, identi cation of story events, and corresponding emotions, frequency of emotions
transition, and emotion types. We provide a guideline for capturing emotions in virtual plat-
forms. Game designers should use our method for incorporating the emotional transition
pattern graph into other game design models, methods, and frameworks. In addition, they
can select a well-done game with a good ETPG and try to create a hew game related to
software engineering and other elds by considering the ETPG for improving the player emo-
tional experience. The use of the Quintessence kernel allows game designers to graphically
represent the method and reproducing it. Such a method is systematic and e ective relative
to incorporating game design emotions into metaphor-base game design.

This Ph.D. Thesis is organized as follows: in Section 2 we present the main concepts related
to games in software engineering, metaphor-based game design, the emotion transition pat-
tern graph, and the Quintessence kernel; in Section 3 we relate the previous work oriented to
experience evaluation of software engineering games, game design models, and emotions in
games; in Section 4 we present the problem statement, research proposal, and methodology;
in Section 5 we propose the solution to this Ph.D. Thesis; in Section 6 we apply the valida-
tion square method for evaluating the proposed method; and nally, we discuss conclusions
and future work.



2. Theoretical Framework

2.1. Software engineering games

Software engineering games (SEG) are alternatives to teaching computing in higher educa-
tion by applying game-based learning. Students and professionals acquire computer skills,
reinforce prior knowledge and learn new knowledge with the achievement of learning ob-
jectives. Game-based learning motivates students to stay in software engineering courses. It
allows them for learning abstract concepts in an entertaining way by mixing competition,
challenge, and interaction in a fun experience (Battistella & Wangenheim, 2016). Such games
have several bene ts, such as increasing learning e ectiveness, interest and motivation. Er-
rors and practical experience lead players to try di erent alternatives and understand the
consequences of their actions. Games promote a safe and fun environment. Teachers promote
learning in a less rigorous environment (Petret al., 2017).

Project management, software development process, software design, risk management, re-
guirements management, software quality, con guration management, testing, and mainte-
nance, among others, are software engineering common topics (Albayrak, 2015). Most games
in SE are simulations in terms of genre for teaching, designed to replicate real-world con-
texts. Students can make critical decisions by applying theoretical and practical knowledge
by analyzing information. Other genres used to reach SE include puzzle, adventure, role-
playing, action, roll and move, strategy, quiz, and guessing and racing games (Battistella
& Wangenheim, 2016). Some games are created for digital and non-digital games. A digital
game is a game involving an electronic device such as a smartphone, a computer, a tablet,
and others. Non-digital games use resources such as cards, game boards, and pencils and
papers, among others (Petret al., 2021).

2.2. Metaphor-based game design

Begy (2010) proposes the term metaphor-based game design for consciously designing ab-
stract games by using an experiential metaphor. Abstract games are games without any adap-
tation to a source system. The objects in the game visually lack a representation/resemblance
to something else. Non-abstract games are games with metaphorical meanings, which refer
to themes and messages of the game.g, monopoly is related to a nancial system, clue

is related to a criminal research, and chess is related to a war). Game objects are pieces
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manipulated by players €.g, cards, tokens, and coins). In abstract games, such elements are
unrelated and non-represented in terms of something else. Tetris, Tipping Point, Checkers,
and Go are abstract games. Such elements are called ctional elements in non-abstract games
and they are related to characters, plot and narrative elements, and objects operating as
iconic ction-signs. Metaphor-based game design is related to create games with all kinds to
be meaningful and expressive (Begy, 2010).

In terms of language, metaphor is the 'understanding and experiencing one kind of thing in
terms of another' (Lako & Johnson 2003). In terms of games, metaphor is used for faster
communicating the world ction as game mechanics by giving something new the appearance
of something familiar (Sylvester, 2013). Game system and its behaviour is translated into
another form by using the theme as a metaphorical construct. Then, a theme element al-
lows game designer for creating game systems according to another system (Jarvinen, 2008).
Cluedo Harry Potter® and RISK (Game of Throne® ) are thematized into another subject
matter than the original games. In this way, players understand Cluedo and Risk systems in
terms of famous television/movie series.

Jarvinen (2008) divide game elements into three categories: systemic, compound, and be-
havioral. Game elements forsystemic categoryare components and environments. Game
elements forcompound categoryare rule set, game mechanics, theme, interface, and infor-
mation. Game elements fobehavioral categoryare players and contexts.

2.3. Emotion transition pattern graph

Emotion Transition Pattern Graph (ETPG) is a visualization of emotional changes of the
players. Such a pattern graph is used for representing numerical data related to dispersion
of emotional types evoked in a player. Emotional types are based on the Ortony, Clore, and
Collins (OCC) model of emotion. They can be compared with story events related to the
narrative structure of the video game. We show the ETPG of a player during two gameplays
Tomb Raider (TR) and The Matrix (TM) in Figure 2-1. TM is considered a successful game
and TR is considered an unsuccessful game related to number of sales. Both games have
similar game elements and narrative events (Kim & Doh, 2016).

ETPG simpli es information related to the frequency of emotional transitions (FET) and
the number of emotion types (NET). FET is the number of changes from positive to nega-
tive emotions andvice versa NET is the total number of emotion types. A verbal protocol

is used for calculating player emotional response patterns to story events. The horizontal
axis is the sequential story event. Each story event includes representational and conceptual
phases as categories of player cognitive behaviour. A representational category is related to
recognizing information of the events by understanding characteristics, the level of di culty,
and complexity. A conceptual category is related to nishing the target event and the expe-
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Figure 2-1 .. Example of the ETPG (JO: Joy, ST: Satisfaction, RL: Relief, DP: Disappoint-
ment, FE: Fear, SD: Sadness; Kim & Doh, 2016).

rience of satisfaction and predictions of future events take place. The vertical axis is divided
into two main emotion groups, positive and negative. Positive emotions include joy, satisfac-
tion, and relief. Negative emotions are sadness, fear, and disappointment (Kim & Doh, 2016).

2.4. Quintessence kernel

Henao (2018) proposes an interdisciplinary project management theory based on Essence.
Quintessence kernel and Essence are founded with the aim of consolidating a solid theoretical
base, with proven principles and best practices supporting project management and software
development respectively. Essence includes a simple language for representing methods and
practices in several knowledge areas (Object Management Group, 2015).

Quintessence kernel comprises areas of concern, alphas, sub-alphas, activity spaces, compe-
tencies, practices, patterns, states, and work products. Areas of concern are extensible to
all project-driven disciplines. Such areas of concern are customer, solution, and endeavor
(see Figure2-2). The customer area of concern is related to de ning the business case scope
and the stakeholder commitment and satisfaction. The solution area of concern is related
to meeting stakeholder requirements, achieving project result, estimating and controlling
project cost and time, and accomplishing project result quality. The endeavor area of con-
cern is related to all activities for managing the team, their way of working, and project
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risks (Henao, 2018).

Figure 2-2 .. Quintessence areas of concern. (Object Management Group, 2015)
Quintessence kernel includes eleven alphas applicable to any project for tracking health and
progress via alpha states (see Figur2-3). Activity spaces represent \the things to do" in

a project (see Figure2-4). Competencies represent abilities, capabilities, and skills required
for work of a project endeavor (see Figurg-5; Durango et al., 2019).

Figure 2-3 .: Essence kernel alphas (Henao, 2018).

We show the terminology related to Quintessence kernel constructs in Tal#tel.
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Table 2-1 .: Project management Quintessence constructs. Based on Henao (2018).

Name Description Representation \

Is a systematic approach
for performing a set of

activities. It helps to
describe how project-driven
endeavor activities should
be performed

Practice

Stands for Abstract Level
Progress & Health
Attribute. Alphas are
universal dimensions
Alpha .
practitioners should care
about when running a
project. They describe the
things we always work with
Is a sub-ordinate alpha. It
should be used for
Sub-alpha instantiating dimensions of
speci c project driven
disciplines
Should be interpreted as a
macroactivity comprising
activities practitioners
should always perform in
order to create a product or
Activity space service. Activity spaces are
categorical ways of
grouping product-oriented
processes. They describe
the challenges practitioners
face when running a project

Represents the abilities,
capabilities, and skills
required for performing the
work of a project

Competency
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Table 2-1 : Project management Quintessence constructs. Based on (Henao 2018).

Name Description Representation

Is a description of a
structure in a

Pattern practice| e.g, roles, phases

and milestones

One or more kinds of work
Activity items for giving guidance
on how to perform them

Is an activity result.
Furthermore, it helps to
Work product provide evidence for alphas
states| e.g, documents or

a piece of software

Comprises checklists. Such

states provide a description

State of the project health and

progress at a specic
moment
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Figure 2-4 .: Project management quintessence kernel activity spaces. (Henao, 2018)
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Figure 2-5 .. Competencies. (Duranget al., 2019)



3. Background

Some authors propose methods, frameworks, and models for designing games. Mar si-
Schottman et al (2010) propose a method for e ciently designing serious games from the
serious games perspective by using seven steps based on engineering process: speci cation of
pedagogical objectives; choice of the serious game model; general description of the scenario;
searching for software components; detailed description of the scenario; pedagogical quality
control; and speci cations for subcontractors. De Freitas & Javis (2008) propose a framework
related to serious games. Such a framework explain four game dimensions: context, learner
speci ¢ action, representation, and pedagogic model. Epstegt al. (2021) propose a frame-
work for designing e ective behaviour change games. Such a framework includes: de ning
the goal by diagnosing the behavior to be changed; creating order with game mechanics by
building rules to achieve the desired outcome; anticipating chaotic dynamics by considering
how the individual, group, and context will respond to the rules; making the game fun; test-
ing and iterating the product, measuring desired and undesired outcomes, and using other
resources to increase desired change. An experiential game for learning design framework is
proposed for serious game content to learn musical instruments (Udjaja & Ramdhan, 2022).
Such a framework includes learning model, player model, interaction design, and game de-
sign components. Initiation, alpha version, beta version, release and live ops are stages of
the framework. Initiation includes: literature review, problem identi cation, player analysis,
competitor analysis, interaction analysis, and game design. Alpha version includes: game
design, game design document, game asset creation, programming, game prototype, proto-
type testing, alpha version performance analysis, and alpha version evaluation. Beta version
is used for improvement and includes beta version performance analysis and soft launch
playtesting. Releases include game versioning, analytical player research and iterative docu-
mentation. Finally, live ops is related to maintenance (Udjaja & Ramdhan, 2022).

Some authors propose educational games and games based on learning. Athavale & Dalvi
(2018) present a design process comprising eight steps: identify key dimensions of the prob-
lem/purpose; identify appropriate gameplay, medium (digital/non-digital), and game type
(simulation/metaphor); identify existing games in the domain; identify and select elements
from the domain for translation into the game; make decisions about mechanics, resources,
and interactions; create space and opportunities for ful lling the purpose; identify actions
causing boredom and introduce fun; and refer to the domain for inspiration when facing
di culties. De Lope et al. (2017) describe a method for designing educational games based
on graphical notations. Such a method comprises three phases: designing educational chal-
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lenges, designing game type, and designing story and main characters. Also, the method
includes emotional design by using labels with a desire emotion for dialogues and actions.
Plasset al. (2015) propose a framework for game-based learning. Such a framework includes
the elements of game design: game mechanics, narrative, incentives, aesthetics, music, learn-
ing objectives and related content, and skills covered by the game. In addition, some areas
of psychology contribute to game design with theory and research: a ect, motivation, cog-
nition, and socio-cultural issues. Morales (2015) de nes a process for creating serious games
with social and educational purpose. Such a process includes the game world, system rules,
interaction, and learning system. Staalduinen & Freitas (2011) present a framework for cat-
egorizing 25 game elements into four dimensions: context, learner speci cs, representation,
and pedagogy. Such a framework is developed for mapping games and obtaining feedback.
History education game design approach is created as a set of learning contents about digi-
tal games based on understanding instructional design and game development process. Such
a model includes ve phases: analysis, design, development, quality assurance, and imple-
mentation and evaluation (Zinet al., 2009). Educational game design model combines game
design, pedagogy, and learning content for modelling. Such a model emphasizes motivation,
usability, fun, multimodality, problem solving, and syllabus matching importance (Ibrahim

& Jaafar, 2009). Amory (2007) proposes a theoretical framework for educational game de-
velopment focused on computer games and video games. Such a framework is based on the
object-oriented programming system paradigm in which game elements are described as
objects. Such objects are game space, visualization space, element space, actor space, and
problem space. Besides, experiential gaming model is based on the players for studying the
individual experience during a gameplay. Such a model is a loop for nding and solving
problems by using feedback from players as they achieve pedagogical goals (Kiili, 2005).
Padilla-Zea et al. (2015) design a process for balancing educational video games with col-
laborative activities. Such a process is based on software engineering principles for allowing
educational and recreational goals. The process includes four phases: educational content
design, entertaining content design, relating educational and entertainment content, and user
modeling.

Some models are focused on understanding the game structure. Procedural Content Gener-
ation (PCG) game design provides solutions to the challenges associated with PCG-based
games. Such solutions include a PCG mechanic, balancing control for a generative space,
navigating a generative space, generating goals for exploring the generative space, teaching
the player, and considering technical design decisions (Smghal., 2012). MDA (Mechanics,
Dynamics, and Aesthetics) framework allows for a formal understanding of games. Mechanics
refers to game components; dynamics refers to run-time behavior of the mechanics related
to players, and aesthetics describes the desirable emotional responses evoked in the players
(Hunicke et al., 2004). The Endogen framework comprises an interactive design process with
design stages, activities, and strategies. The six stages are: explore content elements for later
translation into game; generate divergent ideas for gameplay; translate content elements into
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game elements and associate with gameplay; decide on core gameplay and converge on a con-
cept; elaborate the concept by designing remaining elements; and verify the concept, iterate
and complete the design process. Game designers perform activities and use a set of strate-
gies for each stage (Athavale & Dalvi, 2020).

Among the health-related methods, Roungas (2021) de nes a method for the development of
games aimed at alleviating cancer-related emotions. This method includes: de ning factors
in uencing quality of life; identifying methods and techniques for dealing with cancer-related
emotions; selecting game design principles and best practices; narrowing down the toolbox
list of game design principles; prototyping games; and conducting feasibility testing. On the
other hand, the design method for therapeutic games includes three phases: investigating
the problem with health experts, designing the gameplay and prototyping the therapeutic
game. In the rst phase, the player/game/therapy model is fundamental for the exchange

of information among health experts and game designers. Phase two includes three iterative
steps: gameplay design and formalization, gameplay prototyping, and play testing. Finally,
game design, game prototyping, medical validation, and play testing are iterative steps in
phase three (Maderet al., 2016).

Gomez (2010) de nes a method for designing games based on templates from a game. Such
templates include game goals, number of players, game purposes, instructional objectives,
game keywords, materials, rule set, and winner selection criteria. Some activities are also
included: selecting the purpose of the game; responding questionnaires related to game ele-
ments and selecting a game; keeping the game elements and rule sets; and incorporating the
new metaphor into the game.

Movement-based game design is a framework for providing guidance to game designers about
movement-based digital games. The framework includes ten guidelines: embrace ambiguity,
celebrate movement articulation, consider movement cognitive load, focus on the body, intent
fatigue as a game challenge, sensibly exploit physical risk, map movements in imaginative
ways, help players to identify rhythm in their movement, support self-expression, and facili-
tate social fun (Mueller & Isbister, 2014).

Begy (2013) introduced metaphor-based game design to create meaningful experiential meta-
phors for abstract and non-abstract games. Such experiential metaphors are concerned with
the relationship between the source system, the simulation, and the user. Such a method
involves isolating key game elements for a source domain, analyzing which game elements
are linked to a common sequence of states, and identifying emotions related to those states
be included in the target domain.

Muse-based game design is an experimental empathic proposal based on the relationship
between a game designer and a player. Such a proposal incorporates early player perspec-
tives, consideration of people over pro les, empathy for players, and idiosyncratic design
constraints (Khaled, 2012).

Muravevskaia and Gardner-McCune (2023) propose a game framework for designing a vir-
tual reality (VR) empathy game for children. Some patterns are derived from children ideas:
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multi-modal role-playing, making emotions and motivations explicit, and exploring and act-

ing freely. The VR framework described considers the following aspects: game setup (game
audience), game features(dialogue, memories, and glasses), game characters (emotions, char-
acter personalities), and game technologies (virtual reality).

Eladhari et al. (2011) propose an iterative design process for integrating arti cial intelligence
(IA) systems and game design context. Avatar and non-players obtain moods and emotions
via IA. 1A design involves understanding three domains: IA architecture, game design con-
ventions and knowledge. It also incorporates a reusable IA system and it is transparent to
obtain expressive processing, allowing for the creation of an immersive and realistic environ-
ment.

Game design aims to achieve well-done games by using feature mechanics, dynamics, and
aesthetics (Hunickeet al.,, 2004). De Lopeet al. (2017) mention game features as compe-
tencies, educational objective, gender, avatar control, platform, future users, narrative level,
application area, interactivity, story, challenger, characters, chapter scenes, and emotional
design are required for designing educational games. Some elements for designing a game
are: de ning the actors, de ning the game world, and creating the story to describe the
game ow (Padilla-Zeaet al.,, 2015). Some frameworks and models emphasize on interac-
tive problem solving, specic goals and rules, interactivity and multi-sensory, pedagogical

e ectiveness, gami cation, adaptive challenges, feedback, fun, narrative and learning (Ah-
mad, et al., 2014). In addition, Jarvinen (2008) de nes game elements into three categories:
systemic, compound, and behavioral. Game elements for systemic category are components
and environments. Game elements for compound category are rules, game mechanics, theme,
interface, and information. Game elements for behavioral category are players and contexts
(Jarvinen, 2008).

Some models include emotional and a ective design. A ective games are elds of computer
science related to the design of games capable to responding to player emotions. The as-
sessment of emotions is required for adapting the gameplay to the player, with the aim of
improving game satisfaction (Lara-Cabrera & Camacho, 2019). Frustration (anger), fear,
surprise, sadness, amusement (happiness), disgust, and curiosity are emotions for serious fun
in video games (Lazzaro, 2008). Bura (2008) describes game states by using a set of gameplay
variables, which induce emotions into games. Emotions in uence interactions between the
player and the game. Such interactions change gameplay variables. Consequently, variations
and stability of gameplay variables induce emotions. Also, Bura (2008) describes abstract
categories of variables into orthogonal families (action, system, self, social, freedom, mas-
tery, and data). Such variable categories change with actions from the game and the player.
Changes are either temporary or persistent. In addition, game variables and emotions are
linked to values and variations of one or several variables. Too low, low, high, and too high
are states of emotional changes. Such states are compared with variable categories for evok-
ing emotions and feeling into players. A game design rule can explain how an emotion can
be achieved. Fear, shock, claustrophobia, disorientation, and paralysis, among others are



17

possible emotions/feelings de ned by Bura (2008).

Steunebrink et al. (2009) de ne 22 emotion types in the OCC (Ortony, Clore, and Collins)
model e.g., joy, distress, pity, and hope, among others. Consequences of events, actions of
agents, and aspects of objects from the OCC model are analyzed by comparing emotion types
and game elements. Intensity is in uenced by two variables: the degree to which the event
is undesirable and desirable, and the probability of the event. Computacional a ective mod-
eling is related to models of emotion and emotion-cognition interaction. Emotion-cognition
includes emotion generation, emotion e ects on cognition, and emotion regulation. Three
theoretical approaches are relevant to computacional a ective modeling: discrete or cate-
gorical theories, dimensional theories, and componential theories (Hudlicka, 2017). Jarvinen
(2008) introduces for each game element from the theory of game elements an analysis ac-
cording to the emotions proposed in the OCC model. Similarly, Kim and Doh (2016) propose

a framework for computacional modeling of player emotional responses. Such a framework
includes the OCC emotion types and the emotion value related to game story events. In
addition, the framework is used for calculating three parameters: the frequency of emotion
transitions, the number of emotion types, and the distance of an emotion transition. Such

a framework allows game designers for continuously evaluating the emotional experience of
players and improving the practices of the model for enhancing the emotional playfulness of
the experiences of players (Kim & Doh, 2016).

Some games in software engineering are made by applying metaphor-based game design.
Game designers conceptualize games by intersecting learning, game theory, and subject
matter expertise. Designers create new games with software engineering related content us-
ing elements from well-known games. SImSE, Project-o-poly (PoP), Project Risk, and other
games in SE are accomplished by using elements from The SEmdvionopoly® , and Risk® ,
respectively (Battistella & Wangenheim, 2016).



4. Research Problem

4.1. Problem statement

Game designers related to software engineering games barely include a description of how
the game was developed and are unaware of the game design method, model, and framework
used for creating a game. Competition, reward mechanism, interaction mode, and narrative
are hardly explained by game designers as detailed game design elements (Battistella &
Wangenheim, 2016). Some authors create software engineering games by using game elements
from existing games (see Tabld-1). However, they ignore the use of metaphor-based game
design into their developments.

Table 4-1 .: Software engineering metaphor-based games. The Authors.

Metaphor- Digitall
Name based Category g. . Screenshot/Photo
Non-digital
game
Smellware
(Zapata- . Territory .
Jaramillo, et Riskware Building Digital
al., 2020)
L Elevation of
Riskio (Hart Privilege Card Game | Non-Digital
et al., 2020)
Card Game
RISKIN
(Zapata- . .
Munchkin Card Game | Non-Digital
Tamayo et
al., 2019)
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Table 4-1 : Software engineering metaphor-based games. The Authors.

Metaphor- Digital/
Name based Category .. Screenshot/Photo
Non-digital
game
Go for it!
ésc?rnd(::):e; 6 nimmt! Cg!?:c;;ar:;\;e Non-Digital
al., 2016)
Software
Risk
Management
Game Munchkin Card game | Non-Digital
(Batistella &
Wangen-
heim, 2016)
The
Waterfall
Game Snake and Race game Non-Digital
(Batistella & ladders Dice game
Wangen-
heim, 2016)
Scrum Lego
City Lego . .
(Batistella & | Construction Simulation Non-Digital
Wangen- Set game
heim, 2016)
Requirements
Activity: Lego . .
Lego House . Simulation .
: Construction Non-Digital {
(Batistella & game
Set
Wangen-

heim, 2016)
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Table 4-1 : Software engineering metaphor-based games. The Authors.

Name

Metaphor-
based
game

Category

Digital/
Non-digital

Screenshot/Photo

Lego Tower
Team
Activity:
Managin
Change
(Batistella &
Wangen-
heim, 2016)

Lego
Construction
Set

Simulation
game

Non-Digital

Project-o-
poly (PoP)
(Batistella &
Wangen-
heim, 2016)

Monopoly

Economic
Negotiation

Non-Digital

PM Master
(Batistella &
Wangen-
heim, 2016)

Trivia

Trivia

Non-Digital

Detective
Game {
what killed
the project?
(Batistella &
Wangen-
heim, 2016)

Clue

Deduction

Non-Digital

Rividoc
(Maturana
et al., 2015)

Clue

Deduction

Non-Digital
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Table 4-1 : Software engineering metaphor-based games. The Authors.

Metaphor-

Name based Category Dlglf[a.ll Screenshot/Photo
Non-digital
game
Metricc
(Zapata et | Mille Bornes Caéd Qame Non-Digital
al., 2013a) acing
RISKWARE Territory
(Zapata et Risk Building Non-Digital
al.,, 2013a) Wargame
DELIVER! Race game
(von MISSING Strategy Non-Digital
Wangenheim| OR MIXED
et al,, 2012) game
HALO
(Highly
Testing (Bell - . Digital
et al, 2011) Optimized ancient
Software) / astronauts
World of
Warcraft
SIimulES-W Problems
(Monsalve et and Pro- Decision Non-Digital
al., 2011) grammers
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Table 4-1 : Software engineering metaphor-based games. The Authors.
Metaphor- -
Name based Category Dlgl.ta.I/ Screenshot/Photo
Non-digital
game
Mission to
Mars: An
Agile
Release Economic
Planning Monopoly . Non-Digital
Negotiation
Game
Philippe
(Kruchten &
King, 2011)
The Hard Short Cut:
Choices Game About Decision Non-Diaital
(Brown et Speed and | Race game g
al., 2010) Risk
PlayScrum Problems
(Fernandes . -
and Pro- Decision Non-Digital
& Sousa, rammers
2010) g
MO-
SEProcess | Second Life Virtual -
. Digital
(Ye et al., / SIMSE World
2007)
Groupthink
/ Second life | Groupthink Virtual Digital
(Ye et al,, / Second life World g
2007)
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Table 4-1 : Software engineering metaphor-based games. The Authors.

Metaphor- Digital/
Name based Category g. . Screenshot/Photo
Non-digital
game
AMEISE -
(Mittermeir SESAM Trlv(lsaa\r/nVZrd Non-Digital
et al., 2003)

Software engineering games lack emotional design because their authors fall in describing
how to incorporate emotional design into game design. Some authors dismiss emotional de-
sign in their game design models (Gomez, 2010; Mar si-Schottmaat al., 2010; Ahmadet

al., 2014; Zinet al., 2009; Athavale & Dalvi, 2020; Morales, 2015; Athavale & Dalvi, 2018; de
Freitas & Jarvis, 2008). Some authors mention motivational attributes, emotional responses,
emotional states, and user experience (UX) as important elements for games, but they lack a
description for modeling such attributes in game design (Muravevskaia & Gardner-McCune,
2023; Udjaja & Ramdhan, 2022; Roungas, 2021; Epstest, al., 2021; de Lopeet al., 2017,
Mader et al., 2016; Plasst al., 2015; Padilla-Zeeet al., 2015; Mueller & Isbister, 2014; Begy,
2013; Khaled, 2012; Smitlet al., 2012; Staalduinen & Freitas, 2011; Ibrahim & Jaafar, 2009;
Amory, 2007; Kiili, 2005; Hunickeet al., 2004). In Table4-2 we review game design models
related to emotional inclusion in game design.
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Table 4-2 .: Review game design models review. The Authors.
Models/ Emotional _—
. . Description Area
Framework inclusion

Designing a Virtual
Reality Empathy
Game framework to
create' empathic . Empathic
experiences for X Emotional response .
. experience
children
(Muravevskaia &
Gardner-McCune,
2023)
Experiential Game
Fr:?g/]\llzgklj(szlji?a X Emotional control Serious games
& Ramdhan, 2022)
A Game Design
Framework for
Alleviating Negative
. X
Emotions of Cancer
Patients (Roungas,
2021)
The Method to
Study Purposeful
Game Design - Not mentioned Serious games
Process (Epsteinget
al., 2021)
Endogen:
Framework for
Designing
Endogenous Not mentioned Educational games
Educational Games
(Athavale & Dalvi,
2020)

Emotional state are
. Healthcare
included
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Table 4-2 : Review game design models review. The Authors.
Models/ Emotional .
. . Description Area
Framework inclusion
The Method to
Study Purposeful
Game Design - Not mentioned Serious games
Process (Athavale &
Dalvi, 2018)
Method based on .
graphical notations Emotions !abels on .
X nodes (dialogues | Educational games
(de Lopeetal, and actions)
2017)
Game Design
Metho_d for X Not speci ed Healthcare
Therapeutic Games
(Mader et al., 2016)
Serious games:
design videogames Motivational
with social and - attributes are Educational games
educational agenda included
(Morales, 2015)
Foundations of Mention studies
Game-Based X related to emotional Game-Based
Learning (Plasset design. Not Learning
al., 2015) speci ed
A design process for
balancing
educational video Motivation of the
games W!th X player by level o Educational games
collaborative game stages and
activities challenges
(Padilla-Zeaet al.,
2015)
Movement- based
game Guidelines X UX experience, not| Movement-Based

(Mueller & Isbister,
2014)

speci ed

game
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Table 4-2 : Review game design models review. The Authors.

Models/ Emotional o
. . Description Area
Framework inclusion
M hor- . o
etap O. based Emotion states are Experiential
game design (Begy, X included metaphors
2013) P
Muse-based Game UX experience, .
. . . UX experience
Design (Khaled, X mention emotional model
2012) states
PCG-based Game Understandin
Design (Smith et X Not speci ed ames g
al., 2012) g
Staalduinen and Multimedia
Freitas f k .
reitas rgmewor X .components Educational games
(Staalduinen & improve user
Freitas, 2011) satisfaction
Al-based Game Non-player moods
Design (Eladhari, et X piay . Al system within
and emotions
al., 2011)
Game design
method (Gomez, - Not mentioned Management games
2010)

The 7 steps for .
. . Only mention game
designing serious o
motivation like a

games - Serious games

(Mar si-Schottman general element of
serious games

et al., 2010)
Educational Game Motivational theory
Design Model X is mentioned as an Educational games
(Ibrahim & Jaafar, important element
2009) of the game

Model for history
educational games
design (Zinet al.,

Importance of
- enjoyment in the Educational games
games is mentioned

2009)
Four-Dimensional L
Motivation for )
framework (de . Understanding
: . - learning is
Freitas & Javis, . games
considered

2008)
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Table 4-2 : Review game design models review. The Authors.
Models/ Emotional
Framework inclusion

Description Area

Fun and emotion
are considered
X interface Educational games
characteristics for
user experience
Feedback of players
related to emotion
X attributes during Educational games
gameplay is
included
Description of the
emotions.
importance of the Understanding
emotions related to games
game mechanics
and dynamics

Game object model
2 (Amory 2007)

Experiential gaming
model (Kiili, 2005)

MDA framework
(Hunicke et al., X
2004)

Kim and Doh (2016) propose the emotional transition pattern graph (ETPG) to simplify

the frequency of emotional changes and the number of emotion types only for video games,
which means digital and non-digital games are excluded. Such a graph is proposed when the
game is nished, but its use during the game design process is left aside. ETPG considers
story events for linear narratives proposed by game designers in video games. However, other
narratives like branching, parallel, open, and no linear narratives are very common in digital
games, simulations, and non-digital games like board games.

Metaphor-based game design implies a path for design research (Begy, 2013). In addition,
mapping game elements from the base game to new games related to the subjectivity of
game designers. Athavale and Dalvi (2018) mention metaphor-based game design as an
activity in their method: identifying and selecting elements from the domain for translation
into game. Gomez (2010) suggests incorporating the new metaphor into the game. Both
activities mention the importance of incorporating a new metaphor but the design process
for doing so is unclear.

Petri et al. (2017) propose MEEGA+ as a method for evaluating educational games related
to software engineering. Such evaluation is applied to some games for providing evidence
on quality factors related to user experience such as immersion, challenge, competence, fun,
and social interaction. The evaluation includes digital and non-digital games. In some games,
software engineering players rate such quality factors with low values (see gufel).
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Figure 4-1 .. MEEGA+ model for evaluating games. (Petriet al., 2017).

4.2. Research Hypothesis

Metaphor-based game design related to software engineering is bene ted by incorporating
emotion transition pattern graph

4.3. General Objective

De ning a method for incorporating the emotion transition pattern graph in metaphor-based
game design related to software engineering.
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4.4. Specic Objective

~

Identifying the main emotions in game design by performing a state-of-the-art review.

Characterizing game elements coming from metaphor-based game design related to
software engineering.

Formulating a general emotion transition pattern graph matching emotions and game
elements.

Proposing a method for incorporating the emotion transition pattern graph in metaphor-
based game design.

Evaluating the proposed method by using the validation square method.

4.5. Scope

This Ph.D Thesis is aimed to contribute to the software engineering game design by improv-
ing the knowledge of game designer related to player emotional states. Emotional transitions
of the player can be tracked from game design conception for digital and non-digital games.
Game designers can use such method for adjusting game elements.

The method allows for a graphical visualization of player emotions in metaphor game-based
design. Also, the values in evaluation of the software engineering games can be increased by
using this method.

4.6. Methodology

The methodology to be used in this Ph.D. Thesis is adapted from Wohliet al. (2012) and
comprises four phases: exploration, problem formulation, solution and validation (See Figure
4-2). Such methodology is used sharing knowledge, new tools, technology, and methods
between academia and industry.

Figure 4-2 .. Research Methodology. Based on (Wohliat al., (2012)).

The activities associated with each phase in the methodology are:
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1. Exploration: we select primary studies related to software engineering games, metaphor-
based game design, and emotion transition pattern graph. Then, we perform data
synthesis and map the aforementioned studies (See FiguFe3).

Figure 4-3 .: Exploration Phase. The Authors.

2. Problem formulation: we specify problem statement, formulate the research hypothesis
and research questions of the Thesis proposal (See Figdrd).

Figure 4-4 .: Problem Formulation Phase. The Authors.

3. Solution: we characterize game emotions, characterizing game elements in metaphor
games, formulate a general emotion transition pattern graph, and propose a method for

incorporating ETPG to metaphor-based game design related to software engineering
(See Figure4-5).

4. Validation: we validate the game design method by using the square validation (See
Figure 4-6; Seepersacet al,, 2006). Such a validation method is based on usefulness
respect to a purpose; we also consider a qualitative and quantitative evaluation.
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Figure 4-5 .: Solution Phase. The Authors.

Activities associated to structural validation and related to a qualitative process are:
a) Accepting the method validity by performing a critical evaluation of the literature.

b) Accepting the method consistency by using ow-chart representation focused on
information ow.

c) Accepting the example problems by documenting example problems, thus the
actual problems are represented and documented by using the method.

Activities associated to structural validation and related to a quantitative process are:

a) Accepting the method usefulness from some example problems by evaluating use-
fulness game metrics.

b) Accepting the usefulness linked to applying the method by a quantitative evalu-
ation for comparing the solutions with and without a construct.

c) Accepting the method usefulness from beyond example problems. Whether a
method is deemed useful for some example problems evaluated in activity a) and
b), we denote this empirical performance valid.

We show in Figure4-7 a synthesis of the validation process.
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Figure 4-6 .: Design method validation: a process of building con dence in usefulness with
respect to a purpose (Seepersad al., 2006)
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Figure 4-7 .: Validation Phase. The Authors.



5. A ective computing and emotions in
game design

This chapter aims to answer the rst objective of this Ph.D. Thesis:ldentifying the main
emotions in game design by performing a state-of-the-art review.

Argasnski and Wegrzyn (2019), de nes \a ective computing is an interdisciplinary paradigm
focused on modeling and creating systems that are able to gather, classify, process, and sim-
ulate e ects (emotions)" (p 529). The success of a game depends on evoking emotional
reactions in players. Evoking complex emotions is the objective of game designers. Com-
putational a ective modeling and a ective player modeling are two distinct perspectives of
the a ective computing for game design. Computational a ective modeling focuses on the
generation of a ective behaviour in game characters. A ective player modeling is related to
developing an emotional player model for supporting emotion recognition and generation
game system a ect-adaptive strategies. In this Ph,D. Thesis we studying the a ective player
modeling to predict emotional transition patterns related to narrative events for games in
software engineering (Kim & Doh, 2016).

In this chapter we present emotion de nitions and terminology, theories and conceptual
models for understanding the development of a ective computational models, and emotion
recognition. We explore the de nition of emotion; the theoretical perspectives related to
emotion, and emotion theories related to game design. Then, we explore emotion de nitions
and emotional changes related to game design. For evaluating emotions in game design, we
show a summary of emotion recognition methods for measuring player emotions. Finally, we
present the emotion proposal for incorporating the emotional transition pattern graph.

5.1. Theoretical perspectives

Hudlicka (2017) resumed the state of the art in modeling emotion and emotion-cognition in-
teraction within a ective computing in the emerging area of computational a ective science.
Based on several de nitions from the psychologists perspective the author de ned emotion
as \states that re ect evaluative judgments of the environment, the self and other agents, in
light of the agent's goals and beliefs, and which motivate and coordinate adaptive behavior"
(p. 5). Goals and beliefs are re ected in desirable states and current knowledge respec-
tively. Such research is oriented to understanding the emotions domain for creating serious
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therapeutic games. Discrete or categorical, dimensional, and componential are theoretical
perspectives.

Discrete/categorical theories refer to a set of emotions called "basic' emotions, which include
joy, sadness,fear, anger, disgust, and neutral. Such emotions are considered basic because
they have characteristic neuromotor patterns for certain behaviours. Dimensional emotion
theories describe emotions in terms of two and three dimensions. Valence and arousal are the
two most commonly used dimensions of characterization. Valence is related to a positive and
negative evaluation. Arousal is the level of intensity and activation re ected in the autonomic
nervous system. Valence is also associated with the perceived state of pleasure vs displea-
sure (See Figuréb-1; Wang et al., 2016). Meanwhile, arousal is associated with less or more
energy when referring to low and high values. Dominance/stance is the third dimension and
represents control-submission. Componential emotion theories emphasize di erent compo-
nents of emotions as cognitive, physiological, behavioral, subjective, and cognitive appraisal
processes. Appraisal dimensions/variables include novelty, valence, certainty, urgency, goal
relevance, goal congruence, and coping abilities (Hudlicka, 2017).

Figure 5-1 .. Two-dimensional valence-arousal space. (Warmgg al., 2016)
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5.2. Emotion in games and emotional change related to
game design

Some authors de ne and study emotions and emotional change in games. The following
subsections provide a summary of some emotion theories related to games, game design, and
emotional change.

5.2.1. OCC Model

The OCC (Ortony, Clore, and Collins) model is the most widely implemented theory of
emotion generation in computational models. Such a model is aimed at building systems for
reasoning about emotions and for incorporating emotions into arti cial characters. Steune-
brink et al, (2009) presents the OCC Model Revisited with the aim of clarifying ambiguities in
the original model. The OCC theory provides a taxonomy of triggers and resulting emotions
for an agent valenced rresponse. Events, actions of others, and objects are three di erent
types of emotion triggers.

The emotional transition pattern graph proposed by Kim & Doh (2016) considers the OCC
model for emotions associated with narrative events in its structuré-2 shows the inheri-
tance structure of the OCC Model-Revised proposed by Steunebriek al, (2009). Table5-1
shows the de nition of each emotion in such a model.

Table 5-1 .: De nitions of Emotions in the OCC-Model Revised (Steunebrinlet al., 2009).

Emotion De nition
Joy (pleased about) a desirable event
Distress (displeased about) an undesirable event
Happy-for (pleased about) an event presumed to be desirable for someone else
Pity (displeased about) an event presumed to be undesirable for someone
else
Gloating (pleased about) an event presumed to be undesirable for someone else
Resentment (displeased about) an event presumed to be desirable for someone else
Hope (pleased about) the prospect of a desirable event
Fear (displeased about) the prospect of an undesirable event
Satisfaction (pleased about) the con rmation of the prospect of a desirable event
Fears-con rmed (displeased about) the con rmation of the prospect of an undesirable
event
Relief (pleatsed about) the discon rmation of the prospect of an undesirable
even
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Table 5-1 : De nitions of Emotions in the OCC-Model Revised (Steunebrinket al., 2009).

Emotion De nition
. . (displeased about) the discon rmation of the prospect of a desirable
Disappointment
event
Pride (approving of) one's own praiseworthy action
Shame (disapproving of) one's own blameworthy action
Admiration (approving of) someone else's praiseworthy action
Reproach (disapproving of) someone else's blameworthy action
Grati cation (approving of) one's oyvn praiseworthy action and (being pleased
about) the related desirable event
Remorse (disapproving of) one's own blameworthy action and (being
displeased about) the related undesirable event
. (approving of) someone else's praiseworthy action and (being pleased
Gratitude .
about) the related desirable event
Anger (disapproving of) someone else's blameworthy action and (being
displeased about) the related undesirable event
Love (liking) an appealing object
Hate (disliking) an unappealing object
Interest (liking) an appealing object
disgust (disliking) an unappealing object

5.2.2. Lazzaro emotions

Lazzaro (2004) propose some emotions related to video games by studying several players
during game play, based on emotion theories and analysis of video transcripts, facial ex-
pressions, questionnaire responses, and session notes. Lazzaro (2008) propose four keys to
unlocking emotions in games classi ed as hard fun, easy fun, serious fun, and people fun
(see Figure5-3). People respond to four aspects of games: visceral (automatic reactions to
the appearance, sound, and other perceptions), behavioral (reactions from interacting with
the product), cognitive (reactions from ideas, memories, and associations with the product),
and social (interaction with other players feeds back to all players creating more fun).
Emotions are the key to great experiences. Engagement and concentration are the result of
matching mechanics with emotions. Lazarro (2008) distinguishes between user experience
(UX) and player experience: \UX: is the experience of use, how easily and well suited to
the task, what the per- son expects to accomplish" (p. 320) while, \PX: is the experience
of play. How well the game supports and provides the type of fun players want to have.
Players cannot just push a button once and feel like they won" (p. 320). Such a di erence is
important when suggesting to game designers how to improve PX for games.
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Figure 5-2 .: Inheritance structure of the OCC Model-Revised. (Steunebrinkt al., 2009)

Hard fun: challenge and mastery

Hard fun is related to obstacles, scoring points, balancing di culty with player skill, levels,
boss monsters, and power-ups, among others. Increasing the challenge is a way for players
to create new strategies. Hard fun means carefully balancing three emotions: ero, relief,
and frustration. Players usually get bored when they get frustrated. Fiero comes when the
player solves the obstacle and the negative emotions change to a positive state. After a ero
comes relief. Then the player nds a new challenge and the cycle begins again (see Figure
5-4).
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Figure 5-3 .: The Four Fun Keys. (Lazzaro, 2008)

Figure 5-4 .. PX Spiral: Hard Fun Creates Fiero. (Lazzaro, 2008)

Mechanics for hard fun are related to making decisions, developing strategies, overcoming
obstacles, and achieving goals. Such mechanics include goals, challenges, obstacles, strategy,
power-ups, puzzles, scores, levels, and monsters.
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Easy Fun

Games are designed for capturing the player imagination and keeping their attention between
challenges. Is the opportunity for fantasy, exploration, role-playing, and fooling around for
increasing immersion. Such games self-regulate emotions by moving from hard fun to easy
fun, o ering a challenge ramping up by inspiring curiosity, surprise, wonder, awe, and relief.
In this case, curiosity captures the attention of the players with a positive emotion. Curiosity
leads to surprise and awe. Relief completes the cycle, allowing players to nd new goals and
return to hard fun (see Figure5-5).

Figure 5-5 .: PX Spiral: Easy Fun Creates Curiosity. (Lazzaro 2008)

Mechanics are related to stimulating players curiosity through choice and feedback creating
interesting fantasies. Such mechanics are: role-playing, exploration, experimentation, fooling
around, just having fun with the controls, iconic situations, ambiguity, detail, fantasy, and
uniqueness.

Serious Fun

In serious fun, the player plays with a purpose to create something of value. Players can
change the way they think, feel, behave, do real work, and use games as therapy. Game
designers seek to create relaxation, excitement, learning, and real work. Emotions are as-
sociated with achieving bene ts such as relaxation, excitement, enjoyment, prevention of
iliness, daily exercise, and learning something new. During the game, players could be bored
at rst, become more frustrated later, or enter into a zen state when they are focused, then
seek to relax, and get excited (see Figui®6).

Mechanics create emotion, stimulating visceral engagement for relieving boredom making
repetitive tasks more engaging. Rhythm, repetition (practice), collections, completion, bright
visuals, music, learning, simulation, training, learning, awareness, and motivational feedback
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Figure 5-6 .: PX Spiral: Serious Fun Creates Relaxation. (Lazzaro, 2008)

are the main mechanics for serious games.

People fun
Players want to spend time with their friends and family. The game is used as an icebreaker,

a topic of conversation, something to get the party started, and structure the conversation.
Such games provide immersion, structure, limit customization, restrict house rules, o er
ridged communication channels, and too much stimulation. Emotions in people fun comes
from the social interaction between people. Playing with friends expresses amusement, en-
joying rival misfortune is calledschadenfreud@and social bonding (see Figuré-7)

Figure 5-7 .. PX Spiral: People Fun Creates Amusement. (Lazzaro, 2008)

Mechanics associated with people fun are: cooperation, competition, communication, men-
toring, leadership, performance, spectacle, characters, personalisation, open expression, jokes,
house rules, secret meaning, pets, endorsements, and chatting.

Lazzaro (2008) presents a player experience (PX) design process for improving games. Emo-
tions and player experiences need to be designed and measured for the beginning of game
design; after selecting mechanics and identifying the players style based on the four keys.
Finally, look for choices and feedback working together with the game mechanics for creating

a system for the player (see Figuré-8).
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Figure 5-8 .. PX design process. (Lazzaro, 2008)

Table 5-2 shows a summary of the emotion de nitions presented by Lazzaro (2008).

Table 5-2 .: De nitions of Emotions. Based on Lazzaro (2018).

Emotion De nition / common themes and triggers
Something that's funny Regardless of the emotional tenor of
Amusement the game, in this study people in groups laugh more than

when playing alone.

Opposition to an important goal, sudden reversal, feeling of
Anger & Frustration being thwarted, physical restraint (Anger prepares the body
to remove an obstacle by force).

Combination of wonder with a fear and dread. Such as
beautiful but impossibly powerful dragon in EverQuest or
the unusual sound and appearance of a weapon combined
with its powerful destructive e ect.

Repetition, dull, and tedious tasks. Lack of interest in the
Boredom outcome or in playing. * Falls short of Ekman's de nition of
an emotion but we see it frequently in games.

Awe
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Table 5-2 : De nitions of Emotions. Based on Lazzaro (2018).

Emotion De nition / common themes and triggers
Rejection as food or outside norms The strongest triggers are
Disgust body products such as feces, vomit, urine, mucus, saliva, and
blood.
. elevation when someone witnesses the human kindness in the
Elevation
exchange.

From sudden changes, novelty and challenge The unexpectéd
catches attention. Many players enjoy the adrenaline rush.

Excitement . . .
Some want to raise their state of arousal, others like how the
emotional intensity makes them more relaxed afterwards.
Fear Threat of harm, object moving quickly to hit player, sudden

fall or loss of support, possibility of pain.

Personal triumph over adversity. Overcoming di cult
obstacles players raise their arms over their heads. They do
not need to experience anger prior to success, but it does
require e ort.

Generosity Generosity when a player gives it

Fiero (Italian)

Gratitude Gratitude when a player receives it
Causes the player to ask, \what's going on?" Inspires
curiosity. \What happens if | shoot this aquarium?" (Not

Myster . . . .
ystery technically an emotion according to Ekman but a feeling
reported by players)
Relief From negative emotion Gamers often start a game to

experience relief from emotions and thoughts prior to playing.
Gloat over misfortune of a rival Competitive players enjoy

beating each other especially a long-term rival. Boasts are
made about player prowess and ranking. (taking delight in
the misery of others).

Sudden change Briefest of all emotions, does not feel good|or

Schadenfreude (German

Surprise bad, after interpreting event this emotion merges into fear,
relief, etc.
Over whelming improbability. Curious items amaze players
Wonder at their unusualness, unlikelyhood, and improbability

without breaking out of realm of possibilities.

5.2.3. Bura emotions

Bura (2008) presents emotion engineering in video games. For the author game design is
the creation of experiences for the engineering of emotions, and players play games to feel
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emotions. Player emotions in uence their interaction with the game. The interaction changes
the gameplay variables and gameplay variables induce emotions in the player. Such a cycle
is shown in Figure5-9.

Figure 5-9 .. Game design cycle (Bura, 2008)

A good game is one with interesting choices. Choices are freedom for the players. Such choices
can be informed, meaningful, and irreversible. Informed choice when the player follows a
system of rules which are logical and understandable. Meaningful choice is when the player
has enough data to describe the context, the objects of desire, their options, and the costs
associated with the choice. Irreversible choice is related to creating a set of conditions which
have a high degree of persistence, otherwise the choice will temporarily change the game
variables.

Bura (2008) organises categories of game design variables into orthogonal families (see Figure
5-10)

Action is the level of the body, the visceral, immediacy, and short feedback loo@/stemis

the level of the mind, the cognitive, logic, and plansSelf is the level of the soul, re exive
thoughts, goals, private experiences, and inner chandggocial is the level of the community,
shared experiences, rituals, culture, and relationshipBreedom is about measuring choices,
and opportunities for choicesMastery deals with measuring skills, their acquisitions, and
their uses.Data is about measuring content, information, rules, and real objects. For each
category, the author provides examples of game interactions that cause changes in variables.
Figure 5-11 shows changes due to game actions. Figus€l2 shows changes caused by player
actions. Such changes can be persistent or temporary. We show the example for the action
category, the other categories can be reviewed in (http://www.stephanebura.com/emotion/).
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Figure 5-10 .: Categories of gameplay variables. (Bura, 2008)

Figure 5-11 .. Game induced variable change. (Bura, 2008)
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Figure 5-12 .: Player induced variable change. (Bura, 2008)

In addition, Bura (2008) mentions game design rules as an explanation of how a given emotion
can be achieved. In the Figuré&-13, we show some emotions associated with the values and
variations of the game play variables. Such emotions include mental states, perceptions, and
feelings. As a result 240 emotions are mentioned by the author. The complete table can be

consulted in the link above.

Figure 5-13 .: Emotions associated with the values and variations of the gameplay variables.
(Bura, 2008)
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5.2.4. Sylvester

According to Sylvester (2013), games need to provoke emotions. Emotions are produced by
events, for this reason, a game designer skill is understanding emotions and emotional trig-
gers. Emotional triggers are things that provoke an emotion and have a direct relationship
to an emotional shift. The most common emotional triggers are: emotion through learn-
ing (something hard nally clicked in the mind); emotion through character arcs (feeling
empathy for our peers, others struggles, and con icts); emotion through challenge (tests of
skill and strength); emotion through social interaction (a reason for get together); emotion
through acquisition (giving wealth to players); emotion through music (musical and non-
musical sounds); emotions through spectacle (something big blows up); emotion through
beauty (pleasure for perceiving); emotion through environment (feelings change with time
and season); emotion through newfangled technology (shiny new tech is cool); emotions
through primal threats (Somethings has threatened our species); and emotion through sex-
ual signals (players respond to primal threats).

Emotions based on psychological theories, have valence (positive and negative) and di erent
intensity levels (high and low). Emotions are composed of two parts: physiological arousal
and a cognitive level. Such emotions are shown in Figube14.

Figure 5-14 .: Valence and intensity emotions graph. (Sylvester, 2013)
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Sylvester presents a conceptual chain for creating experiences in games. An experience is an
emotional arc based on several di erent emotional triggers. (see Figubel5) as follow

Figure 5-15 .. Experience generation system. (Sylvester, 2013)

In order to create a player experience which re ect the character, games designers frist
create a set of mechanics. Such mechanics are in a layer of representative ction and aim to
create a ow to dispel the real world from the player mind. Second, creating a arousal state
using threats and challenges as a sequence of events. These events stimulate triggers in the
player unconscious mind, evoking emotions. Finally, these emotions merge together into an
integrated experience by using the ctional layer to match with character feelings.

5.2.5. Other emotions in games and learning

Ong et al. (2015) present an a ective cognition study exploring emotion during a gambling
game. They consider events as the amount of money won, the prediction error, and the
distance from a better or worse outcome. For such exploring they include emotions such
as happiness, sadness,anger, surprise, disgust, contentment, and disappointment. Dety

al. (2018) used the Medical emotion scale (MES) in a self-report scale to measure emotions
in learning environments. They classi ed emotions according to valence and activation as
shown in Figure5-16. Some previous research agrees in classifying surprise emotions as a
positive and negative a ective state, therefore surprise was included as a non-valence state.

5.3. Emotion recognition

Measuring player emotional states is necessary for modeling emotions in game design. The
most common methods for emotion recognition in games are self-report, psychological re-

sponse, and gameplay-based emotion recognition (Scharadeal.,2017). Self-reported data

is extracted by using free-response, forced self-report including rating and preference scales.
Physiological responses include sensing physiological data, body observation, voice analysis,
and text analysis. Such psychological responses are resumed in the a ective interaction study

related to digital games presented in Figur®-17 (Sekhavatet al., 2021). Gameplay-based
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Figure 5-16 .: Emotions from the MES classi ed according to valence and activation. (Du y
et al., 2018)

emotion recognition applies a multimodal approach of sensor fusion as cardiovascular, face,
body, gameplay interactions, and player context (Scharadet al.,2017).

This Ph.D. thesis was developed during the pandemic. As a result several psychological
responses were unable to be implemented. We used a multimodal approach for assessing
emotion for game design. Self-reporting of emotions, facial expressions by using (FACS),
and voice analyzing are feasible.

Facial expressions are used for underlying internal emotional states, intentions, and emotional
information between humans nonverbally (Zhowet al.,, 2020). Categorical emotions€.g.
anger, disgust, fear, happiness, sadness, surprise, and neutral) and dimensional emotional
models are the most common emotion representations (Barret al., 2019; Zhouet al., 2020;

see Figure5-18 and 5-19 ). Such representations are described in terms of Facial Action



50 5 A ective computing and emotions in game design

Figure 5-17 .: The classi cation of a ective interaction in digital games. Based on Sekhavat
et al. (2021)

Coding System (FACS; Kollias & Zafeiriou, 2021; Barreet al., 2019). FACS are described in
terms of Action Units (AUs; see Figures-20) and used for characterising emotional responses
in games (Callejas-Cuervet al., 2017).

Some authors use FaceReadeiffrom Noldus® Information Technology (Beaudoin-Gagnon

et al, 2019; Clarket al., 2020; Isbister & Scha er, 2008). FaceReaderallows users to
customize by programing the AU's, The main screen of the FaceReadallows visualization

of the original capture; expression intensity; circumplex model of a ect related to dimensional
emotional model; bar graphs showing emotional changes over time; and active AUs (see
Figure 5-21).

Humans also communicate emotions with vocal bursts, gasps, sighs, and cries. Emotional
vocalizations are study by Coweret al. (2019).Some emotion maps can be found at
https://www.alancowen.com.
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Figure 5-18 .: Facial expressions of emotion. (Barre¢t al., 2019).

5.4. Emotional proposal for incorporating the emotional
transition pattern graph

A ective computing is usually focused on enabling arti cial systems to identity, process, and

simulate the expression of emotions. However, the de nition of emotion lacks a consensus
and is a research area hard to grasp. Most studies on emotions and game design focus on
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Figure 5-19 .. Facial expressions for dimensional emotion space . (Zheual., 2020)

identifying emotions for adaptive games, but not for game design, narrative events, and
emotional transition pattern graphs (Argasnski & Wegrzyn, 2019).

We characterize emotions in game design by comparing the discrete/categorical and dimen-
sional model from the theoretical perspectives; emotions represented by the OCC model
(Steunebrink et al., 2009), Lazarro (2008), Bura (2008), Ongt al. (2015), Duy et al
(2018), and Sylvester (2013; see Tab®3). Some emotions have similar semantic meaning
such as happy (joyful and glad), relaxed (calm, peaceful, serene, quiet); satis ed (content,
pleased, contented, comfortable). Such emotions can be represented by emoticons (Jaeger
et al, 2019). Emotion perception can change according to culture, for this reason showed a
hierarchical taxonomy of perception with fty-one emotions, their correlations between emo-
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